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SECTION 1 

1.0 INTRODUCTION 

Harding ESE, Inc., a MACTEC Company (Harding ESE) (formerly Harding Lawson Associates [HLA]) 
has been contracted to provide engineering services related to the Non-time Critical Removal Action 
(NCRA) design for the Causeway at the Stratford Army Engine Plant (SAEP) in the Town of Stratford, 
Fairfield County, Connecticut. The removal action is being conducted in accordance with the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), the National Oil 
and Hazardous Substances Pollution Contingency Plan (NCP) (U.S. Environmental Protection Agency 
[USEPA], 1990), and the Base Closure and Realignment (BRAC) Cleanup Plan Guidebook (Department 
ofDefense, 1993). 

1.1 PURPOSE 

This Basis of Design Document presents assumptions, references, and design criteria used in the development 
of the Causeway NCRA 100% design for both Phases I and II. Technical specifications, design drawings and 
supporting calculations and information are included as appendices. This document is consistent with the 
Final Causeway NCRA Decision Document (Harding ESE, 2001) and has been prepared in accordance with 
the Proposal for the Causeway NCRA Design for the SAEP facility, submitted by HLA in July 2000 (HLA, 
2000), as modified for Phases I and II in March 2001. 

The scope of Phase I includes the following work elements: 

• Abandonment of designated existing monitoring wells. 
• Installation and maintenance of erosion and sediment control measures. 
• Installation and initial monitoring of five heave platforms and five stationary heave poles. 
• Clearing of trees and brush from the Causeway. 
• Removal of the containment berm around the Building 34 former aboveground storage tank 

(AST) farm and removal of associated protective posts and tank supports to existing ground 
surface, followed by paving of the former AST area, to improve access to the Causeway. 

• Demolition to existing grade and off-site disposal of Building 5, including existing utility 
disconnection, to improve access to the Causeway. 

• Excavation and off-site disposal of soil in ten locations (excavation areas) which contain 
contaminant concentrations in exceedance of specific Connecticut Department of Environmental 
Protection (CTDEP) Remediation Standard Regulation (RSR) criteria, or the federal Ambient 
Water Quality Criteria (A WQC), or soils identified as containing greater than 1 part per million 
(ppm) of polychlorinated biphenyls (PCBs). 

• Demolition and off-site disposal of Building 59 and the Causeway weather station, including 
existing utility removal. 

• Removal and off-site disposal of oversized surface debris measuring greater than two feet in any 
dimension, including the deteriorated concrete ramp at the end of the Causeway. 

• Topographic survey of the Causeway. 

The scope of Phase II includes the following work elements: 

HARDING ESE 
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SECTION 1 

• Maintenance and modifications, as progress of the work dictates, of erosion and sediment control 
measures installed during Phase I of work on the Causeway. 

• Monitoring of previously installed heave platforms and stationary heave poles, and installation 
and monitoring of temporary heave poles. 

• Excavation of soil located on the Causeway sideslopes. 
• Placement of satisfactory excavated material on the top of the Causeway and grading of the 

Causeway to the subgrade elevations indicated on the drawings. 
• Removal and off-site disposal of additional oversized debris identified during Phase I and 

encountered during sideslope excavation. 
• Placement of Rock Fill for toe scour protection and a reinforcing geogrid composite to provide 

additional toe support around the end of the Causeway. 
• Placement of the Lower Cover System, consisting of gravel fill (as necessary), a woven 

geotextile, and polymeric marine mattresses (a graded rock fill wrapped in a specialty geogrid), 
on the excavated sideslopes of the Causeway. 

• Placement of Rock Fill and Rip Rap between the lower and upper covers to facilitate drainage. 
• Placement of the Upper Cover System, consisting, from bottom to top, of a sand bedding layer, a 

non-woven geotextile, interlocking concrete blocks, and interstitial gravel. 
• Placement of a Vegetative Support Layer, consisting of vegetative support soils, erosion control 

material, and appropriate grass cover. 
• Implementation of Environmental Land Use Restrictions (ELURs) preventing penetration of the 

cover system and dredging of the tidal flats, and limiting future construction on top of the cover 
system. 

This document is organized to present both the Phase I and Phase II design rational and basis for design of the 
proposed cover system. Appendices A and B contain the 100% technical specifications and 100% design 
drawings for Phases I and II, respectively. Appendix C contains information regarding selection of the cover 
system option, including regulatory agency and public comments on the Engineering Evaluation/Cost 
Analysis (EE/CA), a cost evaluation of several cover system options, a letter to CTDEP requesting approval 
of the cover system as "another existing permanent structure" under the RSRs, cover system component 
information, and a filter analysis for the cover system gravel fill. The geotechnical evaluations and a wave 
analysis are contained in Appendices D and E, respectively and Appendix F contains calculations of the 
volume of soil to be removed from the Causeway as a result of contaminant concentrations in excess of 
specific CTDEP RSR criteria, A WQC, or 1 ppm for PCBs. Appendix G contains the 100% design 
engineering cost estimate for each phase of the work. Appendix H contains supplemental information 
providing details of existing conditions at Building 5, Building 34, and Building 59. Information from a 
manufacturer of ocean sediment control systems, describing issues related to the partially penetrating floating 
silt curtain (N.I.T.C.), is attached as Appendix I, and Appendix J contains a removal action construction 
schedule for the project duration. 

1.2 SITE DESCRIPTION AND HISTORY 

SAEP consists of approximately 124 acres, of which an estimated 7 6 acres are improved land consisting 
of 49 buildings, paved roadways and grounds, and five paved parking lots. Included in the improved land 
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are an estimated 10 acres along the Housatonic River where fill was placed over tidal sediments during 
the development of SAEP facility, including the Causeway. Riparian rights are associated with the 
remainder of the SAEP facility. A riparian right is a right of access to, or use of, the shore, bed, or water 
of land on the bank of a natural watercourse. The riparian rights property consists of intertidal flats of the 
Housatonic River. An estimated two acres of property compose the Causeway, constructed to provide 
access to the river channel. 

The Causeway was initially constructed and used as a means of launching seaplanes in the 1930s. 
Additional materials, of unknown origin, were deposited along the northern edge of the Causeway during 
the 1950s and 1960s. The source of the fill used to construct the Causeway is unknown, but it has been 
found to contain soil, cobbles, and construction debris (e.g., concrete, brick, and asphalt). Smaller 
amounts of other material (e.g., wood, glass, cinders, ash, and rebar) were also observed during field 
investigation activities. It was also reported that paint solvents and wastes were burned on the Causeway 
as part of fire-training operations. 

Building 59, a concrete building with concrete blast walls, located near the origin of the Causeway from 
the facility, was constructed to house the nose cones of missiles, including the explosive charges used to 
open the nose cones. There is currently no unexploded ordnance present at the SAEP facility. 

Investigation History and Remediation Approach. Chemical sampling and analysis of soil collected from 
the Causeway identified concentrations of chlorinated and fuel-related volatile organic compounds 
(VOCs), semi-volatile organic compounds (SVOCs), polychlorinated biphenyls, and inorganics that 
exceeded specific CTDEP RSR criteria or A WQC. Low-level radiological contamination was also 
identified during sampling, and the affected areas were excavated in March 2000. This material was 
containerized and transported to an appropriate off-site, licensed, disposal facility. Evaluation of 
chemical analytical data is discussed in the Final Causeway Pre-design Investigation Report (Foster 
Wheeler Environmental Corporation [FW]/HLA, 2000a). 

Based on the results of chemical sampling and the Final EE/CA report (FW /HLA, 2000b ), it was 
recommended that an erosion control cover system be placed over the Causeway to prevent possible 
receptor contact with contaminated soil. The Final EE/CA also recommended that geotechnical 
investigations be conducted to assess subsurface conditions in the proximity of the Causeway. 

Prior to initiation of geotechnical investigations, a preliminary global stability analysis was conducted to 
assist in location of geotechnical field borings, and to evaluate the feasibility of the cover system 
proposed in the EE/CA. Soil properties and subsurface geometry were assigned in the preliminary model, 
based on observations from previous investigations. The results of the preliminary analysis indicated the 
proposed 4-foot cover system would not result in an acceptable factor of safety (FS) (i.e., FS < 1.3, 
immediately following construction) for global stability of the Causeway. Subsequently, 
recommendations regarding potential modifications to the proposed design were made, including: 

• Construction of a thinner cover system; 
• Removal of construction debris prior to cover placement; 
• Transfer of fill material from the toe of the Causeway slope to the top of the Causeway; and 
• Use of an engineered cover material rather than traditional rip rap. 

HARDING ESE 
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Discussions between the U.S. Army and Harding ESE personnel in October 2000 and consideration of 
agency and public comments on the Final EE/CA (Appendix C) led to a cost evaluation of four possible 
cover system options: 

• 1.5-foot composite cover system - non-encroaching below 4.1 National Geodetic Vertical Datum, 
1929 (NGVD) feet mean sea level (msl) 

• 1.5-foot composite cover system - encroaching below 4.1 feet msl 
• 2-foot rip rap cover system non-encroaching below 4.1 feet msl 
• 2-foot rip rap cover system - encroaching below 4.1 feet msl 

The results of this evaluation indicated construction of a cover system, approximately 1.5 feet thick, 
would provide protection to potential human receptors and address public concerns regarding usability, at 
a cost similar to that for a rip rap cover system (Appendix C, Attachment B). The non-encroaching 
system was selected to address comments received from the CTDEP Office of Long Island Sound 
Programs. The comment was regarding maintaining the existing land area, " ... to the extent practicable, 
the horizontal location of mean high water ( 4.1 feet NGVD), which is the landward extent of the public 
trust area" (see Appendix C, Attachment A). 

Concurrent with the cover system cost evaluation, data collected during the geotechnical investigations 
was being used to evaluate physical properties for the underlying soil, and update the preliminary global 
stability analysis. Data collected during the geotechnical investigation is presented in the Geotechnical 
Investigation Summary Report (Harding ESE, 2000) and includes: 

• visual identification of subsurface soil 
• measurement of in-situ shear strength of organic sediment 
• laboratory determination of physical properties and index parameters 
• visual identification of the limit of Causeway fill material 
• horizontal and vertical location of geotechnical borings 
• completion of a topographic survey of the Causeway 
• installation and sampling of a groundwater monitoring well 

The final stability evaluation considered the four cover system options presented above and evaluated 
changes in various input assumptions. The results of the final geotechnical evaluations are presented in 
Appendix D and indicate the four proposed cover systems are feasible from a geotechnical perspective. 
These results were presented to the U.S. Army, the CTDEP, and the USEPA in a January 2001 meeting. 
The U.S. Army and the regulatory agencies provided preliminary agreement to the proposed non
encroaching 1.5-foot composite cover system and design activities were initiated. 

1.3 GENERAL ELEMENTS OF DESIGN 

Major scope items within the Causeway cover system design include the following: 

HARDING ESE 
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1. Prepare a geotechnical evaluation of cover system stability and settlement based on cover 
design. 

2. Provide information supporting the sediment containment systems; included in this Basis of 
Design document for completeness, although the sediment containment system is not 
included as part of the design. 

3. Prepare designs for: the demolition of Building 59, Building 5, and the Causeway weather 
station; and the removal and off-site disposal of debris and some contaminated soil. 

4. Prepare a design for the construction of the Causeway cover system, including a wave 
analysis, an ice abrasion evaluation, and vegetative cover material selection. 

5. Split the design into two separate phases to allow early initiation of preliminary construction 
activities. 

6. Prepare documentation necessary for application for a site-specific ELUR. 

HARDING ESE 
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2.0 DESIGN ANALYSIS 

2.1 EVALUATION OF DECISION DOCUMENT REQUIREMENTS AND PERFORMANCE STANDARDS 

This removal action design is responsive to the requirements and performance standards identified in the 
Causeway NCRA Decision Document. This section presents the removal action objective for the 
Causeway NCRA established in the EE/CA (FW /HLA, 2000b) and describes how the design meets the 
objective: 

• Prevent exposure to contaminated soils and prevent leaching of contaminants from soils in 
accordance with the CTDEP RSRs. The cover system and proposed long-term monitoring will meet 
the intent of the CTDEP RSRs, regarding isolation of soil contamination exceeding specific CTDEP 
RSR criteria or A WQC. Under the cover system option, precipitation may infiltrate the soils 
overlying the wastes; therefore, the removal action includes removal of soil containing contamination 
exceeding the CTDEP RSR criteria or the federal A WQC for VOCs, SVOCs, vanadium, or zinc. Soil 
removal and off-site disposal will eliminate the potential for these contaminants to leach to 
underlying groundwater. ' 

2.1.1 Regulatory and Code Requirements 

The removal action design is being prepared in conformance with the substantive requirements of the 
applicable relevant and appropriate requirements (ARARs) referenced in the Decision Document 
(Harding ESE, 2001). The action-specific ARARs and other criteria to be considered that are most 
applicable to the design are listed in Table 2-1. 

The lower reaches of the Housatonic River, where construction work is to be conducted, includes areas of 
shellfish and finfish resources. According to CTDEP information, the Causeway is in close proximity to 
oyster seedbeds. The CTDEP does not allow what it considers to be unconfined excavation or filling 
work in the lower reaches of the Housatonic during certain times in order to protect shellfish and finfish 
resources. The relevant "closed" period for unconfined dredging is from April 1 through September 30. 
(April 1 to June 30 for finfish and June 1 to September 30 for shellfish). Phase I and II activities below 
the primary erosion control silt fence may not be performed during this "closed" period. Work above the 
primary erosion control silt fence is acceptable at any time under the CTDEP requirements, and requires 
best management practices that are to be followed during all site work. The location of the primary 
erosion control silt fence will be modified, or additional silt fencing will be installed, to accommodate 
work outside of the primary erosion control silt fence (i.e., excavation of soil in Excavation Area 5). 

2.1.2 Recommended Materials, and Methods 

Construction materials and general methods are provided in technical specifications and construction 
drawings. 
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2.1.3 Construction Schedule 

A construction schedule providing a recommended sequence of activities and anticipated time frames has 
been prepared, and is included as Appendix J. The following assumptions were made during development 
of the engineering design construction schedule: 

• Review periods for the cover system design are scheduled for 10 working days. 
• Contractor procurement will be completed 30 working days after issuance of bid documents. 
• Phase I activities, above the primary erosion control silt fence can be conducted during the 

"closed" period. 
• Phase II activities and Phase I activities below the primary erosion control silt fence, 

including weather station demolition and oversized debris removal on the sideslopes of the 
Causeway, can not be completed during the "closed" period. 

• Two crews will be used to complete sideslope soil excavation and lower cover system 
installation. 

• Phase II excavation activities will be completed for a maximum of 5 hours each day, due to 
tidal conditions. 

The presented schedule is an estimate only, and may be revised by the Contractor prior to and during 
construction; however, the Contractor must consider the following constraints during development of the 
construction schedule: 

• Phase I activities below the primary erosion control silt fence and Phase II work may not be 
completed during the "closed" period. 

• The site is located in a tidal area and excavation activities near the toe of the Causeway shall 
not be completed under water. 

• On the sideslopes of the Causeway, the area to be excavated in any given day, or tide cycle, 
shall be no larger than that which can be covered with the lower cover system on the same 
day, or tide cycle. 

• Placement of the vegetative support layer, including vegetative support soil, seed, and erosion 
control materials, may not be completed until after April I. 

2.2 STABILITY EVALUATIONS 

An evaluation of the overall stability of the Causeway cover system has been completed, and includes a 
global stability analysis and an infinite slope (i.e., surficial) stability analysis under static loading 
conditions. The analyses are somewhat related with duplication and cross-referencing, due to similarities. 

The primary means of assessing the ability of the Causeway to withstand different loading conditions is 
the determination of a FS. The FS is the ratio of the ability of the Causeway to resist an imposed load 
divided by the imposed load. Consequently, a FS greater than 1.0 indicates that the Causeway should be 
"stable" (stable= not experience unacceptable consequences due to the imposed loading condition) and a 
FS less than 1.0 indicates that the Causeway would be expected to "fail" (fail = unacceptable movement 
would occur, requiring repairs to the impacted portion of the cover system). Acceptable FS' s are applied 
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to different loading conditions based on the consequences/probability of such a failure; as well as the 
accuracy with which the situation can be modeled. Guidance is provided by regulatory authorities on 
acceptable minimum FS 's for different loading/failure modes. Appendix D presents a technical 
memorandum summarizing the results of the geotechnical evaluations, including the stability evaluations. 

In general, the analyses performed evaluated the following potential scenarios: 

• Global Stability: The potential for a catastrophic failure through the Causeway fill materials, 
where fill material could be exposed to the environment after the cover system is installed. 

• Cover Soil (Surficial) Stability: The potential for soils above the cover to slide or slough off, 
resulting in maintenance issues requiring minor re-grading and re-establishment of turf. 

2.2.1 Global Stability 

Evaluations of the global stability of the Causeway following construction of the cover system have been 
completed. The analyses performed are outlined below, and are included in Appendix D, Attachment A. 

• Visual inspection of the preliminary final grading plan cross sections was completed to determine 
the most critical cross section. This cross section was identified as station 4+50, the section 
which would receive the largest amount of added fill material during cover system construction. 

• Representative profiles were generated for two configurations, and drawn at true scale (i.e., no 
vertical exaggeration). The first configuration included matching the cover system to the existing 
Causeway toe and re-grading the entire Causeway (i.e., encroaching). The second configuration 
included maintaining existing grades below the 4.1 feet msl elevation and re-grading only above 
this elevation (i.e., non-encroaching). 

• Soil properties and subsurface geometry were assigned based on the results of geotechnical 
investigations and literature information regarding the proposed cover materials. Two types of 
cover systems were evaluated for each configuration, a 1.5-foot thick cover system and a 2-foot 
thick rip rap cover system. 

• Harding ESE used a computer program, SLOPE/W, to identify critical failure surfaces for global 
stability analyses. The representative geometry was input into the program and checked manually 
for accuracy. The model was run using limit equilibrium analysis with Bishop's Method of 
Slices. Static analyses. only were conducted. 

• Following analysis of the base conditions, variations in the input assumptions were evaluated, 
including failure along the top of the sand layer, the presence of tension cracks, reduced soil shear 
strengths, variations in fill properties, and low-tide conditions. 

• The results indicate that the configuration with the lowest FS was the non-encroaching rip rap 
cover system with tension cracks. The associated FS was 1.48, above the necessary 1.3, 
immediately following construction; however, long-term stability typically is required to achieve 
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a minimum factor of safety greater than 1.5. Because the lowest calculated FS for the Causeway 
scenarios is 1.48, a minor gain in strength would result in the required FS. A strength gain 
evaluation was not performed for the Causeway, because only a minor increase is required to 
achieve a FS of 1.5. In addition, the combination of high quality extensive field investigation and 
conservative assumptions incorporated in the evaluations, support use of a lower than typical 
minimum required FS. 

• A seismic stability evaluation was not completed for the Causeway. A seismic event could result 
in damage to the proposed cover system and possible exposure of Causeway fill. Such an event 
would require repair/maintenance of any resulting damage; however, it is believed a seismic 
evaluation is not necessary. Flooding has occurred frequently over the life of the Causeway and 
expected to continue. The Causeway currently experiences sporadic flooding/inundation periods, 
when fill materials are exposed to water and there is a potential for contaminant leaching. As a 
result, soil from six excavations areas (where chemical sampling has shown unacceptable 
leaching potential) is being removed prior to cover system construction. The Causeway is not 
considered to be a critical structure, is not a landfill, and is proposed to have a permeable cover 
system. Damage to the Causeway cover system from a seismic event would not result in 
chemical exposures that would be uncontrolled until repair of the cover system. 

• The structural stability of the Causeway under the 100-year flood event was not considered as 
part of the global stability evaluations performed. During the 100-year flood (EL 10.11), the 
Causeway will be nearly completely submerged. A more common occurrence at the Causeway, 
would be a hurricane when the water elevation would possibly reach EL 13.28. During these 
conditions, currents would be in the range of 1.5 knots, considering the width of the waterway at 
these flood elevations. The most structurally demanding situation would potentially occur when 
the tide is approaching high and large waves were pounding the cover system of the Causeway. 
Stability of the cover system under this extreme scenario is addressed in the revetment design 
(Section 2.5.6). 

• The results of the analysis performed using the SLOPE/W model were checked using a manual 
method for a specified slip surface. Results of the manual check were within 8% of the 
SLOPE/W results. 

Recommendations for cover system construction, based on the results of the global stability analysis, are 
included in Appendix D. Global stability calculations are included in Attachment A to Appendix D. 

2.2.2 Cover Soil Stability 

An infinite slope analysis of the top soil layer of the cover system was performed. Calculations are 
presented in Appendix D, Attachment A. The analysis included manual calculation of the maximum 
allowable slope given the estimated internal friction angle of the cover soil. The results of the analysis 
are as follows: 

• The maximum side slopes of 3 horizontal to 1 vertical (3H: 1 V) were found to have an adequate 
FS of 1.8 under the conditions evaluated. 
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• The maximum allowable slope, given the estimated internal friction angle of the cover soil and 
the required end of construction FS of 1.3 is approximately 2H: 1 V and the long-term FS of 1.5 is 
approximately 2.3H:1V. The maximum slope used in this design is 3H:1V, which is flatter than 
that which would provide a FS of 1.5. 

2.3 SETTLEMENT EVALUATION 

A settlement analysis was performed to estimate the magnitude of settlement that may be expected to 
occur due to construction of the proposed cover system on the Causeway. Three types of settlement were 
calculated, including elastic deformation (not significant and therefore not included in the final results), 
primary consolidation settlement, and secondary consolidation settlement. The estimates for each were 
based on the results of laboratory testing on undisturbed samples of organic sediment collected during the 
geotechnical investigations. Testing results were used to estimate consolidation characteristics for the 
organic soils underlying the Causeway. 

Results of the analysis performed (refer to Appendix D) are as follows: 

• The Causeway should be expected to settle approximately 7 inches within the first year, 
following construction. 

• The Causeway should be expected to continue to settle at a decreasing rate and may settle an 
additional 1 to 5 inches over the ensuing 50 years. 

Recommendations for cover system construction, based on the results of the settlement analysis, are 
included in Appendix D. Settlement calculations are included as Attachment B to Appendix D. 

2.4 GEOTECHNICAL EVALUATION CON SID ERA TIONS 

Based on the geotechnical analyses performed and the date gathered, the proposed final grades of the 
Causeway cover system provide for a condition following construction with an acceptable FS, with 
respect to movement. Long-term stability is expected to increase over time, as the underlying soils are 
consolidated and gain strength. The grades are expected to be adequate to maintain positive drainage 
after Causeway fill materials settle due to increased loading from the cover system. The provided design 
drawings, identify sub grade elevations and the thicknesses of the cover system. 

2.5 GENERAL DESIGN CONSIDERATIONS 

Causeway cover system construction will be divided into two phases, Phase I and Phase II. The elements 
of each phase are discussed in Subsections 2.6 and 2.7, respectively. This subsection presents general 
considerations regarding design of the cover system, and presents detailed information regarding two 
components of the design critical to both phases, heave monitoring, and erosion and sediment control 
measures. 

During construction act1v1t1es, personnel and construction equipment leaving the Causeway will be 
require decontamination to prevent the spread of contamination onto other portions of the SAEP facility 
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and public areas. Equipment decontamination will be conducted in a designated decontamination area 
determined by the Contractor and accepted by the Contracting Officer. Vehicles and personnel leaving 
the Causeway, and other on-facility work areas (i.e., Building 5) will be decontaminated, as necessary, to 
reduce the potential for contaminating other portions of the facility or public areas. Water used during 
decontamination procedures that contains surfactants will be segregated from surfactant-free water, so 
that the surfactant-free water may be discharged to the Chemical Waste Treatment Plant (CWTP) sump at 
Building 63. No water containing surfactants shall be discharged to the Building 63 sump, unless directly 
authorized by the Contracting Officer. 

Equipment operation and activities or processes performed by the Contractor in accomplishing the 
specified construction will be conducted in accordance with Federal and State emission and performance 
laws and standards. The Contractor will include an evaluation of the potential for impact to off-site 
receptors in the Environment Protection Plan. 

The following site constraints will apply during removal action activities: 

• Phase I work below the primary erosion control silt curtain and all Phase II work on the 
Causeway may not be completed during the "closed" period (see Subsection 2.1.1). 

• Portions of the SAEP facility are off-limits to Contractor access, as indicated on the Drawings. 
• Access to the Causeway is limited to a gate, approximately 20 feet wide at the origination of the 

Causeway from the main portion of the facility. 
• The average length of the Causeway is 800 feet, the average width is approximately 200 feet at 

low tide and 80 feet at high tide. 
• The site is located in a tidal area and excavation activities near the toe of the Causeway can not be 

completed under water. As a result, excavation activities in the tidal zone can only be completed 
for 4 to 5 hours each day. 

• The area to be excavated on the Causeway sideslopes in any given day, or tide cycle, will be no 
larger than that which can be covered with the lower cover system on the same day, or tide cycle. 

• Removal of oversized debris must be completed prior to installation of any cover system 
materials. 

2.5.1 Heave Monitoring 

Heave platforms and poles will be used as part of construction activities to monitor for movement of the 
Causeway during construction activities. Five platforms and five stationary poles will be installed as part 
of the Phase I work, to measure baseline conditions and to allow settlement of the platforms and poles 
into the surface of the mudflats (expected to be a few inches) prior to commencement of Phase II 
activities. In addition, temporary heave poles will be used to intensively monitor tidal sediment 
elevations in areas near where work is being completed. 

The primary purpose of heave monitoring is to provide a means of monitoring the effect fill and cover 
system placement have on the underlying soft organic sediments. Two factors could result in 
unacceptable heave (defined later), 1) fill material being added too quickly and 2) the weight of the fill 
and equipment is too great to be supported by the soft organic sediments. Rapid fill placement could 
result in heaves due to buildup of excess porewater pressures resulting in either a mud wave or a bearing 
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capacity type failure. Should underlying sediments become over-loaded due to the added weight of fill or 
cover materials, equipment, or stockpiled materials, a rotational failure could occur (but is considered 
unlikely). The Causeway will move during construction and the mud flats will heave; however, excessive 
movement should be taken as an indication that procedures need to be modified. Heave of any of the 
platforms or poles in the 3- to 6-inch range, or horizontal movement in a similar range should be cause for 
concern. The Contractor should stop work and the Engineer should be notified. All site personnel should 
be highly aware of this concern and make conscious efforts to keep an eye on the perimeter for both signs 
of heave and cracking within the fill; a monitoring and reporting program is outlined later in this section. 

The pre-design geotechnical investigation was performed using widely spaced borings, which 
demonstrated some of the variability of both the Causeway fills and native sediments. The evaluations 
performed, indicate that the Causeway is expected to be stable following construction. However, during 
construction, loading conditions will vary. Limits for this project should be set for height of fill and 
locations where materials may be stockpiled on the Causeway, as follows: materials (relocated fill and 
cover materials) should not be stockpiled on the Causeway for over a period of one days' work, should 
not be stockpiled greater than four to six feet tall, should not be placed all in one area, and should not be 
placed on the sideslopes (i.e., outside the limits of the primary silt fence, as indicated on the Drawings). 

The heave platforms and poles are required to provide a means to monitor the movement of the Causeway 
as cover materials are placed. Typically, settlement platforms are installed in the area of construction to 
monitor the downward movement associated with fill placement; however due to the cramped 
construction site and the increased potential for damage to such devices, heave platforms are more 
desirable. Five heave platforms and five stationary poles will be installed around the perimeter of the 
Causeway in the mud flats, at the approximate locations shown on the Drawings in Appendix B. The 
platforms will be situated at a distance of approximately 40 feet outward from the contact between 
fill/riverine sediments on the north side of the Causeway and 30 outward feet from the contact between 
fill/riverine sediments on the south side of the Causeway. These offsets are based on the results of the 
stability evaluations performed for the Causeway, and represent regions where a potential for heave 
exists. The five stationary heave poles will be placed inside the five heave platforms, at an approximate 
distance of 15 feet outward from the contact between fill/riverine sediments on the north side of the 
Causeway, and 10 feet outward from the contact between fill/riverine sediments on the south side of the 
Causeway. 

The temporary heave poles will be placed during Phase II work, at the same distance from the Causeway 
as the stationary heave poles. Temporary poles will be placed at 50-foot intervals parallel to the contact 
between the fill/riverine sediments. They shall be placed up to 100 feet from the edge of an active 
excavation area, a minimum of 24 hours prior to work being conducted in that area. The temporary poles 
will be intensively monitored for a minimum of 24 hours before the initiation of work until 24 hours after 
completion of work in a particular area. A temporary heave pole may not be removed until 24 hours 
following the completion of work in any area within 100 feet of the pole. 

The platforms are to be constructed using 2-layers of pressure-treated plywood, with a 2-inch galvanized 
steel pipe. The plywood should be placed on the surface of the mud with the pipe oriented vertically. 
Ballast (i.e., concrete blocks) will be required to keep the platform in place during high tide events. A 
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detail of the platforms is provided on Drawing C-30 I in Appendix B, Attachment A. The heave poles 
will consist of a 2-inch by 4-inch piece of pressure-treated lumber. 

During Phase I: The platforms and stationary poles will be fitted with a target (as required by the 
surveyor to monitor their movement) at the top of the pipe. At installation, the pipe will be installed in a 
vertical orientation. Each pole/target will be surveyed for its northing and easting (N and E) to a 
minimum accuracy of+/- 0.1 foot. Each platform and pole will be monitored for elevation to a minimum 
accuracy of+/- 0.01 foot on a weekly basis during Phase I activities. This monitoring will be used to 
establish a baseline for more intensive monitoring that will be performed as part of Phase II. The 
platforms and poles will be removed following the completion of construction of the cover system, 
following Phase IL Phase I data will be reported by the Contractor, consisting of both hard copy report 
and an electronic file, distributed via e-mail, containing the date and reduced survey results along with a 
plot of movement over time. 

During Phase II: Within one to two weeks prior to the initiation of earth moving activities on the 
Causeway, the Phase II monitoring will begin. Initial monitoring for Phase II will consist ofre-surveying 
the northing and easting of the heave platforms and stationary heave poles to a minimum accuracy of+/-
0.1 foot. Elevation will be surveyed to a minimum accuracy of +/-0.01 foot. Regular monitoring during 
Phase II will be performed to a minimum accuracy of +/- 0.01 foot for elevation and +/- 0.1 foot for 
northing and easting. All platforms and stationary poles will be monitored at least twice a week during 
Phase II activities, except within 100 feet of an active work area, when intensive monitoring will be 
required. 

Intensive monitoring of individual platforms, stationary poles, and temporary poles will be performed 
where active work ( excavation, filling and stockpiling) is being performed between the centerline of the 
Causeway and the platform/pole at a 100-foot distance parallel to the centerline. Intensive monitoring 
will be performed three times a day (prior to the start of work, at mid-day, and at the end of the work 
day). The intensive monitoring will be reviewed continuously by the Contractor to assess both trends and 
any large changes in the locations of the platforms or poles. This intensive monitoring will be made 
available to the Contracting Officer's representative on a continuous basis. Reporting will be on a weekly 
basis, and will continue for the duration of Phase II and for two additional weeks following the 
completion of work. Reporting will consist of Phase I and II data, and be provided in both hard and 
electronic file, distributed via e-mail containing the date and reduced survey results along with a plot of 
movement over time. 

2.5.2 Sediment and Erosion Control 

2.5.2.1 Permits 

In accordance with the requirements of the State of Connecticut, Stormwater and Dewatering 
Wastewaters from Construction Activities: A general permit applies to all discharges of stormwater and 
de-watering wastewaters from construction activities which include, but are not limited to, clearing, 
grading, and excavation and which result in the disturbance of five or more acres of total land area on a 
site. The area of the Causeway, as defined by the floating silt curtain shown on the drawings, but not 
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included in the design (not just the limit of work), measures approximately 3 .9 acres, therefore no permit 
is required. The sediment and erosion control for the work will incorporate best management practices. 

2.5.2.2 Housatonic River Sediment Control 

The lower reaches of the Housatonic River, where construction work is to be conducted, includes areas of 
shellfish and finfish resources. According to CTDEP information, the Causeway is in close proximity to 
oyster seedbeds. The CTDEP does not allow what it considers to be unconfined excavation or filling 
work in the lower reaches of the Housatonic during certain times in order to protect shellfish and finfish 
resources. The relevant "closed" period for unconfined dredging is from April 1 through September 30. 
(April 1 to June 30 for finfish and June 1 to September 30 for shellfish). Phase I and II activities below 
the elevation of the primary erosion control fence may not be performed during this "closed" period. 
Work above the primary erosion control fence is believed to be acceptable at any time under the CTDEP 
requirements, and requires that best management practices be followed during all site work. 

The options available for sediment control within the river are a partially penetrating curtain, fully 
penetrating permeable curtain, or an impermeable structure. The following provides an evaluation of the 
pros and cons of each alternative. Based upon comments from the CTDEP Office of Long Island Sound 
Programs (OLISP), sediment control within the river is not necessary if activities below the primary 
erosion control fence are conducted outside of the "closed" period. Therefore, sediment control measures 
within the river will not be implemented during this work. The following four paragraphs no longer 
apply to this design, but have been retained for completeness. 

Partially Penetrating Siltation Curtain: A partially penetrating siltation curtain floats on the 
surface and extends into the water a finite distance. The theory for operation, as demonstrated 
through performance, is that sediments tend to float near the surface until encountering the 
curtain at which time they stop migrating and settle out. In highly tidal areas, such as the 
Causeway, water needs to be allowed to flow in and out from behind the sediment curtain. This 
is particularly true where the area to be protected is a mud flat, where water is not present at low 
tide and a flow path needs to be maintained (unless a water tight structure is used). The 
effectiveness of the partially penetrating siltation curtain is considered the best available method 
for limiting the spread of sediments potentially resulting from Causeway construction activities. 

Fully Penetrating Siltation Curtain: Fully penetrating siltation curtains are made with an open 
structured geotextile, typically similar to a silt fence. Fully penetrating curtains work by filtering 
sediments that are suspended in the water as a result of disturbance. For this particular project, 
the turbidity of the river is considered to be great enough to clog these materials even without 
additional sediment load resulting from site excavation work. These types of materials will also, 
according to manufacturers, experience clogging due to marine organisms when exposed for 
more than a week or two. As they clog, removal and replacement of these silt curtains would be 
expected to generate additional suspended sediments. Also, as the tide drops, sediment-loaded 
water would likely overtop such a curtain and migrate a greater distance from the site. Housatonic 
River currents could destroy a fully penetrating barrier. Due to the size of the Causeway project, 
work cells would be required. The materials would require periodic cleaning, with limited life 
cycles due to damage incurred from washing of the materials to remove growth and sediment. In 
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additioµ to the technical reasons why this approach is not feasible, these types of materials are 
considerably more expensive. 

Impermeable Structure: Impermeable structures include sheet piles, water bladders, temporary 
dams and earthen berms. Each of these types of structures would result in sediment release either 
during installation (i.e., earthen berm) or upon removal (i.e., pulling of sheet pile, lifting of water 
bladder shell that has sunk into the mud, or removal of settled supports and liners for temporary 
dams). These structures do, however provide true containment for sediment control. The costs 
for such structures would be considered prohibitive and inflate the cost of the remediation 
significantly with little overall benefit. 

The floating siltation curtain does not provide sufficient confinement. Thus, the choice is either to 
use 28-inch tall floating siltation curtain with upland erosion controls and not initiate work until 
after September 30, or develop a method to separate the area being worked from direct, open 
hydrologic connection with the river. The concept of using a top-to-bottom silt curtain to create a 
work cell installed prior to initiation of work on a segment of the polymeric marine mattresses 
and moved after completion of each segment may satisfy concerns. However, it is uncertain if 
the manufacturer will endorse such use and if there is reasonable expectation that the silt curtain 
will withstand the anticipated site conditions. 

2.5.2.3 Phase I Activities 

Phase I activities will produce a potential for sediment release to the environment and consequently 
require sediment and erosion control measures be included as part of the design. The Causeway site will 
be divided into two sections, as follows: 1) areas above approximate elevation 6 and 2) areas between 
elevation 6 and the limit of work (the toe of the Causeway). These sections have been established, 
because the site is dominated by tidal fluctuations that typically range up to elevation 4.1, resulting in two 
greatly differing environments. 

In areas above elevation 6, as indicated on the Drawings, the area will be surrounded by a primary silt 
fence and jute matting will be applied as necessary. The silt fence will be installed at the beginning of the 
Phase I work and maintained throughout the duration of the work ( and any interim period until the 
commencement of Phase II work). The silt fence will only be temporarily removed to allow access to 
lower areas of the site, with replacement/re-establishment to be performed as necessary (approved daily). 
The silt fence may require periodic replacement due to exposure to the saltwater. 

In areas below silt fencing placement, in the inter-tidal zone, work activities will not be conducted within 
the "closed" period. This includes Causeway weather station removal and removal of oversized debris 
below the primary silt fence. Work will not be performed under standing water. 

2.5.2.4 Phase II Activities 

Phase II activities will incorporate the same best management practice sediment and erosion control 
measures applied during Phase I. Work activities to be performed during Phase II will include the 
excavation of fill materials from the side slopes of the Causeway below elevation 4.1, to meet CTDEP 
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requirements that the Causeway not encroach below this level. This excavation activity, and subsequent 
lower cover system construction, will pose a potential for sediment release; consequently, these activities 
will be performed outside of the "closed" period. Work activities will not be performed under water. 
Excavation for the toe of the lower cover system will create an excavation that is below existing grade, 
resulting in a bathtub effect. Excavation in this area may still be conducted, despite the area being below 
water, since the sidewalls will provide containment during active excavation. 

2.6 PHASE I DESIGN ELEMENTS 

Phase I will consist of mobilization and site preparation activities, installation of erosion and sediment 
control measures, building demolition, oversized debris removal, contaminated soil excavation, off-site 
transportation and disposal of waste materials, and topographic survey completion. This subsection 
details the Phase I design elements. 

Prior to initiation of Phase I field activities, the Contractor will be required to prepare pre-construction 
documents, including, but not limited to, Work Plans, a Site Safety and Health Plan (SSHP), and an 
Environment Protection Plan. A Pre-construction Meeting will be conducted to review the plans and the 
construction schedule. 

2.6.1 Mobilization and Site Preparation 

Mobilization of Contractor personnel and equipment will be completed during Phase I work. Site 
preparation activities for Causeway cover system construction will include the following: 

• Contractor site office establishment 
• Decontamination and stockpile area construction 
• Placement and initial monitoring of heave platforms and stationary heave poles (see Subsection 

2.5.1) 
• Monitoring well abandonment 
• Clearing and grubbing 

2.6.2 Erosion and Sediment Control 

Temporary erosion and sediment control measures will be installed during Phase I construction activities 
to reduce the amount of sediment leaving the site. These measures will include installation of primary silt 
fencing, jute matting, and staked hay bales, as necessary. Following completion of Phase II construction 
activities, all disturbed areas, as appropriate, will be re-vegetated with a suitable grass cover and erosion 
control materials. 

2.6.3 Building Demolition 

Demolition of Building 5, Building 59, the Causeway weather station, and surface features near Building 
34 will be completed as part of Phase I work. Activities will include: 
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• Building 5 demolition to existing grade, including existing utility disconnection and asbestos 
removal, to improve access to the Causeway. 

• Building 59 demolition, including existing utility disconnection and foundation removal within 2 
feet of existing grade. 

• Weather station demolition, including existing utility removal and foundation removal within 2 
feet of existing grade. 

• Removal of the containment berm around the Building 34 former aboveground storage tank 
(AST) farm and removal of associated protective posts and tank supports to existing ground 
surface, followed by paving of the former AST area to improve access to the Causeway. 

• Cleaning demolition debris, as necessary, to remove Causeway soil prior to transport to on-site 
stockpile areas. Cleaning will be conducted above the primary erosion control silt fence. 

• Re-sizing of demolition material, as necessary, for ease in off-site transport. 
• Characterization sampling and analysis for off-site disposal at the approved disposal facility. 
• Removal, characterization, and off-site disposal of soil containing visual or olfactory 

contamination identified during building demolition, as directed by the Contracting Officer. 

2.6.4 Removal of Oversized Debris 

Surface debris larger than 2 feet in any dimension will be removed from the Causeway as Part of Phase I 
work to facilitate future grading of the Causeway surface (in Phase II). Phase I activities will include 
removal of materials from the surface of the Causeway, and documentation of additional subsurface 
debris encountered during surface debris removal. Removal of identified subsurface debris will occur as 
part of Phase II work. 

Debris volume estimates, based on visual observation of the amount of debris on the Causeway surface, 
were made as part of Phase I design efforts. An estimated quantity of 3,800 cubic yards of in-place 
materials was identified for removal during Phase I. As for demolition debris, cleaning of the oversized 
debris will be conducted to remove Causeway soil prior to transport to on-site stockpile areas. Cleaning 
will be conducted above the primary erosion control silt fence. Re-sizing of the debris will be conducted, 
as necessary, for ease in off-site transport. Characterization sampling will be conducted as required by the 
accepting disposal facility. 

2.6.5 Excavation of Contaminated Soil 

As part of Phase I activities, soil containing VOCs, SVOCs, vanadium, or zinc in excess of the CTDEP RSRs 
Pollutant Mobility Criteria, ten times the Groundwater Protection Criteria, ten times the federal A WQC, or 
containing more than 1 part per million (ppm) of PCBs, will be excavated and transported to on-site storage 
areas for characterization. 

An estimated 82 cubic yards of soil are to be excavated from ten distinct areas, identified as Excavation 
Areas 1 through 10 (i.e., EA-1 through EA-10) on the Existing Conditions Drawing. Appendix F presents the 
calculations of soil volumes requiring removal from the Causeway, based on the results of previous Synthetic 
Precipitate Leaching Procedure (SPLP) sampling and analysis. 
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Confirmation sampling will be conducted following removal of soil to confirm soil containing contamination 
above action levels has been removed. Samples will be collected from the sidewalls and base of the 
excavations, as required by CTDEP RSRs, and analyzed for the target compounds by the Contracting 
Officer's Representative. The limits of excavation will be established by the Contracting Officer's 
Representative. 

2.6.6 Off-site Transportation and Disposal 

Demolition debris, oversized debris, and excavated soil will be transported to an appropriately licensed, 
government approved, off-site disposal facility. For purposes of design cost estimation, it has been 
assumed that 10% of debris, soil contaminated with VOCs in exceedance of the RSRs, and soil 
contaminated with PCBs in exceedance of 1 ppm, will require disposal as hazardous waste. The 
remaining materials will be disposed of as non-hazardous waste. Treatment of the materials, prior to 
disposal, will be at the discretion of the receiving facility. Necessary transportation documents, including 
manifests and bills of lading, will be signed by the BRAC Coordinator, or Representative. 

2. 7 PHASE II DESIGN ELEMENTS 

Phase II includes heave monitoring (see Subsection 2.5.1), sideslope excavation, oversized debris 
removal, Causeway grading, lower and upper cover system placement, rip rap transition placement 
between the two cover systems, vegetative support layer placement, topographic survey completion, 
demobilization, Environmental Land Use Restriction (ELUR) implementation, and long-term monitoring. 
This subsection details the tasks to be completed as part of Phase II work. 

Prior to initiation of Phase II field activities, the Contractor will be required to modify pre-construction 
documents, as necessary, including the Work Plan, the SSHP, and the Environment Protection Plan. In 
addition, a Contractor Quality Control Plan will be required. A second Pre-construction Meeting will be 
conducted to review the plans and the construction schedule, as necessary. 

2.7.1 Sideslope Excavation 

An approximate one-foot thick layer of soil will be removed from the limit of Causeway fill material (at 
the toe of the slope) up to the 4.1-foot msl elevation. This soil will be re-located to the area of the 
Causeway above 4.1 feet msl, to allow for the placement of the lower cover system without modification 
of the existing elevations below 4.1 feet msl. Satisfactory excavated material will be used as fill material 
for future grading of the upper Causeway prior to cover construction. 

The Contractor should be aware of the following conditions during excavation: 

• Be aware of digging through the fill material into the underlying tidal sediments at the toe - may 
require modifications in design. 

• Be aware of digging into weak mud material where there should be fill material - may indicate 
the presence of significant tension cracks. 
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Sideslope soil containing gross visual or olfactory contamination will be excavated and transported to on
site stockpile areas for further characterization and off-site disposal. Volume estimates for contaminated 
soil are· based on a percentage of the total material to be removed from the Causeway sideslopes. It is 
estimated that 2% of the sideslope soil will contain gross contamination and require transport off the 
Causeway. In addition, oversized debris (greater than 2 feet in any dimension), uncovered during 
excavation, will be cleaned and transported to on-site stockpile areas (see Subsection 2.7.2). 

2.7.2 Removal of Oversized Debris 

Subsurface oversized debris, identified during removal of surface debris in Phase I, and debris 
encountered during sideslope excavation will be removed from the Causeway in Phase II to facilitate 
future grading of the Causeway surface. 

For purposes of cost estimating, it has been estimated that 100 cubic yards of debris will be removed from 
the Causeway sideslopes and an estimated 200 cubic yards of debris will be removed from the upper 
portions of the Causeway during this construction phase. However, the actual volumes could vary 
significantly from these estimates, because the debris to be removed in Phase II is currently buried; 
therefore, visual identification cannot be completed. As for debris removed during Phase I, cleaning of 
the debris will be conducted to remove Causeway soil prior to transport to on-site stockpile areas. 
Cleaning will be conducted above the primary erosion control silt fence. Re-sizing of the debris will be 
conducted, as necessary, for ease in off-site transport. Characterization sampling will be conducted, as 
required by the accepting disposal facility. 

2.7.3 Causeway Grading 

Following material excavation, the Causeway will be graded into two distinct slope categories. Above 
elevation 4.1 feet, the Causeway subgrade will be graded at a maximum 3H: 1 V slope up to elevation 7 
feet msl. Above 7 feet msl, the Causeway subgrade will be graded at a minimum 2% and maximum 5% 
slope to elevation 9 .5 feet msl. Elevation 9 .5 feet msl will be the top of the Causeway sub grade, no 
sub grade filling above elevation 9 .5 will be allowed. Only subgrade fill elevations have been provided on 
the design drawings, since settlement will likely occur during cover placement. The subgrade will be 
rough graded to be as smooth and to grade as practicable. The presence of debris within the fill will result 
in an uneven surface that will be limited to a tolerance of +/-2-inches from the subgrade elevations shown 
on the drawings. 

2.7.4 Off-site Transportation and Disposal 

Oversized material, visually or olfactory contaminated material, and, as necessary, excess material 
excavated from the Causeway and not used during the grading process, will be transported off-site for 
disposal at an appropriately licensed, Government approved, disposal facility. During cover system 
design, an effort was made to balance cut and fill quantities and limit the volume of material requiring 
off-site disposal. In a similar manner, the design has been developed and the Contractor will be required 
to perform such that the minimum volume of excess material or fill material from off-site borrow sources 
is required. 
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2. 7 .5 Causeway Cover System 

The cover system components selected during the design process were based on the following general 
requirements: 

• Material durability under site conditions (i.e., salt water, wave conditions, periodic submersion, 
ice attack, and differential movement). 

• Provide an acceptable FS with respect to structural stability. 
• Provide an inaccessible structure to reduce the risk of direct contact with site fill materials. 

The construction of the cover system is to be at the specified thicknesses. The project Drawings provide 
the subgrade development elevations; no final grades are provided. This is due to the fact that the cover 
systems will cause in an increase in loading on the Causeway which will likely result in settlement and 
movement of the Causeway. Since more weight added to the Causeway will result in more settlement and 
decreasing FSs with respect to stability, only the required thickness of cover soils will be placed and used 
in verifying quantities for pay items. A final site survey should be performed to document the surface 
elevation of the final cover. 

The following subsections discuss the engineering evaluations conducted as part of the cover system 
design, and present the proposed lower and upper cover system components. 

2. 7 .5 .1 Engineering Evaluations 

Durability of Cover Systems. The materials used in the cover system have been selected and engineered 
to withstand the conditions that they are to be exposed to. The following provides a brief description of 
the durability issues addressed. 

Salt Water. The materials used in the cover systems will be exposed to salt water. The Causeway is in a 
tidal flat area. The lower cover system extends approximately throughout the intertidal zone (mean low 
low water (MLL W) at elevation -2.72 ft msl to mean high high water (MHHW) at elevation 4.29 ft msl). 
The lower cover system is exposed to daily tidal cycles and the upper cover system ( above MHHW) is 
subjected to periodic exposure to salt water due to wave run-up and overtopping, spray, and periodic 
flooding of the river. The lower cover system consists of geosynthetics and natural rock (non-carbonate), 
which are considered to be relatively non-susceptible to degradation when exposed to salt water in a 
marine environment. The upper portion of the Causeway contains two elements whose selection/design 
were based on their inherent susceptibility to salt water induced degradation, concrete and grass. The 
concrete to be used has been specifically developed by a manufacturer of concrete masonry units, that 
uses different casting methods and materials than those used for ready-mix concrete, so minimal research 
in the area of salt resistance is available. The selected mix has high strength, demonstrated frost 
resistance, and is expected to have a high resistance to salt water. Refer to Attachment D of Appendix C 
for information supplied by a manufacturer. The grass to be used has been selected for use at the site, 
based on a site visit, and is believed to represent the species best suited for the site conditions. Refer to 
Attachment E of Appendix C. 
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Waves. A wave analysis has been performed and is attached as Appendix E. The revetment design wave 
height is l.27H5=3.87' (1.27 x significant wave height). This is the U.S. Army Corps of Engineers' 
recommendation for irregular wave conditions on revetments of dumped rip rap. The range of water 
depths used in the wave analysis corresponds to the intertidal zone ( MLL W to MHHW). The lower 
cover system has been designed by a manufacturer (Tensar, Corp.) to withstand this wave height. An 
interlocking block (Tri-Lock®) is generally considered appropriate for use where up to 4 foot waves are 
expected, based on information provided by the manufacturer, refer to Attachment D of Appendix C. 
However, the interlocking blocks are not required for wave resistance, since they are located on the upper 
flat portion of the Causeway and beyond direct pounding of waves ( although they are considered suitable 
for the design wave). The rip rap transition is the interface between the upper and lower cover systems. 
In order to prevent buoyant uplift of the upper cover system, it has been designed and detailed to 
efficiently shed water caused by wave run-up overtopping. The rip rap apron's underlying materials have 
been graded to allow any water under the interlocking concrete blocks to backflow unimpeded towards 
the revetment. The toe of the mattress, when placed directly on the mudline is considered by Tensar 
Corp. to be 'self-seating'. In other words, the wave action will gradually seat the mattress toe into the 
mudline, thereby eliminating significant excavation and rock-filling normally associated with rip rap 
revetments. 

Submersion. The '100-year Frequency Tidal Flood' is at elevation 10.11 ft msl (reference 13, Appendix 
E). The top of the Causeway cover system is not expected to exceed elevation 11.5, making the 
Causeway not completely submerged during the 100-year event. In fact, it is more likely that the 
Causeway would be exposed to a Hurricane tidal flood, at elevation 13.28. ft msl The tidal flood will 
generate buoyant and current induced forces on the cover system. The buoyant force will have little or no 
effect on the highly permeable, polymeric marine mattresses. Local and global stability of the polymeric 
marine mattress is governed by the wave-action induced forces generated through the different intertidal 
water levels. The upper cover system will be underlain by a permeable system of sand and gravel, 
lessening the possibility of trapped air causing buoyant uplift. The flows in the river under flood 
conditions is expected to be approximately 2.0 ft/sec and has been considered in erosion control mat 
selection. 

Ice Attack. The ability of the polymeric marine mattresses to withstand ice forces is necessary due to ice 
flows in the Housatonic River. Two major exposure conditions are considered to likely exist at the 
Causeway: 1) abrasion and 2) shear of the polymeric shell. A manufacturer has performed modified 
abrasion testing (modified L. A. Abrasion Test) to assess reductions in tensile strength of the polymeric 
shell. Refer to Attachment F of Appendix C. The testing indicated when exposed to 50 cycles of 
abrasion of the materials by ice, no significant reduction in ultimate strength was observed. To address 
the condition of ice against the mattress, a manufacturer performed an evaluation of the materials with a 
specific grid and stone size. Refer to Attachment F of Appendix C. The assessment assumed 6-inch
thick and a 3.7-foot wave height, and evaluated shearing of the grid, pressure against the grid, and the 
previously discussed abrasion. Based on these evaluations and assumptions, the materials specified are 
expected to be suitable for the intended use. These evaluations and testing were performed on one 
manufacturer's material and would need to be performed on another manufacturer's materials prior to 
approval for use on the project, and subject to acceptance. 
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Differential Settlement. Due to the varied nature of the Causeway fill and likely variations in the 
underlying organic sediments, added loading due to cover construction is expected to result in some 
differential settlement. Quantification of this is impractical; however, the magnitudes are not expected to 
be excessive. For this reason, a flexible cover system is required. The upper cover system of interlocking 
blocks is capable of distorting to a radius of 3 feet and can be exposed to moderate strains due to the 
gravel-filled voids between the blocks. The polymeric marine mattresses are a very flexible structure and 
is specifically designed to accommodate differential settlement. 

Structural Stability. The stability of the cover system consists of several potential failure modes, 
including: global and cover stability described in Subsection 2.2; toe stability; sliding; and anchor 
requirements. The polymeric marine mattress, applied in similar situations, is typically installed by 
directly placing the mattress on the soils at the toe. The mattress settles into the soils and has what is 
considered to be a "self-sealing" toe. Toe stability for the polymeric marine mattress is typically provided 
by laying the mattress directly on grade and allowing the toe to settle, hence "self-sealing". At this site, 
the requirement of the cover system to not encroach below elevation 4.1 feet msl is considered critical. 
The mattresses will be buried, such that there surface approximates the existing grade below elevation 
4.1. To enhance toe stability around the end of the Causeway, near the channel and in the area where 
waves are most likely, additional rock fill will be placed beneath the mattress. Refer to Attachment F of 
Appendix C for supporting information and calculations. 

Inaccessible Structure. 

Per Section 22a-133k-2 (b)(3) of the CTDEP RSRs: 

"The direct exposure criteria for substances other than PCB do not apply to inaccessible soil at a 
release area provided that if such inaccessible soil is less than 15 feet below ground surface an 
environmental land use restriction is in effect with respect to subject parcel or to the portion of 
such parcel containing such release area, which environmental land use restriction ensures that 
such soils will not be exposed as a result of excavation, demolition or other activities and that any 
pavement which is necessary to render such soil inaccessible is maintained in good condition 
unless and until such restriction is released in accordance with section 22a-133q-1 ... " 

Per Section 22a-133k-1 (a)(28) of the CTDEP RSRs: 

"'Inaccessible soil' means polluted soil which is: (A) more than four feet below the ground 
surface; (B) more than two feet below a paved surface comprised of a minimum of three inches of 
bituminous concrete or concrete, which two feet may include the depth of any material used as 
sub-base for the pavement; or (C)(i) beneath an existing building or (ii) beneath another existing 
permanent structure provided written notice that such structure will be used to prevent human 
contact with such soil has been provided to the Commissioner." 

The proposed cover for the Causeway consists of a lower cover system and an upper cover system, as 
previously described. The upper cover system will be placed over the portion of the Causeway that 
contains CTDEP RSR DEC exceedances. 
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In addition, approximately 6 inches of topsoil, seeded with suitable grass cover material will be placed on 
top of the upper cover system. 

The cover thickness has been minimized due to geotechnical constraints associated with the stability and 
compressibility of the tidal sediments beneath the Causeway fill material. Should additional thickness be 
added to the Causeway, calculations indicate that a failure would be more likely to occur. Due to the 
expected differential movement expected, the cover system needs to be flexible, while still rendering the 
underlying soils inaccessible. The lower cover systemwill consist ofroughly 10-15 tons of rock in each 
mattress, encased in a high-strength plastic webbing type material. The interlocking concrete blocks in 
the upper cover system are slightly wider at the top, with the gravel between the blocks acting to lock the 
blocks in place, making removal extremely difficult. These two types of covers will allow movement as 
the Causeway settles and are not expected to develop cracks, such as those that would develop if a more 
rigid type cover system like concrete of asphalt were used. 

Therefore, in conjunction with an ELUR, the proposed cover system meets the intent of the CTDEP RSRs 
as an equivalent "existing permanent structure" to make the Causeway soils inaccessible. 

2. 7 .5 .2 Lower Cover System Components 

The following provides a description of the materials to be used in the lower cover system and their 
design requirements, starting with the base of each cover system. 

Gravel Bedding: Gravel bedding may be required to provide a uniform and stable base for the placement 
of the polymeric marine mattresses. The following are some conditions where this material would be 
required: 1) voids are created due to the removal of oversized materials from the sides of the Causeway, 
2) soft pockets of fill material containing high water content would not provide adequate support, and 3) 
uneven excavation surface in excess of allowable tolerance. This material would be consistent with 
Connecticut Department of Transportation (CTDOT) No. 8 graded aggregate (Section M.01.01 - Graded 
Aggregate, page 545), basically a 3/8- to 1/2-inch crushed stone. No laboratory compaction testing or in
place testing will be required due to the uncompactible nature of this crushed stone. 

Geogrid Composite: Around the perimeter of the Causeway, the thickness and nature of the fill material 
is expected to very greatly. Due to this expected variation, the ability of these materials to support the 
polymeric marine mattresses and Rock Fill Toe, additional support may be required. For the purpose of 
this design, it is assumed that the geogrid composite will be required to provide support of the Rock Fill 
and the mattresses over a 10-foot-wide weak zone. It has further been assumed that the soils beneath 
provide no support, a very conservative assumption. Using basic statics, the grid was assumed to strain 
5% and the maximum tensile strength was determined in need to be greater than 1,600 pounds per foot. 
The grid will be placed in one roll-width (typically 12-feet) around the toe of the Causeway, so only the 
machine direction is required to provide support. Further the grid should provide an allowable tensile 
resistance (as defined by GRI GG4) of greater than 1,600 pounds per foot, which accounts for reductions 
due to installation damage (1.2), durability (1.5) and creep (2.5). The material should be a composite with 
a woven geotextile to provide additional support on soft sediments. Materials will be suitable for use in a 
saltwater environment (assumed to be part of the durability reduction factor required previously). 
Overlap lengths will be in accordance with manufacturers recommendations. Ties (suitable for salt water) 
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will be placed at 1-foot centers at the ends of both the top and bottom of each seam, unless closer spacing 
is recommended by the manufacturer. Grids will be lain flat and maintained as taught as possible during 
placement of the rock fill/mattresses, as shown on the Drawings. 

Rock Fill Toe. A graded rock fill will be installed at the toe of the Causeway slope, as shown on the 
drawings, to prevent scour of Causeway fill material from wave action on the marine mattresses. Rock 
fill material will be similar to the material used to fill the polymeric marine mattresses. 

Woven Geotextile. A woven geotextile will be placed between the Rock Fill Toe and the polymeric 
marine mattresses. The material needs to resist clogging from marine organisms, which has been a 
problem at other sites with similar conditions. To alleviate the potential for clogging, typical filter criteria 
are not applied; instead, performance-based design is the approach recommend by mattress 
manufacturers. Based the recommendation of a manufacturer and engineering judgement, a woven 
monofilament with an apparent opening size of between a 30 and 50 US standard sieve and a 10 to 12 
percent open area has been selected. This geotextile is expected to limit migration of Causeway fill 
material (i.e., silt and fine sand) from beneath the marine mattresses during wave events. If necessary for 
stability reasons, the geosynthetic material can be fastened to the underside of the marine mattresses prior 
to installation, or preferably staked to the surface of the prepared subgrade. Staking the geotextile to the 
sub grade may allow for tidal waters to contact the subgrade prior to placement of the polymeric marine 
mattresses in limited areas and increase daily work time. 

Rock Fill Transition. A graded rock fill will be installed directly above the 3H:IV slope of the Causeway, 
as shown on the drawings, to provide drainage for the cover system. Rock fill material will be similar to 
the material used to fill the polymeric marine mattresses. 

Polymeric Marine Mattresses. A one-foot-thick polymeric marine mattresses, constructed of a graded 
rock fill enclosed in a specialty geogrid, will be used to stabilize the sides of the Causeway. These 
mattresses will be placed in the excavated areas below the 4.1-foot msl elevation and will continue up at a 
maximum slope of 3H: 1 V slope and extend 3 feet up onto the upper portion of the Causeway. The 
mattresses are not typically tied together, since such ties could damage the geogrid even if minor 
differential movement occurs. 

The structural geogrid used to manufacture the mattresses will be an integrally formed grid structure of a 
stress resistant copolymer polypropylene material with molecular weight and molecular characteristics 
which impart: 1) high resistance to loss of load capacity or structural integrity when the geogrid is 
subjected to mechanical stress in installation; 2) high resistance to deformation when the geogrid is 
subjected to applied force in use; and, 3) high resistance to loss of load capacity or structural integrity 
when the geogrid is subjected to long-term environmental stresses. 

The approximate dimensions of the baskets are 4.5 feet wide, 30 feet long, and 1 foot deep. Where the 
length of Causeway slope is greater than 30 feet, the baskets may be tied together to increase the effective 
length. The rock fill selected for use in the baskets, due to ice and wave loading has been selected to be a 
well graded stone with a maximum D50 of 3 inches with stone size ranging from 2- to 6-inches. 
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2.7.5.3 Upper Cover System Components 

The following provides a description of the materials to be used in the upper cover system and the design 
requirements, starting with the base of the cover system. 

Bedding Sand. Directly above the prepared subgrade will be a layer of bedding sand to form a smooth 
dense layer to support the interlocking concrete blocks. This sand bedding layer will consist of a well
graded sand to minimize the compactive effort required to provide a dense layer that will not move 
excessively when saturated. The material will be placed in one layer with a minimum thickness of 4 
inches and a nominal thickness of 6 inches. Thickness may very based on the roughness of the prepared 
subgrade. The material will meet all the requirements of CTDOT for fine aggregate (Section M.03.01 2 -
FINE AGGREGATE, pp. 552-553). The surface will be prepared by proof rolling with a static roller; no 
vibratory rollers will be permitted on the site. Due to the thin layer to be installed, density testing will be 
required using nuclear testing equipment with backscatter methods. Based on moisture-density testing 
results, materials will be placed at a minimum of 92% of Standard Proctor (ASTM D-698) and be within 
+/-3% of optimum moisture content at the time of placement. Following receipt of borrow source test 
results, these density and moisture content requirements may be modified based on the shape of the 
moisture-density test results. Periodic quality assurance/quality control (QA/QC) testing of the material 
will be required to assure consistency of materials to be used and the placement methods. In addition, 
analytical testing of the material for volatile organic compounds and semi-volatile organic compounds 
will be conducted on the bedding sand, at the rate specified by the Contracting Officer. 

Non-Woven Geotextile. A non-woven geotextile will be placed directly above the sand bedding prior to 
placement of the interlocking concrete blocks. The geotextile is provided to limit damage to the sand 
bedding during installation of the blocks, provide additional support in the event of differential settlement, 
and to act as additional protection against contact with the underlying fill materials. The non-woven 
geotextile should have a minimum weight of 6 ounces per square yard, be spun-bonded, and have an 
apparent opening size equal to a 70 sieve. The geotextile is overlain by the gravel material, so minimal 
fines are expected to be available to clog/bind the geotextile, negating direct filter criteria evaluation 
techniques. However, the overlying vegetative support soils are expected to lose some fines into the 
gravel, which may migrate to the geotextile over time. With basically two AOS sizes to choose from, 70 
and 100, the larger openings were selected because that would allow fines to pass into the underlying sand 
and reduce the potential for localized clogging of the geotextile below the blocks. 

Interlocking Concrete Blocks. Four-inch-thick, interlocking concrete blocks will be placed on the upper 
portion of the Causeway above the 3H: 1 V slope. The interlocking blocks will be laid by hand and 
configured/trimmed to incorporate any surface features required on the Causeway. The concrete to be 
used in the manufacture of the blocks will be suitable for the intended use and environment (periodic 
exposure to salt water, frost, differential settlement of the underlying fill, and the presence of root 
systems). The manufacturer will certify and warrant the materials, for a minimum of 20 years, as well as 
provide manufacturing quality control test reports and results to document material characteristics. A 
manufacturer's representative will be required to be on-site to assure that the Contractor is installing the 
materials in accordance with manufacturer's recommendations and to accept sub grade prior to material 
placement. Materials delivered to the site will be subjected to both non-destructive and destructive testing 
as part of QA/QC testing to assure consistency of materials to be used. 
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Interstitial Gravel. Gravel will be used to lock the interlocking blocks together, preventing access to the 
underlying fill materials. The gravel used will be a CTDOT Class 114 Bituminous Concrete Mixture 
(Section M.04.03 - Bituminous Concrete Mixtures AC-20); a graded gravel ranging in size :from the No. 
200 Sieve to 1-inch. The material has been selected based on the results of a filter analysis conducted for 
the specified vegetative support soil (see Attachment G of Appendix C). The gravel will be spread over 
the entire surface of the upper cover system. A maximum 2-inch-thick layer of gravel will be placed over 
the interlocking blocks, and will be worked into the space between the blocks. The gravel will be 
compacted to a uniform thickness. Borrow source testing as well as testing of materials delivered to the 
site will be performed as part of QA/QC testing to assure consistency of materials to be used. No in-place 
testing of the materials is required. 

2. 7 .6 Rip Rap Transition 

Between the upper and lower cover system (near the crest of the sideslopes), a rip-rap transition zone will 
be installed to provide a consistent transition between the upper cover system and the lower cover system. 
Installation of a two- to three-foot wide band of rip-rap will also limit access to the lower cover system 
from the upper cover system, and will facilitate drainage from the upper cover system. Rock fill material, 
the same as used to fill the polymeric marine mattresses will extend beneath the upper and lower cover 
system to enhance drainage, as shown on the Drawings. The rock fill will be wrapped in the non-woven 
geotextile used beneath the interlocking blocks, the surface beneath the rip rap will not be wrapped. The 
rock fill transition will extend beneath the upper cover a distance of two to three feet. The base of the 
rock fill will be sloped at between 2 and 5% toward the outside of the Causeway to facilitate drainage. 
Borrow source testing will be required for gradation, but no field testing is warranted. 

2.7.7 Vegetative Support Layer 

The vegetative support layer will consist of vegetative support soil, grass seed, and an erosion control 
mat. The vegetative support layer is not considered a part of the cover system, for the purpose of limiting 
exposure to contaminated Causeway fill. The vegetative support soil will consist of a 6- to 8-inch-thick 
layer of sandy loam with sufficient moisture retention and nutrient characteristics to support vegetative 
growth of the selected grass. The vegetation to be established on the upper cover system will be a species 
of grass which is capable of growth under the periodic saltwater inundation which occurs at the 
Causeway. The grass species selected for use is a mix of Creeping Red Fescue (Festuca rubra), Annual 
Rye-grass (Lolium multiflorum), Timothy (Phleum pratense), White Clover (Trifolium repens), and Little 
Bluestem (Schizachyrium scoparius). These grasses were identified as native species during a site visit 
by New England Environmental, Inc. (see Attachment E of Appendix C), and will provide habitat for 
wildlife, and moderate pedestrian use. 

An erosion control mat will be used to retain the vegetative support soil during precipitation and extreme 
high tidal events. Borrow source testing as well as testing of materials delivered to the site will be 
performed as part of QA/QC testing to assure consistency of materials to be used and placement methods. 
In addition, analytical testing of the material for volatile organic compounds and semi-volatile organic 
compounds will be conducted on the vegetative support soil, at the rate specified by the Contracting 
Officer. The grass seed should be provided with a certification of purity and guaranteed germination rate. 
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A specialist will be required to be on site during initial seed application and soil preparation to monitor 
the methods used. 

2.7.8 Topographic Survey and Contractor Demobilization 

A topographic survey will be completed following the placement of the vegetative support layer to 
document the final construction elevation of the Causeway. Demobilization of Contractor personnel and 
equipment will be completed following the completion of Phase II site work. 

2.7.9 Implementation of Environmental Land Use Restrictions 

Implementation of ELURs will be essential to the long-term permanence of the Causeway cover system. 
ELURs are not part of the design process, but are considered part of the remedy. ELUR would relate to 
the following issues: 

• Prevention of the penetration of the cover system for any purpose 
• Prevention of dredging of the adjacent tidal flats 
• Prevention of placement of structures on top of the Causeway, with loads in excess of 1000 pounds 

per square foot (see Appendix D, Attachment A) 
• Long-term monitoring of the cover system 
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LIST OF ABBREVIATIONS AND ACRONYMS 

ARARs 
AWQC 

Applicable Relevant and Appropriate Requirements 
Ambient Water Quality Criteria 

Base Closure and Realignment BRAC 

CERCLA 

CTDEP 
cy 

Comprehensive Environmental Response, Compensation, and Liability 
Act 

DEC 

E 
EE/CA 
ELUR 

FS 
FW 

Connecticut Department of Environmental Protection 
cubic yard 

Direct Exposure Criteria 

easting 
Engineering Evaluation/Cost Analysis 
Environmental Land Use Restriction 

factor of safety 
Foster Wheeler Environmental Corporation 

Harding ESE Harding ESE, A MACTEC Company 
HLA Harding Lawson Associates (formerly ABB-ES) 
Hs significant wave height 

msl 

N 
NCP 
NCRA 

QA/QC 

RSRs 

SAEP 
SSHP 
SPLP 
SVOCs 

USEPA 

voes 

mean sea level 

northing 
National Contingency Plan 
Non-time Critical Removal Action 

quality assurance/quality control 

Remediation Standard Regulations 

Stratford Army Engine Plant 
Site Safety and Health Plan 
Synthetic Precipitate Leaching Procedure 
semi-volatile organic compounds 

United States Environmental Protection Agency 

volatile organic compounds 
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MEDIA 

AIR 

Federal 

State 

TABLE2-1 
ACTION-SPECIFIC ARARS, CRITERIA, ADVISORIES, AND GUIDANCE 

':'iREQUIREMEt-lT , .. ' 

CM National Emission 
Standards for Hazardous Air 
Pollutants (NESHAP) (40 CFR 
Part 61, Subpart M) 

Connecticut Department of 
Environmental Protection 
(CTDEP) Abatement of Air 
Pollution (CGS Title 22a, 
Chapter 446c; RCSA §§ 22a-
174-1, et seq.) 

CAUSEWAY NON-TIME-CRITICAL REMOVAL ACTION 

DESIGN 

STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 

'"StAtus· 

Relevant and Appropriate 

Applicable 

This requirement provides emission 
standards for specific pollutants for which no 
ambient air quality standard exists. 
NESHAPs have been promulgated for 
specific source types emitting certain 
pollutants, including asbestos. Subpart M 
establishes standards for inactive waste 
disposal sites and disposal of asbestos
containing material from demolition and 
renovation operations. 

These regulations require permits to 
construct and to operate specified types of 
emission sources and contain emission 
standards that must be met prior to issuance 
of a permit. Pollutant abatement controls 
may be required. Specific standards pertain 
to fugitive dust (RCSA § 22a-174-18(b)) and 
control of odors (RCSA § 22a-17 4-23) 

Although these standards do not directly apply 
to the asbestos-containing material in 
subsurface soil on the Causeway, these 
standards will be considered during design 
and implementation of remedial activities. 

Emission standards for fugitive dust will be 
met with dust control measures during 
excavation and transportation of contaminated 
Causeway fill material to comply with 
substantive requirements. 

Noise Pollution Control Act Applicable These regulations establish allowable noise Remedial activities will be conducted to 
(CGS § 22a-69; RCSA §§ 22a- levels. comply with these regulations. 
69-1 through 69-7.4) 
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MEDIA 

SURFACE WATER 

Federal 

State 

SOIL/WASTE 
MATERIAL 

Federal 

TABLE2-1 

ACTION-SPECIFIC ARARS, CRITERIA, ADVISORIES, AND GUIDANCE 

REQUIREMENT 

Clean Water Act (CWA) 
National Pollutant Discharge 
Elimination System (NPDES) 
(40 CFR Parts 122, 125, 131, 
and 136) 

Water Pollution Control Act 
(CGS §§ 22a-416 through 22a-
438; RCSA §§ 22a-430-1 
through 22a-430-7) 

RCRA Identification and Listing 
of Hazardous Waste; Toxicity 
Characteristic (40 CFR 261.24) 

CAUSEWAY NON-TIME-CRITICAL REMOVAL ACTION 

DESIGN 

STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 

STATUS ,··~FQIJ,l~EMENf~)'NQPSls·•·•·, 

Applicable 

Applicable 

Applicable 

This rule requires permits for the discharge of 
pollutants from any point source into U.S. 
waters. 

This act requires permits for any discharge of 
water, substance, or material into the waters 
of the state. 

This requirement defines those wastes that 
are subject to regulation as hazardous waste 
under 40 CFR Parts 124 and 264. 

RCRA Standards Applicable to Applicable These standards govern storage, labeling, 
accumulation times, and disposal of 
hazardous waste. 

Generators of Hazardous Waste 
(40 CFR Part 262) 
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Excavation dewatering fluids will be routed 
through the on-site Oil Abatement Treatment 
Plant (OATP) prior to discharge to surface 
water. Effluent will meet the OA TP discharge 
limitations, monitoring requirements, and best 
management practices. 

Excavation dewatering fluids will be routed 
through the on-site OA TP prior to discharge to 
surface water. This activity will be conducted 
in accordance with the requirements of this act 
(e.g., monitoring requirements and discharge 
limitations). 

Analytical results will be evaluated against the 
criteria and definitions of hazardous waste. 
The criteria and definition of hazardous waste 
will be referred to and utilized in development 
of alternatives and during remedial actions. 

Any hazardous waste generated during 
remedial activities will be managed in 
accordance with these standards. 



·.··;MEDIA 

State 

TABLE2-1 

ACTION-SPECIFIC ARARS, CRITERIA, ADVISORIES, AND GUIDANCE 

18EQUIRE~Et-!T; . 

RCRA Container Storage 
Requirements (40 CFR Part 
264, Subpart I) 

RCRA Subtitle C, Subpart G -
Closure and Post-Closure (40 
CFR 264.110-264.120) 

CTDEP Hazardous Waste 
Management (CGS §§ 22a-454 
and 22a-449(c); RCSA §§ 22a-
449(c)-100 through 110 and 
22a-449(c)-11) 

Guidelines for Soil Erosion and 
Sediment Control; The 
Connecticut Council on Soil and 
Water Conservation 

CAUSEWAY NON-TIME-CRITICAL REMOVAL ACTION 

DESIGN 

STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 

:·sfltus 

Applicable 

Relevant and Appropriate 

Relevant and Appropriate 

To Be Considered 

;• .. :..>Rr:91.l)Rl:IVl,~NT•'SYtlqp.$1$ 

These requirements apply to owners and 
operators of facilities that use container 
storage to store hazardous waste. 

This regulation details general requirements 
for closure and post-closure of hazardous 
waste facilities, including installation of a 
groundwater monitoring program. 

This regulation specifies requirements for the 
design, operation, and closure of hazardous 
waste disposal facilities. This regulation 
incorporates by reference the RCRA 
requirements for hazardous waste facilities. 

These guidelines provide technical and 
administrative guidance for the development, 
adoption, and implementation of erosion and 
sediment control program. 
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If containers are used to store materials that 
are hazardous wastes, the containers will be 
managed according to these rules. 

Design and construction of the Causeway 
cover system will be conducted to minimize 
the need for further maintenance of the cover 
system. A monitoring and maintenance 
program will be implemented to ensure that 
the cover system remains protective of human 
health and the environment. 

Management of any hazardous wastes 
generated during remedial activities will meet 
the minimum standards of this regulation. 

These guidelines will be incorporated into the 
remedial design for the Causeway. Erosion 
and sedimeAt control measures will be 
implemented during excavation and cover 
system construction activities. 



TABLE2-1 

ACTION-SPECIFIC ARARS, CRITERIA, ADVISORIES, AND GUIDANCE 

CAUSEWAY NON-TIME-CRITICAL REMOVAL ACTION 

DESIGN 

STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 

Notes: 
1. This table may not contain a complete listing of applicable federal and state requirements. The Contractor shall be responsible for identifying all potential Federal and State 

regulations pertaining to the work conducted under this contract. 

ARAR = 
CAA 
CFR = 
CGS 
CTDEP = 
CWA = 
NESHAP = 
NPDES 
OATP = 
RCRA = 
RCSA = 
TSDF = 

Applicable or Relevant and Appropriate Requirement 
Clean Air Act 
Code of Federal Regulations 
Connecticut General Statutes 
Connecticut Department of Environmental Protection 
Clean Water Act 
National Emission Standards for Hazardous Air Pollutants 
National Pollutant Discharge Elimination System 
Oil Abatement Treatment Plant 
Resource Conservation and Recovery Act 
Regulations of Connecticut State Agencies 
treatment, storage, and disposal facility 
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STRATFORD ARMY ENGINE PLANT CAUSEWAY NCRA - PHASE I 

BIDDING SCHEDULE 

BASE BID ITEMS 
Item 

No. 

0001 

0002 

0003 

0004 

0005 

0006 

0007 

0008 

0009 

0010 

0011 

0012 

0013 

0014 

Description 

Mobilization 

Site Preparation 

Erosion and 
Sedimentation 
Controls 

Clearing and Grubbing 

Building 5 Asbestos-
containing Material 
Removal and Disposal 

Building 5 Demolition 

Building 59 
Demolition 

Off-site Transport 
and Disposal 
(Hazardous Demolition 
Material) 

Off-site Transport 
and Disposal (Non-
hazardous Demolition 
Material) 

Oversized Debris 
Removal and Disposal 
(Hazardous Material) 

Oversized Debris 
Removal and Disposal 
(Non-hazardous 
Material) 

Contaminated Soil 
Removal and Disposal 
(Hazardous Material) 

Contaminated Soil 
Removal and Disposal 
(Non-hazardous 
Material) 

Topographic Survey 

Estimated 
Quantity Unit 

- - - -- JOB 

- - - - - JOB 

- ---- JOB 

-- - - - JOB 

----- JOB 

380 Tons 

525 Tons 

100 Tons 

900 Tons 

800 Tons 

6,900 Tons 

120 Tons 

45 Tons 

-- - - - JOB 

BIDDING SCHEDULE 
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Unit 
Price 

LS 

LS 

LS 

LS 

LS 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

LS 

Subtotal 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 
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STRATFORD ARMY ENGINE PLANT, CAUSEWAY NCRA 
PHASE I 
STRATFORD, CONNECTICUT 

PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 01010 

SUMMARY OF WORK 
12/94 

The general description below is given to indicate the approximate scope of 
this project only. It does not limit the work required under the project 
drawings and specifications. 

The work in this contract consists of preliminary activities conducted to 
clear the Stratford Army Engine Plant (SAEP) Causeway and nearby portions 
of the facility of structures and materials that would impede the 
construction of an erosion control cover system, consistent with the Non
time Critical Removal Action (NCRA) Decision Document (Harding ESE, 2001). 
Activities to be conducted as part of this work include, but are not 
limited to: 

A. Abandonment of designated existing monitoring well. 

B. Installation and maintenance of erosion and sedimentation control 
measures. 

C. Clearing of trees and brush from the Causeway. 

D. Installation and baseline monitoring of five heave platforms and 
five stationary heave poles. 

E. Removal of the containment berm around the Building 34 former 
aboveground storage tank (AST) farm and removal of associated 
protective posts and tank supports to existing ground surface, 
followed by paving of the former AST area to improve access to the 
Causeway. 

F. Demolition and off-site disposal of Building 5, including existing 
utility disconnection, to improve access to the Causeway. 

G. Excavation and off-site disposal of soil in ten locations that 
contains contamination in exceedance of specific Connecticut 
Department of Environmental Protection {CTDEP) Remediation Standard 
Regulation (RSR) criteria, ten times the Groundwater Protection 
Criteria, soils identified as containing greater than 1 part per 
million {ppm) of polychlorinated biphenyls (PCBs), or the federal 
Acute Water Quality Criteria. 

H. Demolition and off-site disposal of Building 59 and the Causeway 
weather station, including existing utility removal. 

I. Removal and off-site disposal of oversized surface debris measuring 
greater than two feet in any dimension, including the deteriorated 
concrete ramp at the end of the Causeway. 
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STRATFORD ARMY ENGINE PLANT, CAUSEWAY NCRA 
PHASE I 
STRATFORD, CONNECTICUT 

J. Topographic survey of the Causeway at the completion of the work. 

Incidental work, related to the activities listed above, shall also be 
included in the contract, and may include, personnel and equipment 
decontamination, on-site treatment and disposal of decontamination fluids, 
personnel health and safety, contract meetings, and project documentation. 

1.1.1 Project Location 

Work shall be conducted on the Causeway and within the Stratford Army 
Engine Plant facility in Stratford, Connecticut, as indicated on the 
drawings. The exact location will be indicated by the Contracting Officer. 

1.1.2 Previous Findings and Investigations 

1.1.2.1 Causeway 

Chemical sampling and analysis of soil collected from the Causeway 
identified areas where concentrations of chlorinated and fuel-related 
volatile organic compounds (VOCs), semi-volatile organic compounds {SVOCs), 
PCBs, and inorganics exceed the CTDEP RSRs Direct Exposure Criteria (DEC) 
and Pollutant Mobility Criteria (PMC). Low-level radiological 
contamination was also identified during sampling, and the affected areas 
were excavated in March 2000. This material was containerized and 
transported to an appropriate off-site, licensed, disposal facility. 

Based on the results of chemical sampling and an engineering evaluation, it 
was recommended that soil containing contaminants in excess of CTDEP RSRs 
PMC be removed from the Causeway and an erosion control cover system be 
placed over the Causeway to prevent possible receptor contact with 
remaining contaminated soil (exceeding CTDEP RSRs DEC). In addition, it 
was recommended that geotechnical investigations be conducted to assess 
subsurface conditions in the proximity of the Causeway, and that additional 
chemical sampling and analysis be completed to delineate the areas of soil 
exceeding CTDEP RSRs PMC. 

Data collected during the geotechnical investigations was used to estimate 
physical properties for the underlying soil, and perform global stability 
and settlement analyses for the proposed cover system configuration. The 
results of the geotechnical investigations and analyses indicated the 
proposed cover system is viable from a geotechnical perspective. The 
additional chemical sampling and analysis, using Synthetic Precipitate 
Leaching Procedure (SPLP), delineated ten distinct areas of soil 
contamination exceeding CTDEP RSRs PMC, and/or containing PCBs greater than 
1 ppm. 

Photographs of portions of the surface of the Causeway were obtained on 
February 14, 2001. Copies of these photographs are attached to these 
specifications, for information only. Photograph locations and 
orientations are as indicated on the drawings. 

1.1.2.2 Building 59 
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STRATFORD ARMY ENGINE PLANT, CAUSEWAY NCRA 
PHASE I 
STRATFORD, CONNECTICUT 

Drawings representing the Building 59 structure are attached to these 
specifications, for Contractor use. Sampling results from the building are 
also attached. 

1.1.2.3 Building 5 

Drawings representing the Building 5 structure are attached to these 
specifications, for Contractor use. An asbestos survey has been completed 
along with a building inventory. Sampling results from the building are 
also attached. 

1.1.2.4 Building 34 Former Aboveground Storage Tank Farm 

A drawing for this area is attached to these specifications, for Contractor 
use. 

1.2 REFERENCES 

The following documents contain additional information regarding the SAEP 
Causeway: 

A. Foster Wheeler/Harding Lawson Associates, April 2000. Final Pre
design Investigation Report for the Causeway and Dike NCRA. 

B. Foster Wheeler/Harding Lawson Associates, September 2000. Final 
Engineering Evaluation/Cost Analysis for the Causeway and Dike, 
Stratford Army Engine Plant. 

C. Harding ESE, .Inc., January 2001. Final Causeway Non-time Critical 
Removal Action Decision Document, Stratford Army Engine Plant. 

1. 3 SUBMITTALS (NOT USED) 

1.4 CONTRACTOR ACCESS AND USE OF PREMISES 

1.4.1 Access to Work Site 

The Contractor shall coordinate access to the site with SAEP security 
personnel, including obtaining contractor access badges. Security 
personnel shall be notified of arrival at the site and departure from the 
site on a daily basis. Access to the Causeway site is currently available 
through the security gate on Sniffens Lane. Notification of security 
personnel is necessary for access through this gate. 

Work within the Housatonic River shall be initiated following a courtesy 
notification of the Town of Stratford Harbor Master, the Town of Milford 
Harbor Master, and the U.S. Coast Guard. The Contractor shall be 
responsible for contacting these agencies. 

1. 4. 2 Work Limits 

Work shall be restricted to the areas shown on the contract drawings in 
addition to storage areas assigned to this Contractor. 
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1.4.3 Radio Communications 

Use SAEP-approved radios for communications with SAEP security personnel 
when on the work site. Obtain a communication radio from security 
personnel as required by SAEP security. Return the communication radio to 
security personnel as required. 

Contractor-provided radios shall be approved by SAEP security personnel 
prior to use on the facility. 

1.4.4 Work and Storage Areas 

Areas within the project limits are available for use by the Contractor, 
for work, storage of equipment and materials, and field office use during 
the life of this contract, as indicated on the Drawings. The Contractor 
shall confine these activities to the limits as designated or approved by 
the Contracting Officer and shall be responsible for the security of the 
areas. Upon completion of the contract, the Contractor shall remove all 
equipment and materials, except as otherwise specified, and restore the 
site to its original condition as approved by the Contracting Officer at no 
additional cost to the Government. 

1.4.5 Delivery of Materials 

Notify the Contracting Officer at least 7 calendar days in advance of the 
date on which the materials and equipment shall be delivered to the site. 
Delivery and storage of materials shall be accepted only in the approved 
storage area. Currently, the areas designated for storage are as indicated 
on the Drawings. 

1.4.6 Hours of Operations 

Normal work hours are from 7:00 a.m. through 6:00 p.m., Monday through 
Friday. The Contractor will not be permitted to work on Saturdays, 
Sundays, or legal holidays unless otherwise authorized by the Contracting 
Officer. The exclusion of work on Saturdays, Sundays, and legal holidays 
has been considered in computing the performance time of this contract. 
The following legal holidays are observed: 

January 1st 
Third Monday in January 
Third Monday in February 
Last Monday of May 
July 4th 
1st Monday of September 
2nd Monday of October 
11th of November 
Fourth Thursday of November 
25th of December 

When one of the above designated legal holidays falls on a Sunday, the 
following Monday will be observed as a legal holiday. When a legal holiday 
falls on a Saturday, the preceding Friday is observed as a holiday. 
Requests to perform work at other times shall be made in writing to the 
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Contracting Officer. Every effort will be made to accommodate such 
requests. 

The CTDEP does not allow what it considers to be unconfined excavation or 
filling work in the lower reaches of the Housatonic during certain times of 
the year in order to protect shellfish and finfish resources. The relevant 
"closed" period for unconfined dredging is from April 1 through September 
30. Phase I activities below the elevation of the primary erosion control 
fence may not be performed during this "closed" period. 

1.4.7 Coordination With Other Work 

It is anticipated that additional contractors may be working at other areas 
at SAEP during completion of this work. The Contractor shall be 
responsible for coordinating construction activities with other contractors 
working concurrently at the site in the same area. 

1.5 WORK SEQUENCE AND SCHEDULING 

The Contractor shall follow a specified task sequence when completing work 
activities at the site, and shall maintain a schedule approved by the 
Contracting Officer prior to initiation of work. 

1.5.1 · Work Sequence 

The work shall be conducted using a phased approach, consisting of Phase I 
and Phase II. This Summary of Work details the activities to be conducted 
under Phase I; specifications associated with Phase II of this work will be 
provided in a separate package. The Contractor shall complete the 
following tasks as part of Phase I, prior to initiation of other tasks at 
the site: 

a. Mobilization 

b. Site Preparation 

c. Erosion and Sedimentation Control 

d. Demolition 

e. Contaminated Soil Removal 

f. Debris Removal 

g. Topographic Survey 
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Following the completion of Phase I tasks, Phase II tasks are expected to 
commence. Erosion and sedimentation control measures shall be maintained in 
the interim between the two tasks under this Contract. 

The purpose of the phased approach is to limit the number of activities 
being conducted on the Causeway at one particular time, due to space 
constraints; however, the Contractor may present approach modifications 
that result in a reduction in overall project duration and cost. 

1.5.2 Pre-construction Submittals 

The Contractor shall submit the following to the Contracting Officer for 
approval prior to the start of work on the site; Work Plan, Site Safety 
and Health Plan, Environment Protection Plan, Preliminary and Initial 
Project Schedules, and Contractor's Laboratory. The documents shall be 
submitted as required in Section 01330 SUBMITTAL PROCEDURES. 

1.5.3 Phased Construction Schedule 

Within the overall project schedule, commence and complete the work in 
phases. Each phase of the work shall be completed within the number of 
calendar days stated in the schedule. 

a. Scheduled Start Day: The day designated as the beginning of a 
particular phase; the number listed is the number of calendar days 
from the commencement of work. 

b. Completion Day: The day designated as the end of a given phase and 
the day the work in that phase must be completed; the number listed 
is the number of calendar days from the commencement of work. 

c. If the work of a particular phase is complete before the scheduled 
completion day, immediately begin work on the subsequent phase 
unless otherwise restricted. 

1.5.4 Organization at the Site 

The Contractor shall employ ample personnel and sufficient equipment to 
accomplish the work of this contract in the least amount of time, within 
the execution period. Should the Contractor fail to maintain a 
satisfactory rate of progress, the Contracting Officer may require that 
additional personnel and equipment be placed on the work and weekend and 
overtime work be performed, in order that the work be brought up to 
schedule and maintained, at no additional cost to the Government. 

1.6 PROJECT CONSTRAINTS 

The Contractor shall make note of following constraints relating to this 
work on the SAEP Causeway: 

A. No work on the Causeway may begin prior to the installation and 
acceptance of erosion and sedimentation control measures. 
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B. Activities below elevation 6 feet mean sea level and outside the 
primary erosion control fence may not be conducted between April 1 
and September 30. 

C .. Portions of the SAEP facility are off-limits to Contractor access, 
as indicated on the Drawings. 

D. Access to the Causeway is limited to a gate, approximately 20 feet 
wide at the origination of the Causeway from the main portion of 
the facility. 

E. The average length of the Causeway is 800 feet, the average width 
is approximately 200 feet at low tide and 80 feet at high tide. 

F. The average width of the existing top (gently sloped} portion of 
the Causeway is 100 feet. 

G. The site is located in a tidal area and demolition/excavation 
activities near the toe of the Causeway shall not be completed 
under water. 

H. Removal of demolition and oversized debris must be completed prior 
to installation of any cover system materials. 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION (NOT APPLICABLE) 

--End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 01270 

MEASUREMENT AND PAYMENT 
02/94 

This section covers measurement and payment for work items included in 
Phase I construction at the Stratford Army Engine Plant Causeway. 

1.2 REFERENCES (NOT USED) 

1.3 LUMP SUM PAYMENT ITEMS 

Payment items for the work of this contract for which contract lump sum 
payments will be made are listed in the BIDDING SCHEDULE and described 
below. The lump sum price and payment made for each item listed shall 
constitute full compensation for furnishing all planning, submittals, 
labor, materials, and equipment, and performing any associated Contractor 
quality control, environmental protection, meeting safety requirements, 
tests and reports, and for performing all work required for which separate 
payment is not otherwise provided. 

1.4 UNIT PRICE PAYMENT ITEMS 

Payment items for the work of this contract on which the contract unit 
price payments will be made are listed in the BIDDING SCHEDULE and 
described below. The unit price and payment made for each item listed 
shall constitute full compensation for furnishing all planning, submittals, 
labor, materials, and equipment, and performing any associated Contractor 
quality control, environmental protection, meeting safety requirements, 
tests and reports, and for performing all work required for which separate 
payment is not otherwise provided. 

When quantities increase by greater than 25% of the original quantity 
estimated, the contract unit price as established in the original contract 
will be paid for the quantity up to 25% beyond the original estimated 
quantity. Work beyond 25% of the estimated quantity will be paid for as 
follows: 

a. By actual itemized cost and fixed fees as set forth by unit 
prices stated in the Contract Documents or subsequently agreed 
upon. In the event of an addition to the Contract, a fee of 10% 
shall be added for overhead and a fee of 10% shall be added for 
profit if the Work is done by his/her own forces, and 7-1/2% 
shall be added for administration and profit if the Work is done 
by a Subcontractor. 

b. Cost shall be limited to the following: Cost of materials, cost 
of labor, and cost of overhead. 
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When quantities decrease by greater than 25% of 'the original quantity 
estimated, payment shall be made in accordance with a. and b. above. 

1.5 BIDDING SCHEDULE - PAYMENT ITEMS 

Payment items for the work of this contract on which the contract progress 
payments will be based are listed in the BIDDING SCHEDULE and are as 
briefly described below and as specified in these specifications. All 
costs for incidental items of work, not specifically mentioned as included 
in a particular Bid Schedule payment item, shall be included in the listed 
item most closely associated with the work involved. 

1.5.1 Item No. 0001 "Mobilizationn 

1. 5. 2 

a. Payment will be made for costs associated with mobilization, as 
defined in Special Clause PAYMENT FOR MOBILIZATION AND 
DEMOBILIZATION. This item includes furnishing labor, equipment, 
tools, materials, and supplies necessary to mobilize all personnel, 
equipment, and supplies to the site. This payment item also 
includes provision of temporary facilities, utility connections, 
signs, etc., associated with mobilization, as necessary. 
Preparation and submittal of pre-construction plans, including a 
Work Plan, a Site Safety and Health Plan (SSHP) and an Environment 
Protection Plan, along with obtaining personnel approvals for work 
at the facility, are also included in this item. Costs associated 
with demobilization will be covered under a separate item in Phase 
II of this contract (N.I.T.C.). 

b. Unit of measure: job lump sum. 

Item No. 0002 "Site Preparationn 

a. Payment will be made for costs associated with site preparation 
activities, including: abandonment of monitoring well MWCD-00-01; 
stockpile area construction, monitoring, and maintenance; 
decontamination area construction; and heave platform and pole 
installation and initial monitoring. Payment for this item will be 
full compensation for furnishing all materials, labor, equipment, 
and all other incidentals necessary to complete the work. 

b. Unit of measure: job lump sum. 

1.5.3 Item No. 0003 "Erosion and Sedimentation Controls" 

a. Payment will be made for costs associated with installation, and 
maintenance of erosion and sediment control measures, including a 
floating silt curtain (N.I.T.C.), silt fencing, staked haybales, 
matting, and mulch cover. This payment item also includes 
maintenance of erosion control measures following the completion of 
Phase I and prior to implementation of Phase II for a one month 
period, as necessary. 

b. Unit of measure: job lump sum. 
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1.5.4 Item No. 0004 "Clearing and Grubbing" 

a. Payment will be made for costs associated with clearing brush and 
felling trees present on the Causeway. An estimated 12 to 18 small 
trees (approximately 4 inches in diameter) shall be cut off at 
ground surface, and minimal amounts of brush shall require clearing 
from the site. Felled trees and brush shall be chipped and spread 
out on the ground surface and worked into the soil, as directed by 
the Contracting Officer. Stumps shall be removed to a depth of 2 
feet below the existing ground surface if greater than 4 inches in 
diameter. Payment for the item will be full compensation for 
furnishing all materials, labor, equipment, and all other 
incidentals necessary to complete the work. 

b. Unit of measure: job lump sum. 

1.5.5 Item No. 0005 \\Building 5 Asbestos-containing Material Removal and 
Disposal" 

a. Payment shall be made for costs associated with removal and 
disposal of asbestos-containing material from Building 5. This 
payment item includes the costs associated with asbestos abatement 
activities, including personnel health and safety requirements, and 
off-site transport to the treatment/disposal facility. Payment for 
the item will be full compensation for furnishing all materials, 
labor, equipment, and all other incidentals necessary to complete 
the work. For bidding purposes, the Contractor shall assume 10 
cubic yards of asbestos-containing material shall require removal 
and disposal. 

b. Unit of measure: job lump sum. 

1.5.6 Item No. 0006 \\Building 5 Demolition" 

a. Payment shall be made for costs associated with demolition of 
Building 5 and appurtenances. This payment item includes the costs 
associated with existing utilities disconnection, demolition 
activities, and on-site debris transport to the stockpile area. 
Payment for the item will be full compensation for furnishing all 
materials, labor, equipment, and all other incidentals necessary to 
complete the work. 

b. Unit of measure: job lump sum. 

1.5.7 Item No. 0007 "Building 59 Demolition" 

a. Payment shall be made for costs associated with demolition of 
Building 59, the Causeway weather station, and the containment berm 
surrounding the Building 34 former aboveground storage tank (AST) 
farm. Removal of existing utilities associated with these 
structures, protective posts surrounding the berm, and tank 
supports within the berm are also included in this item. In 
addition, cleaning of demolition debris on the Causeway and on-site 
transport to the stockpile areas will be included in this item. 
Payment for the item will be full compensation for furnishing all 
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materials, labor, equipment, and all other incidentals necessary to 
complete the work. 

b. Unit of measure: job lump sum. 

1.5.8 Item No. 0008 "Off-site Transport and Disposal (Hazardous Demolition 
Material) 

a. Payment will be made for costs associated with off-site transport 
and disposal of hazardous demolition debris. This payment item 
includes the costs associated with characterization sample 
collection and analysis, on-site material measurement (at on-site 
scales), and off-site transportation and disposal. Payment for the 
item will be full compensation for furnishing all materials, labor, 
equipment, health and safety, and all other incidentals necessary 
to complete the work. 

b. The total quantity of material for which payment will be made will 
be the tonnage of hazardous debris transported off-site, as 
measured at on-site scales, immediately prior to transport off-site 
for disposal. Demolition debris shall be sorted, such that similar 
types of debris are measured separately from other types of debris 
(e.g., concrete, metal, etc.). 

c. Unit of measure: tonnage hazardous. 

1.5.9 Item No. 0009 "Off-site Transport and Disposal (Non-hazardous 
Demolition Material) 

a. Payment will be made for costs associated with off-site transport 
and disposal of non-hazardous demolition debris. This payment item 
includes the costs associated with characterization sample 
collection and analysis, on-site material measurement (at on-site 
scales), and off-site transportation and disposal. Payment for the 
item will be full compensation for furnishing all materials, labor, 
equipment, health and safety, and all other incidentals necessary 
to complete the work. 

b. The total quantity of material for which payment will be made will 
be the tonnage of non-hazardous debris transported off-site, as 
measured at on-site scales, immediately prior to transport off-site 
for disposal. Demolition debris shall be sorted, such that similar 
types of debris are measured separately from other types of debris 
(e.g., concrete, metal, etc.). 

c. Unit of measure: tonnage non-hazardous. 

1.5.10 Item No. 0010 "Oversized Debris Removal and Disposal (Hazardous 
Material)" 

a. Payment will be made for costs associated with removal and off-site 
disposal of hazardous debris on the Causeway, greater than 2 feet 
in any dimension, including the deteriorated concrete ramp at the 
end of the Causeway. This payment item includes the costs 
associated with removal activities, debris washing on the Causeway, 
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on-site transportation to stockpile areas, characterization sample 
collection and analysis, on-site material measurement (at on-site 
scales), and off-site transportation and disposal. Payment for the 
item will be full compensation for furnishing all materials, labor, 
equipment, and all other incidentals necessary to complete the 
work. 

b. The total quantity of hazardous oversized debris removal for which 
payment will be made will be the tonnage of debris removed from the 
Causeway, as measured at on-site scales, immediately prior to 
transport off-site for disposal. Oversized debris shall be sorted, 
such that similar types of debris are measured separately from 
other types of debris (e.g., concrete, metal, etc.). For 
Contractor bidding purposes, it is estimated that 800 tons of 
debris will require removal from the Causeway. 

c. Unit of measure: tonnage hazardous. 

1.5.11 Item No. 0011 ''Oversized Debris Removal and Disposal (Non-hazardous 
Material)" 

a. Payment will be made for costs associated with removal and off-site 
disposal of non-hazardous debris on the Causeway, greater than 2 
feet in any dimension, including the deteriorated concrete ramp at 
the end of the Causeway. This payment item includes the costs 
associated with removal activities, debris washing on the Causeway, 
on-site transportation to stockpile areas, characterization sample 
collection and analysis, on-site material measurement (at on-site 
scales), and off-site transportation and disposal. Payment for the 
item will be full compensation for furnishing all materials, labor, 
equipment, and all other incidentals necessary to complete the 
work. 

b. The total quantity of non-hazardous oversized debris removal for 
which payment will be made will be the tonnage of debris removed 
from the Causeway, as measured at on-site scales, immediately prior 
to transport off-site for disposal. Oversized debris shall be 
sorted, such that similar types of debris are measured separately 
from other types of debris (e.g., concrete, metal, etc.). For 
Contractor bidding purposes, it is estimated that 6,900 tons of 
debris will require removal from the Causeway. 

c. Unit of measure: tonnage non-hazardous. 

1.5.12 Item No. 0012 "Contaminated Soil Removal and Disposal (Hazardous 
Material)" 

a. Payment will be made for costs associated with excavation and off
site disposal of contaminated soil, determined to be hazardous by 
chemical analyses. Soil removed from Excavation Areas 7, 8, 9 and 
10 shall be considered hazardous waste for purposes of disposal. 
This payment item includes the costs associated with excavation 
activities, air monitoring during excavation, on-site materials 
handling, characterization sample collection and analysis, and off
site transport and disposal. Payment for the item will be full 
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compensation for furnishing all materials, labor, equipment, health 
and safety, and all other incidentals necessary to complete the 
work. 

b. The total quantity of hazardous contaminated soil for which payment 
will be made will be the tonnage of soil removed from the Causeway, 
as measured at on-site scales, immediately prior to transport off
site for disposal. Measurement will be made following receipt of 
confirmation sampling results which document that all material 
above action levels has been removed. Approval for over-depth 
excavation or for the removal of any material outside the required 
areas shall be obtained in advance. 

c. Unit of measure: tonnage Hazardous. 

1.5.13 Item No. 0013 "Contaminated Soil Removal and Disposal (Non-hazardous 
Material)" 

a. Payment will be made for costs associated with excavation and off
site disposal of contaminated soil, determined to be non-hazardous 
by chemical analyses. This payment item includes the costs 
associated with excavation activities, air monitoring during 
excavation, on-site materials handling, characterization sample 
collection and analysis, and off-site transport and disposal. 
Payment for the item will be full compensation for furnishing all 
materials, labor, equipment, health and safety, and all other 
incidentals necessary to complete the work. 

b. The total quantity of non-hazardous contaminated soil for which 
payment will be made will be the tonnage of soil removed from the 
Causeway, as measured at on-site scales, immediately prior to 
transport off-site for disposal. Measurement will be made following 
receipt of confirmation sampling results which document that all 
material above action levels has been removed. Approval for over
depth excavation or for the removal of any material outside the 
required areas shall be obtained in advance. 

c. Unit of measure: tonnage non-hazardous. 

1. 5. 14 Item No. o o 14 ''Topographic Survey" 

a. Payment will be made for costs associated with completion of a 
topographic survey on the Causeway, following completion of the 
Phase I tasks. The purpose of the topographic survey is to provide 
elevations of the Causeway following the completion of Phase I 
activities, such that measurement of Phase II soil excavation can 
be completed. The topographic survey shall be completed using 
previously identified benchmark locations and shall comply with the 
requirements of a Class A-1 survey in the State of Connecticut. 
Payment for this item will be full compensation for furnishing all 
materials, labor, equipment, and all other incidentals necessary to 
complete the work. 

b. Unit of measure: job lump sum. 
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PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION (NOT APPLICABLE) 

--End of Section--

SECTION 01270 PAGE 7 



STRATFORD ARMY ENGINE PLANT CAUSEWAY NCRA 
PHASE I 
STRATFORD, CONNECTICUT 

SECTION 01300 

PROJECT COORDINATION 

PART 1 GENERAL 

1.1 DESCRIPTION 

This section covers the procedures to be followed during project completion 
to ensure coordination between the Contractor, the Contracting Officer, 
Statford Army Engine Plant personnel, and other potential Contractor's is 
maintained. 

1.2 REFERENCES (NOT USED) 

1.3 SUBMITTALS (NOT USED) 

1.4 CONTRACTOR RESPONSIBILITY 

The Contractor shall be responsible for the following items: 

PART 2 

PART 3 

a. Coordinate all work under this Contract with related work under 
other contracts, SAEP facility, and with facility and public 
utilities. 

b. Obtain all permits necessary for completion of the Work, including, 
but not limited to, building demolition permits and excavation 
permits. 

c. Make arrangements for temporary storage of materials and supplies 
and for timely delivery to the job site. 

d. Assist the Contracting Officer as required in the review of 
construction, demolition, and the testing of materials. 

e. Maintain up-to-date progress records and record drawings. 

f. Maintain the project site in a neat condition. 

g. Contact the State of Connecticut "call-before-you-dig" program, at 
1-800-922-4455, prior to initiation of excavation and demolition 
activities. 

h. Coordinate with all utilities, and notify the appropriate IPM 
personnel when demolition is scheduled in areas that may affect 
existing utilities. The IPM contact is Rich Meier (203) 385-6649. 

i. Coordinate the work of subcontractors, equipment, and material 
suppliers. 

j. Coordinate work within the Housatonic River with both the U.S. Coast 
Guard, the Town of Stratford Harbor Master, and the Town of Milford 
Harbor Master. 

PRODUCTS (NOT APPLICABLE) 

EXECUTION(NOT APPLICABLE) 

--End of Section--

SECTION 01300 PAGE 1 



STRATFORD ARMY ENGINE PLANT, CAUSEWAY NCRA 
PHASE I 
STRATFORD, CONNECTICUT 

PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 01320 

PROJECT SCHEDULE 
06/97 

This section covers the procedures and format to be followed during 
development of the project schedule and the requirements associated with 
scheduling of the Phase I work. 

1.2 REFERENCES 

The publications listed below form a part of the specification to the extent 
referenced. The publications are referenced in the text by basic 
designation only. 

ER 1-1-11 

1.3 SUBMITTALS 

ENGINEERING REGULATIONS (ER) 

(1995) Progress, Schedules, and Network 
Analysis Systems 

Government approval is required for submittals with a "GA" designation; 
submittals not having a "GA" designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

SD-01 Pre-construction Submittals 

Preliminary Project Schedule,· GA 

Shall define the Contractor's planned operations for the first 60 
calendar days. 

Initial Project Schedule; GA 

Shall provide a reasonable sequence of activities which represent 
work through the entire project and shall be at a reasonable level 
of detail. 

SD 06 Test Reports 

Periodic Schedule ; GA 

Shall enable the Contracting Officer to assess the Contractor's 
progress, and shall be based on the result of progress meetings. 

1.4 QUALIFICATIONS 

The Contractor shall des an authorized representative who shall be 
responsible for the preparation of all required project schedule reports. 
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PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION 

3.1 GENERAL REQUIREMENTS 

Pursuant to the Contract Clause, SCHEDULE FOR CONSTRUCTION CONTRACTS, a 
Project Schedule as described below shall be prepared. The scheduling of 
construction shall be the responsibility of the Contractor. Contractor 
management personnel shall actively participate in its development. 
Subcontractors and suppliers working on the project shall also contribute in 
developing and maintaining an accurate Project Schedule. The approved 
Project Schedule shall be used to measure the progress of the work, to aid 
in evaluating time extensions, and to provide the basis of all progress 
payments. 

3.2 BASIS FOR PAYMENT 

The schedule shall be the basis for measuring Contractor progress. Lack of 
an approved schedule or scheduling personnel will result in an inability of 
the Contracting Officer to evaluate Contractor's progress for the purposes 
of payment. Failure of the Contractor to provide all information, as 
specified below, shall result in the disapproval of the entire Project 
Schedule submission and the inability of the Contracting Officer to evaluate 
Contractor progress for payment purposes. In the case where Project 
Schedule revisions have been directed by the Contracting Officer and those 
revisions have not been included in the Project Schedule, the Contracting 
Officer may hold retainage up to the maximum allowed by contract, each 
payment period, until revisions to the Project Schedule have been made. 

3.3 PROJECT SCHEDULE 

The computer software system utilized by the Contractor to produce the 
Project Schedule shall be capable of providing all requirements of this 
specification. Failure of the Contractor to meet the requirements of this 
specification shall result in the disapproval of the schedule. Manual 
methods used to produce any required information shall require approval by 
the Contracting Officer. 

3.3.1 Use of the Critical Path Method 

The Critical Path Method (CPM) of network calculation shall be used to 
generate the Project Schedule. The Contractor shall provide the Project 
Schedule in the Precedence Diagram Method (PDM). 

3.3.2 Level of Detail Required 

The Project Schedule shall include an appropriate level of detail. Failure 
to develop or update the Project Schedule or provide data to the Contracting 
Officer at the appropriate level of detail, as specified by the Contracting 
Officer, shall result in the disapproval of the schedule. The Contracting 
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Officer will use, but is not limited to, the following conditions to 
determine the appropriate level of detail to be used in the Project 
Schedule. 

3.3.2.1 Activity Duration 

Contractor submissions shall follow the direction of the Contracting Officer 
regarding reasonable activity duration. A reasonable duration is one that 
allows the progress of activities to be accurately determined between 
payment periods (usually less than 2 percent of all non-procurement 
activities' Original Durations are greater than 20 days). 

3.3.2.2 Procurement Activities 

Tasks related to the procurement of long lead materials or equipment shall 
be included as separate activities in the project schedule. Long lead 
materials and equipment are those materials that have a procurement cydle of 
over 90 days. Examples of procurement process activities include, but are 
not limited to: submittals, approvals, procurement, fabrication, and 
delivery. 

3.3.2.3 Government Activities 

Government and other agency activities that could impact progress shall be 
shown. These activities include, but are not limited to: approvals, 
inspections, utility tie-in, Government Furnished Equipment (GFE) and Notice 
to Proceed (NTP) for phasing requirements. 

3.3.2.4 Responsibility 

All activities shall be identified in the project schedule by the party 
responsible to perform the work. Responsibility includes, but is not 
limited to, the subcontracting firm, contractor work force, or government 
agency performing a given task. Activities shall not belong to more than 
one responsible party. The responsible party for each activity shall be 
identified by the Responsibility Code. 

3.3.2.5 Work Areas 

All activities shall be identified in the project schedule by the work area 
in which the activity occurs. Activities shall not be allowed to cover more 
than one work area. The work area of each activity shall be identified by 
the Work Area Code. 

3.3.2.6 Modification or Claim Number 

Any activity that is added or changed by contract modification or used to 
justify claimed time shall be identified by a mod or claim code that changed 
the activity. Activities shall not belong to more than one modification or 
claim item. The modification or claim number of each activity shall be 
identified by the Mod or Claim Number. Whenever possible, changes shall be 
added to the schedule by adding new activities. Existing activities shall 
not normally be changed to reflect modifications. 
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3. 3. 2. 7 Bid Item 

All activities shall be identified in the project schedule by the Bid Item 
to which the activity belongs. An activity shall not contain work in more 
than one bid item. The bid item for each appropriate activity shall be 
identified by the Bid Item Code. 

3. 3. 2. 8 Phase of Work 

All activities shall be identified in the project schedule by the phase of 
work in which the activity occurs. Activities shall not contain work in 
more than one phase of work. The project phase of each activity shall be by 
the unique Phase of Work Code. 

3.3.2.9 Category of Work 

All Activities shall be identified in the project schedule according to the 
category of work which best describes the activity. Category of work 
refers, but is not limited, to the procurement chain of activities including 
such items as submittals, approvals, procurement, fabrication, delivery, 
installation, start-up, and testing. The category of work for each activity 
shall be identified by the Category of Work Code. 

3.3.2.10 Feature of Work 

All activities shall be identified in the project schedule according to the 
feature of work to which the activity belongs. Feature of work refers, but 
is not limited to, a work breakdown structure for the project. The feature 
of work for each activity shall be identified by the Feature of Work Code. 

3.3.3 Scheduled Project Completion 

The schedule interval shall extend from NTP to the contract completion date. 

3.3.3.1 Project Start Date 

The schedule shall start no earlier than the date on which the NTP was 
acknowledged. The Contractor shall include as the first activity in the 
project schedule an activity called "Start Project". The "Start Project" 
activity shall have an "ES" constraint date equal to the date that the NTP 
was acknowledged, and a zero day duration. 

3. 3. 3. 2 Constraint of Last Activity 

Completion of the last activity in the schedule shall be constrained by the 
contract completion date. Calculation on project updates shall be such that 
if the early finish of the last activity falls after the contract completion 
date, then the float calculation shall reflect a negative float on the 
critical path. The Contractor shall include as the last activity in the 
project schedule an activity called 11 End Project". The "End Project 11 

activity shall have an "LF" constraint date equal to the completion date for 
the project, and a zero day duration. 
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3. 3. 3. 3 Early Project Completion 

In the event the project schedule shows completion of the project prior to 
the contract completion date, the Contractor shall identify those activities 
that have been accelerated and/or those activities that are scheduled in 
parallel to support the Contractor's "early" completion. Contractor shall 
specifically address each of the activities noted in the narrative report at 
every project schedule update period to assist the Contracting Officer in 
evaluating the Contractor's ability to actually complete prior to the 
contract period. 

3.3.4 Interim Completion Dates 

Contractually specified interim completion dates shall also be constrained 
to show negative float if the early finish date of the last activity in that 
phase falls after the interim completion date. 

3.3.4.1 Start Phase 

The Contractor shall include as the first activity for a project phase an 
activity called "Start Phase X" where "X" refers to the phase of work. The 
"Start Phase X" activity shall have an "ES" constraint date equal to the 
date on which the NTP was acknowledged, and a zero day duration. 

3.3.4.2 End Phase 

The Contractor shall include as the last activity in a project phase an 
activity called "End Phase X" where "X" refers to the phase of work. The 
"End Phase X" activity shall have an "LF" constraint date equal to the 
completion date for the project, and a zero day duration. 

3.3.4.3 Phase X 

The Contractor shall include a hammock type activity for each project phase 
called "Phase X" where "X" refers to the phase of work. The "Phase X" 
activity shall be logically tied to the earliest and latest activities in 
the phase. 

3.3.5 Default Progress Data Disallowed 

Actual Start and Finish dates shall not be automatically updated by default 
mechanisms that may be included in CPM scheduling software systems. Actual 
Start and Finish dates on the CPM schedule shall match those dates provided 
from Contractor Quality Control Reports. Failure of the Contractor to 
document the Actual Start and Finish dates on the Daily Quality Control 
report for every in-progress or completed activity, and failure to ensure 
that the data contained on the Daily Quality Control reports is the sole 
basis for schedule updating shall result in the disapproval of the 
Contractor's schedule and the inability of the Contracting Officer to 
evaluate Contractor progress for payment purposes. Updating of the percent 
complete and the remaining duration of any activity shall be independent 
functions. Program features which calculate one of these parameters from 
the other shall be disabled. 
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3.3.6 Out-of-Sequence Progress 

Activities that have posted progress without all preceding logic being 
satisfied (Out-of-Sequence Progress) will be allowed only on a case-by-case 
approval of the Contracting Officer. The Contractor shall propose logic 
corrections to eliminate all out of sequence progress or justify not 
changing the sequencing for approval prior to submitting an updated project 
schedule. 

3.3.7 Negative Lags 

Lag durations contained in the project schedule shall not have a negative 
value. 

3.4 PROJECT SCHEDULE SUBMISSIONS 

The Contractor shall provide the submissions as described below. The data 
disk, reports, and network diagrams required for each submission are 
contained in paragraph SUBMISSION REQUIREMENTS. 

3.4.1 Preliminary Project Schedule Submission 

The Preliminary Project Schedule, defining the Contractor's planned 
operations for the first 60 calendar days shall be submitted for approval 
within 20 calendar days after the NTP is acknowledged. The approved 
preliminary schedule shall be used for payment purposes not to exceed 60 
calendar days after NTP. 

3.4.2 Initial Project Schedule Submission 

The Initial Project Schedule shall be submitted for approval within 40 
calendar days after NTP. The schedule shall provide a reasonable sequence 
of activities which represent work through the entire project and shall be 
at a reasonable level of detail. 

3.4.3 Monthly Schedule Updates 

Based on the result of progress meetings, specified in 11 Periodic Progress 
Meetings, 11 the Contractor shall submit monthly schedule updates. These 
submissions shall enable the Contracting Officer to assess Contractor's 
progress. If the Contractor fails or refuses to furnish the information and 
project schedule data, which in the judgement of the Contracting Officer or 
authorized representative is necessary for verifying the Contractor's 
progress, the Contractor shall be deemed not to have provided an estimate 
upon which progress payment may be made. 

3.4.4 Standard Activity Coding Dictionary 

The Contractor shall use the activity coding structure defined in the 
Standard Data Exchange Format (SDEF) in ER 1-1-11, Appendix A. This exact 
structure is mandatory, even if some fields are not used. 
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3.5 SUBMISSION REQUIREMENTS 

The following items shall be submitted by the Contractor for the preliminary 
submission, initial submission, and every periodic project schedule update 
throughout the life of the project: 

3.5.1 Data Disks 

Two data disks containing the project schedule shall be provided. Data on 
the disks shall adhere to the SDEF format specified in ER 1-1-11, Appendix 
A. 

3.5.1.1 File Medium 

Required data shall be submitted on 3.5 disks, formatted to hold 1.44 MB of 
data, under the MS-DOS Version 5. or 6.x, unless otherwise approved by the 
Contracting Officer. 

3.5.1.2 Disk Label 

A permanent exterior label shall be affixed to each disk submitted. The 
label shall indicate the type of schedule (Preliminary, Initial, Update, or 
Change), full contract number, project name, project location, data date, 
name and telephone number or person responsible for the schedule, and the 
MS-DOS version used to format the disk. 

3.5.1.3 File Name 

Each file submitted shall have a name related to either the schedule data 
date, project name, or contract number. The Contractor shall develop a 
naming convention that will ensure that the names of the files submitted are 
unique. The Contractor shall submit the file naming convention to the 
Contracting Officer for approval. 

3.5.2 Narrative Report 

A Narrative Report shall be provided with the preliminary, initial, and each 
· update of the project schedule. This report shall be provided as the basis 
of the Contractor's progress payment request. The Narrative Report shall 
include: a description of activities along the 2 most critical paths, a 
description of current and anticipated problem areas or delaying factors and 
their impact, and an explanation of corrective actions taken or required to 
be taken. The narrative report is expected to relay to the Government, the 
Contractor's thorough analysis of the schedule output and its plans to 
compensate for any problems, either current or potential, which are revealed 
through that analysis. 

3.5.3 Approved Changes Verification 

Only project schedule changes that have been previously approved by the 
Contracting Officer shall be included in the schedule submission. The 
Narrative Report shall specifically reference, on an activity by activity 
basis, all changes made since the previous period and relate each change to 
documented, approved schedule changes. 
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3.5.4 Schedule Reports 

The format for each activity for the schedule reports listed below shall 
contain: Activity Numbers, Activity Description, Original Duration, 
Remaining Duration, Early Start Date, Early Finish Date, Late Start Date, 
Late Finish Date, Total Float. Actual Start and Actual Finish Dates shall 
be printed for those activities in progress or completed. 

3.5.4.1 Activity Report 

A list of all activities sorted according to activity number. 

3.5.4.2 Logic Report 

A list of Preceding and Succeeding activities for every activity in 
ascending order by activity number. Preceding and succeeding activities 
shall include all information listed above in paragraph Schedule Reports. A 
blank line shall be left between each activity grouping. 

3.5.4.3 Total Float Report 

A list of all incomplete activities sorted in ascending order of total 
float. Activities which have the same amount of total float shall be listed 
in ascending order of Early Start Dates. Completed activities shall not be 
shown on this report. 

3.5.4.4 Earnings Report 

A compilation of the Contractor's Total Earnings on the project from the NTP 
until the most recent Monthly Progress Meeting. This report shall reflect 
the Earnings of specific activities based on the agreements made in the 
field and approved between the Contractor and Contracting Officer at the 
most recent Monthly Progress Meeting. Provided that the Contractor has 
provided a complete schedule update, this report shall serve as the basis of 
determining Contractor Payment. Activities shall be grouped by bid item and 
sorted by activity numbers. This report shall: sum all activities in a bid 
item and provide a bid item percent; and complete and sum all bid items to 
provide a total project percent complete. The printed report shall contain, 
for each activity: the Activity Number, Activity Description, Original 
Budgeted Amount, Total Quantity, Quantity to Date, Percent Complete (based 
on cost), and Earnings to Date. 

3.5.5 Network Diagram 

The network diagram shall be required on the initial schedule submission and 
on monthly schedule update submissions. The network diagram shall depict 
and display the order and interdependence of activities and the sequence in 
which the work is to be accomplished. The Contracting Officer will use, but 
is not limited to, the following conditions to review compliance with this 
paragraph: 
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3.5.5.1 Continuous Flow 

Diagrams shall show a continuous flow from left to right with no arrows from 
right to left. The activity number, description, duration, and estimated 
earned value shall be shown on the diagram. 

3.5.5.2 Project Milestone Dates 

Dates shall be shown on the diagram for start of project, any contract 
required interim completion dates, and contract completion dates. 

3.5.5.3 Critical Path 

The critical path shall be clearly shown. 

3.5.5.4 Banding 

Activities shall be grouped to assist in the understanding of the activity 
sequence. Typically, this flow will group activities by category of work, 
work area and/or responsibility. 

3.5.5.5 S-Curves 

Earnings curves showing projected early and late earnings and earnings to 
date. 

3.6 PERIODIC PROGRESS MEETINGS 

Progress meetings to discuss payment shall include a monthly onsite meeting 
or other regular intervals mutually agreed to at the pre-construction 
conference. During this meeting the Contractor shall describe, on an 
activity by activity basis, all proposed revisions and adjustments to the 
project schedule required to reflect the current status of the project. The 
Contracting Officer will approve activity progress, proposed revisions, and 
adjustments as appropriate. 

3.6.1 Meeting Attendance 

The Contractor's Project Manager and Scheduler shall attend the regular 
progress meeting. 

3.6.2 Update Submission Following Progress Meeting 

A complete update of the project schedule containing all approved progress, 
revisions, and adjustments, based on the regular progress meeting, shall be 
submitted not later than 4 working days after the monthly progress meeting. 

3.6.3 Progress Meeting Contents 

Update information, including Actual Start Dates, Actual Finish Dates, 
Remaining Durations, and Cost-to-Date shall be subject to the approval of 
the Contracting Officer. As a minimum, the Contractor shall address the 
following items on an activity by activity basis during each progress 
meeting. 
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3.6.3.1 Start and Finish Dates 

The Actual Start and Actual Finish dates for each activity currently in
progress or completed. 

3.6.3.2 Time Completion 

The estimated Remaining Duration for each activity in-progress. Time-based 
progress calculations shall be based on Remaining Duration for each 
activity. 

3.6.3.3 Cost Completion 

The earnings for each activity started. Payment will be based on earnings 
for each in-progress or completed activity. Payment for individual 
activities containing quality defects will not be made. A portion of the 
overall project amount may be retained based on delays of activities. 

3.6.3.4 Logic Changes 

All logic changes pertaining to NTP on change orders, change orders to be 
incorporated into the schedule, contractor proposed changes in work 
sequence, corrections to schedule logic for out-of-sequence progress, lag 
durations, and other changes that have been made pursuant to contract 
provisions shall be specifically identified and discussed. 

3.6.3.5 Other Changes 

Other changes required due to delays in completion of any activity or group 
of activities include: 1) delays beyond the Contractor's control, such as 
strikes and unusual weather. 2) delays encountered due to submittals, 
Government Activities, deliveries or work stoppages which make re-planning 
the work necessary. 3) Changes required to correct a schedule which does 
not represent the actual or planned prosecution and progress of the work. 

3.7 REQUESTS FOR TIME EXTENSIONS 

In the event the Contractor requests an extension of the contract completion 
date, or any interim milestone date, the Contractor shall furnish the 
following for a determination as to whether or not the Contractor is 
entitled to an extension of time under the provisions of the contract: 
justification, project schedule data, and supporting evidence as the 
Contracting Officer may deem necessary. Submission of proof of delay, based 
on revised activity logic, duration, and costs (updated to the specific date 
that the delay occurred) is obligatory to any approvals. 

3.7.1 Justification of Delay 

The project schedule shall clearly display that the Contractor has used, in 
full, all the float time available for the work involved with this request. 
The Contracting Officer's determination as to the number of allowable days 
of contract extension shall be based upon the project schedule updates in 
effect for the time period in question, and other factual information. 
Actual delays that are found to be caused by the Contractor's own actions, 
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which result in the extension of the schedule, will not be a cause for a 
time extension to the contract completion date. 

3.7.2 Submission Requirements 

The Contractor shall submit a justification for each request for a change in 
the contract completion date of under 2 weeks based upon the most recent 
schedule update at the time of the NTP or constructive direction issued for 
the change. Such a request shall be in accordance with the requirements of 
other appropriate Contract Clauses and shall include, as a minimum: 

a. A list of affected activities, with their associated project 
schedule activity number. 

b. A brief explanation of the causes of the change. 

c. An analysis of the overall impact of the changes proposed. 

d. A sub-network of the affected area. 

Activities impacted in each justification for change shall be identified by 
a unique activity code contained in the required data file. 

3.7.3 Additional Submission Requirements 

For any requested time extension of over 2 weeks, the Contracting Officer 
may request an interim update with revised activities for a specific change 
request. The Contractor shall provide this disk within 4 days of the 
Contracting Officer's request. 

3.8 DIRECTED CHANGES 

If the NTP is issued for changes prior to settlement of price and/or time, 
the Contractor shall submit proposed schedule revisions to the Contracting 
Officer within 2 weeks of the NTP being issued. The proposed revisions to 
the schedule will be approved by the Contracting Officer prior to inclusion 
of those changes within the project schedule. If the Contractor fails to 
submit the proposed revisions, the Contracting Officer may furnish the 
Contractor with suggested revisions to the project schedule. The Contractor 
shall include these revisions in the project schedule until revisions are 
submitted, and final changes and impacts have been negotiated. If the 
Contractor has any objections to the revisions furnished by the Contracting 
Officer, the Contractor shall advise the Contracting Officer within 2 weeks 
of receipt of the revisions. Regardless of the objections, the Contractor 
shall continue to update the schedule with the Contracting Officer's 
revisions until a mutual agreement in the revisions is reached. If the 
Contractor fails to submit alternative revisions within 2 weeks of receipt 
of the Contracting Officer's proposed revisions, the Contractor will be 
deemed to have concurred with the Contracting Officer's proposed revisions. 
The proposed revisions will then be the basis for an equitable adjustment 
for performance of the work. 
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3.9 OWNERSHIP OF FLOAT 

Float available in the schedule, at any time, shall not be considered for 
the exclusive use of either the Government or the Contractor. 

--End of Section--
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SECTION 01330 

SUBMITTAL PROCEDURES 
09/00 

PART 1 GENERAL 

1.1 DESCRIPTION 

This section covers the procedures to be followed for submission of 
documents required under this contract. It also contains a copy of the 
anticipated submittal register for Phase I work. 

1.2 REFERENCES (NOT USED) 

1.3 SUBMITTALS 

Submittals required are identified by SD numbers and titles as follows: 

SD-01 Pre-construction Submittals 

SD-02 Shop Drawings 

SD-03 Product Data 

SD-04 Samples 

SD-05 Design Data 

SD-06 Test Reports 

SD-07 Certificates 

SD-08 Manufacturer's Instructions 

SD-09 Manufacturer's Field Reports 

SD-10 Operation and Maintenance Data 

SD-11 Closeout Subrnittals 

Submittals are classified as follows: 

1. 3 .1 Government Approved 

Government approval is required for extensions of design, critical 
materials, deviations, equipment whose compatibility with the entire system 
must be checked, and other items as designated by the Contracting Officer. 
Within the terms of the Contract Clause entitled "SPECIFICATIONS AND 
DRAWINGS FOR CONSTRUCTION," they are considered to be "shop drawings." 
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1. 3 .2 Information Only 

All submittals not requiring Government approval will be for information 
only. They are not considered to be "shop drawings" within the terms of the 
Contract Clause referred to above. 

1.4 APPROVED SUBMITTALS 

The Contracting Officer's approval of submittals shall not be construed as a 
complete check, but will indicate only that the general method of 
construction, materials, detailing and other information are satisfactory. 
Approval will not relieve the Contractor of the responsibility for any error 
which may exist, as the Contractor under the Contractor Quality Control 
(CQC} requirements of this contract is responsible for dimensions, the 
design of adequate connections and details, and the satisfactory 
construction of all work. After submittals have been approved by the 
Contracting Officer, no re-submittal for the purpose of substituting 
materials or equipment will be considered unless accompanied by an 
explanation of why a substitution is necessary. 

1.5 DISAPPROVED SUBMITTALS 

The Contractor shall make all corrections required by the Contracting 
Officer and promptly furnish a corrected submittal in the form and number of 
copies specified for the initial submittal. If the Contractor considers any 
correction indicated on the submittals to constitute a change to the 
contract, a notice in accordance with the Contract Clause "CHANGES" shall be 
given promptly to the Contracting Officer. 

1.6 WITHHOLDING OF PAYMENT 

Payment for materials incorporated in the work will not be made if required 
approvals have not been obtained. 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION 

3.1 GENERAL 

The Contractor shall make submittals as required by the specifications. The 
Contracting Officer may request submittals in addition to those specified 
when deemed necessary to adequately describe the work covered in the 
respective sections. Units of weights and measures used on all submittals 
shall be the same as those used in the contract drawings. Each submittal 
shall be complete and in sufficient detail to allow ready determination of 
compliance with contract requirements. Prior to submittal, all items shall 
be checked and approved by the Contractor's Quality Control (CQC} System 
Manager and each item shall be stamped, signed, and dated by the CQC System 
Manager indicating action taken. Proposed deviations from the contract 
requirements shall be clearly identified. Submittals shall include items 
such as: Contractor's, manufacturer's, or fabricator's drawings; 
descriptive literature including (but not limited to} catalog cuts, 
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diagrams, operating charts or curves; test reports; test cylinders; samples; 
O&M manuals (including parts list); certifications; warranties; and other 
such required submittals. Submittals requiring Government approval shall be 
scheduled and made prior to the acquisition of the material or equipment 
covered thereby. Samples remaining upon completion of the work shall be 
picked up and disposed of in accordance with manufacturer's Material Safety 
Data Sheets (MSDS) and in compliance with existing laws and regulations. 

3.2 SUBMITTAL REGISTER 

At the end of this section is a submittal register (ENG Form 4288) showing 
items of equipment and materials for which submittals are required by the 
specifications; this list may not be all inclusive and additional submittals 
may be required. The Contractor will also be given the submittal register 
files, containing the electronic ENG Form 4288 and instructions on the use 
of the files. These submittal register files will be furnished on a 
separate diskette. The Contractor shall submit the forms to the Contracting 
Officer for approval within 21 calendar days after NTP. The Contractor 
shall keep this diskette up-to-date and shall submit it to the Government 
together with the monthly payment request. The approved submittal register 
will support the scheduling document and will be used to control submittals 
throughout the life of the contract. The submittal register and the 
progress schedules shall be coordinated. 

3.3 SCHEDULING 

Submittals covering component items forming a system or items that are 
interrelated shall be scheduled to be coordinated and submitted 
concurrently. Certifications to be submitted with the pertinent drawings 
shall be so scheduled. Adequate time (a minimum of 14 calendar days 
exclusive of mailing time) shall be allowed and shown on the register for 
review and approval. No delay damages or time extensions will be allowed 
for time lost in late submittals. 

3.4 TRANSMITTAL FORM (ENG FORM 4025) 

The sample transmittal form (ENG Form 4025) attached to this section shall 
be used for submitting both Government approved and information only 
submittals in accordance with the instructions on the reverse side of the 
form. These forms will be furnished electronically to the Contractor on a 
separate diskette. This form shall be properly completed by filling out all 
the heading blank spaces and identifying each item submitted. Special care 
shall be exercised to ensure proper listing of the specification paragraph 
and/or sheet number of the contract drawings pertinent to the data submitted 
for each item. 

3.5 SUBMITTAL PROCEDURE 

Submittals shall be made as follows: 

3.5.1 Procedures 

Ten copies of the transmittal form and submittals shall be delivered to the 
Contracting Officer. Additional copies shall be maintained by the 
Contractor on site. 
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3.5.2 Deviations 

For submittals which include proposed deviations requested by the 
Contractor, the column 11 variation" of ENG Form 4025 shall be checked. The 
Contractor shall set forth in writing the reason for any deviations and 
annotate such deviations on the submittal. The Government reserves the 
right to rescind inadvertent approval of submittals containing unnoted 
deviations. 

3.6 CONTROL OF SUBMITTALS 

The Contractor shall carefully control his procurement operations to ensure 
that each individual submittal is made on or before the Contractor scheduled 
submittal date shown on the approved "Submittal Register." 

3.7 GOVERNMENT APPROVED SUBMITTALS 

Upon completion of review of submittals requiring Government approval, the 
submittals will be identified as having received approval by being so 
stamped and dated. Seven copies of the submittal will be retained by the 
Contracting Officer and three copies of the submittal will be returned to 
the Contractor. 

3.8 INFORMATION ONLY SUBMITTALS 

Normally submittals for information only will not be returned. Approval of 
the Contracting Officer is not required on information only submittals. 
The Government reserves the right to require the Contractor to resubmit any 
item found not to comply with the contract. This does not relieve the 
Contractor from the obligation to furnish material conforming to the plans 
and specifications; will not prevent the Contracting Officer from requiring 
removal and replacement of nonconforming material incorporated in the work; 
and does not relieve the Contractor of the requirement to furnish samples 
for testing by the Government laboratory or for check testing by the 
Government in those instances where the technical specifications so 
prescribe. 

3.9 STAMPS 

Stamps used by the Contractor on the submittal data to certify that the 
submittal meets contract requirements shall be similar to the following: 
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CONTRACTOR 

(Firm Name) 

__ Approved 

__ Approved with corrections as noted on submittal data and/or 
attached sheets(s). 

SIGNATURE: 

TITLE: 

DATE: 

--End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 01351 

SAFETY, HEALTH, AND EMERGENCY RESPONSE 
02/99 

This section covers the health and safety requirements to be followed for 
completion of this work. The section provides additional requirements for 
implementing the accident prevention provisions of EM 385-1-1, and specifies 
a Site Safety and Health Plan (SSHP) which shall satisfy the requirements 
for submission of a separate Accident Prevention Plan (APP) as required by 
EM 385-1 1. The requirements shall apply to work performed in both 
"contaminated" and "clean" areas. 

1.2 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by basic 
designation only. 

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH) 

ACGIH Threshold Limits (1998) Threshold Limit Values for Chemical 
Substances and Physical Agents and Biological 
Exposure Indices 

ANSI 2358.1. 

10 CFR 20 

29 CFR 1904 

29 CPR 1910 

29 CFR 1926 

49 CPR 171 

49 CFR 172 

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 

(1990) Emergency Eyewash and Shower Equipment 

CODE OF FEDERAL REGULATIONS (CFR) 

Standards for Protection Against Radiation 

Recording and Reporting Occupational Injuries 
and Illnesses 

Occupational Safety and Health Standards 

Safety and Health Regulations for 
Construction 

General Information, Regulations, and 
Definitions 

Hazardous Materials Table, Special 
Provisions, Hazardous Materials 
Communications, Emergency Response 
Information, and Training Requirements 
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EM 385-1-1 

ENGINEERING MANUALS (EM) 

(1996) U.S. Army Corps of Engineers Safety 
and Health Requirements Manual 

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH) 

NIOSH Pub No. 85-115 

1.3 SUBMITTALS 

(1985) Occupational Safety and Health 
Guidance Manual for Hazardous Waste Site 
Activities 

Drawings and sample forms listed below shall be submitted as part of the 
SSHP, which will require government approval. Sampling results shall be 
submitted under separate cover. Government approval is required for 
submittals with a "GA" designation; submittals not having a 11 GA 11 designation 
are for information only. The following shall be submitted in accordance 
with Section 01330 SUBMITTAL PROCEDURES: 

SD-01 Pre-construction Submittals 

Site Safety and Health Plan; GA 

The SSHP shall detail the health and safety procedures to be 
followed during completion of the work. The SSHP shall be 
developed in accordance with this specification. The plan shall be 
periodically reviewed by the Contractor and the Contracting Officer 
during work operations to keep it current and technically correct. 
The SSHP shall include, but not be limited to, the following: 

a. Drawings including the initial work zone boundaries: Exclusion 
Zone (EZ), including restricted and regulated areas; 
Contamination Reduction Zone (CRZ); and Support Zone (SZ). 

b. A decontamination plan detailing the procedures to be followed 
for equipment and personnel decontamination. In addition, 
drawings shall show the layout of the personnel and equipment 
decontamination areas. 

c. A sample log form to be used to record each entry and exit into 
the site. 

d. An air monitoring plan detailing the procedures to be followed 
for personnel exposure monitoring and field air sampling. The 
air monitoring program shall be developed in accordance with 
applicable Federal and State regulations. A sample reporting 
form also shall be submitted as part of the SSHP. 

e. Federal and State spill response requirements and contact 
information. 
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1.4 REGULATORY REQUIREMENTS 

Work performed under this contract shall comply with EM 385-1-1, applicable 
Federal, state, and local safety and occupational health laws and 
regulations. This includes, but is not limited to, Occupational Safety and 
Health Administration (OSHA) standards, 29 CFR 1910, especially Section 
.120, "Hazardous Waste Site Operations and Emergency Response'' and 29 CFR 
1926, especially Section .65, ''Hazardous Waste Site Operations and Emergency 
Response". Matters of interpretation of standards shall be submitted to the 
appropriate administrative agency for resolution before starting work. 
Where the requirements of this specification, applicable laws, criteria, 
ordinances, regulations, and referenced documents vary, the most stringent 
requirements shall apply. 

1.5 PRE-CONSTRUCTION MEETING 

The pre-construction meeting shall be attended by the Contractor or his/her 
representative and the on-site construction manager. The meeting shall be 
held prior to the commencement of work on-site. The purpose of the meeting 
is to define the Contractor's Quality Control System, to thoroughly review 
the Contractor's schedule, submittals list, and Work Plan, SSHP, and other 
project documents required in these specifications, and to develop a mutual 
understanding of the specific requirements established by the contract. 

1.5.1 Pre-Construction Safety Conference 

The pre-construction safety conference shall be conducted as part of the 
pre-construction meeting, and shall be attended by the Contractor, or 
his/her representative, and the on-site construction manager prior to the 
commencement of work. Recommended discussion topics include: 

a. Discussion of the purpose and benefits of Corps construction safety 
and health program and Contractor's accident prevention plan. 

b. Review of the accident prevention clause of the contract and any 
other contractual safety and health clauses, EM 385-1-1, and other 
applicable safety and health codes and standards. 

c. Review of any local health and safety requirements. 

d. Review of any other special requirements particular to the contract 
at hand. 

e. Review of the Contractor's Accident Prevention Plan, its 
deficiencies, and the corrections needed to bring it to an 
acceptable level. 

f. Review of the Contractor's list of anticipated phases of work 
requiring an activity hazard analysis. 

g. Review of accident investigation and report requirements, including 
the submission of worker exposure reports. 

h. Discussion of the Contractor's proposals for controlling and 
coordinating the work of subcontractors. 
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(i) As noted above, the conference will be used to discuss and 
resolve deficiencies in the Contractor's Accident Prevention 
Plan. The agreements reached at the pre-construction safety 
conference shall become a matter of record and shall be 
included as amendments to the Contractor's accident prevention 
plan. 

(ii) Minutes of the conference, including agreements reached and a 
record of attendance, shall be maintained. Copies of the 
minutes shall be forwarded to the safety and occupational 
health office for review and then forwarded to the official 
contract file. A copy of the minutes will also be provided to 
the Contractor. 

1.6 SAFETY AND HEALTH PROGRAM 

OSHA Standards 29 CFR 1910, Section .120 (b) and 29 CFR 1926, Section .65 
(b) require employers to develop and implement a written Safety and Health 
Program for employees involved in hazardous waste operations. The site
specific program requirements of the OSHA Standards shall be integrated into 
one site-specific document, the SSHP. The SSHP shall interface with the 
employer's overall Safety and Health Program. Any portions of the overall 
Safety and Health Program that are referenced in the SSHP shall be included 
as appendices to the SSHP. 

1.7 SITE SAFETY AND HEALTH PLAN 

1.7.1 Preparation and Implementation 

A SSHP shall be prepared covering onsite work to be performed by the 
Contractor and all subcontractors. The Safety and Health Manager shall be 
responsible for the development, implementation and oversight of the SSHP. 
The SSHP shall establish, in detail, the protocols necessary for the 
anticipation, recognition, evaluation, and control of hazards associated 
with each task performed. The SSHP shall address site-specific safety and 
health requirements and procedures based upon site-specific conditions. The 
level of detail provided in the SSHP shall be tailored to the type of work, 
complexity of operations to be performed, and hazards anticipated. Details 
about some activities may not be available when the initial SSHP is prepared 
and submitted. Therefore, the SSHP shall address, in as much detail as 
possible, anticipated tasks, their related hazards and anticipated control 
measures. Additional details shall be included in the activity hazard 
analyses as described in paragraph ACTIVITY HAZARD ANALYSES. 

1.7.2 Acceptance and Modifications 

Prior to submittal, the SSHP shall be signed and dated by the Safety and 
Health Manager and the Site Superintendent. The SSHP shall be submitted for 
review 21 calendar days prior to the Pre-construction Safety Conference. 
Deficiencies in the SSHP will be discussed at the pre-construction safety 
conference, and the SSHP shall be revised to correct the deficiencies and 
resubmitted for acceptance. Onsite work shall not begin until the plan has 
been accepted. A copy of the written SSHP shall be maintained onsite. As 
work proceeds, the SSHP shall be adapted to new situations and new 
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conditions. Changes and modifications to the accepted SSHP shall be made 
with the knowledge and concurrence of the Safety and Health Manager, the 
Site Superintendent, and the Contracting Officer. Should any unforeseen 
hazard become evident during the performance of the work, the Site Safety 
and Health Officer (SSHO) shall bring such hazard to the attention of the 
Safety and Health Manager, the Site Superintendent, and the Contracting 
Officer, both verbally and in writing, for resolution as soon as possible. 
In the interim, necessary action shall be taken to re-establish and maintain 
safe working conditions in order to safeguard onsite personnel, visitors, 
the public, and the environment. Disregard for the provisions of this 
specification or the accepted SSHP shall be cause for stopping of work until 
the matter has been rectified. 

1. 7. 3 Availability 

The SSHP shall be made available in accordance with 29 CFR 1910, Section 
.120 (b) (1) {v) and 29 CFR 1926, Section . 65 {b) (1) (v). 

1. 7 .4 Elements 

Topics required by 29 CFR 1910, Section .120 (b) (4) 29 CFR 1926, Section .65 
(b) (4) and the Accident Prevention Plan as described in Appendix A of EM 
385-1-1 and those described in this section shall be addressed in the SSHP. 
Where the use of a specific topic is not applicable to the project, the SSHP 
shall include a statement to justify its omission or reduced level of detail 
and establish that adequate consideration was given the topic. 

1.8 SITE DESCRIPTION AND CONTAMINATION CHARACTERIZATION 

1.8.1 Project/Site Conditions 

The following information is a record of site contaminants and a description 
of the site. This information is provided to assist in preparing the SSHP. 
Additional sources of information are available as listed below. 

1.8.1.1 Site Information 

The SAEP Causeway was initially constructed and used as a means of launching 
seaplanes in the 1930s. Additional materials, of unknown origin, were 
deposited along the northern edge of the Causeway during the 1950s and 
1960s. Causeway fill material consists of soil, cobbles, and construction 
debris. 

Soil contamination exceeding the Connecticut Department of Environmental 
Protection {CTDEP) Remediation Standard Regulation (RSR) Direct Exposure 
Criteria (DEC), the Pollutant Mobility Criteria (PMC), and/or the federal 
Freshwater Acute Aquatic Water Quality Criteria (AWQC} include chlorinated 
and fuel-related volatile organic compounds (VOCs), semi-volatile organic 
compounds (SVOCs), polychlorinated biphenyles (PCBs), and inorganics. Low
level radiological contamination was also identified at three isolated 
locations in the Causeway fill material. Radiologically-contaminated soil 
was excavated, containerized, and transported to an appropriate off-site 
licensed treatment/disposal facility. A final radiological survey of the 
Causeway was conducted to verify complete removal of radiological material, 
and the facility has been released from the NRC license. 
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Building 5, the former Fuel Test Cell Facility, is scheduled for demolition 
during Phase I activities. The building roof and water pipe insulation were 
found to contain friable asbestos during a site-wide asbestos survey. Paint 
on the east wall of the building contains marginally high lead 
concentrations, and the sprinkler pipes also contain lead-based paint. The 
potential also exists for low levels of PCBs to be present in the paint. 

Table 01351 1 lists the contaminants present in Causeway fill material above 
CTDEP RSRs, the maximum detected concentration, and the location of the 
maximum concentration. The sample locations are shown on Drawing No. C-104. 
A figure identifying the locations of chemical exceedances are included as 
attachments to these specifications. 

TABLE 01351-1 
CONTAMINANTS OF CONCERN ON THE CAUSEWAY 

Maximum Concentration 
Contaminant of Concern (mg/kg) Sample Location 

voes 
Cis-1,2-Dichloroethene 120 CB-99-04 
Methylene Chloride 3.3 J CB-99-03 
Tetrachloroethene 81 CB-99-02 
Trichloroethene 8. 8 TP-DEP-11 
Vinyl Chloride 24 CB-99-04 

SVOCs 
2-Methylnaphhalene 45 CB-99-03 
Acenaphthene 190 CB-99-15 
Anthracene 520 J CB-99-15 
Benzo(a)Anthracene 1200 J CB-99-15 
Benzo(a)Pyrene 880 J CB-99-15 
Benzo(b)Fluoranthene 940 J CB-99-15 
Benzo(k)Fluoranthene 880 J CB-99-15 
Carbazole 310 CB-99-15 
Chrysene 1200 CB-99-15 
Dibenz(a,h)Anthracene 8.1 CB-99-12 
Dibenzofuran 130 CB-99-15 
Fluoranthene 2700 CB-99-15 
Fluorene 250 J CB-99-15 
Hexachlorobenzene 1.4 TP-DEP-11 
Indeno(l,2,3-CD)Pyrene 350 CB 99-15 
Naphthalene 97 J CB-99-15 
Phenanthrene 2400 CB-99-15 
Pyrene 1800 J CB-99-15 

PCBs 
Aroclor - 1016 1. 2 J TP-99-22 
Aroclor - 1260 11 TP-99-23 

Inorganics 
Arsenic 34.5 CB-99-08 
Beryllium 13.1 TP-DEP-11 
Cadmium 94.7 TP-DEP-11 
Lead 1510 J TP-DEP-11 
Thallium 8.3 CB-99-08 
Vanadium 2640 TP-DEP-11 
Zinc 41. 4 J CB-99-01 
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Note: J = estimated value 

1.8.1.2 List of Available Documents 

Further information regarding site conditions is available in the Causeway 
Pre-design Investigation Report (Foster Wheeler/HLA, April 2000), the Final 
Causeway Engineering Evaluation/Cost Analysis (Foster Wheeler/HLA, September 
2000), and the Causeway Decision Document (Harding ESE, 2001). These 
documents are a part of the public record for this site, and are available 
for review in Room 15 of Building 1 at the Stratford Army Engine Plant, 550 
Main Street, Stratford, Connecticut. 

1. 8. 2 Plan Requirements 

The SSHP shall include a site description and contamination characterization 
section that addresses the following elements: 

a. Description of site location, topography, size and past uses of the 
site. 

b. A list of contaminants which may present occupational health and 
safety hazards. This list shall be created by evaluating the 
analytical results in this section and by researching sources of 
information from past site investigation activities. Chemical 
names, concentration ranges, media in which found, locations 
onsite, and estimated quantities/volumes to be impacted by site 
work shall be included if known. The contamination 
characterization shall be reviewed and revised if new chemicals are 
identified as work progresses. 

1.9 HAZARD/RISK ANALYSIS 

The SSHP shall include a safety and health hazard/risk analysis for each 
site task and operation to be performed. The hazard/risk analysis shall 
provide information necessary for determining safety and health procedures, 
equipment, and training to protect onsite personnel, the environment, and 
the public. Available site information shall be reviewed when preparing the 
"Hazard/Risk Analysis" section of the SSHP. The following elements, at a 
minimum, shall be addressed. 

1. 9 .1 Site Tasks and Operations 

The SSHP shall include a comprehensive section that addresses the tasks and 
objectives of the site operations for Phase I of this project, and the 
logistics and resources required to reach those tasks and objectives. Tthe 
following is a list of anticipated Phase I site tasks and operations to be 
performed: site preparation; erosion control system installation; clearing; 
demolition; and excavation. This is not a complete list of site tasks and 
operations; therefore, it shall be expanded and/or revised, during 
preparation of the SSHP as necessary. It is anticipated that the SSHP for 
Phase I of this project can be completed as an addendum to the Phase I SSHP. 
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1.9.2 Hazards 

The following potential hazards may be encountered during site work. These 
are not complete lists; therefore, they shall be expanded and/or revised as 
necessary during preparation of the SSHP. 

1.9.2.1 Safety Hazards 

Potential safety hazards associated with the work on the Causeway could be 
related to, operation of demolition equipment and heavy construction 
equipment, electrical hazards associated with removal of existing utilities, 
safety hazards associated with working near the water, and safety hazards 
from scattered debris present on the site. 

1.9.2.2 Chemical Hazards 

Potential chemical hazards that may be encountered during site work are 
discussed in paragraph SITE DESCRIPTION AND CONTAMINATION CHARACTERIZATION. 
The Hazard/Risk Analysis section of the SSHP shall describe the chemical, 
physical, and toxicological properties of contaminants, sources and pathways 
of employee exposures, anticipated onsite and offsite exposure level 
potentials, and regulatory (including Federal, state, and local) or 
recommended protective exposure standards. The SSHP shall also address 
employee exposure to hazardous substances brought onsite, and shall comply 
with the requirements of 29 CFR 1910, Section .1200 and 29 CFR 1926, Section 
.59, Hazard Communication. 

1.9.2.3 Physical Agents 

Potential physical hazards during work on the Causeway could include, heat 
stress and cold stress, noise related hazards, physical strain from heavy 
lifting, and slips, trips, and falls from scattered debris on the surface of 
the Causeway. 

1.9.2.4 Radiological Hazards 

A radiological survey identified radiological soil contamination on the 
Causeway in excess of federal guidelines. This contaminated soil was 
removed from the Causeway and sent off-site for disposal. A final survey of 
the Causeway did not identified any additional areas of radiological 
contamination, and the facility has been released from the NRC license. 
Radiological hazards are not anticipated to be encountered on the Causeway 
during this work; however, the Contractor shall notify the Contracting 
Officer if a whitish clay-like material, historically associated with 
radiological contamination on the Causeway is encountered during excavation 
activities. 

1.9.2.5 Biological Hazards 

Potential biological hazards associated with the work on the Causeway could 
primarily include insect and animal bites; however, additional hazards may 
be associated with working near the water. 
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1.9.3 Action Levels 

1.9.3.1 General Requirements 

Action levels shall be established for the situations listed below, at a 
minimum. The action levels and required actions (engineering controls, 
changes in PPE, etc.) shall be presented in the SSHP in both text and 
tabular form. 

1.10 

a. Implementation of engineering controls and work practices. 

b. Upgrade or downgrade in level of personal protective equipment. 

c. Work stoppage and/or emergency evacuation of onsite personnel. 

d. Prevention and/or minimization of public exposures to hazards 
created by site activities. 

ACTIVITY HAZARD ANALYSES 

Prior to beginning each major phase of work 1 an Activity Hazard Analysis 
shall be prepared by the Contractor performing that work and submitted for 
review and acceptance. The format shall be in accordance with EM 385-1-1, 
figure 1-1. A major phase of work is defined as an operation involving a 
type of work presenting hazards not experienced in previous operations or 
where a new subcontractor or work crew is to perform. The analysis shall 
define the activities to be performed and identify the sequence of work, the 
specific hazards anticipated, and the control measures to be implemented to 
eliminate or reduce each hazard to an acceptable level. Work shall not 
proceed on that phase until the activity hazard analysis has been accepted 
and a preparatory meeting has been conducted by the Contractor to discuss 
its contents with everyone engaged in the activities, including the 
government onsite representatives. The activity hazard analyses shall be 
continuously reviewed and when appropriate modified to address changing site 
conditions or operations, with the concurrence of the Safety and Health 
Manager 1 the Site Superintendent, and the Contracting Officer. Activity 
hazard analyses shall be attached to and become a part of the SSHP. 

1.11 STAFF ORGANIZATION, QUALIFICATIONS, AND RESPONSIBILITIES 

An organizational structure shall be developed that sets forth lines of 
authority (chain of command), responsibilities, and communication procedures 
concerning site safety, health, and emergency response. This organizational 
structure shall cover management, supervisors and employees of the 
Contractor and subcontractors. The structure shall include the means for 
coordinating and controlling work activities of subcontractors and 
suppliers. The SSHP shall include a description of this organizational 
structure as well as qualifications and responsibilities of each of the 
following individuals. The Contractor shall obtain Contracting Officer's 
acceptance before replacing any member of the Safety and Health Staff. 
Requests shall include the names, qualifications, duties, and 
responsibilities of each proposed replacement. 
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1.11.1 Site Superintendent 

A Site Superintendent, who has responsibility to implement the SSHP, the 
authority to direct work performed under this contract and verify 
compliance, shall be designated. 

1.11.2 Safety and Health Manager 

1.11.2.1 Qualifications 

The services of an Industrial Hygienist certified by the American Board of 
Industrial Hygiene shall be utilized. The name, qualifications {education 
summary and documentation, ABIH certificate), and work experience summary 
shall be included in the SSHP. The Safety and Health Manager shall have the 
following additional qualifications: 

a. A minimum of 3 years experience in developing and implementing 
safety and health programs at hazardous waste sites and thorough 
familiarity with the requirements of 29 CFR 1910.120 and 29 CFR 
1926.65. 

b. Documented experience in supervising professional and technician 
level personnel. 

c. Documented experience in developing worker exposure assessment 
programs and air monitoring programs and techniques. 

d. Documented experience in the development of personal protective 
equipment programs, including programs for working in and around 
potentially toxic, flammable and combustible atmospheres and 
confined spaces. 

e. Working knowledge of state and Federal occupational safety and 
health regulations. 

1.11.2.2 Responsibilities 

The Safety and Health Manager shall: 

a. Be responsible for the development, implementation, oversight, and 
enforcement of the SSHP. 

b. Sign and date the SSHP prior to submittal. 

c. Conduct initial site-specific training. 

d. Be present onsite during the first 3 days of remedial activities 
and at the startup of each new major phase. 

e. Visit the site as needed and at least twice per month for the 
duration of activities, to audit the effectiveness of the SSHP. 

f. Be available for emergencies. 
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g. Provide onsite consultation as needed to ensure the SSHP is fully 
implemented. 

h. Coordinate any modifications to the SSHP with the Site 
Superintendent, the SSHO, and the Contracting Officer. 

i. Provide continued support for upgrading/downgrading of the level of 
personal protection. 

j. Be responsible for evaluating air monitoring data and recommending 
changes to engineering controls, work practices, and PPE. 

k. Review accident reports and results of daily inspections. 

1. Serve as a member of the Contractor's quality control staff. 

1.11.3 Site Safety and Health O£ficer (SSHO) 

1.11.3.1 Qualifications of SSHO 

An individual and one alternate shall be designated the Site Safety and 
Health Officer (SSHO). The name, qualifications (education and training 
summary and documentation), and work experience of the Site Safety and 
Health Officer and alternate shall be included in the SSHP. The SSHO shall 
have the following qualifications: 

a. A minimum of 1 year experience in implementing safety and health 
programs at hazardous waste sites where Level C personal protective 
equipment was required. 

b. Documented experience in construction techniques and construction 
safety procedures. 

c. Working knowledge of Federal and state occupational safety and 
health regulations. 

d. Specific training in personal and respiratory protective equipment 
program implementation, confined space program oversight, and in 
the proper use of air monitoring instruments, and air sampling 
methods including monitoring for ionizing radiation. 

1.11.3.2 Responsibilities of SSHO 

The Site Safety and Health Officer shall: 

a. Assist and represent the Safety and Health Manager in onsite 
training and the day to· day onsite implementation and enforcement 
of the accepted SSHP. 

b. Be assigned to the site on a full time basis for the duration of 
field activities. The SSHO shall have no duties other than Safety 
and Health related duties. If operations are performed during more 
than 1 work shift per day, a site Safety and Health Officer shall 
be present for each shift. 
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c. Have authority to ensure site compliance with specified safety and 
health requirements, Federal, state and OSHA regulations and all 
aspects of the SSHP including, but not limited to, activity hazard 
analyses, air monitoring, monitoring for ionizing radiation, use of 
PPE, decontamination, site control, standard operating procedures 
used to minimize hazards, safe use of engineering controls, the 
emergency response plan, confined space entry procedures, spill 
containment program, and preparation of records by performing a 
daily safety and health inspection and documenting results on the 
Daily Safety Inspection Log. 

d. Have authority to stop work if unacceptable health or safety 
conditions exist, and take necessary action to re-establish and 
maintain safe working conditions. 

e. Consult with and coordinate any modifications to the SSHP with the 
Safety and Health Manager, the Site Superintendent, and the 
Contracting Officer. 

f. Serve as a member of the Contractor's quality control staff on 
matters relating to safety and health. 

g. Conduct accident investigations and prepare accident reports. 

h. Review results of daily quality control inspections and document 
safety and health findings into the Daily Safety Inspection Log. 

i. In coordination with site management and the Safety and Health 
Manager, recommend corrective actions for identified deficiencies 
and oversee the corrective actions. 

1.11.4 Occupational Physician (OP) 

1.11.4.1 Qualifications of OP 

The services of a licensed physician, who is certified in occupational 
medicine by the American Board of Preventative Medicine, or who, by 
necessary training and experience is Board eligible, shall be utilized. The 
physician shall be familiar with this site's hazards and the scope of this 
project. The medical consultant's name, qualifications, and knowledge of 
the site's conditions and proposed activities shall be included in the SSHP. 

1.11.4.2 Responsibilities of OP 

The physician shall be responsible for the determination of medical 
surveillance protocols and for review of examination/test results performed 
in compliance with 29 CFR 1910, Section .120 (f) and 29 CFR 1926, Section 
.65 (f) and paragraph MEDICAL SURVEILLANCE. 

1.11.5 Persons Certified in First Aid and CPR 

At least two persons who are currently certified in first aid and CPR by the 
American Red Cross or other approved agency shall be onsite at all times 
during site operations. They shall be trained in universal precautions and 
the use of PPE as described in the Bloodborne Pathogens Standard of 29 CFR 
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1910, Section .1030. These persons may perform other duties but shall be 
immediately available to render first aid when needed. 

1.11.6 Safety and Health Technicians 

For each work crew in the exclusion zone, one person, designated as a Safety 
and Health technician, shall perform activities such as air monitoring, 
decontamination, and safety oversight on behalf of the SSHO. They shall 
have appropriate training equivalent to the SSHO in each specific area for 
which they have responsibility and shall report to and be under the 
supervision of the SSHO. 

1.11.7 Certified Safety Professional (CSP) 

The Safety and Health Manager may act as the CSP. 

1.12 TRAINING 

Personnel shall receive training in accordance with the Contractor's written 
safety and health training program and 29 CFR 1910 Section .120, 29 CFR 1926 
Section .65, and 29 CFR 1926 Section .21. The SSHP shall include a section 
describing training requirements. 

1.12.1 General Hazardous Waste Operations Training 

Personnel entering the exclusion or contamination reduction zones shall have 
successfully completed 40 hours of hazardous waste instruction off the site; 
3 days actual field experience under the direct supervision of a trained, 
experienced supervisor; and 8 hours refresher training annually. Onsite 
supervisors shall have completed the above training and 8 hours of 
additional, specialized training covering at least the following topics: 
the employer's safety and health program, personal protective equipment 
program, spill containment program, and health hazard monitoring procedures 
and techniques. Copies of current training certification statements shall 
be submitted prior to initial entry onto the work site. 

1.12.2 Site-specific Training 

Site-specific training sessions shall be documented in accordance with 
Section 01.B.03.b of EM 385-1-1. 

1.12.2.1 Initial Session (Pre-entry Briefing) 

Prior to commencement of onsite field activities, all site employees, 
including those assigned only to the Support Zone, shall attend a site
specific safety and health training session of at least 4 hours duration. 
This session shall be conducted by the Safety and Health Manager and the 
Site Safety and Health Officer to ensure that all personnel are familiar 
with requirements and responsibilities for maintaining a safe and healthful 
work environment. Procedures and contents of the accepted SSHP and Sections 
01.B.02 and 28.D.03 of EM 385 1-1 shall be thoroughly discussed. The 
Contracting Officer shall be notified at least 5 days prior to the initial 
site-specific training session so government personnel involved in the 
project may attend. 
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1.12.2.2 Periodic Sessions 

Periodic onsite training shall be conducted by the SSHO at least weekly for 
personnel assigned to work at the site during the following week. The 
training shall address safety and health procedures, work practices, any 
changes in the SSHP, activity hazard analyses, work tasks, or schedule; 
results of previous week's air monitoring, review of safety discrepancies 
and accidents. Should an operational change affecting onsite field work be 
made, a meeting prior to implementation of the change shall be convened to 
explain safety and health procedures. Site-specific training sessions for 
new personnel, visitors, and suppliers shall be conducted by the SSHO using 
the training curriculum outlines developed by the Safety and Health Manager. 

1.13 PERSONAL PROTECTIVE EQUIPMENT 

1.13.1 PPE Program 

In accordance with 29 CFR 1910 Section .120 (g) (5) and 29 CFR 1926 Section 
.65 (g) (5), a written Personal Protective Equipment (PPE) program which 
addresses the elements listed in that regulation, and which complies with 
respiratory protection program requirements of 29 CFR 1910 Section .134, is 
to be included in the employer's Safety and Health Program. The Site Safety 
and Health Plan shall detail the minimum PPE ensembles (including 
respirators) and specific materials from which the PPE components are 
constructed for each site-specific task and operation to be performed, based 
upon the hazard/risk analysis. Components of levels of protection (B, C, D 
and modifications) must be relevant to site-specific conditions, including 
heat and cold stress potential and safety hazards. Only respirators 
approved by NIOSH shall be used. Onsite personnel shall be provided with 
appropriate personal protective equipment. Protective equipment and 
clothing shall be kept clean and well maintained. The PPE section of the 
SSHP shall include site-specific procedures to determine PPE program 
effectiveness and for onsite fit-testing of respirators, cleaning, 
maintenance, inspection, and storage of PPE. 

1.13.2 Levels of Protection 

The Safety and Health Manager shall establish appropriate levels of 
protection for each work activity based on review of historical site 
information, existing data, an evaluation of the potential for exposure 
{inhalation, dermal, ingestion, and injection) during each task, past air 
monitoring results, and a continuing safety and health monitoring program. 
The Safety and Health Manager shall also establish action levels for upgrade 
or downgrade in levels of PPE from the following specified minimum levels of 
protection. Protocols and the communication network for changing the level 
of protection shall be described in the SSHP. The PPE reassessment protocol 
shall address air monitoring results, potential for exposure, changes in 
site conditions, work phases, job tasks, weather, temperature extremes, 
individual medical considerations, etc. 

1.13.2.1 Components of Levels of Protection 

The following items constitute minimum protective clothing and equipment 
ensembles to be utilized during this project: 
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Level D. Appropriate work attire, hard hat, protective eyeglasses, ANSI
approved steel toe work boots, and ear protection, as necessary. 

Modified Level D. As for Level D. In addition, tyvek, nitrile gloves, 
protective over-boots 

Level C. As for Modified Level D. In addition, full face respirator with 
chemical-appropriate cartridges. 

Level B. As for Modified Level D. In addition, supplied air breathing 
system. 

1.13.2.2 Initial Minimum Levels of PPE by Task 

Based on available information, the initial minimum protective equipment 
requirements for each major task and operation are listed below. Available 
site information shall be reviewed and the list of tasks and operations and 
these levels of protection shall be expanded and/or revised during 
preparation of the SSHP. 

1.13. 3 

MINIMUM PROTECTIVE EQUIPMENT REQUIREMENTS 

TASK/OPERATION INITIAL LEVEL OF PROTECTION 

Mobilization 
Site Preparation 
Erosion Control System Installation 
Clearing 
Demolition (except asbestos abatement) 
Oversized Debris Removal 
Excavation 
Topographic Survey 

PPE for Government Personnel 

Level D 
Level D 
Level D 
Level D 
Level D 
Modified Level D 
Modified Level D 
Level D 

Three clean sets of personal protective equipment and personal dosimeters 
for work on radioactive waste cleanup sites and clothing (excluding air
purifying negative-pressure respirators and safety shoes, which will be 
provided by individual visitors), as required for entry into the Exclusion 
Zone and/or Contamination Reduction Zone, shall be available for use by the 
Contracting Officer or official visitors. The items shall be cleaned and 
maintained by the Contractor and stored in the Contractor field office and 
clearly marked: "FOR USE BY GOVERNMENT ONLY. 11 The Contractor shall provide 
basic training in the use and limitations of the PPE provided, and institute 
administrative controls to check prerequisites prior to issuance. Such 
prerequisites include meeting minimum training requirements for the work 
tasks to be performed and medical clearance for site hazards and respirator 
use. 

1.14 MEDICAL SURVEILLANCE 

The Safety and Health Manager, in conjunction with the Occupational 
Physician, shall detail, in the employer's Safety and Health Program and the 
SSHP, the medical surveillance program that includes scheduling of 
examinations, certification of fitness for duty, compliance with OSHA 
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requirements, and information provided to the physician. Examinations shall 
be performed by or under the supervision of a licensed physician, preferably 
one knowledgeable in occupational medicine, and shall be provided without 
cost to the employee, without loss of pay and at a reasonable time and 
place. Medical surveillance protocols and examination and test results 
shall be reviewed by the Occupational Physician. The medical surveillance 
program shall contain the requirements specified below. Personnel working 
in contaminated areas of the site shall have been examined as prescribed in 
29 CFR 1910 Section .120, and 29 CFR 1926 Section .65, and determined 
medically fit to perform their duties. 

1.14.1 Frequency of Examinations 

Employees shall have been provided with medical exa~inations as specified, 
within the past 12 months and shall receive exams a3nually thereafter (if 
contract duration exceeds 1 year); on termination of employment; 
reassignment in accordance with 29 CFR 1910 Section .120 (f) (3} (i), and 29 
CFR 1926 Section .65 (f) (3) (i) (C); if the employee develops signs or 
symptoms of illness related to workplace exposures; if the physician 
determines examinations need to be conducted more often than once a year; 
and when an employee develops a lost time injury or illness during the 
period of this contract. The supervisor shall be provided with a written 
statement signed by the physician prior to allowing the employee to return 
to the work site after injury or illness resulting in a lost workday, as 
defined in 29 CFR 1904 Section .12 (f). 

1.14.2 Content of Examinations 

The following elements shall be included in the medical surveillance 
program. Additional elements may be included at the discretion of the 
occupational physician responsible for reviewing the medical surveillance 
protocols. 

a. Complete medical and occupational history (initial exam only}. 

b. General physical examination of major organ systems. 

c. Pulmonary function testing including FVC and FEVl.0. 

d. CBC with differential. 

e. Blood chemistry screening profile (e.g. SMAC 20/25). 

f. Urinalysis with microscopic examination. 

g. Audiometric testing (as required by Hearing Conservation Program). 

h. Visual acuity. 

i. Chest x-ray. (This test shall be performed no more frequently than 
every 4 years, unless directed by Occupational Physician.) 

j. Electrocardiogram (as directed by Occupational Physician). 
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1.14.3 Information Provided to the Occupational Physician 

The physician shall be furnished with the following: 

a. Site information from paragraph, SITE DESCRIPTION AND CONTAMINATION 
CHARACTERIZATION. 

b. Information on the employee's anticipated or measured exposure. 

c. A description of any PPE used or to be used. 

d. A description of the employee's duties as they relate to the 
employee's exposures (including physical demands on the employee 
and heat/cold stress). 

e. A copy of 29 CFR 1910 Section .120, or 29 CFR 1926 Section .65. 

f. Information from previous examinations not readily available to the 
examining physician. 

g. A copy of Section 5.0 of NIOSH Pub No. 85-115. 

h. Information required by 29 CFR 1910 Section .134. 

1.14.4 Physician's Written Opinion 

Before work begins a copy of the physician's written opinion for each 
employee shall be obtained and furnished to the Safety and Health Manager; 
and the employee .. The opinion shall address the employee's ability to 
perform hazardous remediation work and shall contain the following: 

a. The physician's recommended limitations upon the employee's 
assigned work and/or PPE usage. 

b. The physician's opinion about increased risk to the employee's 
health resulting from work; and 

c. A statement that the employee has been informed and advised about 
the results of the examination. 

1.14.5 Medical Records 

Documentation of medical exams shall be provided as part of the Certificate 
of Worker or Visitor Acknowledgment. Medical records shall be maintained in 
accordance with 29 CFR 1910 Section .120, and 29 CFR 1926 Section .65. 

1.15 RADIATION DOSIMETRY 

A radiation protection and dosimetry program shall be described in the SSHP 
and implemented in accordance with 10 CFR 20. Causeway soil containing 
radiological contamination above federal guidelines has been removed from 
the site. A final radiation survey has been completed on the Causeway and 
the facility has been released from the NRC license. 
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1.15.1 Evaluation 

Radiation dosimetry shall be evaluated by an individual or company holding 
current personnel dosimetry accreditation from the National Voluntary 
Laboratory Accreditation Program (NVLAP). Electronic dosimetry may be used 
to assign external dose if approved by the Contracting Officer. 

1.15.2 Documentation 

Employee exposure to external radiation shall be documented. This shall 
include reviewing each employee's radiation exposure history in accordance 
with 10 CFR 20 Section .2104, for compliance with exposure standards prior 
to allowing the employee access to a restricted area. If the employee has 
no exposure history, the employee shall provide a igned written statement 
to that effect. 

1.16 EXPOSURE MONITORING/AIR SAMPLING PROGRAM 

The Safety and Health Manager shall prepare and implement an exposure 
monitoring/air sampling program in accordance with the air monitoring plan 
identified in the SSHP, to identify and quantify safety and health hazards 
and airborne levels of hazardous substances. The air sampling program shall 
be used to assure proper selection of engineering controls, work practices 
and personal protective equipment for affected site personnel and shall 
evaluate the potential impacts to off-site receptors. Available site 
information shall be reviewed and the exposure monitoring/air sampling 
program shall be expanded and/or revised for submittal as part of the SSHP. 

At a minimum, air monitoring shall be conducted during excavation of soil 
contaminated with voes and svocs in exceedance of CTDEP RSRs PMC criteria. 
Monitoring activities should include the use of real-time monitoring 
equipment, including a photoionization detector or a flame ionization 
detector, to monitor concentrations of volatiles in the breathing zone. 
Additional monitoring devices should be available to identify the type of 
volatile contaminant present if levels in the breathing zone persist above 
action levels. 

Dust monitoring should be conducted during demolition/excavation activities 
to ensure off-site migration of dust is not creating a potentially hazardous 
situation. At a minimum, real-time monitoring equipment shall be used to 
monitor the levels of airborne dust. 

1.17 HEAT AND COLD STRESS MONITORING 

The Safety and Health Manager shall develop a heat stress and cold stress 
monitoring program for onsite activities. Details of the monitoring 
program, including schedules for work and rest, and physiological monitoring 
requirements, shall be described in the SSHP. Personnel shall be trained to 
recognize the symptoms of heat and cold stress. The SSHO and an alternate 
person shall be designated, in writing, to be responsible for the heat and 
cold stress monitoring program. 
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1.17.1 Heat Stress 

Physiological monitoring shall commence when the ambient temperature is 
above 70 degrees F. Monitoring frequency shall increase as the ambient 
temperature increases or as slow recovery rates are observed. An adequate 
supply of cool drinking water shall be provided for the workers. NIOSH Pub 
No. 85-115 may be consulted for guidance in determining protocols for 
prevention of heat stress. 

1.17.2 Cold Stress 

To guard against cold injury, appropriate clothing and warm shelter for rest 
periods shall be provided. Procedures to monitor and avoid cold stress 
shall be followed in accordance with the current TLVs for Cold Stress as 
recommended in ACGIH Threshold Limits. 

1.18 SAFETY PROCEDURES, ENGINEERING CONTROLS AND WORK PRACTICES 

The SSHP shall describe the standard operating safety procedures, 
engineering controls and safe work practices to be implemented for the work 
covered. These shall include, but not be limited to, the following: 

1.18. 1 General Site Rules/Prohibitions 

General site rules/prohibitions (e.g., buddy system, eating, drinking, and 
smoking restrictions, etc.) will be applicable in the Exclusion Zone. 

1. 18. 2 Work Permit Requirements 

Work permits shall not be required for completion of this work. 

1. 18. 3 Material Handling Procedures 

Excavated soil containing concentrations of site contaminants in excess of 
CTDEP RSRs shall be transported off-site to an appropriate 
treatment/disposal facility. The material shall be excavated, placed into 
dump trucks, and transported directly to the treatment/disposal facility. 
No additional handling of the material shall be conducted, unless otherwise 
directed by the Contracting Officer. Contaminated material handling shall 
comply with the requirements in Section 02111 EXCAVATION AND HANDLING OF 
CONTAMINATED MATERIAL. 

1.18.3.1 Spill and Discharge Control 

Written spill and discharge containment/control procedures shall be 
developed in the SSHP and implemented during construction. These procedures 
shall describe prevention measures, such as building berms or dikes; spill 
control measures and material to be used (e.g. booms, vermiculite); location 
of the spill control material; personal protective equipment required to 
cleanup spills; disposal of contaminated material; and who is responsible to 
report the spill. If the spill or discharge is reportable, and/or human 
health or the environment are threatened, the National Response Center, the 
state, and the Contracting Officer shall be notified as soon as possible. 
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1.19 SITE CONTROL MEASURES 

In order to prevent the spread of contamination and control the flow of 
personnel, vehicles, and materials into and out of work areas, site control 
measures shall be established and described in the SSHP. The SSHP shall 
describe the methodology to be used by the Safety and Health Manager and 
SSHO in determining work zone designations and their modifications, and 
procedures to limit the spread of contamination. The SSHP shall include 
procedures for the implementation and enforcement of safety and health rules 
for all persons on the site, including employers, employees, outside 
Contractors, government representatives, and visitors. 

1.19.1 Work Zones 

Initial anticipated Contractor accessible areas are shown on the drawings. 
Utilizing this guidance, work zone boundaries (exclusion zone, including 
restricted and regulated areas; contamination reduction zone; and support 
zone) and access points shall be established and the boundary delineations 
shall be included on the drawings and in the SSHP. Delineation of work zone 
boundaries shall be based on the contamination characterization data and the 
hazard/risk analysis to be performed as described in paragraph: HAZARD/RISK 
ANALYSIS. As work progresses and field conditions are monitored, work zone 
boundaries may be modified with approval of the Contracting Officer. Work 
zones shall be clearly identified and marked in the field (using fences, 
tape, signs, etc.). A site map, showing work zone boundaries and locations 
of decontamination facilities, shall be posted in the onsite office. Work 
zones shall consist of the following: 

a. Exclusion Zone (EZ): The exclusion zone is the area where 
hazardous contamination is either known or expected to occur and 
the greatest potential for exposure exists. Entry into this area 
shall be controlled and exit may only be made through the CRZ. 

b. Contamination Reduction Zone (CRZ): The CRZ is the transition area 
between the Exclusion Zone and the Support Zone. The personnel and 
equipment decontamination areas shall be separate and unique areas 
located in the CRZ. 

c. Support Zone (SZ): The Support Zone is defined as areas of the 
site, other than exclusion zones and contamination reduction zones, 
where workers do not have the potential to be exposed to hazardous 
substances or dangerous conditions resulting from hazardous waste 
operations. The Support Zone shall be secured against active or 
passive contamination. Site offices, parking areas, and other 
support facilities shall be located in the Support Zone. 

1.19.2 Site Control Log 

A log of personnel visiting, entering, or working on the site shall be 
maintained. The log shall include the following: date, name, agency or 
company, time entering and exiting site, time entering and exiting the 
exclusion zone (if applicable), and personal protective equipment utilized. 
Before visitors are allowed to enter the Contamination Reduction Zone or 
Exclusion Zone, they shall show proof of current training, medical 
surveillance and respirator fit testing (if respirators are required for the 
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tasks to be performed) and shall fill out the Certificate of Worker or 
Visitor Acknowledgment. This visitor information, including date, shall be 
recorded in the log. 

1.19.3 Communication 

An employee alarm system that has adequate means of on and off site 
communication shall be provided and installed in accordance with 29 CFR 1910 
Section .165. The means of communication shall be able to be perceived 
above ambient noise or light levels by employees in the affected portions of 
the workplace. The signals shall be distinctive and recognizable as 
messages to evacuate or to perform critical operations. This includes: air 
horns for emergency situations, two-way radio communications for on-site 
Contractor personnel, and telephone for off-site communications. 

In addition, the Contractor shall obtain a SAEP approved two-way radio for 
communication with SAEP personnel on a daily basis. This radio must be 
returned to SAEP upon departure from the site, daily. 

1.19.4 Site Security 

The SAEP site has 24-hour security personnel on-site, in addition to 
monitored perimeter fencing. The Contractor shall supply warning signs 
printed in bold large letters on contrasting backgrounds in English and/or 
where appropriate, in the predominant language of workers unable to read 
English. Signs shall be visible from all points where entry might occur and 
at such distances from the restricted area that employees may read the signs 
and take necessary protective steps before entering. 

1.20 PERSONAL HYGIENE AND DECONTAMINATION 

Personnel entering the Exclusion or Contamination Reduction Zones or 
otherwise exposed or subject to exposure to hazardous chemical vapors, 
liquids, or contaminated solids shall adhere to the following personal 
hygiene and decontamination provisions. Decontamination shall be performed 
in the CRZ prior to entering the Support Zone from the Exclusion Zone. 
Chapter 10.0 of NIOSH Pub No. 85-115 shall be consulted when preparing 
decontamination procedures. A detailed discussion of personal hygiene and 
decontamination facilities and procedures to be followed by site workers 
shall be submitted as part of the SSHP. Employees shall be trained in the 
procedures and the procedures shall be enforced throughout site operations. 
Persons disregarding these provisions of the SSHP shall be barred from the 
site. 

1.20.1 Personnel Decontamination Facilities 

A personnel decontamination facility shall be provided in the CRZ. This 
facility shall be used by both Contractor personnel and government 
representatives. The decontamination facility shall provide for separation 
of street clothing and contaminated PPE and shall be equipped with heating, 
lighting, ventilation, a change room and lockers, hot and cold water, 
towels, and soap in sufficient quantities for all anticipated personnel. 
Decontamination water containing surfactants shall be segregated from 
surfactant-free decontamination water for disposal. 
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1.20.2 Procedures 

Minimum decontamination procedures are listed below. Available site 
information shall be reviewed and these procedures shall be expanded and/or 
revised for submittal as part of the SSHP. 

Decontamination of on-site personnel shall include removal of gross 
contamination from PPE, removal of PPE (except gloves), removal of gloves, 
and washing and drying of exposed skin surfaces (e.g., hands, arms, face, 
etc.). Decontamination procedures should be completed in the above-listed 
order. 

1.21 EQUIPMENT DECONTAMINATION 

Vehicles and equipment used in the EZ shall be decontaminated in the CRZ 
prior to leaving the site. The procedures for decontamination of vehicles 
and equipment shall be addressed in the SSHP. 

1.21.1 Equipment Decontamination Facilities 

An equipment decontamination station shall be provided within the CRZ (on 
facility property) for decontaminating vehicles and equipment leaving the 
EZ. At a minimum, the decontamination station shall include the following: 
A traffic surface consisting of a minimum of 12 inches of crushed rock. The 
crushed rock shall be underlayed by a chemically resistant impermeable 
flexible membrane, such as HDPE, PVC or VLDPE with a minimum thickness of 40 
mils. The liner shall be protected from damage on top with a geotextile. 
The base layer on which the membrane is placed shall be free of objects 
greater than 0.375 inches in diameter and any other materials which could 
puncture or damage the membrane. The pad shall be constructed to capture 
decontamination water, including overspray, and shall allow for collection 
and removal of the decontamination water using sumps, dikes and ditches as 
required. A steam cleaning system shall be used to remove site material from 
the equipment. The use of surfactants shall not be allowed, due to 
discharge requirements to the facility Chemical Waste Treatment Plant, 
unless approved by the Contracting Officer. 

There shall be a designated "clean area" in the CRZ for performing equipment 
maintenance. This area shall be used when personnel are required by normal 
practices to come in contact with the ground, i.e., crawling under a vehicle 
to change engine oil. Equipment within the EZ or CRZ shall be 
decontaminated before maintenance is performed. 

1.21.2 Procedures 

Procedures for equipment decontamination shall be developed and utilized to 
prevent the spread of contamination into the SZ and offsite areas. These 
procedures shall address disposal of contaminated products and spent 
materials used on the site, including containers, fluids, oils, etc. Any 
item taken into the EZ shall be assumed to be contaminated and shall be 
inspected and/or decontaminated before the item leaves the area. Vehicles, 
equipment, and materials shall be cleaned and decontaminated prior to 
leaving the site. Construction material shall be handled in such a way as 
to minimize the potential for contaminants being spread and/or carried 
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offsite. Prior to exiting the site, vehicles and equipment shall be 
inspected to ensure the adequacy of decontamination. 

1.22 DEBRIS DECONTAMINATION 

Demolition debris and oversized debris to be removed from the Causeway shall 
be cleaned of Causeway soil as detailed in Section 02220 DEMOLITION. The 
procedures for decontamination of debris shall be addressed in the SSHP. 

1.23 EMERGENCY EQUIPMENT AND FIRST AID REQUIREMENTS 

The SSHP shall describe the emergency and first aid equipment to be 
available onsite. The following items, as a minimum, shall be maintained 
onsite and available for immediate use: 

1.24 

a. First aid equipment and supplies approved by the consulting 
physician. 

b. Emergency eyewashes and showers which comply with ANSI Z358.1. 

c. Emergency-use respirators. For escape purposes, two 5- to 15-
minute emergency escape masks shall be supplied. For rescue 
purposes, two positive pressure self-contained breathing apparatus 
(SCBA) shall be supplied. These shall be dedicated for emergency 
use only and maintained onsite in the Contamination Reduction Zone. 

d. Fire extinguishers with a minimum rating of 20-A:120-B:C shall be 
provided at site facilities and in all vehicles and at any other 
site locations where flammable or combustible materials present a 
fire risk. 

EMERGENCY RESPONSE AND CONTINGENCY PROCEDURES 

An Emergency Response Plan, that meets the requirements of 29 CFR 
1910Section .120 (1) and 29 CFR 1926 Section .65 (1), shall be developed and 
implemented as a section of the SSHP. In the event of any emergency 
associated with remedial action, the Contractor shall, without delay, alert 
all onsite employees that there is an emergency situation; take action to 
remove or otherwise minimize the cause of the emergency; alert the 
Contracting Officer; and institute measures necessary to prevent repetition 
of the conditions or actions leading to, or resulting in, the emergency. 
Employees that are required to respond to hazardous emergency situations 
shall be trained in how to respond to such expected emergencies. The plan 
shall be rehearsed regularly as part of the overall training program for 
site operations. The plan shall be reviewed periodically and revised as 
necessary to reflect new or changing site conditions or information. Copies 
of the accepted SSHP and revisions shall be provided to the affected local 
emergency response agencies. The following elements, as a minimum, shall be 
addressed in the plan: 

a. Pre-emergency planning. The local emergency response agencies 
shall be contacted and met with during preparation of the Emergency 
Response Plan. Agencies to be contacted include local fire, 
police, and rescue authorities with jurisdiction and nearby medical 
facilities that may be utilized for emergency treatment of injured 
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personnel. At these meetings, the agencies shall be notified of 
upcoming site activities and potential emergency situations. The 
response agencies' capabilities shall be ascertained and written 
response commitments obtained. The Contractor shall ensure the 
Emergency Response Plan for the site is compatible and integrated 
with the disaster, fire and/or emergency response plans of local, 
state, and Federal agencies. 

b. Personnel roles, lines of authority, communications for 
emergencies. 

c. Emergency recognition and prevention. 

d. Site topography, layout, and prevailing weather conditions. 

e. Criteria and procedures for site evacuation (emergency alerting 
procedures, employee alarm system, emergency PPE and equipment, 
safe distances, places of refuge, evacuation routes, site security 
and control). 

f. Specific procedures for decontamination and medical treatment of 
injured personnel. 

g. Route maps to nearest pre-notified medical facility. Site-support 
vehicles shall be equipped with maps. At the beginning of project 
operations, drivers of the support vehicles shall become familiar 
with the emergency route and the travel time required. 

h. Emergency alerting and response procedures including posted 
instructions and a list of names and telephone numbers of emergency 
contacts (physician, nearby medical facility, fire and police 
departments, ambulance service, Federal, state, and local 
environmental agencies; as well as Safety and Health Manager, the 
Site Superintendent, the Contracting Officer and/or their 
alternates). 

i. Criteria for initiating community alert program, contacts, and 
responsibilities. 

j. Procedures for reporting incidents to appropriate government 
agencies. In the event that an incident such as an explosion or 
fire, or a spill or release of toxic materials occurs during the 
course of the project, the appropriate government agencies shall be 
immediately notified. In addition, the Contracting Officer shall 
be verbally notified immediately and receive a written notification 
within 24 hours. The report shall include the following items: 

(1) Name, organization, telephone number, and location of the 
Contractor. 

(2) Name and title of the person(s) reporting. 

(3) Date and time of the incident. 

(4) Location of the incident, i.e., site location, facility name. 
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1.25 

(5) Brief summary of the incident giving pertinent details 
including type of operation ongoing at the time of the 
incident. 

(6) Cause of the incident, if known. 

(7) Casualties (fatalities, disabling injuries). 

(8) Details of any existing chemical hazard or contamination. 

(9) Estimated property damage, if applicable. 

(10) Nature of damage, effect on contract schedule. 

(11) Action taken to ensure safety and security. 

(12) Other damage or injuries sustained, public or private. 

k. Procedures for critique of emergency responses and follow-up. 

CERTIFICATE OF WORKER/VISITOR ACKJ:-JOWLEDGEMENT 

A copy of a Contractor-generated certificate of worker/visitor 
acknowledgement shall be completed and submitted for each visitor allowed to 
enter contamination reduction or exclusion zones, and for each employee, 
following the example certificate at the end of this section. 

1.26 INSPECTIONS 

The SSHO shall perform daily inspections of the jobsite and the work in 
progress to ensure compliance with EM 385-1-1, the Safety and Health 
Program, the SSHP and other occupational health and safety requirements of 
the contract, and to determine the effectiveness of the SSHP. Procedures 
for correcting deficiencies (including actions, timetable and 
responsibilities) shall be described in the SSHP. Follow-up inspections to 
ensure correction of deficiencies shall be conducted and documented. Daily 
safety inspection logs shall be used to document the inspections, noting 
safety and health deficiencies, deficiencies in the effectiveness of the 
SSHP, and corrective actions taken. The SSHO's Daily Inspection Logs shall 
be attached to and submitted with the Daily Quality Control reports. Each 
entry shall include the following: date, work area checked, employees 
present in work area, PPE and work equipment being used in each area, 
special safety and health issues and notes, and signature of preparer. In 
the event of an accident, the Contracting Officer shall be notified 
according to EM 385-1-1. Within 2 working days of any reportable accident, 
an Accident Report shall be completed on ENG Form 3394 and submitted. 

1.27 SAFETY AND HEALTH PHASE-OUT REPORT 

A Safety and Health Phase-Out Report shall be submitted within 10 working 
days following completion of the work, prior to final acceptance of the 
work. The following minimum information shall be included: 
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a. Summary of the overall performance of safety and health (accidents 
or incidents including near misses, unusual events, lessons 
learned, etc.). 

b. Final decontamination documentation including procedures and 
techniques used to decontaminate equipment, vehicles, and on site 
facilities. 

c. Summary of exposure monitoring and air sampling accomplished during 
the project. 

d. Signatures of Safety and Health Manager and SSHO. 
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EXAMPLE CERTIFICATE OF WORKER/VISITOR ACKNOWLEDGMENT 

PROJECT NAME 
PROJECT ADDRESS 
CONTRACTOR'S NAME 

CONTRACT NO. 

[EMPLOYEE'S] [VISITOR'S] NAME 

The contract for the above project requires the following: that you be 
provided with and complete formal and site-specific training; that you be 
supplied with proper personal protective equipment including respirators; 
that you be trained in its use; and that you receive a medical examination 
to evaluate your physical capacity to perform your assigned work tasks, 
under the environmental conditions expected, while wearing the required 
personal protective equipment. These things are to be done at no cost to 
you. By signing this certification, you are acknowledging that your 
employer has met these obligations to you. 

I HAVE READ, UNDERSTAND AND AGREE TO FOLLOW THE SITE SAFETY AND HEALTH PLAN 
FOR THIS SITE. 

Name Date 

FORMAL TRAINING: I have completed the following formal training courses 
that meet OSHA's requirements: 

Date Completed 

40 hour: ............................ . ---------8 hour supervisory: ................... ________ _ 
8 hour ref re sher: .................... . ---------

SITE-SPECIFIC TRAINING: I have been provided and have completed the site
specific training required by this Contract. The Site Safety and Health 
Officer conducted the training. 

RESPIRATORY PROTECTION: I have been trained in accordance with the criteria 
in [the Contractor's] [my Employer's] Respiratory Protection program. I 
have been trained in the proper work procedures and use and limitations of 
the respirator(s) I will wear. I have been trained in and will abide by the 
facial hair policy. 

RESPIRATOR FIT-TEST TRAINING: I have been trained in the proper selection, 
fit, use, care, cleaning, and maintenance, and storage of the respirator(s) 
that I will wear. I have been fit-tested in accordance with the criteria in 
[the Contractor's] [my employer's] Respiratory Program and have received a 
satisfactory fit. [I have been assigned my individual respirator.] I have 
been taught how to properly perform positive and negative pressure fit-check 
upon donning negative pressure respirators each time. ________ _ 

SECTION 01351 PAGE 27 



STRATFORD ARMY ENGINE PLANT CAUSEWAY NCRA 
PHASE I 
STRATFORD, CONNECTICUT 

MEDICAL EXAMINATION: I have had a medical examination within the last 
twelve months which was paid for by my employer. The examination included: 
health history, pulmonary function tests and may have included an evaluation 
of a chest ax-ray. A physician made determination regarding my physical 
capacity to perform work tasks on the project while wearing protective 
equipment including a respirator. I was personally provided a copy and 
informed of the results of that examination. My employer's industrial 
hygienist evaluated the medical certification provided by the physician and 
checked the appropriate blank below. The physician determined that there: 

were no limitations to performing the required work tasks; 

were identified physical limitations to performing the required work 
tasks. 

Date medical exam completed 

[Employee's] [Visitor's] Signature 
Date 

Printed Name 

Social Security Number 

Contractor's Site Safety and Health Officer Signature 

Date 

Printed Name 

Social Security Number 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION (NOT APPLICABLE) 

--End of Section--
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PART 1 GENERAL 

SECTION 01410 

ENVIRONMENT PROTECTION 
02/97 

1.1 DESCRIPTION 

The Contractor shall perform the work minimizing environmental pollution and 
damage as the result of construction operations. Environmental pollution 
and damage is the presence of chemical, physical, or biological elements or 
agents which adversely affect human health or welfare; unfavorably alter 
ecological balances of importance to human life; affect other species of 
importance to humankind; or degrade the utility of the environment for 
aesthetic, cultural and/or historical purposes. The control of 
environmental pollution and damage requires consideration of land, water, 
and air, and includes management of visual aesthetics, noise, solid waste, 
and dust, as well as other pollutants. The environmental resources within 
the project boundaries and those affected outside the limits of permanent 
work shall be protected during the entire duration of this contract. 

1.2 REFERENCES (NOT USED) 

1.3 SUBMITTALS 

Government approval is required for submittals with a 11 GA 11 designation; 
submittals not having a "GA" designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

SD-01 Pre-construction Submittals 

Environment Protection Plan; GA 

The Contractor shall submit, an Environment Protection Plan. Approval 
of the Contractor 1 s plan will not relieve the Contractor of 
responsibility for adequate and continuing control of pollutants and 
other environmental protection measures. The environmental protection 
plan shall include, but shall not be limited to, the following: 

a. Pre-construction Site Inventory Report indicating the site 
conditions prior to initiating work, including the conditions on 
property adjacent to the site. 

b. Erosion and Sediment Control Plan detailing the procedures to be 
followed to limit erosion from the Causeway surface during site 
work. 

c. A list of Federal, State, and local laws, regulations, and permits 
concerning environmental protection, pollution control and 
abatement that are applicable to the Contractor's proposed 
operations and the requirements imposed by those laws, regulations, 
and permits. 
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d. Methods for protection of features to be preserved within 
authorized work areas like air and water quality, fish and 
wildlife, tidal flat sediment, historical, archaeological, and 
cultural resources. 

e. Procedures to be implemented to provide the required environmental 
protection, to comply with the applicable laws and regulations, and 
to correct pollution due to accident, natural causes, or failure to 
follow the procedures of the environmental protection plan. 

f. Drawings showing locations of any proposed material storage areas, 
and stockpiles of excess or spoil materials. 

g. Environmental monitoring plans for the job site, including land, 
water, air, and noise monitoring. 

h. Traffic control plan including measures to reduce the amount of mud 
transported onto paved public roads by vehicles or runoff. 

i. Methods of protecting surface and ground water during construction 
activities. 

j. Plan showing the proposed activity in each portion of the work area 
and identifying the areas of limited use or nonuse. Plan should 
include measures for marking the limits of use areas. 

k. A recycling and waste prevention plan with a list of measures to 
reduce consumption of energy and natural resources; for example: 
the possibility to shred fallen trees and use them as mulch shall 
be considered as an alternative to burning or burial. 

1. Training for Contractor's personnel during the construction period. 

1.4 CONTRACTOR REQUIREMENTS 

1.4.1 Subcontractors 

The Contractor shall ensure compliance with this section by subcontractors. 

1.4.2 Permits 

The Contractor shall obtain all needed permits or licenses. The Government 
will not obtain any permits for this project; see Contract Clause PERMITS 
AND RESPONSIBILITIES. The Contractor shall be responsible for implementing 
the terms and requirements of the appropriate permits as needed and for 
payment of all fees. 

1.4.3 Pre-construction Site Inventory 

Prior to starting any onsite construction activities, the Contractor and the 
Contracting Officer shall make a joint condition survey after which the 
Contractor shall prepare a brief report indicating on a layout plan the 
condition of trees, shrubs and grassed areas immediately adjacent to work 
sites and adjacent to the assigned storage area and access routes as 
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applicable. This report will be signed by both the Contracting Officer and 
the Contractor upon mutual agreement as to its accuracy and completeness. 

1.4.4 Meetings 

The Contractor shall meet with representatives of the Contracting Officer to 
alter the environmental protection plan as needed for compliance with the 
environmental pollution control program. 

1.4.5 Notification 

The Contracting Officer will notify the Contractor in writing of any 
observed noncompliance with the previously mentioned Federal, State or local 
laws or regulations, permits, and other elements of the Contractor's 
Environment Protection Plan. The Contractor shall, after receipt of such 
notice, inform the Contracting Officer of proposed corrective action and 
take such action when approved. If the Contractor fails to comply promptly, 
the Contracting Officer may issue an order stopping all or part of the work 
until satisfactory corrective action has been taken. No time extensions 
shall be granted or costs or damages allowed to the Contractor for any such 
suspensions. 

1.4.6 Litigation 

If work is suspended, delayed, or interrupted due to a court order of 
competent jurisdiction, the Contracting Officer will determine whether the 
order is due in any part to the acts or omissions of the Contractor, or 
subcontractors at any tier, not required by the terms of the contract. If 
it is determined that the order is not due to Contractor's failing, such 
suspension, delay, or interruption shall be considered as ordered by the 
Contracting Officer in the administration of the contract under the contract 
clause SUSPENSION OF WORK. 

1.4.7 Previously Used Equipment 

The Contractor shall thoroughly clean all construction equipment previously 
used at other sites before it is brought into the.work areas, ensuring that 
soil residuals are removed and that egg deposits from plant pests are not 
present. 

1.4.8 Payment 

No separate payment will be made for work covered under this section; all 
costs associated with this section shall be included in the contract unit 
and/or lump sum prices in the Bidding Schedule. 

1.5 LAND RESOURCES 

The Contractor shall confine all activities to areas defined by the drawings 
and specifications. Prior to the beginning of any construction, the 
Contractor shall identify the land resources to be preserved within the work 
area. Except in areas indicated on the drawings or specified to be cleared, 
the Contractor shall not remove, cut, deface, injure, or destroy land 
resources including trees, shrubs, vines, grasses, topsoil, and land forms 
without permission. No ropes, cables, or guys shall be fastened to or 
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attached to any trees for anchorage unless specifically authorized. Where 
such emergency use is permitted, the Contractor shall provide effective 
protection for land and vegetation resources at all times as defined in the 
following subparagraphs. Stone, earth or other material displaced into 
uncleared areas shall be removed. 

1.5.1 Work Area Limits 

Prior to any construction, the Contractor shall mark the areas that need not 
be disturbed under this contract. Isolated areas within the general work 
area which are to be saved and protected shall also be marked or fenced. 
Monuments and markers shall be protected before construction operations 
commence. Where construction operations are to be conducted during 
darkness, the markers shall be visible. The Contractor's personnel shall be 
knowledgeable of the purpose for marking and/or protecting particular 
objects. 

1.5.2 Landscape 

Trees, shrubs, vines, grasses, land forms and other landscape features 
indicated and defined on the drawings to be preserved shall be clearly 
identified by marking, fencing, or wrapping with boards, or any other 
approved techniques. 

1.5.3 Unprotected Erodible Soils 

Earthwork brought to final grade shall be finished as indicated. Side 
slopes and back slopes shall be protected as soon as practicable upon 
completion of rough grading. All earthwork shall be planned and conducted 
to minimize the duration of exposure of unprotected soils. Except in cases 
where the constructed feature obscures borrow areas, quarries, and waste 
material areas, these areas shall not initially be totally cleared. 
Clearing of such areas shall progress in reasonably sized increments as 
needed to use the developed areas as approved by the Contracting Officer. 

1.5.4 Disturbed Areas 

The Contractor shall effectively prevent erosion and control sedimentation 
through approved methods including, but not limited to, the following: 

1.5.5 

a. Erosion and sedimentation control devices. The Contractor shall 
construct or install temporary and permanent erosion and 
sedimentation control features as indicated on the drawings. 
Berms, dikes, drains, sedimentation basins, grassing, and mulching 
shall be maintained until permanent drainage and erosion control 
facilities are completed and operative. 

Contractor Facilities and Work Areas 

The Contractor's field offices, staging areas, and stockpile storage shall 
be placed in areas designated on the drawings or as directed by the 
Contracting Officer. Temporary movement or relocation of Contractor 
facilities shall be made only when approved. Spoil areas shall be managed 
and controlled to limit spoil intrusion into areas designated on the 
drawings and to prevent erosion of soil or sediment from entering nearby 
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waters. Spoil areas shall be developed in accordance with the grading plan 
indicated on the drawings. Temporary excavation and embankments for plant 
and/or work areas shall be controlled to protect adjacent areas from 
despoilment. 

1.6 WATER RESOURCES 

The Contractor shall keep construction activities under surveillance, 
management, and control to avoid pollution of surface and ground waters. 
Toxic or hazardous chemicals shall not be applied to soil or vegetation when 
such application may cause contamination of the fresh water reserve. 
Monitoring of water areas affected by construction shall be the Contractor's 
responsibility. All water areas affected by construction activities shall 
be monitored by the Contractor. 

1.6.1 Erosion and Sedimentation Control 

Erosion and sedimentation control measures shall be implemented during 
construction activities, as required in Section 02271 EROSION AND SEDIMENT 
CONTROL, to limit the runoff of sediment into the tidal flats and the 
Housatonic River. 

1.6.2 Decontamination Water 

Waste waters directly derived from decontamination activities shall not be 
allowed to enter water areas. Waste waters shall be collected and placed in 
storage tanks where suspended material can be settled out. Analysis for 
volatile organic compounds (VOCs) shall be performed, and results reviewed 
and approved, before water in storage tanks is discharged to the Building 63 
Chemical Waste Treatment Plant (CWTP) sump, in accordance with the 
requirements specified in the Emergency Discharge Authorization Permit 
(Permit No. EA0100149). No surfactants shall be discharged to the CWTP 
without prior approval by the Contracting Officer. 

1.6.3 Fish and Wildlife 

The Contractor shall minimize interference with, disturbance to, and damage 
of fish and wildlife. Species that require specific attention along with 
measures for their protection shall be listed by the Contractor prior to 
beginning of construction operations. 

1.7 AIR RESOURCES 

Equipment operation and activities or processes performed by the Contractor 
in accomplishing the specified construction shall be in accordance with 
Federal and State emission and performance laws and standards. Ambient Air 
Quality Standards set by the Environmental Protection Agency shall be 
maintained. Monitoring of air quality shall be the Contractor's 
responsibility. All air areas affected by the construction activities shall 
be monitored by the Contractor in accordance with the air monitoring plan 
outlined in the SSHP. 
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1.7.1 Particulates 

Dust particles; aerosols and gaseous by-products from construction 
activities; and processing and preparation of materials shall be controlled 
at all times, including weekends, holidays and hours when work is not in 
progress. The Contractor shall maintain excavations, stockpiles, haul 
roads, spoil areas, and other work areas within or outside the project 
boundaries free from particulates which would cause the air pollution 
standards to be exceeded or which would cause a hazard or a nuisance. 
Sprinkling or chemical treatment of an approved type will be permitted to 
control particulates in the work area. Sprinkling, to be efficient, must be 
repeated to keep the disturbed area damp at all times. The Contractor must 
have sufficient, competent equipment available to accomplish these tasks. 
Particulate control shall be performed as the work proceeds and whenever a 
particulate nuisance or hazard occurs. 

1.7.2 Hydrocarbons and Carbon Monoxide 

Hydrocarbons and carbon monoxide emissions from equipment shall be 
controlled to Federal and State allowable limits at all times. 

1.7.3 Odors 

Odors shall be controlled at all times for all construction activities, 
processing and preparation of materials. 

1.7.4 Sound Intrusions 

The Contractor shall keep construction activities under surveillance and 
control to minimize environment damage by noise. The Contractor shall 
comply with the provisions of the State of Connecticut rules. 

1.8 WASTE DISPOSAL 

Disposal of wastes shall be as specified in Sections 02120 TRANSPORTATION 
AND DISPOSAL OF HAZARDOUS MATERIALS and 02220 DEMOLITION and as specified 
below. 

1.8.1 Solid Wastes 

Solid wastes (excluding clearing debris) shall be placed in containers which 
are emptied on a regular schedule. Handling and disposal shall be conducted 
to prevent contamination. Segregation measures shall be employed so that no 
hazardous or toxic waste will become co-mingled with solid waste. The 
Contractor shall transport solid waste off Government property and dispose 
of it in compliance with Federal, State, and local requirements for solid 
waste disposal. 

1.8.2 Hazardous Wastes 

The Contractor shall collect hazardous materials in suitable containers 
observing compatibility. The Contractor shall transport hazardous waste off 
Government property and dispose of it in compliance with Federal and local 
laws and regulations. Spills of hazardous or toxic materials shall be 
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immediately reported to the Contracting Officer. Cleanup and cleanup costs 
due to spills shall be the Contractor's responsibility. 

1.9 HISTORICAL, ARCHAEOLOGICAL, AND CULTURAL RESOURCES 

Existing historical, archaeological, and cultural resources within the 
Contractor's work area will be so designated by the Contracting Officer if 
any has been identified. The Contractor shall take precautions to preserve 
all such resources as they existed at the time they were first pointed out. 
The Contractor shall provide and install protection for these resources and 
be responsible for their preservation during the life of the contract. If 
during excavation or other construction activities any previously 
unidentified or unanticipated re.sources are discovered or found, all 
activities that may damage or alter such resources shall be temporarily 
suspended. Resources covered by this paragraph include but are not limited 
to: any human skeletal remains or burials; artifacts; shell, midden, bone, 
charcoal, or other deposits; rocks or coral alignments, pavings, wall, or 
other constructed features; and any indication of agricultural or other 
human activities. Upon such discovery or find, the Contractor shall 
immediately notify the Contracting Officer. 

1.10 POST CONSTRUCTION CLEANUP 

The Contractor shall clean up all areas used for construction. 

1.11 RESTORATION OF LANDSCAPE DAMAGE 

The Contractor shall restore landscape features damaged or destroyed during 
construction operations outside the limits of the approved work areas. 

1.12 MAINTENANCE OF POLLUTION FACILITIES 

The Contractor shall maintain permanent and temporary pollution control 
facilities and devices for the duration of the contract or for that length 
of time construction activities create the particular pollutant. 

1.13 TRAINING OF CONTRACTOR PERSONNEL 

The Contractor's personnel shall be trained in all phases of environmental 
protection. The training shall include methods of detecting and avoiding 
pollution, familiarization with pollution standards, both statutory and 
contractual, and installation and care of devices, vegetative covers, and 
instruments required for monitoring purposes to ensure adequate and 
continuous environmental pollution control. 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION (NOT APPLICABLE) 

--End of Section--
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SECTION 01411 

SAMPLING PROCEDURES AND LABORATORY SERVICES 

01/94 

PART 1 GENERAL 

1.1 DESCRIPTION 

This section covers the sampling and analysis of excavated soil and 
demolition/oversized debris, to determine the presence or absence of 
contamination for confirmation and characterization purposes. Collection 
and analysis of decontamination wastewater samples is also covered in this 
section. 

1.2 REFERENCES 

The references listed below form a part of this specification to the extent 
referenced. The publications are referred to in the text by the basic 
designation only. 

SW-846 

EPA-600/4-79-20 

EPA-600/4-84-076 

EPA/540/G-87/003 

ER 1110 - 1- 2 6 3 

1.3 SUBMITTALS 

ENVIRONMENTAL PROTECTION AGENCY (EPA) 

Test Methods for Evaluating Solid Waste 
Physical/Chemical Methods, 3rd edition, 
latest revision. 

Methods for Chemical Analysis of Water and 
Wastes, Revised March 1983. 

Characterization of Hazardous Waste Sites - A 
Method Manual: Volume II. Available Sampling 
Methods, Second Edition, December 1984, NTIS 
No. PBSS-168771 

Data Quality Objectives for Remedial Response 
Activities - Development Process, March 1987. 

CORPS OF ENGINEERS (COE) 

Chemical Quality Management for Hazardous 
waste Remedial Activities, 1 October 1990 

Government approval is required for submittals with a "GA" designation; 
submittals not having a 11 GA 11 designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

SD-01 Pre-constLuctlon Submittals 

Contractor 1 s Laboratory; GA 
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The Contractor shall submit the name, address, telephone number and 
point of contact for the proposed laboratory as soon as possible, 
but no later than 7 days, after notice to proceed. This will 
expedite the laboratory validation/approval process. 

As part of the Work Plan, specified in Section 02111 EXCAVATION AND 
HANDLING OF CONTAMINATED MATERIAL, the Contractor shall submit a Sampling 
and Analysis Plan that provides the details of the field and laboratory 
sampling and testing requirements for this project. It shall include 
specific information (including reporting limits, methods, and/or standard 
operating procedures) for field screening and laboratory methods, as 
necessary. 

As part of the Phase I Completion Report, specified in Section 01780 
CLOSEOUT SUBMITTALS, the Contractor shall submit characterization sampling 
analytical results. Data submittals shall include the results of all 
analyses, including quality control (QC) sample analyses (e.g. duplicates 
and matrix spikes). Results should also include any unusual observations 
such as the presence of interferences, etc. Data reporting requirements 
for test results will be consistent with EPA's Level III Analytical Support 
Requirements as given in EPA/540/G-87/003. The test results report shall 
include information relating the identity of split QA samples (split QA 
samples sent to NED laboratory) to QC samples (duplicate samples sent to 
the Contractor's Laboratory). This information must be provided in order 
for the COE NED Laboratory to perform a data comparison between split 
sample results. Test reports should also include all applicable method 
references and dates for extraction and analysis of field samples. 
Information copies of the test reports shall be sent to the following 
address: 

U.S. Army Corps of Engineers 
Environmental Laboratory 
476 Cold Brook Road 
Hubbardston, MA 01452 
ATTN: Mr. David Lubianez 

1.4 CONTRACTOR REQUIREMENTS 

1.4.1 Laboratory Services 

U.S. Army Corps of Engineers 
Engineering Management Division 
424 Trapelo Road 
Waltham, MA 02254-9149 
ATTN: [Engineering Manager] 

The Contractor shall provide and coordinate the services of an environmental 
chemical laboratory to take samples and perform analyses. Laboratory 
capabilities must be provided for the duration of the work. The facilities 
must meet the requirements of this specification and are subject to 
inspection and prior approval by the Contracting Officer. 

1.4.1.1 Qualification of Laboratory 

The Contractor's laboratory must be a successful participant in the Corps of 
Engineers (COE) laboratory validation program. If the laboratory does not 
currently possess COE validation for all parameters of interest, the 
validation procedures must be successfully completed prior to collection of 
project samples. The COE validation procedure consists of the following 
steps: 
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1. Upon receipt of the proposed Contractor's laboratory name, address 
and point of contact (POC), the COE will initiate the laboratory 
validation process by submitting a "Request for Evaluation of 
Commercial Laboratory". The request will be completed by the COE. 

If the laboratory does not possess current validation for all parameters of· 
interest, steps 2 through 4 will be followed. Steps 2 through 4 typically 
take 8 to 12 weeks to complete, but the actual time frame is highly 
dependent on the laboratory's response time and performance. 

2. The laboratory will be contacted to submit its qualifications for 
review. This submittal may be in the form of an off-the-shelf 
Laboratory Quality Management Manual (LQMM) or in some other 
format. The submittal shall provide appropriate information for 
COE to evaluate and assess the laboratory's technical capabilities 
on the project required chemical analyses. 

3. COE will provide the commercial laboratory with Proficiency Audit 
(PA) samples. Arrangements will be made with the laboratory for 
the analysis of these samples. Ordinarily, the commercial 
laboratory is not reimbursed for costs involved with the analysis 
of PA samples. PA samples are method and matrix specific, 
depending on the specific project requirements. PA sample results 
are returned to the designated COE office for evaluation. 
Successful analysis of PA samples are required prior to validation 
of a commercial laboratory. 

4. A COE inspector may inspect a commercial laboratory only after 
steps 2 and 3 have been successfully completed. Prior to the 
inspection, the commercial laboratory will be asked to complete a 
preliminary questionnaire, which will be used as a checklist during 
the laboratory audit. The laboratory inspection is performed at 
the discretion of the COE, based on the project type and size, and 
past performance of the subject laboratory. The inspection 
requirement may be waived by the COE. 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION 

3.1 SAMPLING AND TESTING - OVERALL TASKS 

Sampling and testing will be used in the following tasks: 

a. Characterization of excavated soil, demolition debris, and 
oversized debris for disposal. 

b. Decontamination wastewater sampling for disposal. 

The test parameters for each remediation action (e.g., disposal or 
characterization) shall be selected to comply with all applicable Federal, 
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State, and local laws and regulations, and shall be defined in accordance 
with the accepting disposal facilities requirements. 

3.2 SAMPLING PERSONNEL & DATA LOGGING 

Samples of soils are to be taken by qualified personnel only. Personnel 
shall have documentable experience collecting hazardous waste samples and 
shall meet all health requirements for this type of work. Field sampling 
data shall be recorded in a bound log book consisting of the following: 

(a) Date and time of sampling. 

(b) Date and time of removal action. 

(c) Sample identification: alphanumeric field sample number. 

(d) Sample location: A hand-drawn sketch of the area showing landmarks 
and sample locations shall be provided. Soil sample locations will 
be defined by distance measurements to at least two separate, 
permanent landmarks. Measurements shall be accurate to within a 
foot. 

(e) Depth of sample. 

(f) Observations, including descriptions of material sampled, staining 
(if any), presence of odors, groundwater, etc. 

(g) Weather conditions (e.g., temperature, wind, clouds, 
precipitation). 

(h) Printed name of sampling personnel. 

3.3 QUALITY ASSURANCE AND QUALITY CONTROL SAMPLES 

For every ten samples or portion thereof, one shall be taken in triplicate 
with two of the samples being sent to the Contractor's laboratory (QC Field 
Duplicate) for analysis, and the remaining sample sent to the U.S. Army 
Corps of Engineers, Environmental Laboratory, 476 Cold Brook Road, 
Hubbardston, MA 01452. The samples shall be transported to the laboratory 
within two days of collection. The samples shall be clearly identified by 
the applicable project name, SAEP Causeway Phase 1. For samples submitted 
to the QA Laboratory, all project-related documentation (including chain of 
custody forms) shall contain the QA Laboratory identification number. 
Sample handling shall be according to Appendix F of ER 1110-1-263. 

In addition, QC samples such as rinsate blanks and trip blanks (Volatiles 
only) should be collected and analyzed at the laboratory. Laboratory 
quality control samples, including matrix spike/matrix spike duplicate 
(MS/MSD) and laboratory method blanks, shall be analyzed according to the 
method requirements (at the stated frequencies) and reported with field 
sample results. The collection of additional sample volume may be necessary 
to provide sufficient sample volume for aqueous MS/MSD analysis. Other QC 
information such as surrogate spike recoveries should also be reported for 
organic analyses. All QA/QC information shall be reported to the 
Contracting Officer. 
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3.4 LABELING 

Each sample container shall be clearly identified with the name of the 
project, the field sample number, date and time of sampling, and the name(s) 
of the sampling personnel. Field information shall be written in indelible 
ink and the label shall be affixed in such a manner to ensure that it does 
not become separated from its respective container. 

3.5 PRESERVATION AND STORAGE 

Properly labeled sample containers shall be placed in zip-lock bags and 
stored in an iced durable cooler during sampling operations. Following the 
conclusion of sampling operations on any given day, samples will either be 
shipped directly to the appropriate laboratories, or be transferred to 
refrigerated storage space maintained at 4°C (39°F). In every instance, 
samples must be received at the appropriate laboratories within two days of 
sample collection. Samples will be maintained in a refrigerated condition 
at all times, including during transportation. 

Saturday and Sunday delivery of QA samples to the NED Environmental 
Laboratory (Quality Assurance) should be avoided. The normal hours of 
operation of the laboratory are 0700 to 1530, Monday through Friday. 

The Contractor must notify the Quality Assurance Laboratory at least 48 
hours in advance of sample receipt at the QA Laboratory (telephone number is 
(508) 928-4238). Sample shipments should be planned in advance, and not be 
delivered on Saturday and Sunday, or legal holidays. 

3.6 SAMPLING AND ANALYSIS PLAN 

The Contractor shall submit, as part of the Work Plan, a Sampling and 
Analysis Plan that provides the details of the field and laboratory sampling 
and testing requirements for this project. It shall include specific 
information (including reporting limits, methods, and/or standard operating 
procedures) for field screening and laboratory methods, as necessary. The 
guidelines for the plan may be taken directly from this specification. 

3.6.1 Sample Types 

The following is a list of sample types that will be collected for this 
project: 

a. Excavated soil and removed demolition and oversized debris 
(characterization samples) 

b. Wastewater generated during decontamination of equipment 
(decontamination samples). 

3.6.2 Sampling 

3.6.2.1 Characterization Samples 

Samples of excavated soil, demolition debris, and removed oversized debris, 
shall be collected and analyzed to determine the off-site disposition of 
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the material. Soil samples shall be collected as composite samples from 
each identified excavation area. Several waste types (e.g., concrete, 
asphalt, metal, etc.) are anticipated to be generated from demolition 
activities and oversized debris removal. Each waste type should be sampled 
separately from the other waste types, at a frequency determined by the 
Contracting Officer, in accordance with the requirements of the accepting 
disposal facility. 

3.6.2.2 Decontamination Samples 

Decontamination water samples shall be collected from 500-gallon tanks used 
to store wastewater generated during decontamination of equipment in the 
specified decontamination area. Decontamination water samples shall be 
collected prior to discharge of the water to the Building 63 Chemical Waste 
Treatment Plant (CWTP) sump, to confirm the absence of volatile 
contamination. Decontamination wastewater shall be discharged to the 
Building 63 CWTP sump in accordance with the requirements specified in the 
Emergency Discharge Authori~ation Permit (Permit No. EA0100149). The use of 
surfactants for decontamination shall not be allowed, due to discharge 
requirements to the facility CWTP, unless approved by the Contracting 
Officer. 

3.6.4 Sample Collection Procedures 

3.6.4.1 Characterization Samples 

Soil samples shall be taken as a composite sample from the excavated soil of 
each identified excavation area. The samples shall be collected as directed 
by the Contracting Officer, in accordance with the requirements of the 
accepting disposal facility. Soil collection equipment decontamination shall 
be conducted as directed for confirmation sampling. 

It is anticipated that several different debris types will be generated from 
building demolition and oversized debris removal activities, including 
concrete, metal, plastics, asphalt, etc. The debris types shall be sampled 
separately from one another, as directed by the Contracting Officer, in 
accordance with the requirements of the accepting disposal facility. 

3.6.4.2 Decontamination Samples 

Decontamination water shall be collected using a bailer or other transfer 
device according to Methods III-1 or III-2 specified in EPA-600/4-84-076. 
When sampling in this manner, capture any observed floating or sinking 
product, so as to collect a "worst case" sample. 

3.6.5 Sample Parameters, Containers, and Preservatives 

Sample containers shall be pre-cleaned according to SW-846, and may be 
purchased commercially from I-Chem, Eagle Picher, or other equivalent 
source. The Contractor shall be responsible for defining sample 
requirements in the Sampling and Analysis Plan, in accordance with the 
requirements of the Contractor's laboratory, the accepting disposal 
facility, and the Stratford Army Engine Plant NPDES Permit. 
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3.7 QUANTITIES OF SAMPLES 

The Contractor shall be responsible for defining sample requirements, in 
accordance with the requirements of the accepting disposal facility, as part 
of the Contractor's Sampling and Analysis Plan. 

3.8 ANALYTICAL METHODS AND PROCEDURES 

The Contractor shall be responsible for defining sample requirements, in 
accordance with the requirements of the accepting disposal facility, as part 
of the Contractor's Sampling and Analysis Plan. 

--End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 01460 

SURVEY CONTROL 

The Contractor shall be responsible for completion of a topographic survey on 
the Causeway following completion of all Phase I activities. The survey 
shall be conducted by a Land Surveyor licensed in the State of Connecticut 
and shall comply with the requirements of a Class A-1 survey. 

1.2 REFERENCES (NOT USED) 

1.3 SUBMITTALS 

A drawing shall be generated from the final topographic survey completed 
following Phase I activities. The drawing shall be included as part of the 
Phase I Completion Report {Section 01780 CLOSEOUT SUBMITTALS) and shall 
show final, Phase I as-built conditions of the project. The final 
computer-aided design and drafting {CADD) as-built drawings shall consist 
of electronic CADD drawing files in the format specified in Section 01780 
CLOSEOUT SUBMITTALS. 

1.4 CONTRACTOR REQUIREMENTS 

The Contractor shall complete a topographic survey of the Causeway area 
following the completion of Phase I activities. The survey shall be 
conducted in compliance with the requirements of Section 01351 SAFETY HEALTH 
AND EMERGENCY RESPONSE and Section 01410 ENVIRONMENT PROTECTION. Surveying 
techniques employed in the field shall follow commonly accepted professional 
survey practices, which are appropriate for the task at hand. The Contractor 
must also adhere to the following requirements: 

a. The Contractor shall utilize permanent control information provided 
by the Contracting Officer. Any additional control required to 
complete the survey shall be the responsibility of the Contractor. 

b. Vertical and horizontal control shall be established with equipment 
capable of producing the accuracy specified herein. All surveying 
work shall be referenced to Connecticut State Plane NAD 83 
{horizontal control) and NGVD 29 (vertical control). Calibration 
of leveling equipment (peg test) shall be performed each morning 
before initiation of activities when establishing temporary bench 
marks. All other operations shall require a weekly calibration. 

c. The Subcontractor shall meet or exceed the horizontal and vertical 
accuracy criteria as defined by the Standards of Accuracy and 
General Specifications of the Geodetic Control Surveys established 
by the U.S. Department of Commerce. All horizontal and vertical 
angles should be doubled for accuracy. 

SECTION 01460 PAGE 1 



STRATFORD ARMY ENGINE PLANT CAUSEWAY NCRA 
PHASE I 
STRATFORD, CONNECTICUT 

PART 2 

PART 3 

d. The Contractor shall provide a survey base line and 
construction purposes. Should any of these points 
replacement cost will be borne by the Contractor. 
shall assume the entire expense of rectifying work 
constructed due to failure to maintain and protect 
survey points and bench marks. 

bench marks for 
be destroyed, the 
The Contractor 
improperly 
such established 

e. The Contractor shall provide all surveys necessary for contractual 
payment quantities. The Contractor will coordinate surveying of 
payment quantities with the Contracting Officer or his/her 
representative. He or she shall give the Contracting Officer three 
days notice of a payment survey so that the Contracting Officer may 
be present at the agreed upon time. 

f. The Contractor shall be responsible for the layout of all grid 
coordinate locations, lines, grades, and levels necessary for the 
proper construction of the work called for on the Drawings and in 
the Specifications, at no additional cost to the Government. The 
surveyor shall also be responsible for preparation of the final 
Phase I topographic survey. 

g. The Contractor shall employ, at his own expense, a licensed Land 
Surveyor in the State of Connecticut to provide surveys necessary 
for final contractual payment quantities and for record drawing 
submission. 

PRODUCTS (NOT APPLICABLE) 

EXECUTION (NOT APPLICABLE) 

3.1 SURVEY 

The Contractor shall provide horizontal and vertical control points based 
upon the benchmark information provided by the Contracting Officer. The 
Contracting Officer will furnish site base mapping and construction 
drawings to be used for surveying efforts. 

The Contractor shall perform a topographic survey of approximately seven 
acres of area near the Causeway. The drawings show the area of the Causeway 
for which surveying services will be required. The topographic survey 
shall include elevations of 100 linear feet of the SAEP Dike on either side 
of the Causeway extending 50 feet toward the facility, and elevations of 
river sediments (i.e., tidal flats) within 75 feet of the Causeway, 
including the five heave platforms and five stationary poles (Section 02110 
HEAVE MONITORING). The survey shall be used to generate detailed elevation 
information for the Causeway and the surrounding area using 1-foot 
contours. 

If required by the Contracting Officer, the location and elevations of 
designated landmarks shall be obtained. The horizontal locations shall be 
recorded to the closest 0.1 foot and the vertical elevations shall be 
recorded to the closest 0.01 foot. 

SECTION 01460 PAGE 2 



STRATFORD ARMY ENGINE PLANT CAUSEWAY NCRA 
PHASE I 
STRATFORD, CONNECTICUT 

3.2 SUBMITTAL 

As part of the Phase I Completion Report (Section 01780 CLOSEOUT 
SUBMITTALS) the Contractor shall submit the following: 

a. A copy of the original field survey book and sketches pertaining to 
the work, including benchmark information, traverse station ties 
(when available), and calibration information. 

b. A hard copy of the site plan identifying 1-foot contour intervals 
of the Causeway and surrounding area as described above, and the 
horizontal locations of any designated landmarks. 

c. Electronic files of the site plan on CD-ROM in the format specified 
in Section 01780 CLOSEOUT SUBMITTALS. 

--End of Section--
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SECTION 01500 

CONSTRUCTION FACILITIES AND TEMPORARY CONTROLS 
02/97 

PART 1 GENERAL 

1.1 DESCRIPTION 

The Contractor shall be responsible for providing temporary construction 
facilities and controls necessary for this work, and removal of the 
facilities and controls, as necessary, following completion of the work. 

1.2 REFERENCES (NOT USED) 

1.3 SUBMITTALS 

As part of the Work Plan, specified in Section 02111 EXCAVATION AND HANDLING 
OF CONTAMINATED MATERIAL, the Contractor shall prepare a site plan 
indicating the proposed location and dimensions of any area to be used by 
the Contractor, the avenues of ingress/egress to the work areas, and details 
of fence installation or modification, as necessary. Any areas which may 
have to be graveled to prevent the tracking of mud shall be identified. The 
Contractor shall also indicate if the use of a supplemental or other staging 
area is desired. 

1.4 CONTRACTOR REQUIRMENTS 

1.4.1 Identification of Employees 

The Contractor shall be responsible for furnishing to each employee, and for 
requiring each employee engaged on the work to display, identification as 
approved and directed by the Contracting Officer. Prescribed identification 
shall immediately be delivered to the Contracting Officer for cancellation 
upon release of any employee. When required, the Contractor shall obtain 
and provide fingerprints of persons employed on the project. Contractor and 
subcontractor personnel shall wear identifying markings on hard hats clearly 
identifying the company for whom the employee works. 

1.4.2 Employee Parking 

Contractor employees shall park privately owned vehicles in an area 
designated by the Contracting Officer. This area will be within reasonable 
walking distance of the construction site. Contractor employee parking 
shall not interfere with existing and established parking requirements of 
the facility. 

1.4.3 Employee Sign-in 

Contractor employees shall be responsible for registering with SAEP security 
personnel on a daily basis, prior to arriving at the Causeway. In addition, 
contractor employees must also sign out from the facility on a daily basis 
before leaving for the day. Employee sign-in will be conducted at SAEP 
security headquarters in Building 1, unless otherwise directed by the 
Contracting Officer. 
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1.5 AVAILABILITY AND USE OF UTILITY SERVICES 

1.5.1 Payment for Utility Services 

The Government will make all reasonably required utilities available to the 
Contractor from existing outlets and supplies, as specified in the contract. 
Unless otherwise provided in the contract, the amount of each utility 
service consumed shall be charged to or paid for by the Contractor at 
prevailing rates charged to the Government. The Contractor shall carefully 
conserve any utilities furnished without charge. 

1.5. 2 Meters and Temporary Connections 

If necessary, the Contractor, at its expense and in a manner satisfactory to 
the Contracting Officer, shall provide and maintain necessary temporary 
connections, distribution lines, and meter bases (Government will provide 
meters) required to measure the amount of each utility used for the purpose 
of determining charges. The Contractor shall notify the Contracting 
Officer, in writing, 5 working days before final electrical connection is 
desired so that a utilities contract can be established. The Government 
will provide a meter and make the final hot connection after inspection and 
approval of the Contractor's temporary wiring installation. 

1. 5. 3 Advance Deposit 

An advance deposit for utilities consisting of an estimated month's usage or 
a minimum of $50.00 will be required. The last monthly bills for the fiscal 
year will normally be offset by the deposit and adjustments will be billed 
or returned as appropriate. Services to be rendered for the next fiscal 
year will require a new deposit. Notification of the due date for this 
deposit will be mailed to the Contractor prior to the end of the current 
fiscal year. 

1. 5 .4 Final Meter Reading 

Before completion of the work and final acceptance of the work by the 
Government, the Contractor shall notify the Contracting Officer, in writing, 
5 working days before termination is desired. The Government will take a 
final meter reading, disconnect service, and remove the meters. The 
Contractor shall then remove all the temporary distribution lines, meter 
bases, and associated paraphernalia. The Contractor shall pay all 
outstanding utility bills before final acceptance of the work by the 
Government. 

1. 5. 5 Sanitation 

The Contractor shall provide and maintain, within the construction area, 
minimum field-type sanitary facilities approved by the Contracting Officer. 
In addition, toilet facilities will be available to Contractor's personnel 
near the location of the Contractor's field office, currently designated as 
Building 4. 
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1.5.6 Telephone 

The Contractor shall make arrangements and pay all costs for necessary 
telephone facilities. 

1.6 BULLETIN BOARD, PROJECT SIGN, AND PROJECT SAFETY SIGN 

1.6.1 Bulletin Board 

Immediately upon beginning of work, the Contractor shall provide a 
weatherproof glass-covered bulletin board not less than 36 by 48 inches in 
size for displaying the Equal Employment Opportunity poster, a copy of the 
wage decision contained in the contract, Wage Rate Information poster, and 
other information approved by the Contracting Officer. The bulletin board 
shall be located at the project site in a conspicuous place easily 
accessible to all employees, as approved by the Contracting Officer. 
Legible copies of the aforementioned data shall be displayed until work is 
completed. Upon completion of work the bulletin board shall be removed by 
and remain the property of the Contractor. 

1.6.2 Project and Safety Signs 

The requirements for the signs, their content, and location shall be as 
directed by the Contracting Officer. The signs shall be erected within 15 
days after receipt of the notice to proceed. The data required by the 
safety sign shall be corrected daily, with light colored metallic or non
metallic numerals. Upon completion of the project, the signs shall be 
removed from the site. 

1.7 PROTECTION AND MAINTENANCE OF TRAFFIC 

During construction the Contractor shall provide access and temporary 
relocated roads as necessary to maintain traffic. The Contractor shall 
maintain and protect traffic on all affected roads during the construction 
period except as otherwise specifically directed by the Contracting Officer. 
Measures for the protection and diversion of traffic, including the 
provision of watchmen and flagmen, erection of barricades, placing of lights 
around and in front of equipment and the work, and the erection and 
maintenance of adequate warning, danger, and direction signs, shall be as 
required by the State and local authorities having jurisdiction. The 
traveling public shall be protected from damage to person and property. The 
Contractor's traffic on roads selected for hauling material to and from the 
site shall interfere as little as possible with public traffic. The 
Contractor shall investigate the adequacy of existing roads and the 
allowable load limit on these roads. The Contractor shall be responsible 
for the repair of any damage to roads caused by construction operations. 

1.7.1 Haul Roads 

The Contractor shall construct access and haul roads necessary for proper 
execution of the work under this contract. Haul roads shall be constructed 
with suitable grades and widths; sharp curves, blind corners, and dangerous 
cross traffic shall be avoided. The Contractor shall provide necessary 
lighting, signs, barricades, and distinctive markings for the safe movement 
of traffic. The method of dust control, shall be adequate to ensure safe 
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operation at all times (Section 01562 DUST CONTROL). Location, grade, 
width, and alignment of construction and hauling roads shall be subject to 
approval by the Contracting Officer. Lighting shall be adequate to assure 
full and clear visibility for full width of haul road and work areas during 
any night work operations. Upon completion of the work, haul roads 
designated by the Contracting Officer shall be removed. 

1.7.2 Barricades 

The Contractor shall erect and maintain temporary barricades to limit public 
access to hazardous areas. Barricades shall be securely placed, clearly 
visible with adequate illumination to provide sufficient visual warning of 
the hazard during both day and night. 

1.8 CONTRACTOR'S TEMPORARY FACILITIES 

1.8.1 Administrative Field Offices 

The Contractor shall provide and maintain administrative field office 
facilities within the construction area at the designated site (Building 4). 
Government office and warehouse facilities will not be available to the 
Contractor's personnel. 

1.8.2 Storage Area 

Trailers, materials, or equipment shall not be placed or stored outside the 
fenced area unless such trailers, materials, or equipment are assigned a 
separate and distinct storage area by the Contracting Officer away from the 
vicinity of the construction site but within the facility boundaries. 
Trailers, equipment, or materials shall not be open to public view with the 
exception of those items which are in support of ongoing work on any given 
day. Materials shall not be stockpiled outside the fence in preparation for 
the next day's work. Mobile equipment, such as tractors, wheeled lifting 
equipment, cranes, trucks, and like equipment, shall be parked within the 
fenced area at the end of each work day. 

1.8.3 Supplemental Storage Area 

Upon Contractor's request, the Contracting Officer will designate another or 
supplemental area for the Contractor's use and storage of trailers, 
equipment, and materials. This area may not be in close proximity of the 
construction site but shall be within the facility boundary. Fencing of 
materials or equipment will not be required at this site; however, the 
Contractor shall be responsible for cleanliness and orderliness of the area 
used and for the security of any material or equipment stored in this area. 
Utilities will not be provided to this area by the Government. 

1.8.4 Appearance of Trailers 

Trailers utilized by the Contractor for administrative or material storage 
purposes shall present a clean and neat exterior appearance and shall be in 
a state of good repair. Trailers which, in the opinion of the Contracting 
Officer, require exterior painting or maintenance will not be allowed on the 
facility property. 
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1.8.5 Maintenance of Storage Area 

Fencing shall be kept in a state of good repair and proper alignment. 
Should the Contractor elect to traverse, with construction equipment or 
other vehicles, grassed or unpaved areas which are not established roadways, 
such areas shall be covered with a layer of gravel as necessary to prevent 
rutting and the tracking of mud onto paved or established roadways; gravel 
gradation shall be at the Contractor's discretion. 

1.8.6 Security Provisions 

Adequate outside security lighting shall be provided at the Contractor's 
temporary facilities. The Contractor shall be responsible for the security 
of its own equipment; in addition, the Contractor shall notify SAEP 
security personnel requesting periodic security checks of the temporary 
project field office. 

1.9 GOVERNMENT FIELD OFFICE 

The government has an existing office on the facility grounds. 

1.10 FACILITY COMMUNICATION AND TELEPHONE SERVICE 

Whenever the Contractor has the individual elements of its plant so located 
that operation by normal voice between these elements is not satisfactory, 
the Contractor shall install a satisfactory means of communication, such as 
two-way radios, telephone, or other suitable devices. The devices shall be 
made available for use by Government personnel. 

The Contractor shall obtain a SAEP-approved two-way radio for communication 
with SAEP personnel on a daily basis. This radio must be returned to SAEP 
upon departure from the site, daily. 

The Contractor shall provide telephone service to the field offices and 
shall provide and maintain a telephone or equal means of communication in an 
easily accessible location at each of the significant construction areas on 
the project. Such means of communication shall be accessible during all 
work hours. 

1.11 TEMPORARY PROJECT SAFETY FENCING 

As soon as practicable, but not later than 15 days after the date 
established for commencement of work, the Contractor shall furnish and erect 
temporary project safety fencing surrounding the origination of the Causeway 
and the support zones. The safety fencing shall be a high visibility orange 
colored, high density polyethylene grid or approved equal, a minimum of 42 
inches high, supported and tightly secured to steel posts located on maximum 
10 foot centers, constructed at the approved location. The safety fencing 
shall be maintained by the Contractor during the life of the contract and, 
upon completion and acceptance of the work, shall become the property of the 
Contractor and shall be removed from the work site. 
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1.12 CLEANUP 

Construction debris, waste materials, packaging material and the like shall 
be removed from the work site daily. Any dirt or mud which is tracked onto 
paved or surfaced roadways shall be cleaned away. Materials resulting from 
demolition activities which are salvageable shall be stored within the 
fenced area described above o~ at the supplemental storage area. Stored 
material not in trailers, whether new or salvaged, shall be neatly stacked 
when stored. 

1.13 RESTORATION OF STORAGE AREA 

Upon completion of the project and after removal of trailers, materials, and 
equipment from within the fenced area, the fence shall be removed and will 
become the property of the Contractor. Areas used by the Contractor for the 
storage of equipment or material, or other use, shall be restored to the 
original or better condition. Gravel used to traverse grassed areas shall 
be removed and the area restored to its original condition, including top 
soil and seeding as necessary. 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION (NOT APPLICABLE) 

--End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 01562 

DUST CONTROL 

The Contractor shall furnish and apply water or calcium chloride to the 
Causeway or haul roads for dust control as necessary or as directed by the 
Contracting Officer. When no items for dust control are included in the Con
tract, such work shall be considered incidental. 

The Contractor shall assume responsibility for any Contract delays or work 
stoppages due to inappropriate or ineffective dust control measures. 

1.2 REFERENCES 

The general provisions of the Contract including General and Supplementary 
Conditions, and General Requirements, apply to the work specified in this 
Section. 

1.3 SUBMITTALS 

As part of the Work Plan, specified in Section 02111 EXCAVATION AND HANDLING 
OF CONTAMINATED MATERIAL, the Contractor shall submit the proposed method for 
dust control, including dust control material(s), application method, and 
monitoring. 

PART 2 PRODUCTS 

2 . 1 MATERIALS 

Water used for dust control shall be free from oil, acid, and injurious 
alkali or vegetable matter. Housatonic River water is acceptable for use as 
dust control water. 

Calcium chloride used for dust control must conform to the requirements of 
AASHTO M144, except that the requirements for "total alkali chloride" and 
"impurities" do not apply. 

PART 3 EXECUTION 

3.1 WATER APPLICATION - SPRINKLING 

Apply dust control agents by approved methods and with equipment that 
includes a tank with gauge-equipped pressure pump and a nozzle-equipped spray 
bar. Disperse through the nozzle under a minimum pressure of 20 pounds per 
square inch, gauge pressure. Use when authorized by the Contracting Officer 
for controlling dust on the Causeway work activities, and on approved haul 
roads between storage areas and the Causeway, as necessary. 
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3.2 CALCIUM CHLORIDE APPLICATION - SPREADING 

Apply by mechanical spreaders or by hand at the rate designated by the 
manufacturer. Use when authorized by the Contracting Officer for controlling 
dust on the Causeway during work activities, and on approved haul roads 
between storage areas and the Causeway, as necessary. 

--End of Section--
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SECTION 01780 

CLOSEOUT SUBMITTALS 
11/99 

PART 1 GENERAL 

1.1 DESCRIPTION 

The Contractor shall be responsible for development of a Phase I Completion 
Report detailing the results of demolition and excavation activities and 
presenting the final topographic survey. The Contractor shall also perform 
necessary site cleaning activities and maintenance activities in 
preparation for Phase II of this work. 

1.2 REFERENCES (NOT USED) 

1.3 SUBMITTALS 

Government approval is required for submittals with a "GA" designation; 
submittals not having a 11 GA 11 designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

SD-11 Closeout Submittals 

Phase I Completion Report; GA 

Document the results of demolition and excavation activities 
completed during Phase I of the work, including, but not limited 
to: field notes, excavation logs, photos, and analytical results. 
Present a drawing generated from the final topographic survey, 
completed following Phase I activities. The drawing shall also show 
final Phase I site conditions. 

1.4 PROJECT RECORD DOCUMENTS 

This paragraph covers drawings completed as a requirement of the contract. 
The terms 11 drawings 11

, "contract drawings", and "drawing files" refer to 
drawings which are revised to be used for final drawings. 

1.4.1.1 Government-Furnished Materials 

One set of electronic CADD files in the specified software and format, 
revised to reflect all bid amendments, will be provided by the Government 
at the Pre-construction Meeting (Section 01351 SAFETY, HEALTH, AND 
EMERGENCY RESPONSE). 

1.4.1.2 Working and Final Drawings 

The Contractor shall revise 2 sets of paper drawings by red-line process to 
show the conditions during the execution of the project. These working, 
marked drawings shall be kept current on a weekly basis and at least one 
set shall be available on the job site at all times. Changes from the 
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contract plans which are made in the work or additional information which 
might be uncovered in the course of construction shall be accurately and 
neatly recorded as they occur by means of details and notes. 

The working, marked prints and final drawings will be jointly reviewed for 
accuracy and completeness by the Contracting Officer and the Contractor 
prior to submission of each monthly pay estimate. If the Contractor fails 
to maintain the working and final drawings as specified herein, the 
Contracting Officer will deduct from the monthly progress payment an amount 
representing the estimated cost of maintaining the drawings. This monthly 
deduction will continue until an agreement can be reached between the 
Contracting Officer and the Contractor regarding the accuracy and 
completeness of updated drawings. The working and final drawings shall 
show, but shall not be limited to, the following information: 

a. The actual location, kinds, and sizes of all overhead, surface, and 
subsurface utility lines. In order that the location of these 
lines and appurtenances may be determined in the event the surface 
openings or indicators become covered over or obscured, the 
drawings shall show, by offset dimensions to two permanently fixed 
surface features, the end of each run including each change in 
direction. Valves, splice boxes and similar appurtenances shall be 
located by dimensioning along the utility run from a reference 
point. The average depth below the surface of each run shall also 
be recorded. 

b. Correct grade, elevations, cross section, or alignment of earthwork 
or utilities if any changes were made from contract plans. 

c. The topography, invert elevations and grades of drainage installed 
or affected as part of the project construction. 

d. Changes or modifications from these specifications. 

e. Where contract drawings or specifications present options, only the 
option selected for construction shall be shown on the final as
built prints. 

f. Modifications (change order price shall include the Contractor's 
cost to change working and final as-built drawings to reflect 
modifications) and compliance with the following procedures. 

(1) Directions in the modification for posting descriptive changes 
shall be followed. 

(2) A Modification Circle shall be placed at the location of each 
deletion. 

(3) For new details or sections which are added to a drawing, a 
Modification Circle shall be placed by the detail or section 
title. 

(4) For minor changes, a Modification Circle shall be placed by 
the area changed on the drawing (each location). 
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1.4.1.3 

(5) For major changes to a drawing, a Modification Circle shall be 
placed by the title of the affected plan, section, or detail 
at each location. 

(6) For changes to schedules or drawings, a Modification Circle 
shall be placed either by the schedule heading or by the 
change in the schedule. 

(7) The Modification Circle size shall be 1/2 inch diameter unless 
the area where the circle is to be placed is crowded. Smaller 
size circle shall be used for crowded areas. 

Drawing Preparation 

The drawings shall be modified as may be necessary to correctly show the 
features of the project as it has been constructed by bringing the contract 
set into agreement with approved working prints, and adding such additional 
drawings as may be necessary. These working, marked prints shall be neat, 
legible and accurate. These drawings are part of the permanent records of 
this project and shall be returned to the Contracting Officer after 
approval by the Government. Any drawings damaged or lost by the Contractor 
shall be satisfactorily replaced by the Contractor at no expense to the 
Government. 

1.4.1.4 Computer Aided Design and Drafting (CADD) Drawings 

Only personnel proficient in the preparation of CADD drawings shall be 
employed to modify the contract drawings or prepare additional new 
drawings. Additions and corrections to the contract drawings shall be 
equal in quality and detail to that of the originals. Line colors, line 
weights, lettering, layering conventions, and symbols shall be the same as 
the original line colors, line weights, lettering, layering conventions, 
and symbols. If additional drawings are required, they shall be prepared 
using the specified electronic file format applying the same graphic 
standards specified for original drawings. The title block and drawing 
border to be used for any new final drawings shall be identical to that 
used on the contract drawings. Additions and corrections to the contract 
drawings shall be accomplished using CADD files. 

The Contractor will be furnished Microstation 95 software and a Windows NT 
operating system, as necessary. The electronic files will be supplied on 
compact disc, read-only memory (CD-ROM). The Contractor shall be 
responsible for providing all program files and hardware necessary to 
prepare final drawings. The Contracting Officer will review final drawings 
for accuracy and the Contractor shall make required corrections, changes, 
additions, and deletions. 

a. CADD colors shall be the "base" colors of red, green, and blue. 
Color code for changes shall be as follows: 

(1) Deletions (red) - Deleted graphic items (lines) shall be 
colored red with red lettering in notes and leaders. 

(2) Additions (Green) - Added items shall be drawn in green with 
green lettering in notes and leaders. 
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(3) Special (Blue) - Items requiring special information, 
coordination, or special detailing or detailing notes shall be 
in blue. 

b. The Contract Drawing files shall be renamed in a manner related to 
the contract number (i.e., 98-C-10.DGN) as instructed in the Pre
Construction Meeting. Marked-up changes shall be made only to 
those renamed files. All changes shall be made on the layer/level 
as the original item. There shall be no deletions of existing 
lines; existing lines shall be over struck in red. Additions shall 
be in green with line weights the same as the drawing. Special 
notes shall be in blue on layer #63. 

c. When final revisions have been completed, the cover sheet drawing 
shall show the wording "RECORD DRAWING" followed by the name of 
the Contractor in letters at least 3/16 inch high. Original 
contract drawings shall be dated in the revision block. 

d. Within 10 days (for contracts less than $5 million) after 
Government approval of all of the working drawings for Phase I, the 
Contractor shall prepare the final CADD drawings for that phase of 
work and submit two sets of blue-lined prints of these drawings for 
Government review and approval. The Government will promptly 
return one set of prints annotated with any necessary corrections. 
Within 7 days the Contractor shall revise the CADD files 
accordingly at no additional cost and submit one set of final 
prints for Phase 1 to the Government. The submittal shall consist 
of one set of electronic files on compact disc, read-only memory 
(CD-ROM) and one set of the approved working drawings. They shall 
be complete in all details and identical in form and function to 
the contract drawing files supplied by the Government. Any 
transactions or adjustments necessary to accomplish this is the 
responsibility of the Contractor. The Government reserves the 
right to reject any drawing files it deems incompatible with the 
customer's CADD system. Paper prints, drawing files and storage 
media submitted will become the property of the Government upon 
final approval. Failure to submit final drawing files and marked 
prints as specified shall be cause for withholding any payment due 
the Contractor under this contract. Approval and acceptance of 
final drawings shall be accomplished before final payment is made 
to the Contractor. 

1.4.1.5 Payment 

No separate payment will be made for drawings required under this contract, 
and all costs accrued in connection with such drawings shall be considered 
a subsidiary obligation of the Contractor. 

1.5 FINAL CLEANING 

The premises shall be left clean following completion of Phase I. The site 
shall have waste, surplus materials, and rubbish removed. Temporary 
barricades, project signs, erosion control measures, and fencing shall be 
maintained until the initiation of Phase II, in accordance with the 
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requirements of Section 01500 CONSTRUCTION FACILITIES AND TEMPORARY 
CONTROLS. A list of completed clean-up items shall be submitted on the day 
of final inspection, unless otherwise directed by the Contracting Officer. 
Final cleaning shall comply with the requirements of Section 01410 
ENVIRONMENT PROTECTION. 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION (NOT APPLICABLE) 

--End of Section--
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SECTION 02016 

EXISTING UTILITIES AND UNDERGROUND STRUCTURES 

PART 1 GENERAL 

1.1 DESCRIPTION 

The Contractor shall abandon and/or remove existing utilities, as specified 
in this Section, for Building 5, Building 59, and the Causeway weather 
station. 

The approximate location of the existing overhead and surface electrical line 
near the Causeway is shown on the Drawings. The locations of existing 
underground utilities for Building 5 are shown on drawings attached to these 
specifications. The Contractor shall verify exact locations of all utilities 
and coordinate with all applicable utility owners prior to any site work, 
where it is reasonable. to expect the presence of existing utilities, whether 
shown on the drawings or not. 

1.2 REFERENCES (NOT USED) 

1.3 SUBMITTALS 

As part of the Work Plan {Section 02111 EXCAVATION AND HANDLING OF 
CONTAMINATED MATERIAL), the Contractor shall submit a Demolition Plan for 
Building 5 and Building 59. As part of the Demolition Plan, the Contractor 
shall detail the process to be followed for utility abandonment and/or 
removal. 

1.4 CONTRACTOR RESPONSIBILITY 

The Contractor shall be responsible for any damage to existing utilities 
caused by the Contractor's efforts. If the Contractor does cause damage to 
the existing utility, he shall contact the affected utility owner as soon as 
the damage is discovered. The utility owner shall make the determination as 
to who makes the necessary repairs. 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION 

3.1 UTILITY DISCONNECTION 

Existing overhead, surface, and subsurface utilities shall be disconnected 
prior to demolition in accordance with the utility owner's requirements. 

--End of Section--
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PART 1 GENERAL 

SECTION 02 llO 

HEAVE PLATFORMS 

1. 1 DESCRIPTION 

The Contractor shall be responsible for equipment, supplies, and personnel 
necessary to install and monitor five (5) heave platforms and five (5} 
stationary heave poles, as indicated on the drawings and in these 
specifications. The heave platforms and stationary poles shall be installed 
prior to the initiation of Phase I work, such that monitoring of the heave 
platforms and poles may be conducted to collect background information on 
movement in the tidal flats. 

Monitoring shall be conducted during the completion of Phase I work to assess 
background information and the impact of Phase I activities on tidal flat 
elevations. Monitoring of the heave platforms and stationary poles shall 
also be required during Phase II of this work (N.I.T.C.). 

1 . 2 REFERENCES (NOT USED} 

1 . 3 SUBMITTALS 

Government approval is required for submittals with a "GA" designation; 
submittals not having a "GA" designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

SD-06 Test Reports 

Heave Monitox:·ing Reports; GA 

The Surveyor field records and computed measurements shall be 
submitted to the Engineer, at the end of each day the measurements 
are taken. Changes in the thickness and extent of fill between 
each surveyed reading of elevation shall also be reported. 

On a weekly basis, the Contractor shall submit a summary of the 
results of heave monitoring, as indicated in this section, to the 
Contracting Officer. Reporting shall be provided in both hard and 
electronic file, and shall contain the date of monitoring and 
reduced survey results, along with a plot of movement versus time. 
Data reports shall contain data no older than 7 days, and 
intermediate reporting may be required due to unacceptable 
movements. 

As part of the Work Plan (Section 02111 EXCAVATION AND HANDLING OF 
CONTAMINATED MATERIAL), the Contractor shall submit a plan for installation 
and monitoring of the heave platforms and stationary poles. At a minimum, 
the plan shall detail the processes and materials to be used during 
installation of the heave platforms and poles, and the frequency of 
monitoring, as directed in the specifications and the drawings. 
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PART 2 PRODUCTS 

2.1 Heave Platforms 

· Heave platforms shall be constructed as indicated on the Drawings, and in 
accordance the Contractors approved Work Plan. 

2.2 Heave Poles 

PART 3 

Heave poles shall consist of pressure-treated 2 by 4 lumber, a minimum of 
12 feet in length. Poles shall be provided with targets to facilitate 
the required survey accuracy and repeatability. 

EXECUTION 

3.1 Heave Platform Installation 

Prior to initiation of Phase I work on the Causeway, the Contractor shall 
construct and install five (5) heave platforms at approximate locations as 
shown on the Drawings. The heave platforms shall be installed 30 feet from 
the approximate contact of the fill and riverine sediment on the South side 
of the Causeway, and 40 feet from the approximate contact on the North side 
of the Causeway. 

3.2 Stationary Heave Pole Installation 

Prior to initiation of Phase I work on the Causeway, the Contractor shall 
install five (5) stationary heave poles at approximate locations as shown 
on the Drawings. The stationary heave poles shall be installed 10 feet 
from the approximate contact of the fill and riverine sediment on the South 
side of the Causeway, and 15 feet from the approximate contact on the North 
side of the Causeway. 

Stationary poles shall be installed such that the top provided for 
attachment of a suitable target between elevation 7 and 8'. Poles shall be 
advanced to a minimum depth of 5 feet below ground surface. 

3.3 Monitoring Frequency 

During Phase I activities, the location and elevation of heave platforms 
and stationary poles shall be surveyed at the following frequency: 

a. Initial survey prior to initiation of Phase I work 

b. Twice per week during the first month of Phase I activities 

c. Once per week for the remainder of Phase I activities 

Regular monitoring during Phase II shall be performed to a minimum accuracy 
of+/- 0.01 foot for elevation and+/- 0.1 foot for northing and easting. 

SECTION 02110 PAGE 2 



STRATFORD ARMY ENGINE PLANT CAUSEWAY NCRA 
PHASE I,100% 
STRATFORD, CONNECTICUT 

The Contractor shall submit the results of general monitoring to the 
Engineer at the end of each day the measurements are taken. Changes in the 
thickness and extent of fill between each surveyed reading of elevation 
shall also be reported. On a weekly basis, the Contractor shall submit a 
summary of the results of heave monitoring to the Contracting Officer. 

Intensive monitoring results shall be available to the Engineer on a 
continuous basis. If any movement (horizontal or vertical) greater than 
0.5 foot is recorded within a 24 hour period, the Contractor shall STOP 
WORK and notify the Contracting Officer, representative, or Engineer 
immediately, so that the Engineer may evaluate the site conditions. 

--End of Section--
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SECTION 02111 

EXCAVATION AND HANDLING OF CONTAMINATED MATERIAL 

PART 1 GENERAL 

1.1 DESCRIPTION 

The work covered in this section includes excavation and temporary storage 
of approximately 82 cubic yards of contaminated soil and approximately 
1,200 cubic yards of oversized debris, including the deteriorated concrete 
ramp located at the end of the Causeway. Approximate locations of 
excavation areas are shown on the drawings. 

1.2 REFERENCES 

More information regarding the results of sampling conducted on the Causeway 
can be found in the following: 

a. Foster Wheeler/Harding Lawson Associates, April 2000. Final Pre-
design Investigation Report for the Causeway and Dike NCRA. 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by the 
basic designation only. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM D 2487 

ASTM D 5434 

40 CFR 302 

(1993) Classification of Soils for 
Engineering Purposes (Unified Soil 
Classification System) 

(1993) Guide for Field Logging of Subsurface 
Explorations of Soil and Rock 

CODE OF FEDERAL REGULATIONS (CFR) 

Designation, Reportable Quantities, and 
Notification 

CONNECTICUT DEPARTMENT OF ENVIRONMENTAL PROTECTION (CTDEP) 

Remediation Standard Regulations (RSRs) 

1.3 SUBMITTALS 

Government approval is required for submittals with a 11 GA 11 designation; 
submittals not having a "GA" designation are for information only. ThE: 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 
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SD-01 Pre-construction Submittals 

Work Plan; GA 

Work Plan within 14 calendar days after notice to proceed. No work 
at the site, with the exception of site inspections and pre
construction surveys, shall be performed until the Work Plan is 
approved. The Contractor shall allow 14 calendar days in the 
schedule for the Government's review. No adjustment for time or 
money will be made if re-submittals of the Work Plan are required 
due to deficiencies in the plan. At a minimum, the Work Plan shall 
include: 

a. Schedule of activities. 

b. Site Layout. 

b. Method of excavation/demolition and equipment to be used. 

c. Shoring or side-wall slopes proposed, if necessary. 

d. Dewatering plan, if necessary. 

e. Storage methods and locations for liquid and solid contaminated 
material. 

f. Dust control plan. 

g. Heave platform installation and monitoring plan. 

h. Waste management plan. 

i. Demolition Plan (Section 02220 DEMOLITION). 

j. Asbestos Abatement Plan (Section 13281 ASBESTOS ABATEMENT). 

k. Contingency plan for securing the site prior to a major storm 
event, such as a hurricane or winter storm including removal of 
equipment and loose materials and adequate storage of these 
items. 

The Contractor shall submit, as part of the Phase I Completion Report 
(Section 01780 CLOSEOUT SUBMITTALS), the results of laboratory testing for 
characterization sampling, copies of field log entries completed during 
excavation, and final drawings showing site conditions following the 
completion of Phase I work. 

1.4 SURVEYS 

A topographic survey shall be performed following excavation of contaminated 
soil and demolition/removal of material from the Causeway, in accordance 
with Section 01460 SURVEY CONTROL. 
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1.5 REGULATORY REQUIREMENTS 

1.5.1 Permits and Licenses 

The Contractor shall obtain required federal, state, and local permits for 
excavation and storage of contaminated material. Permits shall be obtained 
at no additional cost to the Government. 

1.5. 2 Air Emissions 

Air emissions shall be monitored and controlled in accordance with Section 
01410 ENVIRONMENT PROTECTION. 

1.6 CHEMICAL TESTING 

Required sampling and chemical analysis for off-site disposal shall be 
conducted as required by the accepting disposal facility, and in accordance 
with Section 01411 SAMPLING PROCEDURES AND LABORATORY SERVICES. 

1.7 SCHEDULING 

The Contractor shall notify the Contracting Officer seven calendar days 
prior to the start of excavation of contaminated material. The Contracting 
Officer shall be responsible for contacting regulatory agencies in 
accordance with the applicable reporting requirements. 

1.8 ADDITIONAL GROSS POLLUTION 

The potential exists for identification of additional gross contamination 
during excavation, building demolition, and site preparation activities. 
The Contractor shall make a conscious effort to identify such gross 
contamination, based on visual and olfactory evidence, and notify the 
Contracting Officer during site activities. The Contractor shall notify the 
Contracting Officer immediately if a whitish clay-like material 
historically associated with radiological contamination on the Causeway is 
encountered during excavation activities. Should contamination be 
identified, all work shall be performed as described in this section. 

PART 2 PRODUCTS 

2. 1 BACKFILL MATER I ,i'..\.J.1 

Excavation areas shall not be backfilled during Phase I activities. During 
Phase II, excavated material from the sides of the Causeway shall be used to 
backfill the excavation areas (N.I.T.C.). 

2.2 SPILL RESPONSE MATERIALS 

The Contractor shall provide spill response materials including, but not 
limited to the following: containers, adsorbents, shovels, and personal 
protective equipment. Spill response materials shall be available at all 
times in which hazardous materials/wastes are being handled or transported. 
Spill response materials shall be compatible with the type of materials and 
contaminants being handled. 
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PART 3 EXECUTION 

3.1 EXISTING STRUCTURES AND UTILITIES 

The Contractor shall take the necessary precautions to ensure no damage 
occurs to existing structures and utilities. Damage to existing structures 
and utilities resulting from the Contractor's operations shall be repaired 
at no additional cost to the Government. 

Existing utilities scheduled for abandonment or removal, shall be addressed 
in accordance with Section 02016 EXISTING UTILITIES AND UNDERGROUND 
STRUCTURES. 

3.2 CLEARING AND GRUBBING 

Clearing and grubbing shall be performed to the limits shown on the drawings 
in accordance with Section 02230 CLEARING AND GRUBBING. 

3.3 MATERIAL REMOVAL AND HANDLING 

The work covered in this section includes excavation and temporary storage 
of approximately 82 cubic yards of contaminated soil and approximately 
1,200 cubic yards of oversized debris, including the deteriorated concrete 
ramp present at the end of the Causeway. Approximate locations of 
excavation areas are shown on the drawings. 

3.3.1 Contaminated Soil Removal 

Chemical analysis of contaminated soil has previously been performed and 
results are presented in Appendix F. Subsurface conditions are presented in 
the Final Pre-design Investigation Report (Foster Wheeler/HLA, April 2000). 
The Contracting Officer shall be notified within 48 hours if contaminated 
material is discovered which has not been previously identified or if other 
discrepancies between data provided and actual field conditions are 
discovered. 

3.3.1.1 Excavation 

Areas of contamination shall be excavated to within 1 foot of the depth and 
extent shown on the drawings or as directed by the Contracting Officer. 
Excavation shall be performed in a manner that will limit the potential for 
contaminated material to be mixed with uncontaminated material. The 
Contractor shall maintain an excavation of sufficient size to allow workers 
ample room to complete the work. A log of the materials and any visible 
signs of contamination encountered during excavation shall be maintained for 
each area of excavation. Excavation logs shall be prepared in accordance 
with ASTM D 5434. Excavations should be marked and secured in accordance 
with the requirements specified in Section 01351 SAFETY, HEALTH, AND 
EMERGENCY RESPONSE(HTRW/UST). 
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3.3.1.2 Shoring 

Sheeting, bracing, or shoring shall be installed in the absence of adequate 
side slopes if there is a need for workers to enter the excavated area. 

3.3.1.3 Dewatering 

Surface water shall be diverted to prevent entry into the excavation. It is 
not anticipated that dewatering activities will be necessary during Phase I 
excavation activities. Ground water is generally located 4 to 6 feet below 
pre-excavation ground surface and is not expected to be encountered during 
excavation activities. 

3.3.2 Oversized Debris Removal 

Visible surface debris greater than 2 feet in any dimension {i.e., 
oversized) shall be removed from the surface of the Causeway. It is 
estimated that approximately 3,800 cubic yards of solid debris will require 
removal from the Causeway, as indicated on the Drawings. The location and 
approximate volume of additional debris, discovered during the removal 
process, should be noted for future removal under Phase II of this work. 

The concrete ramp and residual steel reinforcing at the end of the Causeway 
shall be removed as part of this work. The ramp shall be removed to a 
minimum of 2 feet below the existing grade, as necessary. Due to the 
location of the concrete ramp, removal must be conducted during low-tide 
conditions. 

Asphaltic concrete road surfaces are evident on the surface of the Causeway. 
The Contractor shall leave this asphalt in place to provide a durable 
surface for Phase II work. 

3.3.3 Handling Of Oversized Debris 

Oversized debris shall be cleaned of excess soil first by using mechanical 
methods followed by use of high-pressure washing equipment, prior to removal 
from the Causeway. Washing shall be performed in close proximity to the 
removal area, with water allowed to infiltrate the ground surface. No 
surfactants shall be used. The Contractor shall perform washing in such a 
manner to minimize the volume of water used and the potential for migration 
of sediments, and shall perform washing only in areas above elevation 6, and 
above at least one active siltation barrier. 

Rubbish and debris shall be removed from the Causeway daily, unless 
otherwise directed. Materials that cannot be removed daily shall be stored 
in areas specified by the Contracting Officer. 

3. 5 CONFIRMATION SAMPLING AlifD P. . .NALYSIS 

The Contracting Officer, or a representative, shall be present to inspect 
the removal of contaminated soil from each excavation area. After all 
material suspected of being contaminated has been removed, the excavation 
shall be examined for evidence of contamination and, if appropriate, field 
analysis used to determine the presence of volatile contamination using a 
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real-time vapor monitoring instrument. Excavation of additional soil shall 
be as directed by the Contracting Officer, or the representative. 

After all suspected contaminated material is removed, confirmation samples 
shall be collected by the Contracting Officer, or representative. The 
Contractor shall assist the Contracting Officer, or the representative, as 
requested. Based on test results, the Contracting Officer shall propose any 
additional excavation that may be required to remove material contaminated 
above action levels. Additional excavation shall be subject to approval by 
the Contracting Officer. 

Confirmation sampling will not be conducted for demolition or oversized 
debris removal; however, the location and approximate volume of additional 
debris, discovered during the debris removal process, should be noted by the 
Contractor for future removal under Phase II of this work. 

3.6 CONTAMINATED MATERIAL STORAGE 

Material shall be placed in temporary storage immediately after excavation 
or removal from the Causeway. The following paragraphs describe acceptable 
methods of material storage. Storage units shall be in good condition and 
constructed of materials that are compatible with the material to be stored. 
If multiple storage units are required, each unit shall be clearly labeled 
with an identification number and a written log shall be kept to track the 
source of contaminated material in each temporary storage unit. 

3.6.1 Stockpiles 

Stockpiles shall be constructed to isolate stored contaminated material from 
the environment. The maximum stockpile size shall be 500 cubic yards. 
Stockpiles shall be constructed to include: 

a. A chemically resistant geomembrane liner. Non-reinforced 
geomembrane liners shall have a minimum thickness of 20 mils. 
Scrim reinforced geomembrane liners shall have a minimum weight 
of 40 lbs. per 1000 square feet. The ground surface on which 
the geomembrane is to be placed shall be free of rocks greater 
than 0.5 inches in diameter and any other object which could 
damage the membrane. 

b. Geomembrane cover to prevent precipitation from entering the 
stockpile. Non-reinforced geomernbrane covers shall have a 
minimum thickness of 10 mils. Scrim reinforced geomernbrane 
covers shall have a minimum weight of 26 lbs. per 1000 square 
feet. The cover material shall be anchored to prevent it from 
being removed by wind. 

c. Berms surrounding the stockpile, a minimum of 12 inches in 
height. Vehicle access points shall also be bermed. 

d. Storage and removal of liquid which collects in the stockpile, 
in accordance with paragraph Liquid Storage. 

e. Inspection of the stockpile areas will be conducted on a weekly 
basis, or following a significant precipitation event, as 
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3.6.2 

necessary to assure continued compliance with contract 
requirements. 

Roll-Off Units 

Water-tight roll-off units shall be used to temporarily store contaminated 
material. An impermeable cover shall be placed over the units to prevent 
precipitation from contacting the stored material. The units shall be 
located in the Contractor storage area, as directed by the Contracting 
Officer. Liquid which collects inside the units shall be removed and stored 
in accordance with paragraph Liquid Storage. 

3.6.3 Liquid Storage 

Liquid collected from excavations and stockpiles shall be temporarily stored 
in 55-gallon barrels. Liquid storage containers shall be water-tight and 
shall be located in the Contractor storage area, as directed by the 
Contracting Officer. 

3.7 SAMPLING 

3.7.1 Sampling of Stored Material 

Samples of excavated soil, demolition debris, and oversized debris shall be 
collected for characterization purposes of each debris type. Sample 
collection rates and analytical parameters shall be determined by the 
Contracting Officer in conjunction with the requirements of the accepting 
treatment, storage, and disposal (TSD) facility. 

Stored material shall be treated/disposed offsite. Analyses for 
contaminated material to be taken to an offsite TSD facility shall conform 
to local, state, and federal criteria as well as to the requirements of the 
TSD facility. Documentation of all analyses performed shall be furnished to 
the Contracting Officer. Additional sampling and analyses, to the extent 
required by the accepting offsite TSD facility, shall be the responsibility 
of the Contractor and shall be performed at no additional cost to the 
Government. 

3.7.2 Sampling Liquid 

Liquid collected from storage areas and decontamination facilities shall be 
sampled at a frequency of once for every 500 gallons of liquid collected. 
Samples shall be tested for the following: 

Chemical Parameter Action Level 

Volatile Organics 100 parts per billion 

Liquid with contaminant levels that exceed action levels shall be treated 
on-site using activated carbon until subsequent sampling results are below 
the action level. When the liquid is below the action level, it shall be 
discharged to the Building 63 Chemical Waste Treatment Plant sump. 
Documentation of all analyses performed shall be furnished to the 
Contracting Officer in the Phase I Completion Report (Section 01780 CLOSEOUT 
SUBMITTALS). 
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3.8 SPILLS 

In the event of a spill or release of a hazardous substance (as designated 
in 40 CFR 302), pollutant, contaminant, or oil (as governed by the Oil 
Pollution Act (OPA), 33 U.S.C. 2701 et seq.), the Contractor shall notify 
the Contracting Officer immediately. If the spill exceeds the reporting 
threshold, the Contractor shall follow the pre-established procedures as 
described in the SSHP for immediate reporting and containment, as described 
in Section 01351 SAFETY, HEALTH, AND EMERGENCY RESPONSE (HTRW/UST). 

3.9 BACKFILL 

3.9.1 Confirmation Test Results 

Excavations will not be backfilled during this phase of the work. Safety 
fencing shall be placed around any excavation greater than 2 feet deep and a 
layer of erosion control mulch shall be placed in accordance with Section 
02271 EROSION AND SEDIMENT CONTROL. The excavations will be backfilled with 
material excavated from the sides of the Causeway during Phase II of this 
work (N.I.T.C.). 

3.10 DISPOSAL REQUIREMENTS 

Offsite disposal of contaminated material shall be in accordance with 
Section 02120 TRANSPORTATION AND OFF-SITE DISPOSAL. 

3 .11 PHASE I COMPLETION REPORT 

Six copies of a Phase I Completion Report shall be prepared and submitted 
within 21 calendar days of completing work at the site. The report shall be 
labeled with the contract number, project name, location, date, name of 
general contractor, and the Corps of Engineers District contracting for the 
work. The Closure Report shall include the following information as a 
minimum: 

a. A cover letter signed by a responsible company official 
certifying that all services involved have been performed in 
accordance with the terms and conditions of the contract 
documents. 

b. A narrative report including, but not limited to, the 
following: 

(1) site conditions, groundwater elevation, and cleanup 
criteria; 

(2) excavation logs; 

(3) field screening readings; 

(4) quantity of materials removed from each area of 
contamination; and 

(5) quantities of water/product removed during dewatering. 
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c. Copies of all chemical and physical test results. 

d. Copies of all manifests and land disposal restriction 
notifications. 

e. Copies of all certifications of final disposal signed by the 
responsible disposal facility official. 

f. Waste profile sheets. 

g. Scaled drawings showing limits of each excavation, limits of 
contamination, and known underground utilities within 50 feet 
of excavation. 

h. Progress Photographs. Color photographs shall be used to 
document progress of the work. A minimum of four views of the 
site showing the location of the area of contamination, 
entrance/exit road, and any other notable site conditions shall 
be taken before work begins. After work has been started, 
activities at each work location shall be photographically 
recorded weekly. Photographs shall be a minimum of 4 x 6 
inches and shall include: 

(1) Soil removal, handling, and sampling. 

(2) Unanticipated events such as discovery of additional 
contaminated material. 

(3) Contaminated material storage. 

(4) Site or task-specific employee respiratory and personal 
protection. 

(5) Post-construction photographs. After completion of work at 
each site, the Contractor shall take a minimum of four 
views of each excavation site. 

Photographs shall be mounted back-to-back in double face plastic sleeves 
punched to fit standard three ring binders. Each print shall have an 
information box attached. The box shall be typewritten and arranged as 
follows: 

Project Name: Direction of View: 
Location: Date/Time: 
Photograph No.: Description of View: 

--End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 02120 

TRANSPORTATION AND OFF-SITE DISPOSAL 
10/96 

This section covers the transportation and off-site disposal of materials 
generated during the completion of Phase I work at the site. Material 
anticipated to require disposal includes excavated soil, oversized debris, 
and demolition debris. 

1.2 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by basic 
designation only. 

40 CFR 61 

40 CFR 261 

40 CFR 262 

40 CFR 263 

40 CFR 264 

40 CFR 265 

40 CFR 266 

40 CFR 268 

40 CFR 270 

40 CFR 300 

CODE OF FEDERAL REGULATIONS {CFR) 

National Emission Standards for Hazardous Air 
Pollutants 

Identification and Listing of Hazardous Waste 

Standards Applicable to Generators of 
Hazardous Waste 

Standards Applicable to Transporters of 
Hazardous Waste 

Standards for Owners and Operators of 
Hazardous Waste Treatment, Storage, and 
Disposal Facilities 

Interim Status Standards for Owners and 
Operators of Hazardous Waste Treatment, 
Storage, and Disposal Facilities 

Standards for the Management of Specific 
Hazardous Wastes and Specific Types of 
Hazardous Waste Management Facilities 

Land Disposal Restrictions 

EPA Administered Permit Programs: The 
Hazardous Waste Permit Program 

National Oil and Hazardous Substances 
Pollution Contingency Plan 
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40 CFR 302 

49 CFR 107 

49 CFR 172 

49 CFR 173 

49 CFR 178 

1.3 SUBMITTALS 

Designation, Reportable Quantities, and 
Notification 

Hazardous Materials Program Procedures 

Hazardous Materials Table, Special 
Provisions, Hazardous Materials 
Communications, Emergency Response 
Information, and Training Requirements 

Shippers - General Requirements for Shipments 
and Packagings 

Specifications for Packagings 

Government approval is required for submittals with a "GA" designation; 
submittals not having a "GA" designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

SD-06 Test Reports 

Recordkeep GA 

Information necessary to file state annual or EPA biennial reports 
for all hazardous waste transported, treated, stored, or disposed 
of under this contract. The Contractor shall not forward these 
data directly to the regulatory agency but to the Contracting 
Officer at the specified time. The submittal shall contain all the 
information necessary for filing of the formal reports in the form 
and format required by the governing Federal or state regulatory 
agency. A cover letter shall accompany the data to include the 
contract number, Contractor name, and project location. 

Exception Reports; GA 

In the event that a manifest copy documenting receipt of hazardous 
waste at the treatment, storage, and disposal (TSD) facility is not 
received within 35 days of shipment initiation, the Contractor 
shall prepare and submit an exception report to the Contracting 
Officer within 37 days of shipment initiation. 

SD-07 Certificates 

EPA Oft Site Policy; GA 

A letter certifying that EPA considers the facilities to be used 
for all off site disposal to be acceptable in accordance with the 
Off-Site policy in 40 CFR 300, Section .440. This certification 
shall be provided for wastes from Resource Conservation and 
Recovery Act (RCRA), 42 U.S.C. 6901 et seq., sites as well as from 
Comprehensive Environmental Response Compensation and Liability Act 
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(CERCLA), 42 U.S.C. 9601 et seq., responses. See Attachment A, 
sample certification, at the end of this section. 

Disposal Certificates; GA 

Certificates documenting the ultimate disposal of hazardous wastes 
and/or asbestos within 180 days of initial shipment. Receipt of 
these certificates will be required for final payment. 

Shipping Documents and Packagings Certification; GA 

All transportation related shipping documents to the Contracting 
Officer, including draft hazardous waste manifests, draft land 
disposal restriction notifications, draft asbestos waste shipment 
records, draft bill of ladings for hazardous materials, lists of 
corresponding proposed labels, packages, marks, and placards to be 
used for shipment, waste profiles, and supporting waste analysis 
documents, for review a minimum of 14 days prior to anticipated 
pickup. Packaging assurances shall be furnished prior to 
transporting hazardous material; "generator copies" of hazardous 
waste manifests, land disposal restriction notifications, asbestos 
waste shipment records, bill of ladings, and supporting waste 
analysis documents shall be furnished when shipments are 
originated; and "receipt copies" of asbestos waste shipment records 
at the designated disposal facility shall be furnished not later 
than 35 days after acceptance of the shipment. 

Notices of Non-Compliance and Notices of Violation; GA 

Notices of non-compliance or notices of violation by a Federal, 
state, or local regulatory agency issued to the Contractor in 
relation to any work performed under this contract. The Contractor 
shall immediately provide copies of such notices to the 
Contracting Officer. The Contractor shall also furnish all 
relevant documents regarding the incident and any information 
requested by the Contracting Officer, and shall coordinate its 
response to the notice with the Contracting Officer or his 
designated representative prior to submission to the notifying 
authority. The Contractor shall also furnish a copy to the 
Contracting Officer of all documents submitted to the regulatory 
authority, including the final reply to the notice, and all other 
materials, until the matter is resolved. 

In the event of a spill or release of a hazardous substance (as designated 
in 40 CFR 302), or pollutant or contaminant, or oil (as governed by the Oil 
Pollution Act (OPA), 33 U.S.C. 2701 et seq.), the Contractor shall notify 
the Contracting Officer immediately. The Site Safety and Health Plan shall 
detail reporting requirements, as specified in Section 01351 SAFETY, 
HEALTH, AND EMERGENCY RESPONSE (HTRW/UST). 

As part of the Work Plan, specified in Section 02111 EXCAVATION AND HANDLING 
OF CONTAMINATED MATERIAL, the Contractor shall submit a plan detailing the 
manner in which wastes generated during the work shall be managed. The plan 
shall, at a minimum, describe the types and volumes of wastes anticipated to 
be managed as well as the management practices to be utilized. The plan 
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shall also identify the method to be used to ensure accurate piece counts 
and/or weights of shipments; shall identify waste minimization methods; 
shall propose facilities to be utilized for treatment, storage, and/or 
disposal; shall identify areas on-site where hazardous wastes are to be 
handled; shall identify whether transfer facilities are to be utilized; and 
if so, how the wastes will be tracked to ultimate disposal; shall contain 
the name and address of the proposed disposal facility and proposed haul 
routes; shall indicate that all material leaving the site for disposal shall 
be adequately characterized in accordance with the accepting facility 
requirements; and shall contain copies of the current certificates of 
registration issued to the Contractor. 

1.4 QUALIFICATIONS 

1.4.1 Transportation and Disposal Coordinator 

The Contractor shall designate, by position and title, one person to act as 
the Transportation and Disposal Coordinator (TDC) for this contract. The 
TDC shall serve as the single point of contact for all environmental 
regulatory matters and shall have overall responsibility for total 
environmental compliance at the site including, but not limited to, accurate 
identification and classification of hazardous waste and hazardous 
materials; determination of proper shipping names; identification of 
marking, labeling, packaging and placarding requirements; completion of 
waste profiles, hazardous waste manifests, asbestos waste shipment records, 
PCB manifests, bill of ladings, exception and discrepancy reports; and all 
other environmental documentation. The TDC shall have, at a minimum, one 
year of specialized experience in the management and transportation of 
hazardous waste. 

1.4.2 Training 

The Contractor's hazardous materials employees shall be trained, tested, and 
certified to safely and effectively carry out their assigned duties in 
accordance with Section 01351 SAFETY, HEALTH, AND EMERGENCY RESPONSE 
(HTRW/UST). The Contractor's employees transporting hazardous materials or 
preparing hazardous materials for transportation shall be trained, tested, 
and certified in accordance with 49 CFR 172. 

1.4.3 Certification 

The Contractor and/or subcontractors transporting hazardous materials shall 
possess a current certificate of registration issued by the Research and 
Special Programs Administration (RSPA), U.S. Department of Transportation, 
when required by 49 CFR 107, Subpart G. 

1.5 LAWS AND REGULATIONS REQUIREMENTS 

Work shall meet or exceed the minimum requirements established by Federal, 
state, and local laws and regulations that are applicable. These 
requirements are amended frequently and the Contractor shall be responsible 
for complying with amendments as they become effective. In the event that 
compliance exceeds the scope of work or conflicts with specific requirements 
of the contract, the Contractor shall notify the Contracting Officer 
immediately. 
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1.6 DEFINITIONS 

a. Natural Soil/Material. A soil/material in which all substances 
naturally occurring therein are present in concentrations not 
exceeding the concentrations of such substance occurring naturally 
in the environment and in which no other substance is analytically 
detectable. 

b. Polluted Soil/Material. A soil waste that has been determined to 
have been affected by a release of a substance at a concentration 
above the analytical detection limit for such substance, but at 
levels below that which would qualify it as a hazardous waste .. 

c. Hazardous Material. A substance or material which has been 
determined by the Secretary of Transportation to be capable of 
posing an unreasonable risk to health, safety, and property when 
transported in commerce, and which has been so designated pursuant 
to the Hazardous Materials Transportation Act, 49 U.S.C. Appendix 
Section 1801 et seq. The term includes materials designated as 
hazardous materials under the provisions of 49 CFR 172, Sections 
.101. and .102 and materials which meet the defining criteria for 
hazard classes and divisions in 49 CFR 173. EPA designated 
hazardous wastes are also hazardous materials. 

d. Hazardous Waste. A waste which meets criteria established in RCRA 
or specified by the EPA in 40 CFR 261 or which has been designated 
as hazardous by a RCRA authorized state program. 

e. Special Waste. As defined in the CTDEP RSRs, is: "special wastes" 
mean the following wastes, so long as they are not hazardous waste 
pursuant to section 22a-115 of the General Statutes or radioactive 
material subject to section 22a-148 of the General Statutes: (1) 
water treatment, sewage treatment or industrial sludges, liquids, 
solids and contained gases; fly-ash and casting sands or slag; and 
contaminated dredge spoils; (2) scrap tires; (3) bulky waste, as 
defined in 22a-209 l; (4) asbestos; (5) residue; and (6) biomedical 
waste. 

PART 2 PRODUCTS 

2.1 MATERIALS 

The Contractor shall provide all of the materials required for the 
packaging, labeling, marking, placarding and transportation of non-hazardous 
and hazardous wastes and hazardous materials in conformance with Department 
of Transportation standards. Details in this specification shall not be 
construed as establishing the limits of the Contractor's responsibility. 

2 .1.1 Packagings 

The Contractor shall provide bulk and non-bulk containers for packaging 
hazardous materials/wastes consistent with the authorizations referenced in 
the Hazardous Materials Table in 49 CFR 172, Section .101, Column 8. Bulk 
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and non-bulk packaging shall meet the corresponding specifications in 49 CFR 
173 referenced in the Hazardous Materials Table, 49 CFR 172, Section .101. 
Each packaging shall conform to the general packaging requirements of 
Subpart B of 49 CFR 173, to the requirements of 49 CFR 178 at the specified 
packing group performance level, to the requirements of special provisions 
of column 7 of the Hazardous Materials Table in 49 CFR 172, Section .101, 
and shall be compatible with the material to be packaged as required by 40 
CFR 262. The Contractor shall also provide other packaging related 
materials such as materials used to cushion or fill voids in overpacked 
containers, etc. Sorbent materials shall not be capable of reacting 
dangerously with, being decomposed by, or being ignited by the hazardous 
materials being packaged. Additionally, sorbents used to treat free liquids 
to be disposed of in landfills shall be non-biodegradable as specified in 40 
CFR 264, Section .314. 

2.1.2 Markings 

The Contractor shall provide markings for each hazardous material/waste 
package, freight container, and transport vehicle consistent with the 
requirements of 49 CFR 172, Subpart D, 40 CFR 262, Section .32 (for 
hazardous waste), and 40 CFR 61, Section .149(d) (for asbestos}. Markings 
shall be capable of withstanding, without deterioration or substantial color 
change, a 180 day exposure to conditions reasonably expected to be 
encountered during container storage and transportation. 

2.1.3 Labeling 

The Contractor shall provide primary and subsidiary labels for hazardous 
materials/wastes consistent with the requirements in the Hazardous Materials 
Table in 49 CFR 172, Section .101, Column 6. Labels shall meet design 
specifications required by 49 CFR 172, Subpart E including size, shape, 
color, printing, and symbol requirements. Labels shall be durable and 
weather resistant and capable of withstanding, without deterioration or 
substantial color change, a 180 day exposure to conditions reasonably 
expected to be encountered during container storage and transportation. 

2.1.4 Placards 

For each off-site shipment of hazardous material/waste, the Contractor shall 
provide primary and subsidiary placards consistent with the requirements of 
49 CFR 172, Subpart F. Placards shall be provided for each side and each 
end of bulk packaging, freight containers, transport vehicles, and rail cars 
requiring such placarding. Placards may be plastic, metal, or other 
material capable of withstanding, without deterioration, a 30 day exposure 
to open weather conditions and shall meet design requirements specified in 
49 CFR 172, Subpart F. 

2.1.5 Spill Response Materials 

The Contractor shall provide spill response materials including, but not 
limited to, containers, adsorbent, shovels, and personal protective 
equipment. Spill response materials shall be available at all times in 
which hazardous materials/wastes are being handled or transported. Spill 
response materials shall be compatible with the type of material being 
handled. 
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2.2 EQUIPMENT AND TOOLS 

The Contractor shall provide miscellaneous equipment and tools necessary to 
handle hazardous materials and hazardous wastes in a safe and 
environmentally sound manner. 

PART 3 EXECUTION 

3.1 ON-SITE WASTE MANAGEMENT 

These paragraphs apply to Government-owned waste only. Contractors are 
prohibited by 10 U.S.C. 2692 from storing contractor-owned waste on site for 
any length of time. The Contractor shall be responsible for ensuring 
compliance with all Federal, state, and local hazardous waste laws and 
regulations and shall verify those requirements when preparing reports, 
waste shipment records, hazardous waste manifests, or other documents. The 
Contractor shall identify hazardous wastes using criteria set forth in 40 
CFR 261 or all applicable state and local laws, regulations, and ordinances. 
When accumulating hazardous waste on-site, the Contractor shall comply with 
generator requirements in 40 CFR 262 and any applicable state or local law 
or regulations. on-site accumulation times shall be restricted to 
applicable time frames referenced in 40 CFR 262, Section .34 and any 
applicable state or local law or regulation. Accumulation start dates shall 
commence when waste is first generated (i.e. containerized or otherwise 
collected for discard). 

The Contractor shall only use containers in good condition and compatible 
with the waste to be stored. The Contractor shall be responsible for 
ensuring containers are closed except when adding or removing waste. The 
Contractor shall be responsible for immediately marking all hazardous waste 
containers with the words "hazardous waste" and other information required 
by 40 CFR 262, Section .32 and any applicable state or local law or 
regulation as soon as the waste is containerized. An additional marking 
shall be placed on containers of "unknowns" designating the date sampled, 
and the suspected hazard. The Contractor shall be responsible for 
inspecting containers for signs of deterioration and shall be responsible 
for responding to any spills or leaks. The Contractor shall inspect all 
hazardous waste areas weekly and shall provide written documentation of the 
inspection. Inspection logs shall contain date and time of inspection, name 
of individual conducting the inspection, problems noted, and corrective 
actions taken. 

3 .1.1 On-site Waste Classification 

The Contractor, in consultation with the Contracting Officer and the waste 
transporter, shall identify all waste codes applicable to each hazardous and 
non-hazardous waste stream, as applicable, based on requirements in 40 CFR 
261 or any applicable state or local law or regulation. The Contractor 
shall also identify all applicable treatment standards in 40 CFR 268 and 
state land disposal restrictions and shall make a determination as to 
whether or not the waste meets or exceeds the standards. Waste profiles, 
analyses, classification and treatment standards information shall be 
submitted to Contracting Officer for review and approval. 
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3 .1. 2 Waste Management Plan 

As part of the Work Plan, specified in Section 02111 EXCAVATION AND 
HANDLING OF CONTAMINATED MATERIAL, the Contractor shall submit a plan 
detailing the manner in which wastes generated during the work shall be 
managed. The plan shall, at a minimum, describe the types and volumes of 
wastes anticipated to be managed as well as the management practices to be 
utilized. The plan shall also identify the method to be used to ensure 
accurate piece counts and/or weights of shipments; shall identify waste 
minimization methods; shall propose facilities to be utilized for 
treatment, storage, and/or disposal; shall identify areas on-site where 
hazardous wastes are to be handled; shall identify whether transfer 
facilities are to be utilized; and if so, how the wastes will be tracked to 
ultimate disposal; shall contain the name and address of the proposed 
disposal facility and proposed haul routes; and shall contain copies of the 
current certificates of registration issued to the Contractor. 

3.2 OFF-SITE WASTE MANAGEMENT 

The Contractor shall use licensed solid waste landfills and RCRA Subtitle C 
permitted facilities which meet the requirements of 40 CFR 264. The 
Contractor may also use facilities operating under interim status which meet 
the requirements of 40 CFR 265. Off-site TSD facilities with significant 
RCRA violations or compliance problems (such as facilities known to be 
releasing hazardous constituents into ground water, surface water, soil, or 
air) shall not be used. 

3.2.1 Description of Treatment, Storage, and Disposal Facility and 
Transporter 

The Contractor shall provide the Contracting Officer with EPA ID numbers, 
names, locations, and telephone numbers of TSD facilities and transporters. 
This information shall be contained in the Waste Management Plan for 
approval prior to waste disposal. 

3.2.2 Status of the Facility 

Facilities receiving hazardous waste must be permitted in accordance with 40 
CFR 270 or operating under interim status in accordance with 40 CFR 265 
requirements, or must be permitted by an authorized state program. 
Additionally, prior to using a TSD Facility, the Contractor shall contact 
the EPA Regional Off-site Coordinator specified in 40 CFR 300, Section .440, 
to determine the facility's status, and document all information necessary 
to satisfy the requirements of the EPA Off-Site policy and furnish this 
information to the Contracting Officer. 

3.2.3 Shipping Documents and Packaging Certification 

Prior to shipment of any hazardous material off-site, the Contractor's 
Transportation and Disposal Coordinator (TDC) shall provide written 
certification to the Contracting Officer that hazardous materials have been 
properly packaged, labeled, and marked in accordance with Department of 
Transportation and EPA requirements. 

SECTION 02120 PAGE 8 



STRATFORD ARMY ENGINE PLANT CAUSEWAY NCRA 
PHASE I 
STRATFORD, CONNECTICUT 

3.2.4 Transportation 

The Contractor shall use manifests for transporting hazardous wastes as 
required by 40 CFR 263 or any applicable state or local law or regulation. 
Special wastes shall be transported in accordance with applicable State 
regulations. Transportation shall comply with all requirements in the 
Department of Transportation referenced regulations in the 49 CFR series. 
The Contractor shall acquire manifests in accordance with the hierarchy 
established in 40 CFR 262, Section .21. The Contractor shall prepare 
hazardous waste manifests for each shipment of hazardous waste shipped off
site. Manifests shall be completed using instructions in 40 CFR 262, 
Subpart Band any applicable state or local law or regulation. Manifests 
and waste profiles shall be submitted to Contracting Officer for review and 
approval. 

The Contractor shall prepare land disposal restriction notifications as 
required by 40 CFR 268 or any applicable state or local law or regulation 
for each shipment of hazardous waste. Notifications shall be submitted with 
the manifest to the Contracting Officer for review and approval. When the 
additional cost of sending a qualified USACE representative to a remote 
location for a small clean up project is unwarranted, the option of 
requiring the on-site Contractor to sign the manifests on behalf of the 
generator is permitted and should be considered. This option shall only be 
exercised on a project specific basis, if prior to the solicitation process, 
written authorization of the customer and approval of the Chief, 
Construction Division at the executing district has been obtained, and the 
technical provisions of the contract solicitation provide competing 
contractors notice of the requirement. 

3.2.5 Treatment and Disposal of Hazardous Wastes 

The hazardous waste shall be transported to an approved hazardous waste TSD 
facility within 90 days of the accumulation start date on each container. 
The Contractor shall ship hazardous wastes only to facilities which are 
properly permitted to accept the hazardous waste or operating under interim 
status. The Contractor shall ensure wastes are treated to meet land 
disposal treatment standards in 40 CFR 268 prior to land disposal. The 
Contractor shall propose TSD facilities via submission of the Waste 
Management Plan, as included in the Work Plan, subject to the approval of 
the Contracting Officer. 

3.3 HAZARDOUS MATERIALS MANAGEMENT 

The Contractor, in consultation with the Contracting Officer, shall 
evaluate, prior to shipment of any material off-site, whether the material 
is regulated as a hazardous waste in addition to being regulated as a 
hazardous material; this shall be done for the purpose of determining proper 
shipping descriptions, marking requirements, etc., as described below. 

3.3.1 Identification of Proper Shipping Names 

The Contractor shall use 49 CFR 172, Section .101 to identify proper 
shipping names for each hazardous material (including hazardous wastes) to 
be shipped off-site. Proper shipping names shall be submitted to the 
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Contracting Officer in the form of draft shipping documents for review and 
approval. 

3.3.2 Packaging, Labeling, and Marking 

The Contractor shall package, label, and mark non-hazardous and hazardous 
materials/wastes using the specified materials and in accordance with the 
referenced authorizations. The Contractor shall mark each container of 
hazardous waste of 104 gallons or less with the following: 

"HAZARDOUS WASTE - Federal Law Prohibits Improper Disposal. 
If found, contact the nearest police or public safety authority or the U.S. 
Environmental Protection Agency. 
Generator's name 
Manifest Document Number " 

3.3.3 Shipping Documents 

The Contractor shall ensure that each shipment of non-hazardous and 
hazardous material sent off-site is accompanied by properly completed 
shipping documents. 

3.3.3.1 Asbestos Waste Shipment Documents 

The Contractor shall prepare waste shipment records as required by 40 CFR 61 
for shipments of asbestos. Waste shipment records shall be submitted to the 
Contracting Officer for review and approval. Waste shipment records shall 
be signed by the Contractor. 

3.3.3.3 Other Hazardous Material Shipment Documents 

The Contractor shall prepare a bill of lading for each shipment of hazardous 
material which is not accompanied by a hazardous waste manifest or asbestos 
waste shipment record which fulfills the shipping paper requirements. The 
bill of lading shall satisfy the requirements of 49 CFR 172, Subpart C, and 
any applicable state or local law or regulation, and shall be submitted to 
the Contracting Officer for review and approval. For laboratory samples, 
the Contractor shall prepare bills of lading and other documentation as 
necessary to satisfy conditions of the sample exclusions in 40 CFR 261, 
Section .4(d) and (e) and any applicable state or local law or regulation. 
Bill of ladings requiring shipper's certifications will be signed by the 
Government. 

3.4 OBTAINING EPA ID NUMBERS 

The Contractor shall complete EPA Form 8700-12, Notification of Hazardous 
Waste Activity, and submit to the Contracting Officer for review and 
approval. The Contractor shall allow a minimum of 30 days for processing 
the application and assigning the EPA ID number. Shipment shall be made not 
earlier than one week after receipt of the EPA ID number. 

3.5 SPECIAL REQUIREMENTS FOR ASBESTOS WASTES 

When work involves asbestos-containing wastes, the Contractor shall manage 
these wastes in accordance with Section 13280 ASBESTOS ABATEMENT. 
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3.6 WASTE MINIMIZATION 

The Contractor shall minimize the generation of hazardous waste to the 
maximum extent practicable. The Contractor shall take all necessary 
precautions to avoid mixing clean and contaminated wastes. The Contractor 
shall identify and evaluate recycling and reclamation options as 
alternatives to land disposal. Requirements of 40 CFR 266 shall apply to: 
hazardous wastes recycled in a manner constituting disposal; hazardous waste 
burned for energy recovery; lead-acid battery recycling; and hazardous 
wastes with economically recoverable precious metals. 

3.7 RECORDKEEPING 

The Contractor shall be responsible for maintaining adequate records to 
support information provided to the Contracting Officer regarding exception 
reports, annual reports, and biennial reports. The Contractor shall be 
responsible for maintaining asbestos waste shipment records for a minimum of 
3 years from the date of shipment or any longer period required by any 
applicable law or regulation or any other provision of this contract. 

3.8 SPILL RESPONSE 

The Contractor shall respond to any spill of hazardous material or hazardous 
waste which are in the custody or care of the Contractor,_ pursuant to this 
contract. Any direction from the Contracting Officer concerning a spill or 
release shall not be considered a change under the contract. The Contractor 
shall comply with all applicable requirements of Federal, state, or local 
laws or regulations regarding any spill incident. 

3.9 EMERGENCY CONTACTS 

The Contractor shall be responsible for complying with the emergency contact 
provisions in 49 CFR 172, Section .604. Whenever the Contractor ships 
hazardous materials, the Contractor shall provide a 24-hour emergency 
response contact and phone number of a person knowledgeable about the 
hazardous materials being shipped and who has comprehensive emergency 
response and incident mitigation information for that material, or has 
immediate access to a person who possesses such knowledge and information. 
The phone must be monitored on a 24-hour basis at all times when the 
hazardous materials are in transportation, including during storage 
incidental to transportation. The Contractor shall ensure that information 
regarding this emergency contact and phone number are placed on all 
hazardous material shipping documents. The Contractor shall designate an 
emergency coordinator and post the following information at areas in which 
hazardous wastes are managed: 

a. The name of the emergency coordinator. 

b. Phone number through which the emergency coordinator can be 
contacted on a 24-hour basis. 

c. The telephone number of the local fire department. 

d. The location of fire extinguishers and spill control materials. 
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Attachment A 
SAMPLE OFF-SITE POLICY CERTIFICATION MEMO 

Project/Contract#: _________________________ _ 
Waste Stream: --------------------------------Prim a r y TSD Facility, EPA ID# and Location: 
Alter. TSD Facility, EPA ID# and Location: ________________ _ 

EPA Region Primary Contact Secondary Contact 
---------- --------------- -----------------

I (617) 565-9446 { 617) 573-1754 

II (212) 637-4139 (212) 264-2638 

III (814) 566-3450 (215) 597-8338 

IV (404) 562-8589 {404) 347-7603 

V (312) 886-3587 (312) 886-4445 

VI (214) 665-2282 {214) 655-2281 

VII {913) 551-7883 (913) 551-7667 

VIII {303) 312-6419 (3 03) 293-1506 

IX (415) 744-2091 {415) 744-2114 

X (206) 553-1061 (2 06) 553-1061 

EPA representative contacted: 
EPA representative phone number: 
Date contacted: 

Comment: 
The above EPA representative was contacted on_____ As of that date 
the above sites were considered acceptable in accordance with the Off-Site 
Policy in 40 CFR 300.440. 

Signature: Date: -----------------Phone number: 

--End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 02220 

DEMOLITION 
12/97 

The work covered in this section includes demolition of Building 59, 
Building 5, the Causeway weather station, and the containment berm, 
protective posts, and tank supports around the Building 34 former above
ground storage tank (AST) farm. The work also includes disconnection of 
utilities, salvage of identified items and materials, and removal of 
resulting rubbish and demolition debris. In the interest of occupational 
safety and health, the work shall be performed in accordance with EM 385-1-
1, Section 23, Demolition, and other applicable Sections. In the interest 
of conservation, salvage shall be pursued to the maximum extent possible; 
salvaged items and materials shall be disposed of as specified. 

1.2 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by basic 
designation only. 

EM 385-1-1 

1.3 SUBMITTALS 

ENGINEERING MANUALS (EM) 

(1996) U.S. Army Corps of Engineers Safety 
and Health Requirements Manual 

As part of the Work Plan, specified in Section 02111 EXCAVATION AND 
HANDLING OF CONTAMINATED MATERIAL, a Demolition Plan shall be submitted 
that details the procedures proposed for the accomplishment of the work. 
The procedures shall provide for safe conduct of the work, including 
procedures and methods to provide necessary supports, lateral bracing and 
shoring when required, careful removal and disposition of materials 
specified to be salvaged, protection of property which is to remain 
undisturbed, coordination with other work in progress, and timely 
disconnection of utility services. The procedures shall include a detailed 
description of the methods and equipment to be used for each operation, and 
the sequence of operations in accordance with EM 385-1-1. 

1.4 DUST CONTROL 

The amount of dust resulting from demolition shall be controlled to prevent 
the spread of dust to occupied portions of the facility and to avoid 
creation of a nuisance in the surrounding area. Dust control shall comply 
with the requirements of Section 01562 DUST CONTROL. 
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1.5 PROTECTION 

1.5.1 Protection of Personnel 

During the demolition work the Contractor shall continuously evaluate the 
condition of the structures being demolished and take immediate action to 
protect all personnel working in and around the demolition site. No area, 
section, or component of floors, roofs, walls, columns, pilasters, or other 
structural element will be allowed to be left standing without sufficient 
bracing, shoring, or lateral support to prevent collapse or failure while 
workmen remove debris or perform other work in the immediate area. 
Excavations required for limited foundation removal shall be barricaded and 
labeled in accordance with applicable standards. 

1.5.2 Protection of Structures 

Floors, roofs, walls, columns, pilasters, and other structural components 
that are designed and constructed to stand without lateral support or 
shoring, and are determined to be in stable condition, shall remain 
standing without additional bracing, shoring, of lateral support until 
demolished, unless directed otherwise by the Contracting Officer. The 
Contractor shall ensure that no elements determined to be unstable are left 
unsupported and shall be responsible for placing and securing bracing, 
shoring, or lateral supports as may be required as a result of any cutting, 
removal, or demolition work performed under this contract. 

1.5.3 Protection of Existing Property 

Before beginning any demolition work, the Contractor shall examine the 
drawings and specifications to determine the extent of the work. The 
Contractor shall take necessary precautions to avoid damage to existing 
items to remain in place, to be reused, or to remain the property of the 
Government; any damaged items shall be repaired or replaced as approved by 
the Contracting Officer. The Contractor shall coordinate the work of this 
section with all other work and shall construct and maintain shoring, 
bracing, and supports as required. The Contractor shall ensure that 
structural elements are not overloaded and shall be responsible for 
increasing structural supports or adding new supports as may be required as 
a result of any cutting, removal, or demolition work performed under this 
contract. 

1.5.4 Protection From the Weather 

The interior of buildings to remain; salvageable materials and equipment 
shall be protected from the weather at all times. Due to the tidal nature 
and potential for severe weather conditions, work on the causeway shall be 
protected from possible submergence during high water events. 

1.5.5 Environmental Protection 

The work shall comply with the requirements of Section 01410 ENVIRONMENT 
PROTECTION. The Contractor shall not perform any demolition or debris 
removal until erosion and sedimentation controls have been installed, and 
approved by the Contracting Officer. 
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The Contractor shall wash demolition debris free of residual soils using 
high pressure water. Do not perform washing within 50 feet of soil 
excavation areas. 

1.6 BURNING 

The use of burning at the project site for the disposal of refuse and 
debris will not be permitted. 

1.7 USE OF EXPLOSIVES 

Use of explosives will not be permitted. 

1.8 AVAILABILITY OF WORK AREAS 

Areas in which the work is to be accomplished will be available during the 
hours of operation listed in Section 01010 SUMMARY OF WORK. Designated 
areas for Contractor use, as well as areas off-limits to Contractor use, 
are indicated on the Drawings. 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION 

3.1 DEMOLITION EQUIPMENT 

Due to the nature of subsurface materials, the Contractor shall use 
demolition equipment that will minimize the amount of dynamic energy 
imparted to the ground during demolition activities on the Causeway. 

3.2 DEMOLITION 

The following structures shall be removed from the site: 

3.2.1 Building 59 

Overhead and surface utilities shall be disconnected as identified on the 
Drawings, prior to demolition activities at Building 59. Any underground 
structures associated with utilities shall be removed, as necessary. 
Utility removal shall be conducted in accordance with Section 02016 
EXISTING UTILITIES AND UNDERGROUND STRUCTURES. 

Building 59 is a former storage facility with one main storage room (Cell 
1) measuring approximately 21 feet by 22 feet. Three smaller rooms (Cells 
2, 3, and 4) are approximately 8 feet by 10 feet each. An 11-foot by 23-
foot loading comprises the rest of the building. The roof is flat, 
approximately 1-foot thick, and covered with tar and gravel. Approximately 
10 feet from the outer walls of Building 59 are 1-foot to 1-1/2-foot thick 
heavily reinforced buttressed concrete blast walls. Available drawings 
detailing the construction of Building 59 are attached to these 
specifications as Appendix H. 

SECTION 02220 PAGE 3 



STRATFORD ARMY ENGINE PLANT CAUSEWAY NCRA 
PHASE I 
STRATFORD, CONNECTICUT 

The existing exterior walls of Building 59 and all interior walls of the 
building shall be removed to a depth of 2 feet below existing grade. 
Building foundations should also be removed to a depth of 2 feet below 
existing grade. Basement slabs, if present, shall be broken up to permit 
drainage. The concrete ramp, located on the north side of Building 59, 
shall also be removed to a depth of 2 feet below existing grade, as part of 
Building 59 demolition. Concrete and debris that is in contact with site 
soils shall be washed on the Causeway using high-pressure water, in 
accordance with Paragraph 3.3. 

The Contractor shall grade the surrounding area, to provide a maximum 4H:1V 
slope, to eliminate abrupt grade changes resulting from foundation removal. 

3.2.2 Building 5 

Building 5 is the former fuel system testing building. It is a one-story 
concrete block construction with a flat roof. The roof of the facility and 
water pipe insulation have been determined to contain asbestos (an 
estimated 10 cubic yards). Drawings detailing the construction of Building 
5 and the location of underground utilities, are attached to these 
specifications as Appendix H, along with excerpts from an asbestos survey 
report. 

Existing underground utilities shall be disconnected as identified in 
Section 02016 EXISTING UTILITIES AND UNDERGROUND STRUCTURES. Subsurface 
penetration should be limited during utility disconnection. 

The existing exterior walls of Building 5 and all interior walls of the 
building shall be removed to existing grade. The surface slab of the 
building shall remain in place to prevent infiltration into the subsurface. 
Subsurface penetration should be limited during demolition activities. 
Structural elements, which are in contact with site soils and require 
removal, shall be washed at the building location using high-pressure 
water, in accordance with Paragraph 3.3. Salvaging shall be conducted to 
the extent practicable, and asbestos removal shall comply with the 
requirements of Section 13281 ASBESTOS ABATEMENT. 

3.2.3 Causeway Weather Station 

The Causeway weather station consists of a concrete slab, frost wall, 
chain-link fence, and a small amount of weather monitoring equipment. The 
fence and weather equipment shall be removed and salvaged as appropriate. 
The concrete slab shall be removed to a depth of 2 feet below existing 
grade. Due to the location of the weather station, demolition work must be 
conducted during low tide conditions. Concrete that is in contact with site 
soils shall be washed on the Causeway using high-pressure water, in 
accordance with Paragraph 3.3. An electrical conduit connecting the 
weather station to the facility shall be removed within the limits work, 
and salvaged, if possible. 

3.2.4 Building 34 Containment Berm 

The concrete berm surrounding the Building 34 former AST farm, the 
protective posts, and the tank supports, shall be removed to existing 
ground surface. The concrete berm is approximately one foot high and nine 
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inches thick, with a total length of 250 feet. 
posts surround the berm, and approximately five 
within the berm. Subsurface penetration in the 
limited during removal activities. 

An estimated 60 protective 
tank supports are located 
area of the berm should be 

Following removal of these structures, the area shall be prepared and paved 
in accordance with the requirements of Section 02576 BITUMINOUS CONCRETE 
PAVEMENT, to allow increased access to the Causeway area. 

3.3 HANDLING OF DEMOLITION DEBRIS 

3.3.1 Removal of Excess Soil 

Demolition debris shall be cleaned of excess soil first by using mechanical 
methods followed by use of high-pressure cleaning equipment, prior to 
removal from the Causeway. Washing shall be performed in close proximity 
to the removal area, with water allowed to infiltrate the ground surface. 
No surfactants shall be used. The Contractor shall perform cleaning in 
such a manner to minimize the volume of water used and the potential for 
migration of sediments. Perform washing only in areas above elevation 6, 
and above at least one active siltation barrier. 

3.3.2 Debris Removal 

Rubbish and debris shall be removed from the Causeway daily, unless 
otherwise directed. Materials that cannot be removed daily shall be stored 
in areas specified by the Contracting Officer. 

3.4 UTILITIES 

Disconnection of utility services, with related meters and equipment, are 
specified in Section 02016 EXISTING UTILITIES AND UNDERGROUND STRUCTURES. 
When utility lines are encountered that are not indicated on the drawings, 
the Contracting Officer shall be notified prior to further work in that 
area. 

3.5 DISPOSITION OF MATERIAL 

Title to material and equipment to be demolished, except Government salvage 
and historical items, is vested in the Contractor upon receipt of notice to 
proceed. The Government will not be responsible for the condition, loss or 
damage to such property after notice to proceed. 

3.5.1 Salvageable Items and Material 

Contractor shall salvage items and material to the maximum extent possible. 

3.5.1.l Material Salvaged for the Contractor 

Material salvaged for the Contractor shall be stored as approved by the 
Contracting Officer and shall be removed from Government property before 
completion of the contract. Material salvaged for the Contractor shall not 
be sold on the site. 
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3.5.1.2 Items Salvaged for the Government 

Salvaged items to remain the property of the Government, if identified 
during work, shall be removed in a manner to prevent damage, and packed or 
crated to protect the items from damage while in storage or during 
shipment. 

3.5.1.3 Historical Items 

Historical items, if identified during work, shall be removed in a manner 
to prevent damage. The following historical items shall be delivered to 
the Government for disposition: Corner stones, contents of corner stones, 
and document boxes wherever located on the site. 

3.5.2 Unsalvageable Material 

All unsalvageable material shall be disposed of off the site. 

3.6 CLEAN UP 

Debris and rubbish shall be removed from basement and similar excavations. 
Debris shall be removed and transported in a manner that prevents spillage. 
Local and state regulations regarding hauling and disposal shall apply. 

3.7 PAVEMENTS 

Existing pavements designated for removal shall be saw cut and removed in 
their entirety. Pavement subgrade material may remain in place. 

3.8 DEMOLITION DEBRIS DISPOSAL 

Non-contaminated, contaminated, special waste, and hazardous demolition 
debris shall be disposed off-site as directed in Section 02120 
TRANSPORTATION AND OFF-SITE DISPOSAL. 

--End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 02230 

CLEARING AND GRUBBING 
06/97 

The work covered in this section shall consist of clearing and grubbing on 
the Causeway. The following definitions relate to this work: 

a. Clearing shall consist of the felling, trimming, and cutting of 
trees and shrubs into sections, chipping of the sections, and 
placement of the chipped material on the Causeway. 

b. Grubbing shall consist of the removal and disposal of stumps, roots 
larger than 3 inches in diameter, and matted roots from the 
designated grubbing areas. 

1.2 REFERENCES (NOT USED) 

1.3 SUBMITTALS (NOT USED) 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION 

3.1 CLEARING 

Trees, stumps, roots, brush, and other vegetation in areas to be cleared 
shall be cut off flush with or below the original ground surface, except 
such trees and vegetation as may be indicated or directed to be left 
standing. 

3.2 GRUBBING 

Material to be grubbed, shall be removed to a depth of not less than 2 feet 
below the original surface level of the ground, if necessary. Depressions 
made by grubbing shall be filled with Causeway fill material during Phase II 
of this work (NITC). Safety fencing shall be placed around any excavation 
greater than 2 feet deep and a layer of erosion control mulch shall be 
placed in accordance with Section 02271 EROSION AND SEDIMENT CONTROL. 

3.3 DISPOSAL OF MATERIALS 

Logs, stumps, roots, brush, rotten wood, and other refuse from the clearing 
and grubbing operations shall be chipped and disposed on the Causeway ground 
surface, except when otherwise directed in writing. Surface spreading of 
chipper debris shall be performed using heavy equipment and worked into 
causeway fill materials, such that the thickness of chipped materials is 
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less than 6 inches. The Contracting Officer will state the areas in which 
chipper debris may be placed. 

--End of Section--
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PART 1 GENERAL 

SECTION 02271 

EROSION AND SEDIMENT CONTROL 

1. 1 DESCRIPTION 

The Contractor shall provide the materials, equipment, and labor necessary 
for the installation, inspection, and maintenance of sediment and erosion 
control structures as specified herein or as required to protect surface 
waters. At the completion of the remedial construction, provide materials, 
equipment, and labor necessary for the removal, transport and disposal of 
silt and erosion control structures not specified to remain. Floating silt 
curtains (N.I.T.C.) are to remain in place after completion of Phase I, and 
through completion of Phase II Causeway cover construction (N.I.T.C.). 
Remove, transport, and dispose of sediment resulting from erosion control 
measures collected from disturbed areas in a manner consistent with overall 
intent of this specification and which does not result in additional erosion 
or sediment release. 

1 . 2 REFERENCES 

A. U.S. Environmental Protection Agency Publication 430/9-73-007 
Processes, Procedures and Methods to Control Pollution Resulting 
from All Construction Activity. 

B. U.S. Department of Agriculture Soil Conservation Service Publication 
dated July 1975, Standards and Specifications for Soil Erosion and 
Sediment Control in Developing Areas. 

C. Connecticut Department of Environmental Protection, 1988. Erosion 
and Sediment Control Guidelines in combination with the text from 
the Stormwater General Permit. 

1. 3 SUBMITTALS 

As part of the Environment Protection Plan, specified in Section 01410 
ENVIRONMENT PROTECTION, the Contractor shall submit a plan for controlling 
erosion and siltation before beginning the construction work. Said plan 
shall also include the methods to be utilized for protecting and stabilizing 
excavations, slopes and stockpiles which will be the result of the 
construction work. Acceptance of this plan will not relieve the Contractor 
of responsibility for completing the work as specified. The plan shall 
include, but not be limited to, the following items regarding erosion 
control: 

a. Shop drawings for the fabrication of the floating silt curtains 
(N.I.T.C.); 

b. product data sheets from the manufacturer for the products to be 
supplied, for which no project specific requirements are provided 
herein; 
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c. product data sheets and certifications from the manufacturer of the 
silt curtain, indicating that the products supplied meet the project 
specific requirements, as specified herein; 

d. product data sheets and certifications from the manufacturer of the 
helical anchors, indicating that the products supplied meet the 
project specific requirements, as specified herein and are 
appropriate for the intended use; 

e. manufacturer 1 s fabrication instructions, installation instructions 
and maintenance instructions for the sediment control devices to be 
used; and 

f. manufacturer's qualifications for the manufacture of the floating 
silt curtain. Qualifications shall include materials fabrication 
and deployment experience. An approved manufacturer is Kepner 
Plastics Fabricators, Inc of Torrance, California. (N.I.T.C.) 

1.4 REVIEW AND INSPECTION OF SEDIMENTATION CONTROL MEASURES 

All construction under this project shall be subject to review and inspection 
by the appropriate State and Federal agencies responsible for ensuring the 
adequacy of sedimentation control measures. 

1.5 QUALITY ASSURANCE 

Prior to the installation of the floating silt curtain (N.I.T.C), the 
Contractor shall arrange a meeting at the site with the system supplier and, 
if applicable, the system installer to review manufacturer's recommended 
installation, and maintenance instructions. Materials shall be on-site and 
the Contractor shall be prepared to install a portion of the floating silt 
curtain (N.I.T.C.). The Contracting Officer shall be notified at least 5 
days in advance of the time of the meeting. 

PART 2 PRODUCTS 

2.1 MATERIALS 

2.1.1 Mulch 

a. Late cut, matured, and cured hay. 

b. When air-dried in the loose state, the contents of a representative 
bale shall lose not more than 15 percent of the resulting air-dry 
weight of the bale. 

c. Free from primary noxious weed seeds and rough or woody materials. 

2.1.2 Matting for Erosion Control 

a. Jute Mat: 
1. Open weave, single jute yarn averaging 130 pounds per spindle of 

14,400 yards. 
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2. Yarn: Loosely twisted construction, not varying in thickness by 
more than 1/2 its normal diameter. 

3. Woven Material: 48 inches wide, plus or minus 1 inch, with 
approximately 78 warp ends per width of cloth and 41 weft ends 
per linear yard, weighing 1.22 pounds per linear yard with a 
tolerance of plus or minus 5 percent. 

b. Excelsior Mat: 
1. Wood excelsior, at least 35 inches in width, weighing 0.8 pounds 

per square yard plus or minus 5 percent. 
2. Covered with a netting on one side to facilitate handling and to 

increase strength. 

c. Other Types of Matting: Those accepted by the Contracting Officer 
as equal in effectiveness to one of those specified above. 

2.1.3 Staples 

No. 11 (or heavier) plain iron wire, made from lengths of at least 
12 inches. 

2.1.4 Hay Bales 

a. Consist of rectangular-shaped bales of hay or straw weighing at 
least 40 pounds per bale. 

b. Free from primary noxious weed seeds and rough or woody materials. 

2.1.5 Siltation Fence 

Envirofence as manufactured by Mirafi Inc. or approved equal with an 
equivalent opening size of 30, or approved equal. 

2.1.6 Floating Silt Curtain (N.I.T.C.) 

a. Unless otherwise specified on the contract drawings, shop drawings, 
or directed by the Contracting Officer, the Floating Silt Curtain 
shall consist of the following materials. Those products followed 
by an "S", indicate that project specific product requirements are 
provided, "N" indicates that general requirements are provided 
herein. 

( 1) Float (N) 
(2) Skirt (S) 
(3)Nylon Lacing (N) 
(4)Hi-Tension Webbing {S) 
{S)Galvanized Ballast Chain {N) 
(6)Aluminum End Connection (N) 
(7)Brass Grommets (N) 
(8)Stainless Steel Bolts (N) 
(9) Anchors (S) 

SECTION 02271 PAGE 3 



STRATFORD ARMY ENGINE PLANT CAUSEWAY NCRA 
PHASE I 
STRATFORD, CONNECTICUT 

b. Skirt: 

The skirt material, used to wrap the float for the silt curtain and 
to encase the ballast chain, shall be a coated fabric having the 
following characteristics: 

Property Units Type I Type II 

Base Fabric 
Weight oz./sq. yd. 6 5.5 
Fiber Polyester Polyester 

Coated Fabric 
Total Weight oz./sq. yd. 
Type of Coating Both Sides 
Coating Distribution 

(by weight) 
Color 

Mechanical Properties 
Tensile Strength 

Grab, lbs. 
Tensile Strength 

l" strip, lbs. 
Adhesion of Coating 

(film break) 

Face 
Back 

Warp 
Fill 
Warp 
Fill 
lbs. I 2" 

Hydrostatic p.s.i. 
Tear Resistance (tongue) lbs. 
Abrasion Resistance (taber)cycles 

To Exposure of Fabric Wheel 

High 

Grab Load, lbs. 

2.1.7 Anchor (N.I.T.C.) 

22 
PVC 
60% 
40% 

Vis. Yellow 

500 
450 
400 
300 
25 

600 
110 
300 
H-22 
1000 

23 
Urethane 

60% 
40% 

High Vis. 

440 
440 
275 
225 
25 

400 
160 
7,500 
Hl8 
1000 

Yellow 

a. Two types of helical anchors shall be used to anchor the floating 
silt curtain and have the following properties. 

b. Type 1 Anchor shall have a minimum pull out and lateral load 
capacity of 4,000 pounds each. 

c. Type 2 Anchors shall have a minimum pull out and lateral load 
capacity of 3,000 pounds each. 

d. The materials shall be suitable for use in an inter-tidal saltwater 
environment and shall include appropriate corrosion resistance. 

e. Each anchor shall be supplied with an eye-hook to allow for 
connection to the floating silt curtain. 

f. Provide a suitable length of 5/16-inch galvanized carbon steel chain 
to connect the anchor to the floating silt curtain, as shown on the 
drawings. 
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2 .1. 8 

PART 3 

Hi-Tension Webbing (N.I.T.C.) 

Hi-Tension Webbing to be used in Type 2 Floating Silt Curtains shall be 
2-inch-wide polyester with a 10,000-pound per inch tensile capacity. 

EXECUTION 

3 . 1 PERFORMANCE 

3 .1.1 

a. 

b. 

C. 

d. 

General 

The CONTRACTOR shall implement and maintain erosion and 
sedimentation control measures, which effectively prevent 
accelerated erosion and sedimentation. 

Earthmoving activities shall be conducted in such a manner as to 
prevent accelerated erosion and sedimentation. 

Land disturbance shall be kept to a minimum. 

The erosion and sediment control measures shall be conducted in 
accordance with the erosion and sediment control measures contained 
in the approved Work Plan. 

e. Temporary erosion and sediment control measures shall be installed 
as the first step in construction, shall be continuously 
maintained, and shall not be removed until permanent cover is 
completely established and stabilized, with the Contracting Officer 
approval. 

f. Furnish and place silt fence, check dams, and hay bales as temporary 
erosion and pollution control devices at locations in accordance 
with the approved Work Plan. 

g. Erosion control devices shall delineate the work exclusion zones for 
the site tidal mud flats. 

h. Temporary control shall be maintained both during Phase I work, as 
well as during the interim period leading up to Phase II work 
activities. Disturbed areas shall be covered with matting for 
erosion control above elevation 6 in areas where work is not to be 
performed for two weeks or longer. 

i. Excavation shall not be conducted in areas outside the siltation 
fence unless additional siltation fence installed between the 
excavation area and the tidal flats. 

3.1.2 Diverting Surface Water 

a. Build, maintain, and operate all cofferdams, channels, flumes, 
sumps, and other temporary diversion and protection works needed to 
divert surface water through or around the construction site and 
away from the construction work while construction is in progress. 
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b. Storm runoff from disturbed areas must be discharged through 
temporary erosion control measures, in accordance with the approved 
Erosion and Sediment Control Plan prior to discharge into a natural 
water bodies. 

3.1.3 Erosion Control Provisions 

a. Construct all haul roads of a durable coarse granular surface 
material sufficiently protected from erosion through water and wind 
action by channeling water flow around the structure, protecting 
side slopes in accordance with the approved Work Plan. 

b. Protect tidal areas, below elevation 6 by constructing silt fence at 
the top of slope to intercept storm runoff from the area. 

c. The toe of slope shall be protected with floating silt curtains to 
be temporarily placed within the mud flats and channel. (N.I.T.C.) 

d. Contain discharge from pumping operations during dewatering opera
tions and washing of oversized materials by a dike constructed to 
prevent silt from entering the River, as necessary. Protect the 
area of the outlet pipe against erosion by flowing water by the 
construction of a rock or timber apron. 

e. Prior to removal of all sediment control dikes, remove all retained 
silt or other materials at no additional cost to the Government. 

f. Temporarily remove silt fence to allow access to work areas, replace 
in a timely fashion, as approved by the Contracting Officer. 

3.1.4 Mulch 

a. Undertake immediately after each area has been properly prepared. 
Wood chips from chipped trees may be substituted where approved by 
the Contracting Officer. 

b. Apply hay that has been thoroughly fluffed at approximately, but not 
to exceed, 3 tons per acre unless ordered otherwise. 

c. Blowing chopped mulch will be permitted when authorized. 

d. Hay mulch should cover the ground enough to shade it, but the mulch 
should not be so thick that a person cannot see ground through the 
mulch. 

e. Dispose of all baling wire or rope outside the limits of the project 
in approved areas. 

3.1.5 Matting 

a. Preparation: 
1. Surfaces of Ditches and Slopes: 

(a) Conform to grades and cross sections shown in the approved 
Work Plan. 
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(b) Finish to a smooth and even condition with all debris, roots, 
stones, and lumps raked out and removed. 

(c) Loosen soil surface to permit bedding of the matting. 
(d) Unless otherwise directed, apply seed prior to placement. 

b. Jute: 
1. Place strips lengthwise in the direction of the flow of water. 
2. Where strips are laid parallel or meet as in a tee, overlap at 

least 4 inches. 
3. Ends: Overlap at least 6 inches, shingle fashion. 
4. The up-slope end of each strip of the matting shall be turned 

down and buried to a depth of not less than 6 inches with the 
soil firmly tamped against it. 

5. The Contracting Officer may require that any other edge exposed 
to more than normal flow of water be buried in a similar manner. 

6. Check Slots: 
(a) Build at right angles to the direction of the flow of water. 
(b) Space so that one check slot or one end occurs within each 

50 foot length of slope. 
(c) Construct by placing a tight fold of the matting at least 

6 inches vertically into the ground, and tamp the same as up
slope ends. 

7. Edges of Matting: Bury around the edges of catch basins and 
other structures. 

c. Excelsior: 
1. Unroll in the. direction of the flow of water. 
2. Where strips are laid end to end, butt adjoining ends. 
3. When adjoining rolls are laid parallel to one another, butt 

matting snugly. 

d. Laying and Joining: 
1. Except where jute matting is turned down, spread evenly and 

smoothly in close contact with the ground. 
2. Cutout bulging seams and make joints as described above. 
3. When ordered, additional seed shall be spread over jute matting, 

particularly at those locations disturbed by building the slots. 
Jute matting shall then be pressed onto the ground with a light 
lawn roller or by other satisfactory means. 

4. Drive staples vertically into the ground flush with the surface. 
5. On slopes flatter than 4:1, space staples not more than 3 feet 

apart in three rows for each strip, with one row along each edge 
and one row, alternately spaced, down the center, or as 
recommended by manufacturer. 

6. On grades 4:1 or steeper, place staples in the same three rows, 
but spaced 2 feet apart, or as recommended by manufacturer. 

7. On all overlapping or butting edges, double the number of 
staples, with the spacing halved; all ends of the matting and all 
required check slots shall likewise have staples spaced every 
foot. 

8. Matting Placed Adjacent to Boulders or Other Obstructions: 
Staple with no space between the staples, to eliminate any loose 
edges of matting. 
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9. The above specified spacing of staples may be changed as ordered, 
depending upon varying factors such as the season of the year or 
the amount of water encountered or anticipated. 

10.In driving the staples, take care so as not to form depressions 
or bulges in the surface of the matting. 

11.Other Matting: Approved, alternate matting shall be applied in 
accordance with the recommendations of the manufacturer and as 
directed. 

e. Floating Silt Curtain (N.I.T.C.): 
1. Install anchors in accordance with manufacturers recommendations. 
2. Install anchors and anchor connectors, such that when silt 

curtain is attached it can fall no closer than 5 feet from the 
limits of work, as shown on the Drawings. 

3. Install silt curtain in accordance with manufacturers 
recommendations. 

f. Siltation Fence: 
1. Install per manufacturer's requirements and in locations shown on 

the Drawings and as directed by the Contracting Officer. 

3.2 MAINTENANCE 

3.2.1 Erosion and sediment control activities shall be conducted in accordance 
with the erosion and sediment control measures contained in the approved 
Work Plan. 

3.2.2 Erosion and sediment control measures shall be inspected by the 
Contractor at least once a week and at least daily during prolonged 
rainfall events. Repair and/or maintenance of sedimentation and 
erosion control measures shall be made as soon as needed. 

3.2.3 Sediments removed from sediment control devices prior to final cover 
installation shall be placed within the limits of the cover area, above 
elevation 6. Sediments shall be placed so as not to interfere with 
surface water drainage or pose a potential erosion problem in the future. 

3.2.4 Maintain the integrity of sediment and erosion control measures 
throughout construction period. 

3.2.5 Maintain floating silt curtain to account for settlement/movement of 
anchors. (N.I.T.C.} 

3.2.6 Maintain all sediment and erosion control measures during the interim 
period between this work phase and initiation of final cover 
installation. 

3.3 HAY BALES FOR EROSION CONTROL 

3.3.1 Place as ordered to provide for temporary control of erosion or pollution 
or both. 

3.3.2 Stake with the required stakes. 
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3.3.3 Upon acceptance of the Contract, the bales shall be left in place unless 
released to the Contractor. 

3.4 REMOVAL OF TEMPORARY WORKS 

3.4.1 Remove or level and grade to the extent required to present a sightly 
appearance and to prevent any obstruction of the flow of water or any 
other interference with the operation of or access to the permanent 
works. 

End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 02522 

MONITORING WELLS 
05/98 

There are five existing groundwater monitoring wells on the Causeway, 
including MWCD-99-0lA and -0lB, MWCD-99-02A and -02B, and MWCD-00-01. The 
work covered in this section includes the abandonment of monitoring well 
MWCD-00-01 and the protection of the four remaining monitoring wells during 
construction activities. 

1.2 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by basic 
designation only. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM} 

ASTM D 1785 

NSF ANSI/NSF 14 

1.3 SUBMITTALS 

{1996b) Polyvinyl Chloride (PVC) Plastic 
Pipe, Schedules 40, 80, and 120 

NSF INTERNATIONAL (NSF} 

(1996) Plastics Piping Components and Related 
Materials 

As part of the Phase I Completion Report, specified in Section 01780 
CLOSEOUT SUBMITTALS, the Contractor shall submit the manufacturer's data and 
recommended installation instructions for the used well sealant material. A 
monitoring well abandonment record, for each monitoring well abandoned, 
shall also be submitted to the Contracting Officer as part of the Phase I 
Completion Report. 

1.4 LICENSE REQUIREMENTS 

All work related to monitoring wells is to be performed by a contractor 
licensed by the State of Connecticut to perform the work required under 
this contract. 

PART 2 PRODUCTS 

2.1 WELL FILL SEALANT MATERIAL 

Well fill sealant material shall be Floseal or approved equal. 
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PART 3 EXECUTION 

3.1 GENERAL 

The Contractor shall protect or abandon existing monitoring wells as 
indicated in this section. The Contractor shall perform only the work 
required based on actual site conditions experienced. 

3.2 PROTECTION OF EXISTING MONITORING WELLS 

The Contractor shall maintain existing monitoring wells marked to remain and 
protect them from damage from equipment and vehicular traffic. Any items 
damaged by the Contractor shall be repaired by the Contractor. Protection 
of existing monitoring wells shall be incidental to the Work. 

3.3 MONITORING WELL ABANDONMENT 

3.3.1 General 

The existing groundwater monitoring well, MWCD-00-01, is scheduled to be 
abandoned. Monitoring well abandonment shall consist of filling the well 
with sealing material, removal of the protective casing, and removal of a 
portion of the solid riser pipe to a point 1 foot below the existing grade 
at the well. All filling of the well shall be continuous and conducted to 
manufacturer's specifications using the tremmie method. 

3.3.2 Well Decommissioning/Abandonment Records 

Decommissioning/abandonment records shall include, as a minimum, the 
following: 

a. Project name. 

b. Well number. 

c. Well location, depth and diameter. 

d. Date of decommissioning/abandonment. 

e. Method of decommissioning/abandonment. 

f. Description and total quantity of well filler sealant material. 

· --End of Section--
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PART 1 GENERAL 

SECTION 02576 

BITUMINOUS CONCRETE PAVEMENT 

1.1 DESCRIPTION 

The work covered by this section consists of furnishing all labor, 
equipment and materials necessary to perform all operations in connection 
with application of a tack coat and construction of bituminous concrete 
pavement. All work shall be performed in accordance with this section of 
the specification and as shown on the contract drawings. 

1 . 2 REFERENCES 

The following publications of the issues listed below, but referred to 
hereafter by basic designation only, form a part of this section to the 
extent indicated by the references thereto. 

ASTM D 977 

ASTM D 2027 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

(1998) Emulsified Asphalt 

(1997) Cutback Asphalt (Medium-Curing Type) 

CONNECTICUT DEPARTMENT OF TRANSPORTATION 

Standard Specifications for Roads, Bridges, and Incidental Construction 
(State Standards) 

1.3 SUBMITTALS 

Government approval is required for submittals with a "GA" designation; 
submittals having an "FIO" designation are for information only. The 
following shall be submitted·in accordance with Section 01330 SUBMITTAL 
PROCEDURES. 

SD-03, Product Data 

Bituminous Pavement Mix; GA 

The Contractor shall submit for approval copies of the supplier's 
current job mix formulas at least ten working days prior to 
commencing any paving work. 

1.4 CRITERIA FOR BIDDING 

Base bids on the following criteria. 

1.4.1 Surface Pavement of Former AST Area 

a. The price shall be full compensation for the required grade of 
asphalt tack coat placement, bituminous concrete placement, and all 
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PART 2 

work incidental to the construction of a temporary pavement 
surface. This item will be incidental to the Building 59 
Demolition bid item {Item No. 0006). 

PRODUCTS 

2 .1 MATERIALS 

2 .1.1 Bituminous Concrete 

Bituminous concrete for surface and binder courses shall conform to the 
applicable requirements of the State Standards. 

2 .1. 2 Bituminous Concrete Mixture 

The bituminous concrete binder course shall conform to the requirements 
listed in the State Standards. The mixture shall be obtained from a 
supplier regularly producing bituminous concrete under the State Standards. 
Approval shall be contingent on conformance of the completed pavement to 
the specification requirements including adherence to the suppliers current 
job mix formulas within specific toluene limits. 

2 .1. 3 Tack Coat 

Bituminous material used for the tack coat shall be emulsified asphalt 
conforming to ASTM D 977, grade RS-1. 

PART 3 EXECUTION 

3.1 PREPARATION OF EXISTING SURFACES 

The surface to receive new bituminous concrete surface course shall be 
cleared of existing gravel and soil and swept prior to placement of the 
tack coat. 

3. 2 TACK COAT 

A tack coat shall be applied to the surface of the existing pavement and 
new binder courses prior to construction of the new bituminous concrete 
surface course. Bituminous material for the tack coat shall be RS-1 
emulsified asphalt conforming to ASTM D 977. The emulsion shall be applied 
at a rate of approximately 0.05 gallons per square yard. The temperature 
of the emulsion shall range between 75 and 130°F at the time of application. 
The application shall be made just prior to placement of the bituminous 
concrete surface course and shall progress sufficiently ahead of the paving 
so that the surface to be paved will be "tacky". 

3.3 BITUMINOUS CONCRETE PAVEMENT 

Bituminous concrete pavement shall be placed and compacted in accordance 
with the State Standards. Compaction and density requirements for this 
work shall be as required in the State Standards. 

SECTION 02576 PAGE 2 



STRATFORD ARMY ENGINE PLANT CAUSEWAY NCRA 
PHASE I 
STRATFORD, CONNECTICUT 

3.3.1 Course Thickness 

The bituminous concrete binder course shall be placed in one layer, 
approximately 1-1/2 inch thick. The bituminous concrete surface course 
shall be placed in one layer, which is sufficiently thick to provide a 
level surface along the ground. 

--End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 13281 

ASBESTOS ABATEMENT 

Work includes removal of all asbestos containing materials (ACM) from 
Building 5 and off-site disposal at a licensed disposal facility. A previous 
building survey has indicated ACM in the roof and in water pipe insulation in 
Building 5. Excerpts for the Building 5 asbestos survey report are included 
in Appendix Hof the Basis of Design. 

1 . 2 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by basic 
designation only. 

CODE OF FEDERAL REGULATIONS (CFR) PUBLICATIONS 

29 CFR 1926.58 Asbestos (latest version) 
29 CFR 1910.134 Respiratory Protection 
29 CFR 1910.145 Specifications for Accident Prevention 

Signs and Tags 
40 CFR 61 General Provisions, Subpart A 
40 CFR 61 National Emission Standard for Asbestos, 

Subpart M 
40 CFR 763 Asbestos Abatement Projects, Subpart G 
49 CFR 171 General Information 
49 CFR 172 Hazardous Materials 
49 CFR 173 General Shipping Requirements 
49 CFR 177 Transporter Requirements 
49 CFR 178-79 Container Specifications 

American National Standard Institute (ANSI) Publication 

29.2-79 Fundamentals Governing the Design and 
Operation of Local Exhaust Systems 

U.S. Environmental Protection Agency (USEPA) Publication 

EPA 560/5-85-024 

1.3 SUBMITTALS 

Guidance for Controlling Asbestos 
Containing Materials in Buildings 

State of Connecticut 

As part of the Work Plan, specified in Section 02111 EXCAVATION AND 
HANDLING OF CONTAMINATED MATERIAL, an Asbestos Abatement Plan shall be 
submitted that details the proposed procedures to be used in the removal and 
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disposal of ACM. Such plan shall conform to this section and the USEPA 
requirements of 40 CFR 61.22. Refer to Part 3 of this specification section. 

SD-01 Pre-construction Submittals 

Submit a copy of a valid/current license for the asbestos abatement 
activities as required by the State of Connecticut. 

SD-07 Certificates 

A. Submit manufacturers' certification that vacuum pumps, ventilation 
equipment, and other equipment required to handle airborne asbestos 
fibers conform to ANSI 29.2. 

B. The Contractor shall submit a list of ACM disposal facilities 
proposed for the disposal of all ACMs associated with this Contract. 
The list shall contain the address, telephone number and contact 
name for each facility. The Contractor shall provide written 
approval from each disposal facility of its acceptance of ACMs from 
this Contract and written notice from each asbestos disposal 
facility that it is in conformance with its operating permit. 

C. Testing Laboratory: Submit the name, address, and telephone number 
of the testing laboratory selected for the monitoring of airborne 
concentrations of asbestos fibers along with certification that 
persons counting the samples have been judged proficient. Sampling 
is required under 29 CFR 1926.58. Monitoring shall be conducted 
daily to establish the exposure of each employee who is exposed 
inside the work area. The laboratory reading the tests shall be a 
participant of an approved and recognized Performance and Testing 
(PAT) program. 

D. Monitoring Results: Submit all monitoring results to the Contractor 
Officer or a representative within 14 working days of such 
monitoring. 

1.4 QUALITY CONTROL 

1.4.1 Medical Requirements 

The Contractor shall meet all medical requirements contained in 29 CFR 
1926.58 including but not limited to medical exams and medical records. 

A. Training 

1. Ensure that all personnel exposed to airborne asbestos are 
familiar with the hazards of asbestos, safety and health 
precautions, and the use and requirements for protective 
clothing and equipment. 

2. A "competent person" shall directly supervise all asbestos 
removal activities including but not limited to establishment of 
enclosures, ensuring enclosure integrity, controlling entry and 
exit from the enclosure, exposure monitoring, use of protective 
clothing and equipment, use of hygiene facilities, and use of 
engineering emission controls. The "competent person" shall 
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meet all the requirements identified in 29 CFR 1926.58(b) and 29 
CFR 1926. 58 (e) (6) (iii) . 

B. Permits and Notification 

1. Secure necessary permits in conjunction with ACM removal, 
hauling, and disposition and provide timely notification of such 
actions as may be required by federal, state, regional, and 
local authorities. 

2. Notify the Regional Office of the USEPA in accordance with 40 
CFR 61.22(d) (1), 10 days prior to commencement of the work. 

3. Notify the Contracting Officer or a representative 2 weeks prior 
to the start of asbestos work. 

3. Notify the Connecticut Department of Public Health at least 10 
days prior to commencement of work. 

C. Safety Compliance 

1. Comply with laws, ordinances, rules, and regulations of Federal, 
state, regional, and local authorities regarding handling, 
storing, transporting, and disposing of asbestos waste 
materials. 

2. Comply with the applicable requirements of the current issue of 
29 CFR 1926.58 and 40 CFR 61, Subparts A and M. 

3. Submit matters of interpretation of standards to the appropriate 
administrative agency for resolution before starting the work. 

4. Where the requirements of this specification and reference 
documents vary, the most stringent requirements shall apply. 

D. Respirator Program: Establish a respirator program as required by 
29 CFR 1910.134. 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION 

3.1 ASBESTOS ABATEMENT PLAN 

As part of the Work Plan, the Contractor shall submit an Asbestos Abatement 
Plan and required project notification to the Contracting Officer and state 
and federal agencies, as required, for review. No work on-site will be 
permitted until the comments received from the regulatory agencies are 
adequately addressed by the Contractor. The Asbestos Abatement Plan shall 
outline work procedures that are in compliance with these specifications and 
cited regulations. 

The approved plans and variances, completed with all comments addressed, 
shall be made a part of the Contract Documents by reference. The Contractor 
shall implement and maintain these procedures at the appropriate time prior 
to and during performance of the work. Failure to adhere to these plans will 
give Contracting Officer the right to issue a stop work order. The 
Contractor shall not be entitled to a time extension for such an action. 
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3.2 ASBESTOS ABATEMENT EQUIPMENT 

The Contractor shall provide protective equipment as required by 29 CFR 
1926.58. 

3.3 ASBESTOS ABATEMENT PROCEDURES 

A. General Procedures 

1. The Contractor is responsible for complying with all laws, 
ordinances, rules and regulations of Federal, state, and local 
authorities regarding handling, storing, transporting, and 
disposing of asbestos waste materials. 

2. Provide asbestos control areas with caution signs and local 
exhaust as may be directed by the Contracting Officer or a 
representative in accordance with these specifications and 29 
CFR 1926.58, 40 CFR 61, Subparts A and B. Use wet removal 
procedures. Personnel shall wear and use protective clothing 
and equipment as required by 29 CFR 1926.58. Eating, smoking, 
or drinking shall not be permitted in the asbestos control area. 
Personnel of other trades not engaged in the removal and 
demolition of asbestos shall not be exposed at any time to 
airborne concentrations of asbestos unless all the personnel 
protection provisions of this specification are complied with by 
the trade personnel. 

3. Sufficiently wet asbestos material during removal, cutting, or 
other handling so as to reduce the emission of airborne fibers. 
Asbestos-containing debris shall be kept wet at all times. 
Method and techniques for removal are outlined in the appendices 
to 29 CFR 1926.58. 

4. Remove materials and immediately place in plastic disposal bags. 
Where unusual circumstances prohibit the use of plastic bags, 
submit an alternate proposal for containment of asbestos fibers 
to the Contracting Officer for approval. 

5. The Contractor may use the abatement procedures outlined in this 
specification, depending on the type of ACM and the Contractor's 
standard procedures. Alternate abatement procedures shall be 
detailed in the Contractor's Work Plan. 

B. Full Containment 

1. Where deemed appropriate for friable ACM removal, full 
containment shall be used. The Contractor shall isolate the 
work area for the duration of the abatement, completely 
sealing all openings. Any fixed objects will be covered with 
6-mil polyethylene sheets taped securely in place. All 
polyethylene used for establishing containment areas shall be 
a fire retarding type. 

2. The entire floor within the immediate, contained, work area 
will be covered with two layers of 6-mil polyethylene extended 
up the vertical surfaces. On a daily basis, an additional 6-
mil polyethylene liner will be placed below the planned work 
area. 

3. Emergency exits shall be clearly marked by the Contractor's 
personnel and access will be maintained throughout the 
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abatement activities. Fire extinguishers will be located in 
each work area. 

4. The Contractor shall install and maintain negative pressure 
equipment during the abatement and decontamination process. A 
sufficient number of negative air machines will be installed 
to ensure a complete air change within the containment every 
15 minutes. 

5. Attached to each full containment will be a three-chambered 
decontamination facility. The Contractor's three-chambered 
decontamination will consist of: 

a. An equipment room with an air lock to the work area and 
curtained doorway to the shower room. 

b. A shower room with two curtained doorways, one to the 
equipment room and one to the clean room. The shower room 
will contain sufficient showers with hot and cold water to 
support the planned crew during each work shift. The 
Contractor will contain and filter all shower wastewater. 
Wastewater will be filtered through a 5.0 micron filter, 
and drained into a sanitary sewer upon approval of the 
Contracting Officer or a representative. 

c. A clean room with one curtained doorway/entrance and one 
curtained doorway into the shower room. 

C. Glovebag Method 

1. Where feasible, the Contractor shall isolate working areas by 
constructing a single layer of 6-mil polyethylene to act as an 
isolation barrier (mini-containment). 

2. The Contractor shall isolate the work area for the duration of 
the abatement, completely sealing all openings. The entire 
floor within the immediate work area will be covered with two 
layers of 6-mil polyethylene. Any fixed objects will be 
covered with 6-mil polyethylene taped securely in place. 

3. Emergency exits will be clearly marked by The Contractor 
personnel and access will be maintained throughout the 
abatement activities. Fire extinguisher will be located at 
each work area. 

4. The Contractor will install and maintain negative pressure 
equipment during the abatement and decontamination process. A 
sufficient number of negative air machines will be installed 
to ensure a complete air change within the containment four 
(4) times per hour. 

6. Attached to each mini-containment will be a two-chambered 
decontamination facility. The Contractor's two-chambered 
decontamination will consist of: 

a. An equipment room with a curtained doorway to the isolated 
work area and curtained doorway to the shower room. 

b. A shower room with two curtained doorways, one to the 
equipment room and one to the clean room. The shower room 
will contain at least one shower with hot and cold water. 
The Contractor will contain and filter all shower waste 
water. Waste water will be filtered through a 5.0 micron 
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filter, and drained into a sanitary sewer upon approval of 
the Contracting Officer or a representative. 

6. The Contractor may elect to use a three-stage decontamination 
facility as described earlier in place of the two-stage 
facility as a remote decontamination facility. If a remote 
decontamination facility is used, all personnel will be 
required to double-suit. 

7. All abatement utilizing the glovebag method will be conducted 
so that the glovebag completely surrounds the object to be 
abated and contains all asbestos fibers released during the 
removal process. The glovebags will have tools and equipment 
to allow the Contractor to wet-down the ACM, and to maintain 
filtered negative-pressure on the glovebag internals. 
Following cutting of the insulation inside the bag, excess air 
will be removed by filtered vacuum, the glovebag will be 
removed and sealed and placed in secondary containment for 
disposal. 

8. All of The Contractor's workers who utilize this method of 
removal must be highly trained, experienced and skilled in 
this method. 

D. Wrap and Cut Method 

1. This method of removal may be utilized when removing asbestos 
pipe insulation that is not damaged. Workers donning 
protective coveralls and 1/2 faced respirators will cordon off 
the work area and post proper signs at the perimeter. The 
asbestos insulation will then be wrapped-in-place with two 
layers of 6-mil polyethylene. All seals will be spray glued 
and duct taped. 

2. Once the insulation is wrapped, glovebags shall be attached to 
the pipe. The glovebag abatement shall be done every ten to 
twenty (10-20) feet to allow the cutting of the pipes into 
manageable sections. Pipe and equipment prepared in this 
manner shall be transported to a decontamination area for 
gross removal and salvage. Alternately, wrapped equipment and 
piping may be sent directly to disposal if removal is not 
economical. 

3. If pipe cut locations are not insulated, the use of glove bags 
will not be required at those locations. 

4. A remote two-stage (or three-stage, if desired) 
decontamination facility shall be used for personnel 
decontamination. 

E. Roofing Material 

When removing roofing materials which contain ACM as described in 
29 CPR 1926, Section .ll0l(g) (8) (ii), the Contractor shall use the 
following practices. 

1. Roofing material shall be removed in an intact state. Wet 
methods shall be used to remove roofing materials that are not 
intact, or that will be rendered not intact during removal, 
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unless such wet methods are not feasible or will create safety 
hazards. 

2. When removing built-up roofs, with asbestos-containing roofing 
felts and an aggregate surface, using a power roof cutter, all 
dust resulting from the cutting operations shall be collected 
by a HEPA dust collector, or shall be HEPA vacuumed by 
vacuuming along the cut line. 

3. Asbestos-containing roofing material shall not be dropped or 
thrown to the ground, but shall be lowered to the ground via 
covered, dust-tight chute, crane, hoist or other method 
approved by the Contracting Officer. 

4. Any ACM shall be lowered to the ground as soon as practicable, 
but not later than the end of the work shift. While the 
material remains on the roof it shall be kept wet or placed in 
an impermeable waste bag or wrapped in plastic sheeting. 

5. Unwrapped material shall be transferred to a closed receptacle 
precluding the dispersion of dust. 

6. Critical barriers shall be placed over roof level heating and 
ventilation air intakes. 

3.4 MONITORING 

A. Monitoring of airborne concentrations of asbestos fibers shall be in 
accordance with 29 CFR 1926. 

B. Pre-removal Monitoring: The Contractor shall provide area monitoring 
inside prior to beginning work to establish ambient air quality. 

C. Monitoring After Final Cleanup: The Contractor shall provide 
asbestos control area monitoring of asbestos fibers and establish 
the Time Weighted Average (TWA) of less than 0.01 fibers/cc after 
final clean-up but before removal of the enclosure of the asbestos 
control area. Monitoring shall use aggressive sampling techniques 
as described in the "Guidance for Controlling Asbestos-Containing 
Materials in Buildings" EPA 560/5- 85-024, Appendix M. Sampling 
shall be by the phase contrast microscopy (PCM) method. A minimum 
of five samples shall be taken for each asbestos control area. The 
sampling volume for each sample is to be approximately 3000 liters. 
Provide area monitoring and establish the TWA 5 days after the 
enclosure of the asbestos control area is removed or after final 
clean-up when an enclosure is not required. The fiber counts from 
these samples shall be less than 0.01 fibers/cc. Should any of the 
final samples indicate a higher value, take appropriate actions to 
re-clean the area and repeat the monitoring. 

3.5 CLEANUP 

A. General 

1. The Contractor shall remove all asbestos debris. 
2. The Contractor shall take any steps necessary to ensure that 

less than 0.01 fibers/cc airborne asbestos remains in the work 
area. 
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B. Housekeeping 

1. Essential parts of asbestos dust control are housekeeping and 
clean-up procedures. The Contractor shall maintain surfaces of 
the asbestos work area free of accumulations of asbestos fibers, 
give meticulous attention to restricting the spread of dust and 
debris, and keep waste from being distributed over the general 
area. Do not blow down the space with compressed air. 

2. When asbestos removal is complete, all asbestos debris is 
removed from the site, and final clean-up is completed, certify 
the area as safe before the signs are removed. Certification 
shall be a written statement by the Contractor that airborne 
concentrations of asbestos are less than 0.01 fibers/cc and all 
asbestos material has been removed from the area. Dispose of 
filters as asbestos contaminated materials. 

3.6 DISPOSAL 

A. The Contractor shall be responsible for ensuring: 

1. Selection and acceptance of the ACM at an approved treatment or 
disposal facility. 

2. That the facility is properly permitted to accept the ACM. 
3. That the facility provides the stated disposal services. 
4. That the disposal facility is in compliance with its permit(s) 

at the time of ACM disposal. 

B. The Contractor shall collect asbestos waste, scrap, debris, bags, 
containers, equipment, and asbestos-contaminated clothing which may 
produce airborne concentrations of asbestos fibers and place in 
sealed impermeable bags. Affix caution label to each bag. 

C. Procedure for hauling shall comply with 40 CFR 61 (Subpart B), 
state, regional, and local standards. ACM shall be transported in 
lined trucks. 

D. Dispose of asbestos materials and asbestos contaminated materials at 
a licensed disposal facility. 

3.7 MANIFEST RECORDS 

A. Originate, maintain, and provide Transporter with copies of waste 
shipment manifests and/or bills of lading records for all ACM; 
verify wastes and quantities of each load shipped. 

B. The manifest forms and records shall be consistent with the State of 
Connecticut, USEPA, and U.S. Department of Transportation 
requirements. 

C. The Contracting Officer or a representative will sign the manifest, 
and will review the manifest for completeness and accuracy prior to 
final release. 

--End of Section--
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Heave Monitoring 
Excavation and Handling of Contaminated Material 
Transportation and Off-site Disposal 
Erosion and Sediment Control 
Earthwork 
Geotextiles Used as Filters 
Polymeric Marine Mattresses 
Articulating Cellular Concrete Block System 
Monitoring Wells 
Seeding 
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BIDDING SCHEDULE 

BASE BID ITEMS 
Item 

No. 

0001 

0002 

0003 

0004 

0005 

0006 

0007 

0008 

0009 

0010 

0011 

0012 

0013 

0014 

0015 

Description 

Phase II Site 
Preparation 

Erosion and Sediment 
Control 

Heave Platform 
Monitoring 

Final Survey Plan 

Excavation of 
Satisfactory Fill 

Estimated 
Quantity Unit 

- - - - - JOB 

- - - - - JOB 

- - - - - JOB 

- - - - - JOB 

Material and Causeway 
Grading 

Excavation, Handling, 
and Disposal of 
Excess Satisfactory 
Material 

Excavation, Handling, 
and Disposal of 
Unsatisfactory, 
Uncontaminated 
Material 

Hazardous Material 
Excavation, Handling, 
and Disposal 

Non-hazardous 
Material Excavation, 
Handling, and 
Disposal 

Geogrid Composite 

Rock Fill (Toe) 

Rock Fill(Transition) 

Rip Rap (Transition) 

Woven Geotextile 

Polymeric Marine 
Mattresses 

2,600 CY 

10 Tons 

10 Tons 

70 Tons 

630 Tons 

20,000 SF 

400 Tons 

2,000 Tons 

300 Tons 

94,000 SF 

94,000 SF 

BIDDING SCHEDULE 

Page 1 of 2 

Unit 
Price 

LS 

LS 

LS 

LS 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

Subtotal 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 



STRATFORD ARMY ENGINE PLANT CAUSEWAY NCRA - PHASE II 

BIDDING SCHEDULE 

BASE BID ITEMS 
Item 

No. 

0016 

0017 

0018 

0019 

0020 

0021 

0022 

0023 

Description 

Sand Bedding 

Non-woven Geotextile 

Interlocking Concrete 
Block 

Gravel 

Vegetative Support 
Layer 

Grass Seed 

Monitoring Well Grade 
Adjustment 

Demobilization 

Estimated 
Quantity Unit 

2,000 Tons 

67,000 SF 

56,000 SF 

350 Tons 

2,625 Tons 

56,000 SF 

- - - - - JOB 

- - -- - JOB 

BIDDING SCHEDULE 

Page 2 of 2 

Unit 
Price 

$ 

$ 

$ 

$ 

$ 

$ 

LS 

LS 

Subtotal 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 
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STRATFORD ARMY ENGINE PLANT, CAUSEWAY NCRA 
PHASE II 
STRATFORD, CONNECTICUT 

PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 01010 

SUMMARY OF WORK 
12/94 

The general description below is given to indicate the approximate scope 
of this project only. It does not limit the work required under the 
project drawings and specifications. 

The work in this contract consists of activities conducted to construct an 
erosion control cover system on the Stratford Army Engine Plant (SAEP) 
Causeway, consistent with the Non-time Critical Removal Action (NCRA) 
Decision Document (Harding ESE, January 2001). Activities to be conducted 
as part of this work include, but are not limited to: 

a. Maintenance of erosion and sediment control measures placed during 
Phase I of work on the Causeway. 

b. Excavation of soil located on the Causeway sideslopes, placement of 
satisfactory excavated material on the top of the Causeway, and 
grading of the Causeway to the elevations indicated on the 
drawings. 

c. Off-site transport and disposal of unsatisfactory excavated 
material. 

d. Removal and off-site disposal of oversized debris identified during 
Phase I activities and encountered during sideslope excavation. 

e. Placement of the lower cover system, consisting of geogrid 
composite and a rock-filled toe (at the end of the Causeway), a 
woven geotextile, a rock-filled transition drainage layer, and 
polymeric marine mattress baskets, on the excavated sideslopes of 
the Causeway. 

f. Placement of the upper cover system, consisting, from bottom to 
top, of Sand Bedding, a non-woven geotextile, interlocking concrete 
blocks, interstitial gravel, and gravel over the concrete blocks. 

g. Placement of a Rip Rap transition connecting the lower cover system 
to the upper cover system and the Causeway cover to the existing 
rip rap at the origination of the Causeway from the flood control 
dike. 

h. Placement of a vegetative support layer, including vegetative 
support soil, suitable grass cover, and an erosion control mat. 

i. Monitoring well grade adjustments on four existing monitoring 
wells. 
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j. Completion of site surveys during and following the completion of 
Phase II construction activities. 

k. Monitoring of heave platforms and stationary heave poles, installed 
during Phase I work, and installation and monitoring of temporary 
heave poles. 

1. Demobilization activities, including removal of temporary 
facilities, removal of erosion control measures, and final site 
cleanup. 

Incidental work, related to the activities listed above, shall also be 
included in the contract. Incidentals may include personnel and equipment 
decontamination, on-site treatment and disposal of decontamination fluids, 
personnel health and safety, contract meetings, quality control testing, 
and project documentation. 

1.1.1 Project Location 

Work shall be conducted on the Causeway and within the Stratford Army 
Engine Plant facility in Stratford, Connecticut, as indicated on the 
drawings. The exact location will be indicated by the Contracting Officer. 

1.1.2 Previous Findings and Investigations 

Chemical sampling and analysis of soil collected from the Causeway 
identified areas where concentrations of chlorinated and fuel-related 
volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs), 
polychlorinated biphenyls (PCBs), and inorganics exceed the CTDEP RSRs 
Direct Exposure Criteria (DEC) and Pollutant Mobility Criteria (PMC). Low
level radiological contamination was also identified during sampling, and 
the affected areas were excavated in March 2000, containerized and 
transported to an appropriate off-site, licensed, disposal facility. 

Based on the results of chemical sampling and an engineering evaluation, it 
was recommended that soil containing contaminants in excess of CTDEP RSRs 
PMC be removed from the Causeway and an erosion control cover system be 
placed over the Causeway to prevent possible receptor contact with 
remaining contaminated soil (exceeding CTDEP RSRs DEC). In addition, it 
was recommended that geotechnical investigations be conducted to assess 
subsurface conditions in the proximity of the Causeway, and that additional 
chemical sampling and analysis be completed to delineate the areas of soil 
exceeding CTDEP RSRs PMC. The additional chemical sampling and analysis, 
using Synthetic Precipitate Leaching Procedure (SPLP), delineated six 
distinct areas of soil contamination exceeding CTDEP RSRs PMC. During 
Phase I activities, these areas, and four additional areas where PCB 
concentrations exceed 1 part per million, shall be excavated, confirmatory 
samples shall be collected, and the materials shall be transported to an 
off-site disposal facility. 

Data collected during the geotechnical investigations was used to estimate 
physical properties for the underlying soil, and perform global stability 
and settlement analyses for the proposed cover system configuration. The 
results of the geotechnical investigations and analyses indicated the 
proposed cover system is viable from a geotechnical perspective. 
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1.2 REFERENCES 

The following documents contain additional information regarding the SAEP 
Causeway: 

A. Foster Wheeler/Harding Lawson Associates, April 2000. Final Pre
design Investigation Report for the Causeway and Dike NCRA. 

B. Foster Wheeler/Harding Lawson Associates, September 2000. Final 
Engineering Evaluation/Cost Analysis for the Causeway and Dike, 
Stratford Army Engine Plant. 

C. Harding ESE, Inc., January 2001. Final Causeway Non-time Critical 
Removal Action Decision Document, Stratford Army Engine Plant. 

1.3 SUBMITTALS (NOT USED} 

1.4 CONTRACTOR ACCESS AND USE OF PREMISES 

1.4.1 Access to Work Site 

The Contractor shall coordinate access to the site with SAEP security 
personnel, including obtaining contractor access badges. Security 
personnel shall be notified of arrival at the site and departure from the 
site on a daily basis. Access to the Causeway site is currently available 
through the security gate on Sniffens Lane. Notification of security 
personnel is necessary for access through this gate. 

Work within the Housatonic River shall be initiated following a courtesy 
notification of the Town of Stratford Harbor Master, the Town of Milford 
Harbor Master, and the U.S. Coast Guard. The Contractor shall be 
responsible for contacting these agencies. 

1.4.2 Work Limits 

Work shall be restricted to the areas shown on the contract drawings in 
addition to storage areas assigned to this Contractor. 

1.4.3 Radio Communications 

Use SAEP-provided radios for communications with SAEP security personnel 
when on the work site. Return the communication radio to security personnel 
as required. 

Contractor-provided radios shall be approved by SAEP security personnel 
prior to use on the facility. 

1.4.4 Work and Storage Areas 

Areas within the project limits are available for use by the Contractor, 
for work, storage of equipment and materials, and field office use during 
the life of this contract, as indicated on the Drawings. The Contractor 
shall confine these activities to the limits as designated or approved by 
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the Contracting Officer and shall be responsible for the security of the 
areas. Upon completion of the contract, the Contractor shall remove all 
equipment and materials, except as otherwise specified, and restore the 
site to its original condition as approved by the Contracting Officer at no 
additional cost to the Government. 

1.4. 5 Delivery of Materials 

Notify the Contracting Officer at least 7 calendar days in advance of the 
date on which the materials and equipment shall be delivered to the site. 
Delivery and storage of materials shall be accepted only in the approved 
storage area. Currently, the areas designated for storage are as indicated 
on the Drawings. 

1.4 .6 Hours of Operations 

Normal work hours are from 7:00 a.m. through 6:00 p.m., Monday through 
Friday. The Contractor will not be permitted to work on Saturdays, 
Sundays, or legal holidays unless otherwise authorized by the Contracting 
Officer. The exclusion of work on Saturdays, Sundays, and legal holidays 
has been considered in computing the performance time of this contract. 
The following legal holidays are observed: 

January 1st 
Third Monday in January 
Third Monday in February 
Last Monday of May 
July 4th 
1st Monday of September 
2nd Monday of October 
11th of November 
Fourth Thursday of November 
25th of December 

When one of the above designated legal holidays falls on a Sunday, the 
following Monday will be observed as a legal holiday. When a legal holiday 
falls on a Saturday, the preceding Friday is observed as a holiday. 
Requests to perform work at other times shall be made in writing to the 
Contracting Officer. Every effort will be made to accommodate such 
requests. 

The CTDEP does not allow what it considers to be unconfined excavation or 
filling work in the lower reaches of the Housatonic during certain times of 
the year in order to protect shellfish and finfish resources. The relevant 
\\closed" period for unconfined dredging is from April 1 through September 
30. Phase II activities may not be performed during this "closed" period. 

1.4.7 Coordination With Other Work 

It is anticipated that additional contractors may be working at other areas 
at SAEP during completion of this work. The Contractor shall be 
responsible for coordinating construction activities with other contractors 
working concurrently at the site in the same area. 
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1.5 WORK SEQUENCE AND SCHEDULING 

The Contractor shall follow a specified task sequence when completing work 
activities at the site, and shall maintain a schedule approved by the 
Contracting Officer prior to initiation of work. 

1.5.1 Work Sequence 

The work shall be conducted using a phased approach, consisting of Phase I 
and Phase II. This Summary of Work details the activities to be conducted 
under Phase II; specifications associated with Phase I of this work have 
been provided in a separate package. Erosion and sediment control measures 
installed during Phase I, shall be maintained during the completion of 
Phase II work. The Contractor shall complete the following tasks as part 
of Phase II, following completion of all Phase I tasks at the site: 

a. Sideslope excavation and removal of unsatisfactory materials 

b. Removal of oversized debris identified during Phase I and 
encountered during sideslope excavation 

c. Causeway grading 

d. Lower cover system placement 

e. Upper cover system placement 

f. Rip Rap transition placement 

g. Vegetative support layer placement 

h. Monitoring well grade adjustment 

i. Site survey 

j. Demobilization 

The purpose of the phased approach is to limit the number of activities 
being conducted on the Causeway at one particular time, due to space 
constraints; however, the Contractor may present approach modifications 
that result in a reduction in overall project duration and cost. 

1.5.2 Pre-construction Submittals 

The Contractor shall submit the following to the Contracting Officer for 
approval prior to the start of work on the site; Work Plan, Site Safety 
and Health Plan Addendum, Environment Protection Plan Addendum, Contractor 
Quality Control Plan, Preliminary and Initial Project Schedules, and 
Contractor's Laboratory. The documents shall be submitted as required in 
Section 01330 SUBMITTAL PROCEDURES. 

1.5.3 Phased Construction Schedule 
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Within the overall project schedule, commence and complete the work in 
phases. Each phase of the work shall be completed within the number of 
calendar days stated in the schedule. 

a. Scheduled Start Day: The day designated as the beginning of a 
particular phase; the number listed is the number of calendar days 
from the commencement of work. 

b. Completion Day: The day designated as the end of a given phase and 
the day the work in that phase must be completed; the number listed 
is the number of calendar days from the commencement of work. 

c. If the work of a particular phase is complete before the scheduled 
completion day, immediately begin work on the subsequent phase 
unless otherwise restricted. 

1.5.4 Organization at the Site 

The Contractor shall employ ample personnel and sufficient equipment to 
accomplish the work of this contract in the least amount of time, within 
the execution period. Should the Contractor fail to maintain a 
satisfactory rate of progress, the Contracting Officer may require that 
additional personnel and equipment be placed on the work and weekend and 
overtime work be performed, in order that the work be brought up to 
schedule and maintained, at no additional cost to the Government. 

1.6 PROJECT CONSTRAINTS 

The Contractor shall make note of following constraints relating to this 
work on the SAEP Causeway: 

A. Phase II work below the primary erosion control fence may not be 
completed during the "closed" period from April 1 to September 31. 

B. Portions of the SAEP facility are off-limits to Contractor access, 
as indicated on the Drawings. 

C. Access to the Causeway is limited to a gate, approximately 20 feet 
wide at the origination of the Causeway from the main portion of 
the facility. 

D. The average length of the Causeway is 800 feet, the average width 
is approximately 200 feet at low tide and 80 feet at high tide. 

E. The average width of the existing top (gently sloped) portion of 
the Causeway is 100 feet. 

F. The site is located in a tidal area and excavation activities near 
the toe of the Causeway shall not be completed under water. 

G. Removal of oversized debris must be completed prior to installation 
of any cover system materials. 
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H. On the sideslopes of the Causeway, the area to be excavated in any 
given day, or tide cycle, shall be no larger than that which can be 
covered with the lower cover system on the same day, or tide cycle. 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION (NOT APPLICABLE) 

--End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 01270 

MEASUREMENT AND PAYMENT 
02/94 

This section covers measurement and payment for work items included in 
Phase II construction at the Statford Army Engine Plant Causeway. 

1.2 REFERENCES (NOT USED) 

1.3 SUBMITTALS (NOT USED) 

1.4 LUMP SUM PAYMENT ITEMS 

Payment items for the work of this contract for which contract lump sum 
payments will be made are listed in the BIDDING SCHEDULE and described 
below. The lump sum price and payment made for each item listed shall 
constitute. full compensation for furnishing all plant, labor, materials, and 
equipment, and performing any associated Contractor quality control, 
environmental protection, meeting safety requirements, tests and reports, 
and for performing all work required for which separate payment is not 
otherwise provided. 

1.5 UNIT PRICE PAYMENT ITEMS 

Payment items for the work of this contract on which the contract unit price 
payments will be made are listed in the BIDDING SCHEDULE and described 
below. The unit price and payment made for each item listed shall 
constitute full compensation for furnishing all plant, labor, materials, and 
equipment, and performing any associated Contractor quality control, 
environmental protection, meeting safety requirements, tests and reports, 
and for performing all work required for each of the unit price items. 

When quantities increase by greater than 25% of the original quantity 
estimated, the contract unit price as established in the original contract 
will be paid for the quantity up to 25% beyond the original estimated 
quantity. Work beyond 25% of the estimated quantity will be paid for as 
follows: 

a. By actual itemized cost and fixed fees as set forth by unit 
prices stated in the Contract Documents or subsequently agreed 
upon. In the event of an addition to the Contract, a fee of 10% 
shall be added for overhead and a fee of 10% shall be added for 
profit if the Work is done by his/her own forces, and 7-1/2% 
shall be added for administration and profit if the Work is done 
by a Subcontractor. 

b. Cost shall be limited to the following: Cost of materials, cost 
of labor, and cost of overhead. 
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When quantities decrease by greater than 25% of the original quantity 
estimated, payment shall be made in accordance with a. and b. above. 

1.6 BIDDING SCHEDULE - PAYMENT ITEMS 

Payment items for the work of this contract on which the contract progress 
payments will be based are listed in the BID SCHEDULE and are as briefly 
described below and as specified in these specifications. All costs for 
items of work, which are not specifically mentioned to be included in a 
particular Bid Schedule payment item, shall be included in the listed item 
most closely associated with the work involved. 

1.6.1 Item No. 0001 "Phase II Site Preparationn 

a. Payment will be made for costs associated with preparation 
activities. to be completed for Phase II. This payment item 
includes furnishing labor, equipment, tools, materials, and 
supplies necessary to prepare the site for activities to be 
completed under Phase II, that have not been previously completed 
under Phase I. It includes mobilization of equipment that is 
necessary for Phase II activities, that was not mobilized during 
Phase I. This payment item also includes preparation and submittal 
of pre-construction plans, including, but not limited to, a Work 
Plan, a Site Safety and Health Plan (SSHP) Addendum, an Environment 
Protection Plan Addendum, a Contractor Quality Control (CQC) Plan, 
and project schedules. Application and approval of necessary 
permits shall also be completed under this item. 

b. Unit of measure: job lump sum. 

1.6.2 Item No. 0002 "Erosion and Sediment Controln 

a. Payment will be made for costs associated with maintenance and 
removal of erosion and sediment control measures, including a 
floating silt curtain (N.I.T.C), silt fencing, and staked haybales. 
This payment item includes maintenance of erosion control measures 
starting one month after the completion of Phase I tasks or upon 
the initiation of Phase II tasks, and ending upon the removal of 
the control measures, following the completion of Phase II tasks. 
Payment for this item will be full compensation for furnishing all 
materials, labor, equipment, and all other incidentals necessary to 
complete the work. 

b. Unit of measure: job lump sum. 

1.6.3 Item No. 0003 "Heave Platform and Pole Monitoring" 

a. Payment will be made for costs associated with monitoring of the 
five heave platforms and five stationary heave poles installed 
during Phase I activities, and the installation and monitoring of 
temporary heave poles during the completion of Phase II work. 
Surveying of heave platforms and poles shall be conducted as 
specified in Section 02110 HEAVE MONITORING. Surveying shall be 
completed using previously identified benchmark locations and shall 
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comply with the requirements of a Class A-1 survey in the State of 
Connecticut. Payment for this item will be full compensation for 
furnishing all materials, labor, equipment, and all other 
incidentals necessary to complete the work. Payment for surveying 
completed to determine excavation and grading quantities is covered 
under Item No. 0005. 

b. Unit of measure: job lump sum. 

1.6.4 Item No. 0004 \\Final Survey Plan 11 

1. 6. 5 

a. Payment will be made for costs associated completion of a final 
topographic survey of the Causeway following the completion of 
Phase II work, and development of necessary as-built drawings. The 
final survey shall be completed as specified in Section 01460 
SURVEY CONTROL. Surveying shall be completed using previously 
identified benchmark locations and shall comply with the 
requirements of a Class A-1 survey in the State of Connecticut. 
Payment for this item will be full compensation for furnishing. all 
materials, labor, equipment, and all other incidentals necessary to 
complete the work. 

b. Unit of measure: job lump sum. 

Item No. 0005 \\Excavation of Satisfactory Fill Material and Causeway 
Grading" 

a. Payment will be made for costs associated with excavation of 
satisfactory Causeway fill material from below the 4.1-foot msl 
contour and placement and grading of such material above elevation 
4.1 feet msl. This item includes performing required excavation, 
handling, and grading activities, as shown on the contract 
drawings, and other operations incidental thereto, as necessary. 
Also included in this item are costs associated with marking of the 
limits of Causeway fill, as indicated on the drawings, prior to 
commencement of excavation activities. Payment for the item will be 
full compensation for furnishing all materials, labor, equipment, 
and all other incidentals necessary to complete the work. 
Compensation for removal of excess satisfactory, unsatisfactory, 
and contaminated materials encountered during sideslope excavation 
is covered under Item Nos. 0006 through 0009. 

b. The total quantity of excavated satisfactory material for which 
payment will be made will be the actual in-place quantity of 
material placed above the 4.1-foot msl contour. This quantity 
shall be measured by surveying the initial ground surface above the 
4.1-foot msl contour prior to placement of sideslope material, 
surveying the final re-graded and compacted subgrade, and 
calculating the volume of material between the two. No allowance 
will be made for over-depth excavation of the sideslopes or for the 
removal of any material outside the required areas unless 
authorized. For purposes of bidding, it shall be assumed that 
2,600 cubic yards of satisfactory material shall be excavated from 
the Causeway sideslopes and placed on the Causeway for grading. 
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c. Unit of measure: cubic yard. 

1.6.6 Item No. 0006 "Excavation, Handling, and Disposal of Excess 
Satisfactory Material" 

a. Payment will be made for costs associated with excavation of 
excess satisfactory material from below the 4.1-foot msl contour on 
the Causeway sideslopes, transport of such material to on-site 
stockpile areas, and eventual off-site transport and disposal. 
Characterization sampling of excess material shall also be covered 
by this payment item. Payment for the item will be full 
compensation for furnishing all materials, labor, equipment, and 
all other incidentals necessary to complete the work. 

b. The total quantity of excavated excess satisfactory material for 
which payment will be made, will be the tonnage of satisfactory 
material removed from the Causeway, as measured at on-site scales, 
immediately prior to transport off-site for disposal. For 
Contractor bidding purposes, it is estimated that 10 tons of excess 
satisfactory material will require removal from the Causeway. 

c. Unit of measure: tons. 

1.6.7 Item No. 0007 "Excavation, Handling, and Disposal of Unsatisfactory 
Uncontaminated Material" 

a. Payment will be made for costs associated with excavation of 
unsatisfactory, uncontaminated material from below the 4.1-foot msl 
contour on the Causeway sideslopes, transport of such material to 
on-site stockpile areas, and eventual off site transport and 
disposal. Characterization sampling of unsatisfactory, 
uncontaminated material shall also be covered by this payment item. 
Payment for the item will be full compensation for furnishing all 
materials, labor, equipment, and all other incidentals necessary to 
complete the work. 

b. The total quantity of excavated unsatisfactory, uncontaminated 
material for which payment will be made will be the tonnage of 
material removed from the Causeway, as measured at on-site scales, 
immediately prior to transport off-site for disposal. For 
Contractor bidding purposes, it is estimated that 10 tons of 
unsatisfactory, uncontaminated material will require removal from 
the Causeway. 

c. Unit of measure: tons. 

1.6.8 Item No. 0008 "Hazardous Material Excavation, Handling, and Disposal" 

a. Payment will be made for costs associated with excavation, 
handling, and off-site disposal of hazardous material from the 
Causeway, including: 1) debris greater than 2 feet in any 
dimension, identified during Phase I activities or encountered 
during Phase II excavation, and determined, by sampling, to be 
hazardous and 2) grossly contaminated soil encountered during 
sideslope excavation, determined, by sampling, to be hazardous. 
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This payment item includes the costs associated with removal 
activities, debris cleaning on the Causeway, on-site 
transportation to stockpile areas, characterization sample 
collection and analysis, material measurement at on-site scales, 
and off-site transportation and disposal. Payment for the item 
will be full compensation for furnishing all materials, labor, 
equipment, and all other incidentals necessary to complete the 
work. 

b. The total quantity of hazardous material excavation, handling, and 
disposal for which payment will be made, will be the tonnage of 
hazardous material removed from the Causeway, as measured at on
site scales, immediately prior to transport off-site for disposal. 
Hazardous material shall be sorted, such that similar types of 
material are measured separately from other types of material 
(e.g., soil, concrete, metal, etc.). For Contractor bidding 
purposes, it is estimated that 70 tons of hazardous material will 
require removal from the Causeway. 

c. Unit of measure: tonnage hazardous. 

1.6.9 Item No. 0009 "Non-hazardous Material Excavation, Handling, and 
Disposal" 

a. Payment will be made for costs associated with excavation, 
handling, and off-site disposal of non-hazardous material from the 
Causeway, including: 1) debris greater than 2 feet in any 
dimension, identified during Phase I activities or encountered 
during Phase II excavation, and determined, by sampling, to be non
hazardous and 2) grossly contaminated soil encountered during 
sideslope excavation, determined, by sampling, to be non-hazardous. 
This payment item includes the costs associated with removal 
activities, debris washing on the Causeway, on-site transportation 
to stockpile areas, characterization sample collection and 
analysis, material measurement at on-site scales, and off-site 
transportation and disposal. Payment for the item will be full 
compensation for furnishing all materials, labor, equipment, and 
all other incidentals necessary to complete the work. 

b. The total quantity of non-hazardous material excavation, handling, 
and disposal for which payment will be made, will be the tonnage of 
non-hazardous material removed from the Causeway, as measured at 
on-site scales, immediately prior to transport off-site for 
disposal. Non-hazardous material shall be sorted, such that 
similar types of material are measured separately from other types 
of material (e.g., soil, concrete, metal, etc.). For Contractor 
bidding purposes, it is estimated that 630 tons of non-hazardous 
material will require removal from the Causeway. 

c. Unit of measure: tonnage non-hazardous. 

1.6.10 Item No. 0010 "Geogrid Composite" 

a. Payment will be made for costs associated with furnishing, 
transporting, storing (if applicable), and placing a geogrid 
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1.6.11 

composite around the perimeter of the Causeway, as shown on the 
contract drawings. The geogrid will consist of a woven geotextile 
and a geogrid, as specified in Section 02380 POLYMERIC MARINE 
MATTRESSES. 

b. The total quantity of the geogrid composite for which payment will 
be made, will be the installed surface area of the geogrid, 
measured along the surface of the slope and as shown on the 
drawings, or by authorized modification. Measurements will not be 
made for overlaps, patches, or repairs of damaged materials, unless 
the Engineer specifies additional overlap width. Payment for this 
item will be full compensation for furnishing all materials, labor, 
equipment, and all other incidentals necessary to complete the 
work. For Contractor bidding purposes, it is estimated that 20,000 
square feet of geogrid shall be required for toe construction. 

c. Unit of measure: installed square foot. 

Lower Cover System 

The lower cover system shall consist of, from bottom to top; Rock Fill (Toe), 
Rock Fill (Transition), Rip Rap (Transition), woven geotextile, and polymeric 
marine mattresses. The components of the lower cover system shall be bid as 
separate item numbers. 

1.6.11.1 Item No. 0011 "Rock Fill (Toe)" 

a. Payment will be made for costs associated with furnishing, 
transporting, stockpiling (if applicable), and placing the Rock 
Fill (Toe) layer, as identified on the contract drawings and as 
specified. This layer shall be used to prevent toe scour at the 
base of the Causeway slope in the areas identified on the drawings. 

b. The total quantity of Rock Fill (Toe) for which payment will be 
made will be the tonnage of Rock Fill placed on the Causeway, 
measured immediately prior to placement, at on-site scales. For 
purposes of bidding, it shall be assumed that 400 tons of Rock Fill 
shall be placed in the toe area. Payment for this item will be 
full compensation for furnishing all materials, labor, equipment, 
and all other incidentals necessary to complete the work. 

c. Unit of measure: tons. 

1.6.11.2 Item No. 0012 "Rock Fill (Transition)" 

a. Payment will be made for costs associated with furnishing, 
transporting, stockpiling (if applicable), and placing the Rock 
Fill (Transition) layer, as identified on the contract drawings and 
as specified. This layer shall be used to provide drainage for the 
cover system. 

b. The total quantity of Rock Fill (Transition) for which payment will 
be made will be the tonnage of Rock Fill placed on the Causeway, 
measured immediately prior to placement, at on-site scales. For 
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purposes of bidding, it shall be assumed that 2,000 tons of Rock 
Fill shall be placed in the transition area. Payment for this item 
will be full compensation for furnishing all materials, labor, 
equipment, and all other incidentals necessary to complete the 
work. 

c. Unit of measure: tons. 

1.6.11.3 Item No. 0013 "Rip Rap (Transition)" 

a. Payment will be made for costs associated with furnishing, 
transporting, stockpiling (if applicable), and placing Rip Rap in 
the area between the lower cover system and the upper cover system, 
identified on the drawings as the Transition. Placement of Rip Rap 
for modification of the existing Rip Rap is also included in this 
payment item. The location and procedures for Rip Rap installation 
shall be as identified on the contract drawings, and as specified. 

b. The total quantity of Rip Rap (Transition) for which payment will 
be made will be the tonnage of Rip Rap placed on the Causeway, 
measured immediately prior to placement, at on-site scales. For 
purposes of bidding, it should be assumed that 300 tons of Rip Rap 
shall be required for filling of the transition area and modifying 
existing Rip Rap on the Causeway. Payment for this item will be 
full compensation for furnishing all materials, labor, equipment, 
and all other incidentals necessary to complete the work. 

c. Unit of measure: tons. 

1.6.11.4 Item No. 0014 "Woven Geotextile" 

a. Payment will be made for costs associated with furnishing, 
transporting, storing (if applicable), and placing a woven 
geotextile, as identified on the contract drawings and as 
specified. 

b. The total quantity of the woven geotextile for which payment will 
be made will be the installed surface area of the geotextile, 
measured along the surface of the slope and as shown on the 
drawings, or by authorized modification. Measurements will not be 
made for overlaps, patches, or repairs of damaged materials, unless 
the Engineer specifies additional overlap width. For purposes of 
bidding, it shall be assumed that 94,000 square feet are required 
for lower cover system construction. Payment for this item will be 
full compensation for furnishing all materials, labor, equipment, 
and all other incidentals necessary to complete the work. 

c. Unit of measure: installed square foot. 

1.6.11.5 Item No. 0015 \\Polymeric Marine Mattresses" 

a. PayTnent will be made for costs associated with furnishing, 
transporting, storing (if applicable), fabricating, filling, and 
placing the polymeric marine mattresses, including the appropriate 
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1.6.12 

volume of Rock Fill, as identified on the contract drawings and as 
specified. 

b. The total quantity of the mattresses for which payment will be made 
will be the installed surface area of the fabricated mattresses, 
measured along the surface of the slope and as shown on the plans, 
or by authorized modification. Measurements will not be made for 
overlaps, patches, or repairs of damaged materials, unless the 
Engineer specifies additional overlap width. For purposes of 
bidding, it shall be assumed that 94,000 square feet of mattress is 
required for lower cover system construction. Payment for this 
item will be full compensation for furnishing all materials, labor, 
equipment, and all other incidentals necessary to fabricate the 
mattresses and complete the work. 

c. Unit of measure: installed square foot. 

Upper Cover System 

The upper cover system shall consist of, from bottom to top; Sand Bedding, 
non-woven geotextile, interlocking concrete block, and Gravel. The 
components of the upper cover system shall be bid as separate item numbers. 

1.6.12.1 Item No. 0016 "Sand Beddingn 

a. Payment will be made for costs associated with furnishing, 
transporting, stockpiling (if applicable), and placing the Sand 
Bedding, as identified on the contract drawings and as specified. 

b. The total quantity of Sand Bedding for which payment will be made 
will be the tonnage of Sand Bedding placed on the Causeway, 
measured immediately prior to placement, at on-site scales. The 
depth of the Sand Bedding shall be as shown on the drawings, or 
directed by the Contracting Officer, or representative. For 
purposes of bidding, it shall be assumed that 2,000 tons of Sand 
Bedding is required for upper cover system construction. Payment 
for this item will be full compensation for furnishing all 
materials, labor, equipment, and all other incidentals necessary to 
complete the work. 

c. Unit of measure: tons. 

1.6.12.2 Item No. 0017 "Non-Woven Geotextilen 

a. Payment will be made for costs associated with furnishing, 
transporting, storing (if applicable), and placing a non-woven 
geotextile, as identified on the contract drawings and as 
specified. 

b. The total quantity of the non-woven geotextile for which payment 
will be made will be the installed surface area of the fabric, 
measured along the ground surface and as shown on the plans or by 
authorized modification. Measurements will not be made for 
overlaps, patches, or repairs of damaged materials, unless the 
Engineer specifies additional overlap width. For purposes of 
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bidding, it shall be assumed that 67,000 square feet of non-woven 
geotextile is required for upper cover system construction. 
Payment for this item will be full compensation for furnishing all 
materials, labor, equipment, and all other incidentals necessary to 
complete the work. 

a. Unit of measure: installed square foot. 

1.6.12.3 Item No. 0018 "Interlocking Concrete Block" 

a. Payment will be made for costs associated with furnishing, 
transporting, storing (if applicable), and placing the interlocking 
concrete blocks, as identified on the contract drawings and as 
specified. 

b. The total quantity of the concrete blocks for which payment will be 
made will be the installed surface area of the blocks, measured 
along the ground surface and as shown on the plans, or by 
authorized modification. Measurements will not be made for 
overlaps, patches, or repairs of damaged materials, unless the 
Engineer specifies additional overlap width. Placement of Gravel 
in the interstitial spaces between the blocks is included in 
payment Item No. 0019. For purposes of bidding, it shall be 
assumed that 56,000 square feet of interlocking concrete block is 
required for upper cover system construction. Payment for this 
item will be full compensation for furnishing all materials, labor, 
equipment, and all other incidentals necessary to complete the 
work. 

c. Unit of measure: installed square foot. 

1.6.12.4 Item No. 0019 "Gravel" 

a. Payment will be made for costs associated with furnishing, 
transporting, stockpiling (if applicable), and placing gravel in 
the interstitial spaces between the concrete blocks and as leveling 
material on the Causeway sideslopes. The location and procedures 
for gravel installation shall be as identified on the contract 
drawings and as specified. 

b. The total quantity of the gravel for which payment will be made 
will be the tonnage of Gravel placed on the Causeway, measured 
immediately prior to placement, at on-site scales. For purposes of 
bidding, it should be assumed that 25 percent of the total area of 
the interlocking concrete blocks is open space and will require 
filling with Gravel. In addition, a maximum 2-inch layer of Gravel 
shall be placed over the concrete blocks and an estimated 200 cubic 
yards of gravel shall be required for leveling the Causeway 
sideslopes following excavation. A total estimate of 350 tons 
shall be used for bidding purposes. Payment for this item will be 
full compensation for furnishing all materials, labor, equipment, 
and all other incidentals necessary to complete the work. 

c. Unit of measure: tons. 
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1.6.13 Item No. 0020 "Vegetative Support Layern 

a. Payment will be made for costs associated with furnishing, 
transporting, stockpiling (if applicable), and placing the 
vegetative support layer, as identified on the contract drawings 
and as specified. The support layer shall consist of appropriate 
soil and erosion control materials. 

b. The total quantity of vegetative support for which payment will be 
made will be the tonnage of soil placed on the Causeway, measured 
immediately prior to placement, at on-site scales. Costs for 
erosion control materials shall be considered incidental to this 
item. For purposes of bidding, it shall be assumed that 2,625 tons 
of soil will be required to provide adequate support for the grass. 
Payment for this item will be full compensation for furnishing all 
materials, labor, equipment, and all other incidentals necessary to 
complete the work. 

c. Unit of measure: tons. 

1.6.14 Item No. 0021 "Grass Seedn 

a. Payment will be made for costs associated with furnishing, 
transporting, stockpiling (if applicable), and placing the grass 
seed, as identified on the contract drawings and as specified. 

b. The total quantity of grass seed for which payment will be made 
will be the actual area covered with seed, measured following 
placement of the seed. Measurements will be made along the slope of 
the ground, using methods generally recognized as conforming to 
good engineering practice. Payment for this item will be full 
compensation for furnishing all materials, labor, equipment, and 
all other incidentals necessary to complete the work. 

c. Unit of measure: square foot. 

1.6.15 Item No. 0022 "Monitoring Well Grade Adjustmentn 

a. Payment will be made for costs associated with grade adjustment of 
four existing monitoring wells. This item includes furnishing 
labor, equipment, tools, materials, and supplies necessary complete 
monitoring well grade adjustment, as shown on the drawings, and as 
specified in Section 02522 MONITORING WELLS. 

b. Unit of measure: job lump sum. 

1.6.16 Item No. 0023 "Demobilizationn 

a. Payment will be made for costs associated with demobilization, as 
defined in Special Clause PAYMENT FOR MOBILIZATION AND 
DEMOBILIZATION. This item includes furnishing labor, equipment, 
tools, materials, and supplies necessary to demobilize all 
personnel, equipment, and supplies to the site. This payment item 
also includes removal of temporary facilities, disconnection of 
temporary utility connections, removal of signs, final site 
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PART 2 

PART 3 

cleanup, and preparation and submittal of final record documents. 
This item includes all other work and expenses incidental thereto 
for which payment is not provided under other items. 

b. Unit of measure: job lump sum. 

PRODUCTS (NOT APPLICABLE) 

EXECUTION (NOT APPLICABLE) 

--End of Section--
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SECTION 01300 

PROJECT COORDINATION 

PART 1 GENERAL 

1.1 DESCRIPTION 

This section covers the procedures to be followed during project execution to 
ensure coordination between the Contractor, the Contracting Officer, Statford 
Army Engine Plant personnel, and other potential Contractors is maintained. 

1.2 REFERENCES (NOT USED) 

1.3 SUBMITTALS (NOT USED) 

1.4 CONTRACTOR RESPONSIBILITY 

The Contractor shall be responsible for the following items: 

PART 2 

PART 3 

a. Coordinate all work under this Contract with related work under 
other contracts, SAEP facility, and with facility and public 
utilities. 

b. Obtain all permits necessary for completion of the Work, including, 
but not limited to excavation and construction permits. 

c. Make arrangements for temporary storage of materials and supplies 
and for timely delivery to the job site. 

d. Assist the Contracting Officer as required in the review of 
excavation, construction, and the testing of materials. 

e. Maintain up-to-date progress records and record drawings. 

f. Maintain the project site in a neat condition. 

g. Contact the State of Connecticut "call-before-you-dig" program, at 
1-800-922-4455, prior to initiation of excavation activities. 

h. Coordinate with all utilities, and notify the appropriate IPM 
personnel when excavation is scheduled in areas that may affect 
existing utilities. The IPM contact is Rich Meier (203) 385-6649. 

i. Coordinate the work of subcontractors, equipment, and material 
suppliers. 

j. Coordinate work within the Housatonic River with the U.S. Coast 
Guard, the Town of Stratford Harbor Master, and the Town of Milford 
Harbor Master. 

PRODUCTS (NOT APPLICABLE) 

EXECUTION(NOT APPLICABLE) 

--End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 01320 

PROJECT SCHEDULE 
06/97 

This section covers the procedures and format to be followed during 
development of the project schedule and the requirements associated with 
scheduling of the Phase II work. 

1.2 REFERENCES 

The publications listed below form a part of the specification to the extent 
referenced. The publications are referenced in the text by basic 
designation only. 

ER 1-1-11 

1.3 SUBMITTALS 

ENGINEERING REGULATIONS (ER) 

(1995) Progress, Schedules, and Network 
Analysis Systems 

Government approval is required for submittals with a "GA" designation; 
submittals not having a "GA" designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

SD-01 Pre-construction Submittals 

Preliminary Project Schedule; GA 

Shall define the Contractor's planned operations for the first 60 
calendar days of Phase II activities. 

Initial Project Schedule; GA 

Shall provide a reasonable sequence of Phase II activities, which 
represent work through the entire project and shall be at a 
reasonable level of detail. 

SD-06 Test Reports 

Periodic Schedule Updates; GA 

Shall enable the Contracting Officer to assess the Contractor's 
progress, and shall be based on the result of progress meetings. 

1.4 QUALIFICATIONS 

The Contractor shall designate an authorized representative who shall be 
responsible for the preparation of all required project schedule reports. 
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PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION 

3.1 GENERAL REQUIREMENTS 

Pursuant to the Contract Clause, SCHEDULE FOR CONSTRUCTION CONTRACTS, a 
Project Schedule as described below shall be prepared. The scheduling of 
construction shall be the responsibility of the Contractor. Contractor 
management personnel shall actively participate in its development. 
Subcontractors and suppliers working on the project shall also contribute in 
developing and maintaining an accurate Project Schedule. The approved 
Project Schedule shall be used to measure the progress of the work, to aid 
in evaluating time extensions, and to provide the basis of all progress 
payments. 

The Contractor shall develop the schedule considering the constraint that 
Phase II work may only be conducted on the Causeway between October 1 and 
April 30. 

3.2 BASIS FOR PAYMENT 

The schedule shall be the basis for measuring Contractor progress. Lack of 
an approved schedule or scheduling personnel will result in an inability of 
the Contracting Officer to evaluate Contractor's progress for the purposes 
of payment. Failure of the Contractor to provide all information, as 
specified below, shall result in the disapproval of the entire Project 
Schedule submission and the inability of the Contracting Officer to evaluate 
Contractor progress for payment purposes. In the case where Project 
Schedule revisions have been directed by the Contracting Officer and those 
revisions have not been included in the Project Schedule, the Contracting 
Officer may hold retainage up to the maximum allowed by contract, each 
payment period, until revisions to the Project Schedule have been made. 

3.3 PROJECT SCHEDULE 

The computer software system utilized by the Contractor to produce the 
Project Schedule shall be capable of providing all requirements of this 
specification. Failure of the Contractor to meet the requirements of this 
specification shall result in the disapproval of the schedule. Manual 
methods used to produce any required information shall require approval by 
the Contracting Officer. 

3.3.1 Use of the Critical Path Method 

The Critical Path Method (CPM) of network calculation shall be used to 
generate the Project Schedule. The Contractor shall provide the Project 
Schedule in the Precedence Diagram Method (PDM). 
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3.3.2 Level of Detail Required 

The Project Schedule shall include an appropriate level of detail. Failure 
to develop or update the Project Schedule or provide data to the Contracting 
Officer at the appropriate level of detail, as specified by the Contracting 
Officer, shall result in the disapproval of the schedule. The Contracting 
Officer will use, but is not limited to, the following conditions to 
determine the appropriate level of detail to be used in the Project 
Schedule. 

3.3.2.1 Activity Duration 

Contractor submissions shall follow the direction of the Contracting Officer 
regarding reasonable activity duration. A reasonable duration is one that 
allows the progress of activities to be accurately determined between 
payment periods (usually less than 2 percent of all non-procurement 
activities' Original Durations are greater than 20 days). 

3.3.2.2 Procurement Activities 

Tasks related to the procurement of long lead materials or equipment shall 
be included as separate activities in the project schedule. Long lead 
materials and equipment are those materials that have a procurement cycle of 
over 90 days. Examples of procurement process activities include, but are 
not limited to: submittals, approvals, procurement, fabrication, and 
delivery. 

3. 3. 2. 3 Government Activities 

Government and other agency activities that could impact progress shall be 
shown. These activities include, but are not limited to: approvals, 
inspections, utility tie-in, Government Furnished Equipment (GFE) and Notice 
to Proceed (NTP) for phasing requirements. 

3.3.2.4 Responsibility 

All activities shall be identified in the project schedule by the party 
responsible to perform the work. Responsibility includes, but is not 
limited to, the subcontracting firm, contractor work force, or government 
agency performing a given task. Activities shall not belong to more than 
one responsible party. The responsible party for each activity shall be 
identified by the Responsibility Code. 

3.3.2.5 Work Areas 

All activities shall be identified in the project schedule by the work area 
in which the activity occurs. Activities shall not be allowed to cover more 
than one work area. The work area of each activity shall be identified by 
the Work Area Code. 

3.3.2.6 Modification or Claim Number 

Any activity that is added or changed by contract modification or used to 
justify claimed time shall be identified by a mod or claim code that changed 
the activity. Activities shall not belong to more than one modification or 
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claim item. The modification or claim number of each activity shall be 
identified by the Mod or Claim Number. Whenever possible, changes shall be 
added to the schedule by adding new activities. Existing activities shall 
not normally be changed to reflect modifications. 

3.3.2.7 Bid Item 

All activities shall be identified in the project schedule by the Bid Item 
to which the activity belongs. An activity shall not contain work in more 
than one bid item. The bid item for each appropriate activity shall be 
identified by the Bid Item Code. 

3.3.2.8 Phase of Work 

All activities shall be identified in the project schedule by the phase of 
work in which the activity occurs. Activities shall not contain work in 
more than one phase of work. The project phase of each activity shall be by 
the unique Phase of Work Code. 

3.3.2.9 Category of Work 

All Activities shall be identified in the project schedule according to the 
category of work which best describes the activity. Category of work 
refers, but is not limited, to the procurement chain of activities including 
such items as submittals, approvals, procurement, fabrication, delivery, 
installation, start-up, and testing. The category of work for each activity 
shall be identified by the Category of Work Code. 

3.3.2.10 Feature of Work 

All activities shall be identified in the project schedule according to the 
feature of work to which the activity belongs. Feature of work refers, but 
is not limited to, a work breakdown structure for the project. The feature 
of work for each activity shall be identified by the Feature of Work Code. 

3.3.3 Scheduled Project Completion 

The schedule interval shall extend from NTP to the contract completion date. 

3.3.3.1 Project Start Date 

The schedule shall start no earlier than the date on which the NTP was 
acknowledged. The Contractor shall include as the first activity in the 
project schedule an activity called "Start Project". The "Start Project" 
activity shall have an "ES 11 constraint date equal to the date that the NTP 
was acknowledged, and a zero day duration. 

3.3.3.2 Constraint of Last Activity 

Completion of the last activity in the schedule shall be constrained by the 
contract completion date. Calculation on project updates shall be such that 
if the early finish of the last activity falls after the contract completion 
date, then the float calculation shall reflect a negative float on the 
critical path. The Contractor shall include as the last activity in the 
project schedule an activity called "End Project". The 11 End Project" 
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activity shall have an "LF" constraint date equal to the completion date for 
the project, and a zero day duration. 

3.3.3.3 Early Project Completion 

In the event the project schedule shows completion of the project prior to 
the contract completion date, the Contractor shall identify those activities 
that have been accelerated and/or those activities that are scheduled in 
parallel to support the Contractor's "early" completion. Contractor shall 
specifically address each of the activities noted in the narrative report at 
every project schedule update period to assist the Contracting Officer in 
evaluating the Contractor's ability to actually complete prior to the 
contract period. 

3. 3. 4 Interim Completion Dates 

Contractually specified interim completion dates shall also be constrained 
to show negative float if the early finish date of the last activity in that 
phase falls after the interim completion date. 

3.3.4.1 Start Phase 

The Contractor shall include as the first activity for a project phase an 
activity called "Start Phase X" where "X" refers to the phase of work. The 
"Start Phase X" activity shall have an "ES" constraint date equal to the 
date on which the NTP was acknowledged, and a zero day duration. 

3.3.4.2 End Phase 

The Contractor shall include as the last activity in a project phase an 
activity called "End Phase X" where "X" refers to the phase of work. The 
"End Phase X" activity shall have an "LF" constraint date equal to the 
completion date for the project, and a zero day duration. 

3.3.4.3 Phase X 

The Contractor shall include a hammock type activity for each project phase 
called "Phase X" where "X" refers to the phase of work. The "Phase X" 
activity shall be logically tied to the earliest and latest activities in 
the phase. 

3. 3. 5 Default Progress Data Disallowed 

Actual Start and Finish dates shall not be automatically updated by default 
mechanisms that may be included in CPM scheduling software systems. Actual 
Start and Finish dates on the CPM schedule shall match those dates provided 
from Contractor Quality Control Reports. Failure of the Contractor to 
document the Actual Start and Finish dates on the Daily Quality Control 
report for every in-progress or completed activity, and failure to ensure 
that the data contained on the Daily Quality Control reports is the sole 
basis for schedule updating shall result in the disapproval of the 
Contractor's schedule and the inability of the Contracting Officer to 
evaluate Contractor progress for payment purposes. Updating of the percent 
complete and the remaining duration of any activity shall be independent 
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functions. Program features which calculate one of these parameters from 
the other shall be disabled. 

3.3.6 Out-of-Sequence Progress 

Activities that have posted progress without all preceding logic being 
satisfied (Out-of-Sequence Progress) will be allowed only on a case-by-case 
approval of the Contracting Officer. The Contractor shall propose logic 
corrections to eliminate all out of sequence progress or justify not 
changing the sequencing for approval prior to submitting an updated project 
schedule. 

3.3.7 Negative Lags 

Lag durations contained in the project schedule shall not have a negative 
value. 

3.4 PROJECT SCHEDULE SUBMISSIONS 

The Contractor shall provide the submissions as described below. The data 
disk, reports, and network diagrams required for each submission are 
contained in paragraph SUBMISSION REQUIREMENTS. 

3.4.1 Preliminary Project Schedule Submission 

The Preliminary Project Schedule, defining the Contractor's planned 
operations for the first 60 calendar days shall be submitted for approval 
within 20 calendar days after the NTP is acknowledged. The approved 
preliminary schedule shall be used for payment purposes not to exceed 60 
calendar days after NTP. 

3.4.2 Initial Project Schedule Submission 

The Initial Project Schedule shall be submitted for approval within 40 
calendar days after NTP. The schedule shall provide a reasonable sequence 
of activities which represent work through the entire project and shall be 
at a reasonable level of detail. 

3.4.3 Monthly Schedule Updates 

Based on the result of progress meetings, specified in "Periodic Progress 
Meetings," the Contractor shall submit monthly schedule updates. These 
submissions shall enable the Contracting Officer to assess Contractor's 
progress. If the Contractor fails or refuses to furnish the information and 
project schedule data, which in the judgement of the Contracting Officer or 
authorized representative is necessary for verifying the Contractor's 
progress, the Contractor shall be deemed not to have provided an estimate 
upon which progress payment may be made. 

3.4.4 Standard Activity Coding Dictionary 

The Contractor shall use the activity coding structure defined in the 
Standard Data Exchange Format (SDEF) in ER 1-1-11, Appendix A. This exact 
structure is mandatory, even if some fields are not used. 
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3.5 SUBMISSION REQUIREMENTS 

The following items shall be submitted by the Contractor for the preliminary 
submission, initial submission, and every periodic project schedule update 
throughout the life of the project: 

3.5.1 Data Disks 

Two data disks containing the project schedule shall be provided. Data on 
the disks shall adhere to the SDEF format specified in ER 1-1-11, Appendix 
A. 

3.5.1.1 File Medium 

Required data shall be submitted on 3.5 disks, formatted to hold 1.44 MB of 
data, under the MS-DOS Version 5. or 6.x, unless otherwise approved by the 
Contracting Officer. 

3.5.1.2 Disk Label 

A permanent exterior label shall be affixed to each disk submitted. The 
label shall indicate the type of schedule (Preliminary, Initial, Update, or 
Change), full contract number, project name, project location, data date, 
name and telephone number or person responsible for the schedule, and the 
MS-DOS version used to format the disk. 

3.5.1.3 File Name 

Each file submitted shall have a name related to either the schedule data 
date,' project name, or contract number. The Contractor shall develop a 
naming convention that will ensure that the names of the files submitted are 
unique. The Contractor shall submit the file naming convention to the 
Contracting Officer for approval. 

3.5.2 Narrative Report 

A Narrative Report shall be provided with the preliminary, initial, and each 
update of the project schedule. This report shall be provided as the basis 
of the Contractor's progress payment request. The Narrative Report shall 
include: a description of activities along the two most critical paths, a 
description of current and anticipated problem areas or delaying factors and 
their impact, and an explanation of corrective actions taken or required to 
be taken. The narrative report is expected to relay to the Government, the 
Contractor's thorough analysis of the schedule output and its plans to 
compensate for any problems, either current or potential, which are revealed 
through that analysis. 

3.5.3 Approved Changes Verification 

Only project schedule changes that have been previously approved by the 
Contracting Officer shall be included in the schedule submission. The 
Narrative Report shall specifically reference, on an activity by activity 
basis, all changes made since the previous period and relate each change to 
documented, approved schedule changes. 
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3.5.4 Schedule Reports 

The format for each activity for the schedule reports listed below shall 
contain: Activity Numbers, Activity Description, Original Duration, 
Remaining Duration, Early Start Date, Early Finish Date, Late Start Date, 
Late Finish Date, Total Float. Actual Start and Actual Finish Dates shall 
be printed for those activities in progress or completed. 

3.5.4.1 Activity Report 

A list of all activities sorted according to activity number. 

3.5.4.2 Logic Report 

A list of Preceding and Succeeding activities for every activity in 
ascending order by activity number. Preceding and succeeding activities 
shall include all information listed above in paragraph Schedule Reports. A 
blank line shall be left between each activity grouping. 

3.5.4.3 Total Float Report 

A list of all incomplete activities sorted in ascending order of total 
float. Activities which have the same amount of total float shall be listed 
in ascending order of Early Start Dates. Completed activities shall not be 
shown on this report. 

3.5.4.4 Earnings Report 

A compilation of the Contractor's Total Earnings on the project from the NTP 
until the most recent Monthly Progress Meeting. This report shall reflect 
the Earnings of specific activities based on the agreements made in the 
field and approved between the Contractor and Contracting Officer at the 
most recent Monthly Progress Meeting. Provided that the Contractor has 
provided a complete schedule update, this report shall serve as the basis of 
determining Contractor Payment. Activities shall be grouped by bid item and 
sorted by activity numbers. This report shall: sum all activities in a bid 
item and provide a bid item percent; and complete and sum all bid items to 
provide a total project percent complete. The printed report shall contain, 
for each activity: the Activity Number, Activity Description, Original 
Budgeted Amount, Total Quantity, Quantity to Date, Percent Complete (based 
on cost), and Earnings to Date. 

3.5.5 Network Diagram 

The network diagram shall be required on the initial schedule submission and 
on monthly schedule update submissions. The network diagram shall depict 
and display the order and interdependence of activities and the sequence in 
which the work is to be accomplished. The Contracting Officer will use, but 
is not limited to, the following conditions to review compliance with this 
paragraph: 
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3.5.5.1 Continuous Flow 

Diagrams shall show a continuous flow from left to right with no arrows from 
right to left. The activity number, description, duration, and estimated 
earned value shall be shown on the diagram. 

3.5.5.2 Project Milestone Dates 

Dates shall be shown on the diagram for start of project, any contract 
required interim completion dates, and contract completion dates. 

3.5.5.3 Critical Path 

The critical path shall be clearly shown. 

3.5.5.4 Banding 

Activities shall be grouped to assist in the understanding of the activity 
sequence. Typically, this flow will group activities by category of work, 
work area and/or responsibility. 

3.5.5.5 S-Curves 

Earnings curves showing projected early and late earnings and earnings to 
date. 

3.6 PERIODIC PROGRESS MEETINGS 

Progress meetings to discuss payment shall include a monthly onsite meeting 
or other regular intervals mutually agreed to at the pre-construction 
conference. During this meeting the Contractor shall describe, on an 
activity by activity basis, all proposed revisions and adjustments to the 
project schedule required to reflect the current status of the project. The 
Contracting Officer will approve activity progress, proposed revisions, and 
adjustments as appropriate. 

3.6.1 Meeting Attendance 

The Contractor's Project Manager and Scheduler shall attend the regular 
progress meeting. 

3.6.2 Update Submission Following Progress Meeting 

A complete update of the project schedule containing all approved progress, 
revisions, and adjustments, based on the regular progress meeting, shall be 
submitted not later than four (4) working days after the monthly progress 
meeting. 

3.6.3 Progress Meeting Contents 

Update information, including Actual Start Dates, Actual Finish Dates, 
Remaining Durations, and Cost-to-Date shall be subject to the approval of 
the Contracting Officer. As a minimum, the Contractor shall address the 
following items on an activity by activity basis during each progress 
meeting. 
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3.6.3.1 Start and Finish Dates 

The Actual Start and Actual Finish dates for each activity currently in
progress or completed. 

3.6.3.2 Time Completion 

The estimated Remaining Duration for each activity in-progress. Time-based 
progress calculations shall be based on Remaining Duration for each 
activity. 

3.6.3.3 Cost Completion 

The earnings for each activity started. Payment will be based on earnings 
for each in-progress or completed activity. Payment for individual 
activities containing quality defects will not be made. A portion of the 
overall project amount may be retained based on delays of activities. 

3.6.3.4 Logic Changes 

All logic changes pertaining to NTP on change orders, change orders to be 
incorporated into the schedule, contractor proposed changes in work 
sequence, corrections to schedule logic for out-of-sequence progress, lag 
durations, and other changes that have been made pursuant to contract 
provisions shall be specifically identified and discussed. 

3.6.3.5 Other Changes 

Other changes required due to delays in completion of any activity or group 
of activities include: 1) delays beyond the Contractor's control, such as 
strikes and unusual weather. 2) delays encountered due to submittals, 
Government Activities, deliveries or work stoppages which make re-planning 
the work necessary. 3) Changes required to correct a schedule which does 
not represent the actual or planned prosecution and progress of the work. 

3.7 REQUESTS FOR TIME EXTENSIONS 

In the event the Contractor requests an extension of the contract completion 
date, or any interim milestone date, the Contractor shall furnish the 
following for a determination as to whether or not the Contractor is 
entitled to an extension of time under the provisions of the contract: 
justification, project schedule data, and supporting evidence as the 
Contracting Officer may deem necessary. Submission of proof of delay, based 
on revised activity logic, duration, and costs (updated to the specific date 
that the delay occurred) is obligatory to any approvals. 

3.7.1 Justification of Delay 

The project schedule shall clearly display that the Contractor has used, in 
full, all the float time available for the work involved with this request. 
The Contracting Officer's determination as to the number of allowable days 
of contract extension shall be based upon the project schedule updates in 
effect for the time period in question, and other factual information. 
Actual delays that are found to be caused by the Contractor's own actions, 
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which result in the extension of the schedule, will not be a cause for a 
time extension to the contract completion date. 

3.7.2 Submission Requirements 

The Contractor shall submit a justification for each request for a change in 
the contract completion date of under two (2) weeks based upon the most 
recent schedule update at the time of the NTP or constructive direction 
issued for the change. Such a request shall be in accordance with the 
requirements of other appropriate Contract Clauses and shall include, as a 
minimum: 

a. A list of affected activities, with their associated project 
schedule activity number. 

b. A brief explanation of the causes of the change. 

c. An analysis of the overall impact of the changes proposed. 

d. A sub-network of the affected area. 

Activities impacted in each justification for change shall be identified by 
a unique activity code contained in the required data file. 

3.7.3 Additional Submission Requirements 

For any requested time extension of over two (2) weeks, the Contracting 
Officer may request an interim update with revised activities for a specific 
change request. The Contractor shall provide this disk within four (4) days 
of the Contracting Officer's request. 

3.8 DIRECTED CHANGES 

If the NTP is issued for changes prior to settlement of price and/or time, 
the Contractor shall submit proposed schedule revisions to the Contracting 
Officer within two (2) weeks of the NTP being issued. The proposed 
revisions to the schedule will be approved by the Contracting Officer prior 
to inclusion of those changes within the project schedule. If the 
Contractor fails to submit the proposed revisions, the Contracting Officer 
may furnish the Contractor with suggested revisions to the project schedule. 
The Contractor shall include these revisions in the project schedule until 
revisions are submitted, and final changes and impacts have been negotiated. 
If the Contractor has any objections to the revisions furnished by the 
Contracting Officer, the Contractor shall advise the Contracting Officer 
within two (2) weeks of receipt of the revisions. Regardless of the 
objections, the Contractor shall continue to update the schedule with the 
Contracting Officer's revisions until a mutual agreement in the revisions is 
reached. If the Contractor fails to submit alternative revisions within two 
(2) weeks of receipt of the Contracting Officer's proposed revisions, the 
Contractor will be deemed to have concurred with the Contracting Officer's 
proposed revisions. The proposed revisions will then be the basis for an 
equitable adjustment for performance of the work. 
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3.9 OWNERSHIP OF FLOAT 

Float available in the schedule, at any time, shall not be considered for 
the exclusive use of either the Government or the Contractor. 

--End of Section--
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SECTION 01330 

SUBMITTAL PROCEDURES 
09/00 

PART 1 GENERAL 

1.1 DESCRIPTION 

This section covers the procedures to be followed for submission of 
documents required under this contract. It also contains a copy of the 
anticipated submittal register for Phase II work. 

1.2 REFERENCES (NOT USED) 

1.3 SUBMITTALS 

Submittals required are identified by SD numbers and titles as follows: 

SD-01 Pre-construction Submittals 

SD-02 Shop Drawings 

SD-03 Product Data 

SD-04 Samples 

SD-05 Design Data 

SD-06 Test Reports 

SD-07 Certificates 

SD-08 Manufacturer's Instructions 

SD-09 Manufacturer's Field Reports 

SD-10 Operation and Maintenance Data 

SD-11 Closeout Submittals 

Submittals are classified as follows: 

1. 3 .1 Government Approved 

Government approval is required for extensions of design, critical 
materials, deviations, equipment whose compatibility with the entire system 
must be checked, and other items as designated by the Contracting Officer. 
Within the terms of the Contract Clause entitled "SPECIFICATIONS AND 
DRAWINGS FOR CONSTRUCTION," they are considered to be "shop drawings." 
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1. 3. 2 Information Only 

All submittals not requiring Government approval will be for information 
only. They are not considered to be "shop drawings 11 within the terms of the 
Contract Clause referred to above. 

1.4 APPROVED SUBMITTALS 

The Contracting Officer's approval of submittals shall not be construed as a 
complete check, but will indicate only that the general method of 
construction, materials, detailing and other information are satisfactory. 
Approval will not relieve the Contractor of the responsibility for any error 
which may exist, as the Contractor under the Contractor Quality Control 
(CQC) requirements of this contract is responsible for dimensions, the 
design of adequate connections and details, and the satisfactory 
construction of all work. After submittals have been approved by the 
Contracting Officer, no re-submittal for the purpose of substituting 
materials or equipment will be considered unless accompanied by an 
explanation of why a substitution is necessary. 

1.5 DISAPPROVED SUBMITTALS 

The Contractor shall make all corrections required by the Contracting 
Officer and promptly furnish a corrected submittal in the form and number of 
copies specified for the initial submittal. If the Contractor considers any 
correction indicated on the submittals to constitute a change to the 
contract, a notice in accordance with the Contract Clause "CHANGES" shall be 
given promptly to the Contracting Officer. 

1.6 WITHHOLDING OF PAYMENT 

Payment for materials incorporated in the work will not be made if required 
approvals have not been obtained. 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION 

3.1 GENERAL 

The Contractor shall make submittals as required by the specifications. The 
Contracting Officer may request submittals in addition to those specified 
when deemed necessary to adequately describe the work covered in the 
respective sections. Units of weights and measures used on all submittals 
shall be the same as those used in the contract drawings. Each submittal 
shall be complete and in sufficient detail to allow ready determination of 
compliance with contract requirements. Prior to submittal, all items shall 
be checked and approved by the Contractor's Quality Control (CQC) System 
Manager and each item shall be stamped, signed, and dated by the CQC System 
Manager indicating action taken. Proposed deviations from the contract 
requirements shall be clearly identified. Submittals shall include items 
such as: Contractor's, manufacturer's, or fabricator's drawings; 
descriptive literature including {but not limited to) catalog cuts, 
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diagrams, operating charts or curves; test reports; test cylinders; samples; 
O&M manuals (including parts list); certifications; warranties; and other 
such required submittals. Submittals requiring Government approval shall be 
scheduled and made prior to the acquisition of the material or equipment 
covered thereby. Samples remaining upon completion of the work shall be 
picked up and disposed of in accordance with manufacturer's Material Safety 
Data Sheets (MSDS) and in compliance with existing laws and regulations. 

3.2 SUBMITTAL REGISTER 

At the end of this section is a submittal register {ENG Form 4288) showing 
items of equipment and materials for which submittals are required by the 
specifications; this list may not be all inclusive and additional submittals 
may be required. The Contractor will also be given the submittal register 
files, containing the electronic ENG Form 4288 and instructions on the use 
of the files. These submittal register files will be furnished on a 
separate diskette. The Contractor shall submit the forms to the Contracting 
Officer for approval within 21 calendar days after NTP. The Contractor 
shall keep this diskette up-to-date and shall submit it to the Government 
together with the monthly payment request. The approved submittal register 
will support the scheduling document and will be used to control submittals 
throughout the life of the contract. The submittal register and the 
progress schedules shall be coordinated. 

3.3 SCHEDULING 

Submittals covering component items forming a system or items that are 
interrelated shall be scheduled to be coordinated and submitted 
concurrently. Certifications to be submitted with the pertinent drawings 
shall be so scheduled. Adequate time {a minimum of 14 calendar days 
exclusive of mailing time) shall be allowed and shown on the register for 
review and approval. No delay damages or time extensions will be allowed 
for time lost in late submittals. 

3.4 TRANSMITTAL FORM (ENG FORM 4025) 

The sample transmittal form (ENG Form 4025) attached to this section shall 
be used for submitting both Government approved and information only 
submittals in accordance with the instructions on the reverse side of the 
form. These forms will be furnished electronically to the Contractor on a 
separate diskette. This form shall be properly completed by filling out all 
the heading blank spaces and identifying each item submitted. Special care 
shall be exercised to ensure proper listing of the specification paragraph 
and/or sheet number of the contract drawings pertinent to the data submitted 
for each item. 

3.5 · SUBMITTAL PROCEDURE 

Submittals shall be made as follows: 

3.5.1 Procedures 

Ten copies of the transmittal form and submittals shall be delivered to the 
Contracting Officer. Additional copies shall be maintained by the 
Contractor on site. 
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3.5.2 Deviations 

For submittals which include proposed deviations requested by the 
Contractor, the column "variation" of ENG Form 4025 shall be checked. The 
Contractor shall set forth in writing the reason for any deviations and 
annotate such deviations on the submittal. The Government reserves the 
right to rescind inadvertent approval of submittals containing unnoted 
deviations. 

3.6 CONTROL OF SUBMITTALS 

The Contractor shall carefully control his procurement operations to ensure 
that each individual submittal is made on or before the Contractor scheduled 
submittal date shown on the approved "Submittal Register." 

3.7 GOVERNMENT APPROVED SUBMITTALS 

Upon completion of 
submittals will be 
stamped and dated. 
Contracting Officer 
the Contractor. 

review of submittals requiring Government approval, the 
identified as having received approval by being so 

Seven copies of the submittal will be retained by the 
and three copies of the submittal will be returned to 

3.8 INFORMATION ONLY SUBMITTALS 

Normally submittals for information only will not be returned. Approval of 
the Contracting Officer is not required on information only submittals. 
The Government reserves the right to require the Contractor to resubmit any 
item found not to comply with the contract. This does not relieve the 
Contractor from the obligation to furnish material conforming to the plans 
and specifications; will not prevent the Contracting Officer from requiring 
removal and replacement of nonconforming material incorporated in the work; 
and does not relieve the Contractor of the requirement to furnish samples 
for testing by the Government laboratory or for check testing by the 
Government in those instances where the technical specifications so 
prescribe. 

3.9 STAMPS 

Stamps used by the Contractor on the submittal data to certify that the 
submittal meets contract requirements shall be similar to the following: 
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CONTRACTOR 

(Firm Name) 

__ Approved 

__ Approved with corrections as noted on submittal data and/or 
attached sheets(s). 

SIGNATURE: 

TITLE: 

DATE: 

--End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 01351 

SAFETY, HEALTH, AND EMERGENCY RESPONSE 
02/99 

This section covers the health and safety requirements to be followed for 
completion of Phase II work. The section provides additional requirements 
for implementing the accident prevention provisions of EM 385-1-1, and 
specifies a Site Safety and Health Plan (SSHP) Addendum which shall satisfy 
the requirements for submission of a separate Accident Prevention Plan (APP) 
as required by EM 385-1-1. The requirements shall apply to work performed 
in both "contaminated" and "clean" areas. 

1.2 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by basic 
designation only. 

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH) 

ACGIH Threshold Limits (1998) Threshold Limit Values for Chemical 
Substances and Physical Agents and Biological 
Exposure Indices 

ANSI Z358.1 

29 CFR 1904 

29 CFR 1910 

29 CFR 1926 

49 CFR 171 

49 CFR 172 

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 

(1990} Emergency Eyewash and Shower Equipment 

CODE OF FEDERAL REGULATIONS (CFR) 

Recording and Reporting Occupational Injuries 
and Illnesses 

Occupational Safety and Health Standards 

Safety and Health Regulations for 
Construction 

General Information, Regulations, and 
Definitions 

Hazardous Materials Table, Special 
Provisions, Hazardous Materials 
Communications, Emergency Response 
Information, and Training Requirements 
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.EM 385-1-1 

ENGINEERING MANUALS (EM) 

(1996) U.S. Army Corps of Engineers Safety 
and Health Requirements Manual 

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH) 

NIOSH Pub No. 85-115 

1.3 SUBMITTALS 

(1985) Occupational Safety and Health 
Guidance Manual for Hazardous Waste Site 
Activities 

Government approval is required for submittals with a "GA" designation; 
submittals not having a "GA" designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

SD-01 Pre-construction Submittals 

Site Safety and Health Plan Addendum; GA 

The SSHP Addendum shall detail the health and safety procedures to 
be followed during completion of Phase II work and shall be 
developed in accordance with this specification. The SSHP Addendum 
shall supplement the general procedures outlined in the SSHP 
(developed for Phase I work), but shall not duplicate information 
contained in the SSHP. The Contractor and the Contracting Officer 
shall periodically review the plan during work operations to keep 
it current and technically correct. The SSHP Addendum shall 
include, but not be limited to, the following: 

a. Drawings including the initial work zone boundaries: Exclusion 
Zone (EZ), including restricted and regulated areas; 
Contamination Reduction Zone (CRZ); and Support Zone (SZ). 

b. Activity Hazard Analyses for each task scheduled to be 
completed as part of Phase II work. 

c. An air monitoring plan detailing the procedures to be followed 
for personnel exposure monitoring and field air sampling. The 
air monitoring program shall be developed in accordance with 
applicable Federal and State regulations. A sample reporting 
form also shall be submitted as part of the SSHP Addendum. 

1.4 REGULATORY REQUIREMENTS 

Work performed under this contract shall comply with EM 385-1-1, applicable 
Federal, state, and local safety and occupational health laws and 
regulations. This includes, but is not limited to, Occupational Safety and 
Health Administration (OSHA) standards, 29 CFR 1910, especially Section 
.120, "Hazardous Waste Site Operations and Emergency Response" and 29 CFR 
1926, especially Section .65, ''Hazardous Waste Site Operations and Emergency 
Response". Matters of interpretation of standards shall be submitted to the 
appropriate administrative agency for resolution before starting work. 
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Where the requirements of this specification, applicable laws, criteria, 
ordinances, regulations, and referenced documents vary, the most stringent 
requirements shall apply. 

1.5 PRE-CONSTRUCTION MEETING 

The Pre-construction Meeting shall be attended by the Contractor or his/her 
representative and the on-site construction manager. The meeting shall be 
held prior to the commencement of work on-site. The purpose of the meeting 
is to define the Contractor's Quality Control (CQC) System, to thoroughly 
review the Contractor's schedule, submittals list, and Work Plan, SSHP 
Addendum, and other project documents required in these specifications, and 
to develop a mutual understanding of the specific requirements established 
by the contract. 

1.5.1 Pre-Construction Safety Conference 

The Pre-construction Safety Conference shall be conducted as part of the 
Pre-construction Meeting, and shall be attended by the Contractor, or 
his/her representative, and the on-site construction manager prior to the 
commencement of work. Recommended discussion topics include: 

a. Discussion of the purpose and benefits of Corps construction safety 
and health program and Contractor's accident prevention plan. 

b. Review of the accident prevention clause of the contract and any 
other contractual safety and health clauses, EM 385-1-1, and other 
applicable safety and health codes and standards. 

c. Review of any local health and safety requirements. 

d. Review of any other special requirements particular to the contract 
at hand. 

e. Review of the Contractor's Accident Prevention Plan, its 
deficiencies, and the corrections needed to bring it to an 
acceptable level. 

f. Review of the Contractor's list of anticipated phases of work 
requiring an activity hazard analysis. 

g. Review of accident investigation and report requirements, including 
the submission of worker exposure reports. 

h. Discussion of the Contractor's proposals for controlling and 
coordinating the work of subcontractors. 

(i) As noted above, the conference will be used to discuss and 
resolve deficiencies in the Contractor's Accident Prevention 
Plan. The agreements reached at the pre-construction safety 
conference shall become a matter of record and shall be 
included as amendments to the Contractor's accident prevention 
plan. 
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(ii) Minutes of the conference, including agreements reached and a 
record of attendance shall be maintained. Copies of the 
minutes shall be forwarded to the safety and occupational 
health office for review and then forwarded to the official 
contract file. A copy of the minutes will also be provided to 
the Contractor. 

1.6 SAFETY AND HEALTH PROGRAM 

OSHA Standards 29 CFR 1910, Section .120 (b) and 29 CFR 1926, Section .65 
(b) require employers to develop and implement a written Safety and Health 
Program for employees involved in hazardous waste operations. The site
specific program requirements of the OSHA Standards shall be integrated into 
one site-specific document, the SSHP Addendum. The SSHP Addendum shall 
interface with the employer's overall Safety and Health Program. Any 
portions of the overall Safety and Health Program that are referenced in the 
SSHP Addendum shall be included as appendices to the SSHP Addendum. 

1.7 SITE SAFETY AND HEALTH PLAN 

1.7.1 Preparation and Implementation 

A SSHP Addendum shall be prepared covering onsite work to be performed by 
the Contractor and all subcontractors. The Safety and Health Manager shall 
be responsible for the development, implementation and oversight of the SSHP 
Addendum. The SSHP Addendum shall establish, in detail, the protocols 
necessary for the anticipation, recognition, evaluation, and control of 
hazards associated with each Phase II task performed. The SSHP Addendum 
shall address site-specific safety and health requirements and procedures 
based upon site-specific conditions. The level of detail provided in the 
SSHP Addendum shall be tailored to the type of work, complexity of 
operations to be performed, and hazards anticipated. Details about some 
activities may not be available when the initial SSHP is prepared and 
submitted. Therefore, the SSHP Addendum shall address, in as much detail as 
possible, anticipated tasks, their related hazards and anticipated control 
measures. Additional details shall be included in the activity hazard 
analyses as described in paragraph ACTIVITY HAZARD ANALYSES. 

1. 7 .2 Acceptance and Modifications 

Prior to submittal, the SSHP Addendum shall be signed and dated by the 
Safety and Health Manager and the Site Superintendent. The SSHP Addendum 
shall be submitted for review 21 calendar days prior to the Pre-construction 
Safety Conference. Deficiencies in the SSHP Addendum will be discussed at 
the pre-construction safety conference, and the SSHP Addendum shall be 
revised to correct the deficiencies and resubmitted for acceptance. Onsite 
work shall not begin until the plan has been accepted. A copy of the 
written SSHP Addendum shall be maintained onsite. As work proceeds, the 
SSHP Addendum shall be adapted to new situations and new conditions. 
Changes and modifications to the accepted SSHP Addendum shall be made with 
the knowledge and concurrence of the Safety and Health Manager, the Site 
Superintendent, and the Contracting Officer. Should any unforeseen hazard 
become evident during the performance of the work, the Site Safety and 
Health Officer (SSHO) shall bring such hazard to the attention of the Safety 
and Health Manager, the Site Superintendent, and the Contracting Officer, 
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both verbally and in writing, for resolution as soon as possible. In the 
interim, necessary action shall be taken to re-establish and maintain safe 
working conditions in order to safeguard onsite personnel, visitors, the 
public, and the environment. Disregard for the provisions of this 
specification or the accepted SSHP Addendum shall be cause for stopping of 
work until the matter has been rectified. 

1. 7. 3 Availability 

The SSHP Addendum shall be made available in accordance with 29 CFR 1910, 
Section .120 (b) (1) (v) and 29 CFR 1926, Section . 65 (b) (1) (v). 

1. 7 .4 Elements 

Topics required by 29 CFR 1910, Section .120 (b) (4) 29 CFR 1926, Section .65 
(b) (4) and the Accident Prevention Plan as described in Appendix A of EM 
385-1-1 and those described in this section shall be addressed in the SSHP 
Addendum. Where the use of a specific topic is not applicable to the 
project, the SSHP Addendum shall include a statement to justify its omission 
or reduced level of detail and establish that adequate consideration was 
given the. topic. 

1.8 SITE DESCRIPTION AND CONTAMINATION CHARACTERIZATION 

1.8.1 Project/Site Conditions 

The following information is a record of site contaminants and a description 
of the site. This information is provided to assist in preparing the SSHP 
Addendum. Additional sources of information are available as listed below. 

1.8.1.1 Site Information 

The SAEP Causeway was initially constructed and used as a means of launching 
seaplanes in the 1930s. Additional materials, of unknown origin, were 
deposited along the northern edge of the Causeway during the 1950s and 
1960s. Causeway fill material consists of soil, cobbles, and construction 
debris. 

Soil contamination exceeding the Connecticut Department of Environmental 
Protection (CTDEP) Remediation Standard Regulation (RSR) Direct Exposure 
Criteria (DEC), the Pollutant Mobility Criteria (PMC), and/or the federal 
Freshwater Acute Aquatic Water Quality Criteria (AWQC) include chlorinated 
and fuel-related volatile organic compounds (VOCs), semi-volatile organic 
compounds (SVOCs), polychlorinated biphenyls (PCBs), and inorganics. Low
level radiological contamination was also identified at three isolated 
locations in the Causeway fill material. Radiologically-contaminated soil 
was excavated, containerized, and transported to an appropriate off-site 
licensed treatment/disposal facility. A final radiological survey of the 
Causeway was conducted to verify complete removal of radiological material, 
and the facility has been released from the NRC license. 

Table 01351-1 lists the contaminants present in Causeway fill material above 
CTDEP RSRs, the maximum detected concentration, and the location of the 
maximum concentration. The sample locations are shown on Drawing No. C-104 
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(Phase I Drawings). A figure identifying the locations of chemical 
exceedances are included as attachments to these specifications. 

TABLE 01351-1 
CONTAMINANTS OF CONCERN ON THE CAUSEWAY 

Maximum Concentration 
Contaminant of Concern (mg/kg) Sample Location 

voes 
Cis-1,2-Dichloroethene 120 CB-99-04 
Methylene Chloride 3.3 J CB-99-03 
Tetrachloroethene 81 CB-99-02 
Trichloroethene 8.8 TP-DEP-11 
Vinyl Chloride 24 CB-99-04 

SVOCs 
2-Methylnaphhalene 45 CB-99-03 
Acenaphthene 190 CB-99-15 
Anthracene 520 J CB-99-15 
Benzo(a)Anthracene 1200 J CB-99-15 
Benzo(a)Pyrene 880 J CB-99-15 
Benzo(b)Fluoranthene 940 J CB-99-15 
Benzo(k)Fluoranthene 880 J CB-99-15 
Carbazole 310 CB-99-15 
Chrysene 1200 CB-99-15 
Dibenz(a,h)Anthracene 8.1 CB-99-12 
Dibenzofuran 130 CB-99-15 
Fluoranthene 2700 CB-99-15 
Fluorene 250 J CB-99-15 
Hexachlorobenzene 1.4 TP-DEP-11 
Indeno(l,2,3-CD)Pyrene 350 CB-99-15 
Naphthalene 97 J CB-99-15 
Phenanthrene 2400 CB-99-15 
Pyrene 1800 J CB-99-15 

PCBs 
Aroclor - 1016 1. 2 J TP-99-22 
Aroclor - 1260 11 TP-99-23 

Inorganics 
Arsenic 34.5 CB-99-08 
Beryllium 13.1 TP-DEP-11 
Cadmium 94.7 TP-DEP-11 
Lead 1510 J TP-DEP-11 
Thallium 8.3 CB-99-08 
Vanadium 2640 TP-DEP-11 
Zinc 41.4 J CB-99-01 

Note: J = estimated value 

1.8.1.2 List of Available Documents 

Further information regarding site conditions is available in the Causeway 
Pre-design Investigation Report (Foster Wheeler/HLA, April 2000), the Final 
Causeway Engineering Evaluation/Cost Analysis (Foster Wheeler/HLA, September 
2000), and the Causeway Decision Document (Harding ESE, 2001). These 
documents are a part of the public record for this site, and are available 
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for review in Room 15 of Building 1 at the Stratford Army Engine Plant, 550 
Main Street, Stratford, Connecticut. 

1. 8 .2 Plan Requirements 

The SSHP Addendum shall supplement the SSHP, prepared for Phase I work on 
the Causeway. The Addendum shall not duplicate information contained in 
the SSHP. 

1.9 HAZARD/RISK ANALYSIS 

The SSHP Addendum shall include a safety and health hazard/risk analysis for 
each site task and operation to be performed as part of Phase II. The 
hazard/risk analysis shall provide information necessary for determining 
safety and health procedures, equipment, and training to protect onsite 
personnel, the environment, and the public. Available site information 
shall be reviewed when preparing the "Hazard/Risk Analysis" section of the 
SSHP Addendum. The following elements, at a minimum, shall be addressed. 

1. 9 .1 Site Tasks and Operations (Workplan) 

The SSHP Addendum shall include a comprehensive section that addresses the 
tasks and objectives of the site operations for Phase II of this project, 
and the logistics and resources required to reach those tasks and 
objectives. The following is a list of anticipated Phase II site tasks and 
operations to be performed; site preparation, erosion control system 
maintenance and removal, excavation and Causeway grading, oversized debris 
removal, cover system placement, and seeding and finishing. This is not a 
complete list of site tasks and operations; therefore, it shall be expanded 
and/or revised, during preparation of the SSHP Addendum as necessary. 

1. 9 .2 Hazards 

The following potential hazards may be encountered during site work. These 
are not complete lists; therefore, they shall be expanded and/or revised as 
necessary during preparation of the SSHP Addendum. 

1.9.2.1 Safety Hazards 

Potential safety hazards associated with the work on the Causeway could be 
related to, operation of heavy construction equipment, safety hazards 
associated with working near the water, and safety hazards from scattered 
debris and previous excavations present on the site. 

1.9.2.2 Chemical Hazards 

Potential chemical hazards that may be encountered during site work are 
discussed in paragraph SITE DESCRIPTION AND CONTAMINATION CHARACTERIZATION. 
The Hazard/Risk Analysis section of the SSHP Addendum shall describe the 
chemical, physical, and toxicological properties of contaminants, sources 
and pathways of employee exposures, anticipated onsite and offsite exposure 
level potentials, and regulatory (including Federal, state, and local) or 
recommended protective exposure standards. The SSHP Addendum shall also 
address employee exposure to hazardous substances brought onsite, and shall 
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comply with the requirements of 29 CFR 1910, Section .1200 and 29 CFR 1926, 
Section .59, Hazard Communication. 

1.9.2.3 Physical Agents 

Potential physical hazards during work on the Causeway could include, heat 
stress and cold stress, noise related hazards, physical strain from heavy 
lifting, and slips, trips, and falls from scattered debris on the surface of 
the Causeway. 

1.9.2.4 Radiological Hazards 

A radiological survey identified radiological soil contamination on the 
Causeway in excess of federal guidelines. This contaminated soil was 
removed from the Causeway and sent off-site for disposal. A final survey of 
the Causeway did not identified any additional areas of radiological 
contamination, and the facility has been released from the NRC license. 
Radiological hazards are not anticipated to be encountered on the Causeway 
during this work; however, the Contractor shall notify the Contracting 
Officer if a whitish clay-like material, historically associated with 
radiological contamination on the Causeway, is encountered during excavation 
activities. 

1.9.2.5 Biological Hazards 

Potential biological hazards associated with the work on the Causeway could 
primarily include insect and animal bites; however, additional hazards may 
be associated with working near the water. 

1.9.3 Action Levels 

1.9.3.1 General Requirements 

Action levels shall be established in the SSHP Addendum for situations not 
identified in the SSHP. 

1.10 ACTIVITY HAZARD ANALYSES 

Prior to beginning Phase II work, Activity Hazard Analyses shall be prepared 
for each anticipated activity, by the Contractor performing that work and 
submitted for review and acceptance. The format shall be in accordance with 
EM 385·-1-l, Figure 1-1. The analyses shall define the activities to be 
performed and identify the sequence of work, the specific hazards 
anticipated, and the control measures to be implemented to eliminate or 
reduce each hazard to an acceptable level. Work shall not proceed until the 
activity hazard analyses have been accepted and a preparatory meeting has 
been conducted by the Contractor to discuss its contents with everyone 
engaged in the activities, including the government on-site representatives. 
The activity hazard analyses shall be continuously reviewed and when 
appropriate modified to address changing site conditions or operations, with 
the concurrence of the Safety and Health Manager, the Site Superintendent, 
and the Contracting Officer. Activity hazard analyses shall be attached to, 
and become a part of, the SSHP Addendum. 
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1.11 STAFF ORGANIZATION, QUALIFICATIONS, AND RESPONSIBILITIES 

An organizational structure shall be developed that sets forth lines of 
authority (chain of command), responsibilities, and communication procedures 
concerning site safety, health, and emergency response. This organizational 
structure shall be as specified in the Phase I Section 01351 SAFETY, HEALTH, 
AND EMERGENCY RESPONSE. The SSHP Addendum shall contain information on the 
organizational structure only if changes from the SSHP are anticipated. 

1.12 TRAINING 

Personnel shall receive training in accordance with the Contractor's written 
safety and health training program and 29 CFR 1910 Section .120, 29 CFR 1926 
Section .65, and 29 CFR 1926 Section .21. The SSHP Addendum shall include a 
section describing training requirements, only if changes to the training 
program from those described in the SSHP are anticipated. 

1.12.1 Site-specific Training 

Site-specific training sessions shall be documented in accordance with 
Section 01.B.03.b of EM 385-1-1. 

1.12.1.1 Initial Session (Pre-entry Briefing) 

Prior to commencement of onsite field activities, all site employees, 
including those assigned only to the Support Zone, shall attend a site
specific safety and health training session of at least 4 hours duration. 
This session shall be conducted by the Safety and Health Manager and the 
Site Safety and Health Officer to ensure that all personnel are familiar 
with requirements and responsibilities for maintaining a safe and healthful 
work environment. Procedures and contents of the accepted SSHP Addendum and 
Sections 01.B.02 and 28.D.03 of EM 385 1-1 shall be thoroughly discussed. 
The Contracting Officer shall be notified at least 5 days prior to the 
initial site-specific training session so government personnel involved in 
the project may attend. 

1.12.1.2 Periodic Sessions 

Periodic onsite training shall be conducted by the SSHO at least weekly for 
personnel assigned to work at the site during the following week. The 
training shall address safety and health procedures, work practices, any 
changes in the SSHP or the Addendum, activity hazard analyses, work tasks, 
or schedule; results of previous week's air monitoring, review of safety 
discrepancies and accidents. Should an operational change affecting onsite 
field work be made, a meeting prior to implementation of the change shall be 
convened to explain safety and health procedures. Site-specific training 
sessions for new personnel, visitors, and suppliers shall be conducted by 
the SSHO using the training curriculum outlines developed by the Safety and 
Health Manager. 
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1.13 PERSONAL PROTECTIVE EQUIPMENT 

1.13.1 PPE Program 

In accordance with 29 CFR 1910 Section .120 (g) (5) and 29 CFR 1926 Section 
.65 (g) (5), a written Personal Protective Equipment (PPE) program which 
addresses the elements listed in that regulation, and which complies with 
respiratory protection program requirements of 29 CFR 1910 Section .134, is 
to be included in the employer's Safety and Health Program. The SSHP 
Addendum shall detail the minimum PPE ensembles (including respirators) and 
specific materials from which the PPE components are constructed for each 
site-specific task and operation to be. performed as part of Phase II, based 
upon the hazard/risk analysis. Components of levels of protection (B, C, D 
and modifications) must be relevant to site-specific conditions, including 
heat and cold stress potential and safety hazards. Only respirators 
approved by NIOSH shall be used. Onsite personnel shall be provided with 
appropriate personal protective equipment. Protective equipment and 
clothing shall be kept clean and well maintained. The PPE section of the 
SSHP Addendum shall include site-specific procedures to determine PPE 
program effectiveness and for onsite fit-testing of respirators, cleaning, 
maintenance, inspection, and storage of PPE. 

1.13. 2 Levels of Protection 

The Safety and Health Manager shall establish appropriate levels of 
protection for each work activity based on review of historical site 
information, existing data, an evaluation of the potential for exposure 
(inhalation, dermal, ingestion, and injection} during each Phase II task, 
past air monitoring results, and a continuing safety and health monitoring 
program. The Safety and Health Manager shall also establish action levels 
for upgrade or downgrade in levels of PPE from the following specified 
minimum levels of protection. Protocols and the communication network for 
changing the level of protection shall be described in the SSHP Addendum, 
only if changes from the SSHP are anticipated. 

1.13.2.1 Components of Levels of Protection 

The components of the levels of PPE protection shall be a specified in the 
Phase I Section 01351 SAFETY, HEALTH, AND EMERGENCY RESPONSE. 

1.13.2.2 Initial Minimum Levels of PPE by Task 

Based on available information, the initial minimum protective equipment 
requirements for each major task and operation are listed below. Available 
site information shall be reviewed and the list of tasks and operations and 
these levels of protection shall be expanded and/or revised during 
preparation of the SSHP Addendum. 

MINIMUM PROTECTIVE EQUIPMENT REQUIREMENTS 

TASK/OPERATION INITIAL LEVEL OF PROTECTION 

Site Preparation Level D 
Sideslope Excavation Level D 
Causeway Grading Level D 
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1. 13. 3 

Oversized Debris Removal 
Cover System Construction 
Survey 
Erosion Control System Removal 

PPE for Government Personnel 

Level D 
Level D 
Level D 
Level D 

Three clean sets of personal protective equipment and personal dosimeters 
for work on radioactive waste cleanup sites and clothing (excluding air
purifying negative-pressure respirators and safety shoes, which will be 
provided by individual visitors), as required for entry into the Exclusion 
Zone and/or Contamination Reduction Zone, shall be available for use by the 
Contracting Officer or official visitors. The items shall be cleaned and 
maintained by the Contractor and stored in the Contractor field office and 
clearly marked: "FOR USE BY GOVERNMENT ONLY." The Contractor shall provide 
basic training in the use and limitations of the PPE provided, and institute 
administrative controls to check prerequisites prior to issuance. Such 
prerequisites include meeting minimum training requirements for the work 
tasks to be performed and medical clearance for site hazards and respirator 
use. 

1.14 MEDICAL SURVEILLANCE 

The medical surveillance program shall be detailed in the SSHP. Details 
regarding the program shall be included in the SSHP Addendum only if there 
are anticipated changes from the SSHP. 

1.15 RADIATION DOSIMETRY 

A radiation protection and dosimetry program shall be as described in the 
SSHP. Details regarding the program shall be included in the SSHP Addendum 
only if there are anticipated changes from the SSHP. Causeway soil 
containing radiological contamination above federal guidelines has been 
removed from the site. A final radiation survey has been completed on the 
Causeway and the facility has been released from the NRC license. 

1.16 EXPOSURE MONITORING/AIR SAMPLING PROGRAM 

The Safety and Health Manager shall prepare and implement an exposure 
monitoring/air sampling program in accordance with the air monitoring plan 
identified in the SSHP, to identify and quantify safety and health hazards 
and airborne levels of hazardous substances. The air sampling program shall 
be used to assure proper selection of engineering controls, work practices 
and personal protective equipment for affected site personnel and shall 
evaluate the potential impacts to off-site receptors. Available site 
information shall be reviewed and the exposure monitoring/air sampling 
program shall be expanded and/or revised for submittal as part of the SSHP 
Addendum. 

At a minimum, air monitoring shall be conducted during sideslope excavation. 
Monitoring activities should include the use of real-time monitoring 
equipment, including a photoionization detector or a flame ionization 
detector, to monitor concentrations of volatiles in the breathing zone. 
Additional monitoring devices should be available to identify the type of 
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volatile contaminant present if levels in the breathing zone persist above 
action levels. 

Dust monitoring should be conducted during excavation/construction 
activities to ensure off-site migration of dust is not creating a 
potentially hazardous situation. At a minimum, real time monitoring 
equipment shall be used to monitor the levels of airborne dust. 

1.17 HEAT AND COLD STRESS MONITORING 

The Safety and Health Manager shall develop a heat stress and cold stress 
monitoring program for onsite activities. Schedules for work and rest, and 
physiological monitoring requirements, shall be described as in the SSHP. 
Details regarding the monitoring program shall be included in the SSHP 
Addendum only is changes to the program are anticipated. Personnel shall be 
trained to recognize the symptoms of heat and cold stress. The SSHO and an 
alternate person shall be designated, in writing, to be responsible for the 
heat and cold stress. monitoring program. 

1.18 SAFETY PROCEDURES, ENGINEERING CONTROLS. AND WORK PRACTICES 

The SSHP Addendum shall describe the standard operating safety procedures, 
engineering controls and safe work practices to be implemented for Phase II 
work. Information contained in the SSHP regarding safety procedures shall 
not be duplicated in the Addendum. Possible procedures may include, but 
shall not be limited to, the following: 

A. General Site Rules/Prohibitions 

B. Material Handling Procedures 

C. Spill and Discharge Control 

1.19 SITE CONTROL MEASURES 

In order to prevent the spread of contamination and control the flow of 
personnel, vehicles, and materials into and out of work areas, site control 
measures shall be as established and described in the SSHP. The SSHP 
Addendum shall not duplicate information contained in the SSHP, unless 
changes to the protocol are anticipated. 

1.20 DECONTAMINATION 

Personnel, equipment, and material entering the Exclusion or Contamination 
Reduction Zones or otherwise exposed or subject to exposure to hazardous 
chemical vapors, liquids, or contaminated solids shall adhere to the 
personal hygiene and decontamination provisions identified in the SSHP. A 
detailed discussion of personal hygiene and decontamination facilities and 
procedures to be followed by site workers shall be submitted as part of the 
SSHP. Information regarding decontamination shall not be duplicated in the 
SSHP Addendum, unless changes to the protocol are anticipated. 
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Employees shall be trained in the procedures and the procedures shall be 
enforced throughout site operations. Persons disregarding these provisions 
shall be barred from the site. 

1.23 EMERGENCY EQUIPMENT AND FIRST AID REQUIREMENTS 

The SSHP shall describe the emergency and first aid equipment to be 
available onsite. Information regarding emergency equipment and first aid 
requirements shall not be duplicated in the SSHP Addendum, unless changes to 
the information are required. 

1.24 EMERGENCY RESPONSE AND CONTINGENCY PROCEDURES 

An Emergency Response. Plan, that meets the requirements of 29 CFR 
1910Section .120 (1) and 2.9 CFR 1926 Section .65 (1), shall be developed and 
implemented as a section of the SSHP. Information regarding the Emergency 
Response Plan shall not be duplicated in the SSHP Addendum, unless changes 
to the information are required. 

In the event of any emergency associated with remedial action, the 
Contractor shall, without delay, alert all onsite employees that there is an 
emergency situation; take action to remove or otherwise minimize the cause 
of the emergency; alert the Contracting Officer; and institute measures 
necessary to prevent repetition of the conditions or actions leading to, or 
resulting in, the emergency. Employees that are required to respond to 
hazardous emergency situations shall be trained in how to respond to such 
expected emergencies. The plan shall be rehearsed regularly as part of the 
overall training program for site operations. The plan shall be reviewed 
periodically and revised as necessary to reflect new or changing site 
conditions or information. 

1.25 CERTIFICATE OF WORKER/VISITOR ACKNOWLEDGEMENT 

A copy of a Contractor-generated certificate of worker/visitor 
acknowledgement shall be completed and submitted for each visitor allowed to 
enter contamination reduction or exclusion zones, and for each employee, 
following the example certificate at the end of this section. 

1.26 INSPECTIONS 

The SSHO shall perform daily inspections of the jobsite and the work in 
progress to ensure compliance with EM 385-1-1, the Safety and Health 
Program, the SSHP, the SSHP Addendum, and other occupational health and 
safety requirements of the contract, and to determine the effectiveness of 
the SSHP (and Addendum). Procedures for correcting deficiencies (including 
actions, timetable and responsibilities) shall be described in the SSHP. 

Follow-up inspections to ensure correction of deficiencies shall be 
conducted and documented. Daily safety inspection logs shall be used to 
document the inspections, noting safety and health deficiencies, 
deficiencies in the effectiveness of the SSHP, and corrective actions taken. 
The SSHO's Daily Inspection Logs shall be attached to and submitted with the 
Daily Quality Control reports. Each entry shall include the following: 
date, work area checked, employees present in work area, PPE and work 
equipment being used in each area, special safety and health issues and 
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notes, and signature of preparer. In the event of an accident, the 
Contracting Officer shall be notified according to EM 385-1-1. Within 2 
working days of any reportable accident, an Accident Report shall be 
completed on ENG Form 3394 and submitted. 

1.27 SAFETY AND HEALTH PHASE-OUT REPORT 

A Safety and Health Phase-Out Report shall be submitted within 10 working 
days following completion of the work, prior to final acceptance of the 
work. The following minimum information shall be included: 

a. Summary of the overall performance of safety and health (accidents 
or incidents including near misses, unusual events, lessons 
learned, etc.). 

b. Final decontamination documentation including procedures and 
techniques used to decontaminate equipment, vehicles, and on site 
facilities. 

c. Summary of exposure monitoring and air sampling accomplished during 
the project. 

d. Signatures of Safety and Health Manager and SSHO. 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION (NOT APPLICABLE) 
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EXAMPLE CERTIFICATE OF WORKER/VISITOR ACKNOWLEDGMENT 

PROJECT NAME 
PROJECT ADDRESS 
CONTRACTOR'S NAME 

CONTRACT NO. 

[EMPLOYEE'S] [VISITOR'S] NAME 

The contract for the above project requires the following: that you be 
provided with and complete formal and site-specific training; that you be 
supplied with proper personal protective equipment including respirators; 
that you be trained in its use; and that you receive a medical examination 
to evaluate your physical capacity to perform your assigned work tasks, 
under the environmental conditions expected, while wearing the required 
personal protective equipment. These things are to be done at no cost to 
you. By signing this certification, you are acknowledging that your 
employer has met these obligations to you. 

I HAVE READ, UNDERSTAND AND AGREE TO FOLLOW THE SITE SAFETY AND HEALTH PLAN 
FOR THIS SITE. 

Name Date 

FORMAL TRAINING: I have completed the following formal training courses 
that meet OSHA's requirements: 

Date Completed 

40 hour: ............................ . ---------8 hour supervisory: ................... ________ _ 
8 hour refresher: .................... . ---------

SITE-SPECIFIC TRAINING: I have been provided and have completed the site
specific training required by this Contract. The Site Safety and Health 
Officer conducted the training. 

RESPIRATORY PROTECTION: I have been trained in accordance with the criteria 
in [the Contractor's] [my Employer's] Respiratory Protection program. I 
have been trained in the proper work procedures and use and limitations of 
the respirator(s} I will wear. I have been trained in and will abide by the 
facial hair policy. 

RESPIRATOR FIT-TEST TRAINING: I have been trained in the proper selection, 
fit, use, care, cleaning, and maintenance, and storage of the respirator(s) 
that I will wear. I have been fit-tested in accordance with the criteria in 
[the Contractor's] [my employer's] Respiratory Program and have received a 
satisfactory fit. [I have been assigned my individual respirator.] I have 
been taught how to properly perform positive and negative pressure fit-check 
upon donning negative pressure respirators each time. ________ _ 
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MEDICAL EXAMINATION: I have had a medical examination within the last 
twelve months which was paid for by my employer. The examination included: 
health history, pulmonary function tests and may have included an evaluation 
of a chest ax-ray. A physician made determination regarding my physical 
capacity to perform work tasks on the project while wearing protective 
equipment including a respirator. I was personally provided a copy and 
informed of the results of that examination. My employer's industrial 
hygienist evaluated the medical certification provided by the physician and 
checked the appropriate blank below. The physician determined that there: 

were no limitations to performing the required work tasks; 

were identified physical limitations to performing the required work 
tasks. 

Date medical exam completed 

[Employee's] [Visitor's] Signature 
Date 

Printed Name 

Social Security Number 

Contractor's Site Safety and Health Officer Signature 

Date 

Printed Name 

Social Security Number 

--End of Section--
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PART 1 GENERAL 

SECTION 01410 

ENVIRONMENT PROTECTION 
02/97 

1.1 DESCRIPTION 

The Contractor shall perform the work minimizing environmental pollution and 
damage as the result of construction operations. Environmental pollution 
and damage is the presence of chemical, physical, or biological elements or 
agents which adversely affect human health or welfare; unfavorably alter 
ecological balances of importance to human life; affect other species of 
importance to humankind; or degrade the utility of the environment for 
aesthetic, cultural and/or historical purposes. The control of 
environmental pollution and damage requires consideration of land, water, 
and air, and includes management of visual aesthetics, noise, solid waste, 
and dust, as well as other pollutants. The environmental resources within 
the project boundaries and those affected outside the limits of permanent 
work shall be protected during the entire duration of this contract. 

1.2 REFERENCES (NOT USED) 

1.3 SUBMITTALS 

Government approval is required for submittals with a "GA" designation; 
submittals not having a "GA" designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

8D-01 Pre-construction Submittals 

Environment Protection Plan P~dclendum; GA 

The Contractor shall submit, as necessary, an Environment Protection 
Plan Addendum that shall include revisions to the Environment 
Protection Plan submitted as part of Phase I work. Approval of the 
Contractor's plan will not relieve the Contractor of responsibility for 
adequate and continuing control of pollutants and other environmental 
protection measures. Work conducted as part of Phase II shall comply 
with the requirements identified in the Environment Protection Plan 
unless modified in the Addendum. 

1.4 CONTRACTOR REQUIREMENTS 

1.4.1 Subcontractors 

The Contractor shall ensure compliance with this section by Subcontractors. 

1. 4. 2 Permits 

The Contractor shall obtain all needed permits or licenses necessary for 
Phase II work. The Government will not obtain any permits for this project; 
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see Contract Clause PERMITS AND RESPONSIBILITIES. The Contractor shall be 
responsible for implementing the terms and requirements of the appropriate 
permits as needed and for payment of all fees. 

1.4.3 Pre-construction Site Inventory 

Prior to starting any onsite construction activities, the Contractor and the 
Contracting Officer shall make a joint condition survey after which the 
Contractor shall prepare a brief report indicating on a layout plan the 
condition of trees, shrubs and grassed areas immediately adjacent to work 
sites and adjacent to the assigned storage area and access routes as 
applicable. This report will be signed by both the Contracting Officer and 
the Contractor upon mutual agreement as to its .accuracy and completeness. 

1.4.4 Meetings 

The Contractor shall meet with representatives of the Contracting Officer to 
alter the Environmental Protection Plan as needed for compliance with the 
environmental pollution control program. 

1.4.5 Notification 

The Contracting Officer will notify the Contractor in writing of any 
observed noncompliance with the previously mentioned Federal, State or local 
laws or regulations, permits, and other elements of the Contractor's 
environmental protection plan. The Contractor shall, after receipt of such 
notice, inform the Contracting Officer of proposed corrective action and 
take such action when approved. If the Contractor fails to comply promptly, 
the Contracting Officer may issue an order stopping all or part of the work 
until satisfactory corrective action has been taken. No time extensions 
shall be granted or costs or damages allowed to the Contractor for any such 
suspensions. 

1.4.6 Litigation 

If work is suspended, delayed, or interrupted due to a court order of 
competent jurisdiction, the Contracting Officer will determine whether the 
order is due in any part to the acts or omissions of the Contractor, or 
subcontractors at any tier, not required by the terms of the contract. If 
it is determined that the order is not due to Contractor's failing, such 
suspension, delay, or interruption shall be considered as ordered by the 
Contracting Officer in the administration of the contract under the contract 
clause SUSPENSION OF WORK. 

1.4.7 Previously Used Equipment 

The Contractor shall thoroughly clean all construction equipment previously 
used at other sites before it is brought into the work areas, ensuring that 
soil residuals are removed and that egg deposits from plant pests are not 
present. 
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1.4.8 Payment 

No separate payment will be made for work covered under this section; all 
costs associated with this section shall be included in the contract unit 
and/or lump sum prices in the Bidding Schedule. 

1.5 LAND RESOURCES 

The Contractor shall confine all activities to areas defined by the drawings 
and specifications. Prior to the beginning of any construction, the 
Contractor shall identify the land resources to be preserved within the work 
area. Except in areas indicated on the drawings or specified to be cleared, 
the Contractor shall not remove, cut, deface, injure, or destroy land 
resources including trees, shrubs, vines, grasses, topsoil, and land forms 
without permission. No ropes, cables, or guys shall be fastened to or 
attached to any trees for anchorage unless specifically authorized. Where 
such emergency use is permitted, the Contractor shall provide effective 
protection for land and vegetation resources at all times as defined in the 
following subparagraphs. Stone, earth or other material displaced into 
uncleared areas shall be removed. 

1.5.1 Work Area Limits 

Prior to any construction, the Contractor shall mark the areas that need not 
be disturbed under this contract. Isolated areas within the general work 
area which are to be saved and protected shall also be marked or fenced. 
Monuments and markers shall be protected before construction operations 
commence. Where construction operations are to be conducted during 
darkness, the markers shall be visible. The Contractor's personnel shall be 
knowledgeable of the purpose for marking and/or protecting particular 
objects. 

1.5.2 Landscape 

Trees, shrubs, vines, grasses, land forms and other landscape features 
indicated and defined on the drawings to be preserved shall be clearly 
identified by marking, fencing, or wrapping with boards, or any other 
approved techniques. 

1.5.3 Unprotected Erodible Soils 

Earthwork brought to final grade shall be finished as indicated. Side 
slopes and back slopes shall be protected as soon as practicable upon 
completion of rough grading. All earthwork shall be planned and conducted 
to minimize the duration of exposure of unprotected soils. Except in cases 
where the constructed feature obscures borrow areas, quarries, and waste 
material areas, these areas shall not initially be totally cleared. 
Clearing of such areas shall progress in reasonably sized increments as 
needed to use the developed areas as approved by the Contracting Officer. 

1.5.4 Disturbed Areas 

The Contractor shall effectively prevent erosion and control sedimentation 
through approved methods including, but not limited to, the following: 
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1.5.5 

a. Erosion and sedimentation control devices. The Contractor shall 
construct or install temporary and permanent erosion and 
sedimentation control features as indicated on the drawings and as 
specified in Section 02271 EROSION AND SEDIMENT CONTROL. Berms, 
dikes, drains, sedimentation basins, grassing, and mulching shall 
be maintained until permanent drainage and erosion control 
facilities are completed and operative. 

Contractor Facilities and Work Areas 

The Contractor's field offices, staging areas, and stockpile storage shall 
be placed in areas designated on the drawings or as directed by the 
Contracting Officer. Temporary movement or relocation of Contractor 
facilities shall be made only when approved. Spoil areas shall be managed 
and controlled to limit spoil intrusion into areas designated on the 
drawings and to prevent erosion of soil or sediment from entering nearby 
waters. Spoil areas shall be developed in accordance with the grading plan 
indicated on the drawings. Temporary excavation and embankments for plant 
and/or work areas shall be controlled to protect adjacent areas from 
despoilment. 

1.6 WATER RESOURCES 

The Contractor shall keep construction activities under surveillance, 
management, and control to avoid pollution of surface and ground waters. 
Toxic or hazardous chemicals shall not be applied to soil or vegetation when 
such application may cause contamination of the fresh water reserve. 
Monitoring of water areas affected by construction shall be the Contractor's 
responsibility. All water areas affected by construction activities shall 
be monitored by the Contractor. 

1.6.1 Erosion and Sediment Control 

Erosion and sediment control measures, installed as part of Phase I, shall 
be inspected and maintained during Phase II construction activities, as 
required in the Section 02271 EROSION AND SEDIMENT CONTROL, to limit the 
runoff of sediment into the tidal flats and the Housatonic River. 

1.6.2 Decontamination Water 

Waste waters directly derived from decontamination activities shall not be 
allowed to enter water areas. Waste waters shall be collected and placed in 
storage tanks where suspended material can be settled out. Analysis for 
volatile organic compounds (VOCs) shall be performed, and results reviewed 
and approved, before water in storage tanks is discharged to the Building 63 
Chemical Waste Treatment Plant (CWTP) sump, in accordance with the 
requirements specified in the Emergency Discharge Authorization Permit 
(Permit No. EA0100149). No surfactants shall be discharged to the CWTP 
without prior approval by the Contracting Officer. 

1.6.3 Fish and Wildlife 

The Contractor shall minimize interference with, disturbance to, and damage 
of fish and wildlife. Species that require specific attention along with 
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measures for their protection shall be listed by the Contractor prior to 
beginning of construction operations. 

1.7 AIR RESOURCES 

Equipment operation and activities or processes performed by the Contractor 
in accomplishing the specified construction shall be in accordance with 
Federal and State emission and performance laws and standards. Ambient Air 
Quality Standards set by the Environmental Protection Agency shall be 
maintained. Monitoring of air quality shall be the Contractor's 
responsibility. All air areas affected by the construction activities shall 
be monitored by the Contractor. 

1.7.1 Particulates 

Dust particles; aerosols and gaseous by-products from construction 
activities; and processing and preparation of materials shall be controlled 
at all times, including weekends, holidays and hours when work is not in 
progress. The Contractor shall maintain excavations, stockpiles, haul 
roads, spoil areas, and other work areas within or outside the project 
boundaries free from particulates which would cause the air pollution 
standards to be exceeded or which would cause a hazard or a nuisance. 
Sprinkling or chemical treatment of an approved type will be permitted to 
control particulates in the work area. Sprinkling, to be efficient, must be 
repeated to keep the disturbed area damp at all times. The Contractor must 
have sufficient, competent equipment available to accomplish these tasks. 
Particulate control shall be performed as the work proceeds and whenever a 
particulate nuisance or hazard occurs. 

1.7.2 Hydrocarbons and Carbon Monoxide 

Hydrocarbons and carbon monoxide emissions from equipment shall be 
controlled to Federal and State allowable limits at all times. 

1.7.3 Odors 

Odors shall be controlled at all times for all construction activities, 
processing and preparation of materials. 

1.7.4 Sound Intrusions 

The Contractor shall keep construction activities under surveillance and 
control to minimize environment damage by noise. The Contractor shall 
comply with the provisions of the State of Connecticut rules. 

1.8 WASTE DISPOSAL 

Disposal of wastes shall be as specified in Section 02120 TRANSPORTATION AND 
DISPOSAL OF HAZARDOUS MATERIALS and as specified in the Phase I Section 
01410 ENVIRONMENT PROTECTION. 

1.9 HISTORICAL, ARCHAEOLOGICAL, AND CULTURAL RESOURCES 

Existing historical, archaeological, and cultural resources within the 
Contractor's w0rk area will be so designated by the Contracting Officer if 
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any has been identified. The Contractor shall take precautions to preserve 
all such resources as they existed at the time they were first pointed out. 
The Contractor shall provide and install protection for these resources and 
be responsible for their preservation during the life of the contract. If 
during excavation or other construction activities any previously 
unidentified or unanticipated resources are discovered or found, all 
activities that may damage or alter such resources shall be temporarily 
suspended. Resources covered by this paragraph include but are not limited 
to: any human skeletal remains or burials; artifacts; shell, midden, bone, 
charcoal, or other deposits; rocks or coral alignments, pavings, wall, or 
other constructed features; and any indication of agricultural or other 
human activities. Upon such discovery or find, the Contractor shall 
immediately notify the Contracting Officer. 

1.10 POST CONSTRUCTION CLEANUP 

The Contractor shall clean up all areas used for construction to the 
satisfaction of the Contracting Officer. 

1.11 RESTORATION OF LANDSCAPE DAMAGE 

The Contractor shall restore landscape features damaged or destroyed during 
construction operations outside the limits of the approved work areas. 

1.12 MAINTENANCE OF POLLUTION FACILITIES 

The Contractor shall maintain permanent and temporary pollution control 
facilities and devices for the duration of the contract or for that length 
of time construction activities create the particular pollutant. 

1.13 TRAINING OF CONTRACTOR PERSONNEL 

The Contractor's personnel shall be trained in all phases of environmental 
protection. The training shall include methods of detecting and avoiding 
pollution, familiarization with pollution standards, both statutory and 
contractual, and installation and care of devices, vegetative covers, and 
instruments required for monitoring purposes to ensure adequate and 
continuous environmental pollution control. 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION (NOT APPLICABLE) 

--End of Section--
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SECTION 01411 

SAMPLING PROCEDURES AND LABORATORY SERVICES 

01/94 

PART 1 GENERAL 

1.1 DESCRIPTION 

This section covers the sampling and analysis of excavated soil containing 
gross visual or olfactory contamination and oversized debris, to determine 
the presence or absence of contamination for characterization purposes. 
Collection and analysis of decontamination wastewater samples is also 
covered in this section. Necessary confirmation sampling shall be completed 
by the Contracting Officer, or representative, and is not covered in this 
section. 

1.2 REFERENCES 

The references listed below form a part of this specification to the extent 
referenced. The publications are referred to in the text by the basic 
designation only. 

SW-846 

EPA-600/4-79-20 

EPA-600/4-84-076 

EPA/540/G-87/003 

ER 1110-1-263 

1 . 3 SUBMITTALS 

ENVIRONMENTAL PROTECTION AGENCY (EPA} 

Test Methods for Evaluating Solid Waste 
Physical/Chemical Methods, 3rd edition, 
latest revision. 

Methods for Chemical Analysis of Water and 
Wastes, Revised March 1983. 

Characterization of Hazardous Waste Sites - A 
Method Manual: Volume II. Available Sampling 
Methods, Second Edition, December 1984, NTIS 
No. PB85-168771 

Data Quality Objectives for Remedial Response 
Activities - Development Process, March 1987. 

CORPS OF ENGINEERS (COE) 

Chemical Quality Management for Hazardous 
Waste Remedial Activities, 1 October 1990 

Government approval is required for submittals with a "GA" designation; 
submittals not having a "GA" designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 
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SD-01 Pre-construction Submittals 

Contractor's Laboratory; GA 

The Contractor shall submit the name, address, telephone number and 
point of contact for the proposed laboratory as soon as possible, 
but no later than 7 days, after notice to proceed. This will 
expedite the laboratory validation/approval process. 

As part of the Work Plan, specified in Section 02111 EXCAVATION AND 
HANDLING OF CONTAMINATED MATERIAL, the Contractor shall submit a Sampling 
and Analysis Plan that provides the details of the field and laboratory 
sampling and testing requirements for this phase of work on the Causeway. 
It shall include specific information (including reporting limits, methods, 
and/or standard operating procedures) for field screening and laboratory 
methods, as necessary. 

As part of the Phase II Completion Report, specified in Section 01780 
CLOSEOUT SUBMITTALS, the Contractor shall submit characterization sampling 
analytical results. Data submittals shall include the results of all 
analyses, including quality control {QC) sample analyses (e.g. duplicates 
and matrix spikes). Results should also include any unusual observations 
such as the presence. of interferences, etc. Data reporting requirements 
for test results will be consistent with EPA's Level III Analytical Support 
Requirements as given in EPA/540/G-87/003. The test results report shall 
include information relating the identity of split QA samples (split QA 
samples sent to NED laboratory) to QC samples (duplicate samples sent to 
the Contractor's Laboratory). This information must be provided in order 
for the COE NED Laboratory to perform a data comparison between split 
sample results. Test reports should also include all applicable method 
references and dates for extraction and analysis of field samples. 
Information copies of the test reports shall be sent to the following 
address: 

U.S. Army Corps of Engineers 
Environmental Laboratory 
476 Cold Brook Road 
Hubbardston, MA 01452 
ATTN: Mr. David Lubianez 

1.4 CONTRACTOR REQUIREMENTS 

1.4.1 Laboratory Services, 

U.S. Army Corps of Engineers 
Engineering Management Division 
424 Trapelo Road 
Waltham, MA 02254-9149 
ATTN: Ms. Michelle Brock 

The Contractor shall provide and coordinate the services of an environmental 
chemical laboratory to take samples and perform analyses. Laboratory 
capabilities must be provided for the duration of the work. The facilities 
must meet the requirements of this specification and are subject to 
inspection and prior approval by the Contracting Officer. 

1.4.1.1 Qualification of Laboratory 

The Contractor's laboratory must be a successful participant in the Corps of 
Engineers (COE) laboratory validation program. If the laboratory does not 
currently possess COE validation for all parameters of interest, the 
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validation procedures must be successfully completed prior to collection of 
project samples. The COE validation procedure consists of the following 
steps: 

1. Upon receipt of the proposed Contractor's laboratory name, address 
and point of contact (POC), the COE will initiate the laboratory 
validation process by submitting a "Request for Evaluation of 
Commercial Laboratory". The request will be completed by the COE. 

If the laboratory does not possess current validation for all parameters of 
interest, steps 2 through 4 will be followed. Steps 2 through 4 typically 
take 8 to 12 weeks to complete, but the actual time frame is highly 
dependent on the laboratory's response time and performance. 

2. The laboratory will be contacted to submit its qualifications for 
review. This submittal may be in the form of an off-the-shelf 
Laboratory Quality Management Manual (LQMM) or in some other 
format. The submittal shall provide appropriate information for 
COE to evaluate and assess the laboratory's technical capabilities 
on the project required chemical analyses. 

3. COE will provide the commercial laboratory with Proficiency Audit 
(PA) samples. Arrangements will be made with the laboratory for 
the analysis of these samples. Ordinarily, the commercial 
laboratory is not reimbursed for costs involved with the analysis 
of PA samples. PA samples are method and matrix specific, 
depending on the specific project requirements. PA sample results 
are returned to the designated COE office for evaluation. 
Successful analysis of PA samples are required prior to validation 
of a commercial laboratory. 

4. A COE inspector may inspect a commercial laboratory only after 
steps 2 and 3 have been successfully completed. Prior to the 
inspection, the commercial laboratory will be asked to complete a 
preliminary questionnaire, which will be used as a checklist during 
the laboratory audit. The laboratory inspection is performed at 
the discretion of the COE, based on the project type and size, and 
past performance of the subject laboratory. The inspection 
requirement may be waived by the COE. 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION 

3.1 SAMPLING AND TESTING - OVERALL TASKS 

Sampling and testing shall be performed for the following tasks: 

a. Characterization of excavated soil and oversized debris for 
disposal. 

b. Decontamination wastewater sampling for disposal. 
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c. Sand Bedding and Vegetative Support Soil for characterization, 
prior to placement on-site. 

The test parameters for each remediation action (i.e., disposal or 
characterization) shall be selected to comply with all applicable Federal, 
State, and local laws and regulations, and shall be defined in accordance 
with the accepting disposal ·facilities requirements. 

3.2 SAMPLING PERSONNEL & DATA LOGGING 

Environmental samples are to be taken by qualified personnel only. 
Personnel shall have documentable experience collecting hazardous waste 
samples and shall meet all health requirements for this type of work. Field 
sampling data shall be recorded in a bound log book consisting of the 
following: 

(a) Date and time of sampling. 

(b) Date and time of removal action. 

(c) Sample identification: alphanumeric field sample number. 

{d) Sample location: A hand-drawn sketch of the area showing landmarks 
and sample locations shall be provided. Soil sample locations will 
be defined by distance measurements to at least two separate, 
permanent landmarks. Measurements shall be accurate to within a 
foot. 

(e) Depth of sample. 

(f) Observations, including descriptions of material sampled, staining 
(if any), presence of odors, groundwater, etc. 

(g) Weather conditions (e.g., temperature, wind, clouds, 
precipitation). 

(h) Printed name of sampling personnel. 

3.3 QUALITY ASSURANCE AND QUALITY CONTROL SAMPLES 

For every ten samples or portion thereof, one shall be taken in triplicate 
with two of the samples being sent to the Contractor's laboratory (QC Field 
Duplicate) for analysis, and the remaining sample sent to the U.S. Army 
Corps of Engineers, Environmental Laboratory, 476 Cold Brook Road, 
Hubbardston, MA 01452. The samples shall be transported to the laboratory 
within two days of collection. The samples shall be clearly identified by 
the applicable project name, SAEP Causeway Phase 1. For samples submitted 
to the QA Laboratory, all project-related documentation (including chain of 
custody forms) shall contain the QA Laboratory identification number. 
Sample handling shall be according to Appendix F of ER 1110-1-263. 

In addition, QC samples such as rinsate blanks and trip blanks (Volatiles 
only) should be collected and analyzed at the laboratory. Laboratory 
quality control samples, including matrix spike/matrix spike duplicate 
(MS/MSD) and laboratory method blanks, shall be analyzed according to the 
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method requirements (at the stated frequencies) and reported with field 
sample results. The collection of additional sample volume may be necessary 
to provide sufficient sample volume for aqueous MS/MSD analysis. Other QC 
information such as surrogate spike recoveries should also be reported for 
organic analyses. All QA/QC information shall be reported to the 
Contracting Officer. 

3.4 LABELING 

Each sample container shall be clearly identified with the name of the 
project, the field sample number, date and time of sampling, and the name(s) 
of the sampling personnel. Field information shall be written in indelible 
ink and the label shall be affixed in such a manner to ensure that it does 
not become separated from its respective container. 

3.5 PRESERVATION AND STORAGE 

Properly labeled sample containers shall be placed in zip-lock bags and 
stored in an iced durable cooler during sampling operations. Following the 
conclusion of sampling operations on any given day, samples will either be 
shipped directly to the appropriate laboratories, or be transferred to 
refrigerated storage space maintained at 4°C (39°F). In every instance, 
samples must be received at the appropriate laboratories within two days of 
sample collection. Samples will be maintained in a refrigerated condition 
at all times, including during transportation. 

Saturday and Sunday delivery of QA samples to the NED Environmental 
Laboratory (Quality Assurance) should be avoided. The normal hours of 
operation of the laboratory are 0700 to 1530, Monday through Friday. 

The Contractor must notify the Quality Assurance Laboratory at least 48 
hours in advance of sample receipt at the QA Laboratory (telephone number is 
(508) 928-4238). Sample shipments should be planned in advance, and not be 
delivered on Saturday and Sunday, or legal holidays. 

3.6 SAMPLING PLAN 

The Contractor shall submit, as part of the Work Plan, a Sampling and 
Analysis Plan that provides the details of the field and laboratory sampling 
and testing requirements for this project. It shall include specific 
information (including reporting limits, methods, and/or standard operating 
procedures) for field screening and laboratory methods, as necessary. The 
guidelines for the plan may be taken directly from this specification. 

3.6.1 Sample Types 

The following is a list of sample types that will be collected for this 
project: 

a. Excavated soil and removed oversized debris (characterization 
samples). 

b. Wastewater generated during decontamination of equipment 
(decontamination samples). 
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c. Sand Bedding and Vegetative Support Soil to be brought on site and 
used as fill (fill samples). 

3.6.2 Sampling 

3.6.2.1 Characterization Samples 

Samples of excavated soil and removed oversized debris, shall be collected 
and analyzed to determine the off-site disposition of the material. Soil 
samples shall be collected as composite samples from each identified 
excavation area. Several waste types (e.g., concrete, asphalt, metal, 
etc.) are anticipated to be generated from demolition activities and 
oversized debris removal. Each waste type should be sampled separately 
from the other waste types, at a frequency determined by the. Contracting 
Officer, in accordance with the requirements of the accepting disposal 
facility. 

3.6.2.2 Decontamination Samples 

Decontamination water samples shall be collected from 500-gallon tanks used 
to store wastewater generated during decontamination of equipment in the 
specified decontamination area. Decontamination water samples shall be 
collected prior to discharge of the water to the Building 63 Chemical Waste 
Treatment Plant (CWTP) sump, to confirm the absence of volatile 
contamination. Decontamination wastewater shall be discharged to the 
Building 63 CWTP sump in accordance with the requirements specified in the 
Emergency Discharge Authorization Permit (Permit No. EA0100149). The use of 
surfactants for decontamination shall not be allowed, due to discharge 
requirements to the facility CWTP, unless approved by the Contracting 
Officer. 

3.6.2.3 Fill Samples 

Samples of Sand Bedding and Vegetative Support Soil, shall be collected and 
analyzed to verify the materials are natural soil, in accordance with CTDEP 
RSRs. Soil samples shall be collected as composite samples from the 
material borrow sources, at a frequency determined by the Contracting 
Officer, in accordance with the requirements of the CTDEP. 

3.6.4 Sample Collection Procedures 

3.6.4.1 Characterization Samples 

Soil samples shall be taken as a composite sample from the excavated soil. 
The samples shall be collected as directed by the Contracting Officer, in 
accordance with the requirements of the accepting disposal facility. 

It is anticipated that several different debris types may be generated from 
oversized debris removal activities, including concrete, metal, plastics, 
asphalt, etc. The debris types shall be sampled separately from one 
another, as directed by the Contracting Officer, in accordance with the 
requirements of the accepting disposal facility. 
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3.6.4.2 Decontamination Samples 

Decontamination water shall be collected using a bailer or other transfer 
device according to Methods III 1 or III-2 specified in EPA-600/4-84-076. 
When sampling in this manner, capture any observed floating or sinking 
product, so as to collect a "worst case" sample. 

3.6.4.3 Fill Samples 

Fill samples shall be taken as a composite sample from the material borrow 
source area. The samples shall be collected as directed by the Contracting 
Officer, in accordance with the requirements of the CTDEP. 

3.6.5 Sample Parameters, Containers, and Preservatives 

Sample containers shall be pre cleaned according to SW-846, and may be 
purchased commercially from I-Chem, Eagle Picher, or other equivalent 
source. The Contractor shall be responsible for defining sample 
requirements in the Sampling and Analysis Plan, in accordance with the 
requirements of the Contractor's laboratory, the accepting disposal 
facility, and the Stratford Army Engine Plant NPDES Permit. 

3.7 QUANTITIES OF SAMPLES 

The Contractor shall be responsible for defining sample requirements, in 
accordance with the requirements of the accepting disposal facility, as part 
of the Contractor's Sampling and Analysis Plan. 

3.8 ANALYTICAL METHODS AND PROCEDURES 

The Contractor shall be responsible for defining sample requirements, in 
accordance with the requirements of the accepting disposal facility, as part 
of the Contractor's Sampling and Analysis Plan. 

--End of Section--

SECTION 01411 PAGE 7 



STRATFORD ARMY ENGINE PLANT CAUSEWAY NCRA 
PHASE II 
STRATFORD, CONNECTICUT 

PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 01451 

CONTRACTOR QUALITY CONTROL 
04/97 

This section covers quality control procedures and testing to be completed 
during cover system installation on the Causeway. Prior to commencement of 
Phase II work, the Contractor shall prepare a Contractor Quality Control 
(CQC) Plan detailing the procedures to be followed and testing to be 
completed. Quality control testing shall be executed as required in this 
specification. 

1.2 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by basic 
designation only. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM D 3740 

ASTM E 329 

1.3 SUBMITTALS 

(1999b) Minimum Requirements for Agencies 
Engaged in the Testing and/or Inspection of 
Soil and Rock as Used in Engineering Design 
and Construction 

(1998a) Agencies Engaged in the Testing 
and/or Inspection of Materials Used in 
Construction 

Government approval is required for submittals with a "GA" designation; 
submittals not having a "GA" designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

SD-01 Pre-construction Submittals 

Contractor Quality Control (CQC) Plan; GA 

The Contractor Quality Control (CQC) Plan shall identify personnel, 
procedures, control, instructions, tests, records, and forms to be used 
during quality control testing. Construction will be permitted to 
begin only after acceptance of the CQC Plan or acceptance of an interim 
plan applicable to the particular feature of work to be started. Work 
outside of the features of work included in an accepted interim plan 
will not be permitted to begin until acceptance of a CQC Plan or 
another interim plan containing the additional features of work to be 
started. 
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1.4 MEASUREMENT AND PAYMENT 

Separate payment will not be made for providing and maintaining an effective 
Quality Control program. Costs associated therewith shall be considered 
incidental and included in the applicable unit prices or lump-sum prices 
contained in the Bidding Schedule, as specified in Section 01270 MEASUREMENT 
AND PAYMENT. 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION 

3.1 GENERAL REQUIREMENTS 

The Contractor is responsible for quality control and shall establish and 
maintain an effective quality control system in compliance with the Contract 
Clause titled "Inspection of Construction". The quality control system 
shall consist of plans, procedures, and organization necessary to produce an 
end product which complies with the contract requirements. The system shall 
cover all construction operations, both onsite and offsite, and shall be 
keyed to the proposed construction sequence. The site project 
superintendent will be held responsible for the quality of work on the job 
and is subject to removal by the Contracting Officer for non-compliance with 
the quality requirements specified in the contract. 

The site project superintendent in this context shall be the highest level 
manager responsible for the overall construction activities at the site, 
including quality and production. The site project superintendent shall 
maintain a physical presence at the site at all times, except as otherwise 
acceptable to the Contracting Officer, and shall be responsible for all 
construction and construction related activities at the site. 

3.2 QUALITY CONTROL PLAN 

The Contractor shall furnish for review by the Government, not later than 14 
days after receipt of notice to proceed, the Contractor Quality Control 
(CQC) Plan. The plan shall identify personnel, procedures, control, 
instructions, tests, records, and forms to be used. Construction will be 
permitted to begin only after acceptance of the CQC Plan or acceptance of an 
interim plan applicable to the particular feature of work to be started. 
Work outside of the features of work included in an accepted interim plan 
will not be permitted to begin until acceptance of a CQC Plan or another 
interim plan containing the additional features of work to be started. 

3.2.1 Content of the CQC Plan 

The CQC Plan shall include, as a minimum, the following to cover all 
construction operations, both onsite and offsite, including work by 
subcontractors, fabricators, suppliers, and purchasing agents: 

a. A description of the quality control organization, including a 
chart showing lines of authority and acknowledgment that the CQC 
staff shall implement the three phase control system for all 
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aspects of the work specified. The staff shall include a CQC 
System Manager who shall report to the project superintendent. 

b. The name, qualifications (in resume format), duties, 
responsibilities, and authorities of each person assigned a CQC 
function. 

c. A copy of the letter to the CQC System Manager signed by an 
authorized official of the firm which describes the 
responsibilities and delegates sufficient authorities to adequately 
perform the functions of the CQC System Manager, including 
authority to stop work which is not in compliance with the 
contract. The CQC System Manager shall issue letters of direction 
to all other various quality control representatives outlining 
duties, authorities, and responsibilities. Copies of these letters 
shall also be furnished to the Government. 

d. Procedures for scheduling, reviewing, certifying, and managing 
submittals, including those of subcontractors, offsite fabricators, 
suppliers, and purchasing agents. These procedures shall be in 
accordance with Section 01330 SUBMITTAL PROCEDURES. 

e. Control, verification, and acceptance testing procedures for each 
specific test to include the test name, specification paragraph 
requiring test, feature of work to be tested, test frequency, and 
person responsible for each test. (Laboratory facilities will be 
approved by the Contracting Officer.) 

f. Procedures for tracking preparatory, initial, and follow-up control 
phases and control, verification, and acceptance tests including 
documentation. 

g. Procedures for tracking construction deficiencies from 
identification through acceptable corrective action. These 
procedures shall establish verification that identified 
deficiencies have been corrected. 

h. Reporting procedures, including proposed reporting formats. 

i. A list of the definable features of work. A definable feature of 
work is a task which is separate and distinct from other tasks, has 
separate control requirements, and may be identified by different 
trades or disciplines, or it may be work by the same trade in a 
different environment. Although each section of the specifications 
may generally be considered as a definable feature of work, there 
are frequently more than one definable features under a particular 
section. This list will be agreed upon during the coordination 
meeting. 

j. Copies of sample forms to be used during documentation and 
reporting of quality control testing. 
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3.2.2 Acceptance of Plan 

Acceptance of the Contractor's plan is required prior to the start of 
construction. Acceptance is conditional and will be predicated on 
satisfactory performance during the construc,tion. The Government reserves 
the right to require the Contractor to make changes in his CQC Plan and 
operations including removal of personnel, as necessary, to obtain the 
quality specified. 

3.2.3 Notification of Changes 

After acceptance of the CQC Plan, the Contractor shall notify the 
Contracting Officer in writing of any proposed change. Proposed changes are 
subject to acceptance by the Contracting Officer. 

3.3 PRE-CONSTRUCTION MEETING 

During the Pre-construction Meeting, prior to acceptance by the Government 
of the CQC Plan, the Contractor shall discuss the proposed quality control 
system. The CQC Plan shall be submitted for review a minimum of 14 calendar 
days prior to the Pre-construction Meeting. During the meeting, a mutual 
understanding of the system details shall be developed, including the forms 
for recording the CQC operations, control activities, testing, 
administration of the system for both onsite and offsite work, and the 
interrelationship of Contractor's Management and control with the 
Government's Quality Assurance. Minutes of the meeting shall be prepared by 
the Government and signed by both the Contractor and the Contracting 
Officer. The minutes shall become a part of the contract file. There may 
be occasions when subsequent conferences will be called by either party to 
reconfirm mutual understandings and/or address deficiencies in the CQC 
system or procedures which may require corrective action by the Contractor. 

3.4 QUALITY CONTROL ORGANIZATION 

3.4.1 Personnel Requirements 

The requirements for the CQC organization are a CQC System Manager and 
sufficient number of additional qualified personnel to ensure safety and 
contract compliance. The Safety and Health Manager shall receive direction 
and authority from the CQC System Manager and shall serve as a member of the 
CQC staff. Personnel identified in the technical provisions as requiring 
specialized skills to assure the required work is being performed properly 
will also be included as part of the CQC organization. The Contractor's CQC 
staff shall maintain a presence at the site at all times during progress of 
the work and have complete authority and responsibility to take any action 
necessary to ensure contract compliance. The CQC staff shall be subject to 
acceptance by the Contracting Officer. The Contractor shall provide 
adequate office space, filing systems and other resources as necessary to 
maintain an effective and fully functional CQC organization. Complete 
records of all letters, material submittals, show drawing submittals, 
schedules and all other project documentation shall be promptly furnished to 
the CQC organization by the Contractor. The CQC organization shall be 
responsible to maintain these documents and records at the site at all 
times, except as otherwise acceptable to the Contracting Officer. 
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3.4.2 CQC System Manager 

The Contractor shall identify as CQC System Manager, an individual within 
the onsite work organization who shall be responsible for overall management 
of CQC and have the authority to act in all CQC matters for the Contractor. 
The CQC System Manager shall be, a construction person with a minimum of 
five years in related work. This CQC System Manager shall be on the site at 
all times during construction and shall be employed by the prime Contractor. 
The CQC System Manager shall be assigned as System Manager but may have 
duties as project superintendent in addition to quality control. An 
alternate for the CQC System Manager shall be identified in the plan to 
serve in the event of the System Manager's absence. The requirements for 
the alternate shall be the same as for the designated CQC System Manager. 

3.4.3 Organizational Changes 

The Contractor shall maintain the CQC staff at full strength at all times. 
When it is necessary to make changes to the CQC staff, the Contractor shall 
revise the CQC Plan to reflect the changes and submit the changes to the 
Contracting Officer for acceptance. 

3.5 SUBMITTALS AND DELIVERABLES 

Submittals, if needed, shall be made as specified in Section 01330 SUBMITTAL 
PROCEDURES. The CQC organization shall be responsible for certifying that 
all submittals and deliverables are in compliance with the contract 
requirements. 

3.6 CONTROL 

Contractor Quality Control is the means by which the Contractor ensures that 
the construction, including that of subcontractors and suppliers, complies 
with the requirements of the contract. 

3.6.1 General 

The work shall, at all times, be subject to the observation of the 
Contracting Officer. Observation or non-observation by the Contracting 
Officer shall not relieve the Contractor from the contractual obligation to 
furnish work and material as required and properly complete the work in 
accordance with these Contract Documents. If the Contracting Officer 
considers the work not properly accomplished, all or any part of the 
materials or equipment incorporated in it may be condemned or rejected. If 
any material, equipment, or work is condemned or rejected by the Contracting 
Officer, the Contractor shall bear all expenses for removal and proper 
replacement of such material, equipment, or work replacing any work done by 
others which is adversely affected by removal and proper replacement of 
improper work done by the Contractor shall be borne by the Contractor. 

Any defective or substandard work or materials furnished by the Contractor 
which is discovered before the final acceptance of the work, or during the 
subsequent guarantee period, shall be removed immediately by the Contractor, 
even if initially overlooked by the Contracting Officer and recommended for 
payment. Any equipment or materials condemned or rejected by the 
Contracting Officer shall be tagged as such and shall be immediately removed 
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from the site by the Contractor. Satisfactory work or materials shall be 
substituted by the Contractor for that rejected. 

3.6.2 Preparatory Phase 

This phase shall be performed prior to beginning work on each definable 
feature of work, after all required plans/documents/materials are 
approved/accepted, and after copies are at the work site. This phase shall 
include: 

a. A review of each paragraph of applicable specifications, reference 
codes, and standards. A copy of those sections of referenced codes 
and standards applicable to that portion of the work to be 
accomplished in the field shall be made available by the Contractor 
at the preparatory inspection. These copies shall be maintained in 
the field and available for use by Government personnel until final 
acceptance of the work. 

b. A review of the contract drawings. 

c. A check to assure that all materials and/or equipment have been 
tested, submitted, and approved. 

d. Review of provisions that have been made to provide required 
control inspection and testing. 

e. Examination of the work area to assure that all required 
preliminary work has been completed and is in compliance with the 
contract. 

f. A physical examination of required materials, equipment, and sample 
work to assure that they are on hand, conform to approved shop 
drawings or submitted data, and are properly stored. 

g. A review of the appropriate activity hazard analysis to assure 
safety requirements are met. 

h. Discussion of procedures for controlling quality of the work 
including repetitive deficiencies. Document construction 
tolerances and workmanship standards for that feature of work. 

i. A check to ensure that the portion of the plan for the work to be 
performed has been accepted by the Contracting Officer. 

j. Discussion of the initial control phase. 

k. The Government shall be notified at least 48 hours in advance of 
beginning the preparatory control phase. This phase shall include 
a meeting conducted by the CQC System Manager and attended by the 
superintendent, other CQC personnel (as applicable), and the 
foreman responsible for the definable feature. The results of the 
preparatory phase actions shall be documented by separate minutes 
prepared by the CQC System Manager and attached to the daily CQC 
report. The Contractor shall instruct applicable workers as to the 
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3.6.3 

acceptable level of workmanship required in order to meet contract 
specifications. 

Initial Phase 

This phase shall be accomplished at the beginning of a definable feature of 
work. The following shall be accomplished: 

a. A check of work to ensure that it is in full compliance with 
contract requirements. Review minutes of the preparatory meeting. 

b. Verify adequacy of controls to ensure full contract compliance. 
Verify required control inspection and testing. 

c. Establish level of workmanship and verify that it meets minimum 
acceptable workmanship standards. Compare with required sample 
panels as appropriate. 

d. Resolve all differences. 

e. Check safety to include compliance with and upgrading of the safety 
plan and activity hazard analysis. Review the activity analysis 
with each worker. 

f. The Government shall be notified at least 48 hours in advance of 
beginning the initial phase. Separate minutes of this phase shall 
be prepared by the CQC System Manager and attached to the daily CQC 
report. Exact location of initial phase shall be indicated for 
future reference and comparison with follow-up phases. 

g. The initial phase should be repeated for each new crew to work 
onsite, or any time acceptable specified quality standards are not 
being met. 

3.6.4 Follow-up Phase 

Daily checks shall be performed to assure control activities, including 
control testing, are providing continued compliance with contract 
requirements, until completion of the particular feature of work. The 
checks shall be made a matter of record in the .CQC documentation. Final 
follow-up checks shall be conducted and all deficiencies corrected prior to 
the start of additional features of work which may be affected by the 
deficient work. The Contractor shall not build upon nor conceal non
conforming work. 

3.6.5 Additional Preparatory and Initial Phases 

Additional preparatory and initial phases shall be conducted on the same 
definable features of work if: the quality of on-going work is 
unacceptable; if there are changes in the applicable CQC staff, onsite 
production supervision or work crew; if work on a definable feature is 
resumed after a substantial period of inactivity; or if other problems 
develop. 
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3.7 QUALITY CONTROL TESTING 

The Contractor shall employ and pay for the services of a geotechnical 
materials testing laboratory for soil and material testing, as necessary. 
The Contractor shall submit the name and qualifications of the proposed firm 
to the Contracting Officer for review and approval, no less than 14 days 
following the notice to proceed. These services shall be performed in 
accordance with the requirements of governing authorities, and with 
specified standards, to establish whether the work is in accordance with the 
Contract Plans and specifications. Reports of the results of soil and 
material testing indicating compliance or noncompliance with specified 
standards and with the Contract Documents shall be submitted to the 
Contracting Officer for review. 

The Contractor shall cooperate with the Contracting Officer during all 
testing and sampling and furnish tools, equipment, samples of materials, and 
assistance as requested, and shall allow the Contracting Officer ample time 
and opportunity for testing of materials used in the work. The Contractor 
shall advise the Contracting Officer promptly upon placing orders for 
materials so that arrangements may be made, if desired, for inspection 
before shipment from the place of manufacture. The Contractor shall allow 
proper time for inspecting and testing of materials and workmanship, and 
must anticipate that possible delays in the execution of this work due to 
the necessity of materials being inspected and accepted for use. 

3.7.1 Testing Procedures 

The Contractor shall perform specified or required tests to verify that 
control measures are adequate to provide a product which conforms to 
contract requirements. Upon request, the Contractor shall furnish to the 
Government duplicate samples of test specimens for possible testing by the 
Government. Testing includes operation and/or acceptance tests when 
specified. The Contractor shall procure the services of a Corps of 
Engineers approved testing laboratory or establish an approved testing 
laboratory at the project site. The Contractor shall perform the following 
activities and record and provide the following data: 

a. Verify that testing procedures comply with contract requirements. 

b. Verify that facilities and testing equipment are available and 
comply with testing standards. 

c. Check test instrument calibration data against certified standards. 

d. Verify that recording forms and test identification control number 
system, including all of the test documentation requirements, have 
been prepared. 

e. Results of all tests taken, both passing and failing tests, shall 
be recorded on the CQC report for the date taken. Specification 
paragraph reference, location where tests were taken, and the 
sequential control number identifying the test shall be given. If 
approved by the Contracting Officer, actual test reports may be 
submitted later with a reference to the test number and date taken. 
An information copy of tests performed by an offsite or commercial 
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test facility shall be provided directly to the Contracting 
Officer. Failure to submit timely test reports as stated may 
result in nonpayment for related work performed and disapproval of 
the test facility for this contract. 

3.7.2 Testing Laboratories 

3.7.2.1 Capability Check 

The Government reserves the right to check laboratory equipment in the 
proposed laboratory for compliance with the standards set forth in the 
contract specifications and to check the laboratory technician's testing 
procedures and techniques. Laboratories utilized for testing soils, 
concrete, asphalt, and steel shall meet criteria detailed in ASTM D 3740 and 
ASTM E 329. 

3. 7. 2. 2 Capability Recheck 

If the selected laboratory fails the capability check, the Contractor will 
be charged to reimburse the Government for each succeeding recheck of the 
laboratory or the checking of a subsequently selected laboratory. Such 
costs will be deducted from the contract amount due the Contractor. 

3.7.3 Onsite Laboratory 

The Government reserves the right to utilize the Contractor's control 
testing laboratory and equipment to make assurance tests, and to check the 
Contractor's testing procedures, techniques, and test results at no 
additional cost to the Government. 

3.7.4 Testing Requirements 

3.7.4.1 Common Fill Materials 

Common fill materials used on the Causeway shall include satisfactory 
material excavated from the Causeway sideslopes and common borrow material 
from off-site sources. Materials from side slopes shall be visually 
inspected for the presence of materials over 2-feet, by the Contracting 
Officer. Off-site material shall be testing as follows and meet the 
specified requirements in Section 02300 - Earthwork. 

Test 

Grain Size (to #200 Sieve) 
Moisture Density Curve 

LABORATORY TESTING 

Methodology 

ASTM D422 
ASTM D698 

Frequency1
' 

2 

1 test/source/material 
1 test/source/material 

1. Testing frequency shall be as listed, or at any change in 
material or borrow source or as directed by the Contracting 
Officer, or Representative. 

IN-PLACE TESTING 
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Test Methodology 

Moisture-Density ASTM D1556 or D2922 

Frequency1 

1 test/200cy/material 

1. Testing frequency shall be as listed, or at any change in 
material or borrow source. 

3.7.4.2 Rock Fill 

LABORATORY TESTING 

Test Methodology Frequency1 

Gradation Testing ASTM D 422 1 test/source 

1. Testing frequency shall be as listed or as directed by the 
Contracting Officer, or Representative. Other testing methods 
may be considered acceptable, as approved by the Contracting 
Officer. 

3.7.4.3 Bedding Sand 

Test 

Grain Size Analysis 
(to# 200 Sieve) 

LABORATORY TESTING 

Methodology Frequency1 

ASTM D422 1 test/source 

1. Testing frequency shall be as listed, at any change in material 
or borrow source, or as directed by the Contracting Officer, or 
Representative. 

IN-PLACE TESTING 

Test Methodology Frequency1 

Moisture-Density ASTM Dl556 or D2922 1 test/200cy/material 

1. Testing frequency shall be as listed, or at any change in 
material or borrow source. 

3.7.4.4 Gravel 

LABORATORY TESTING 

Test Methodology Frequency1 

Grain Size (to #200 Sieve) ASTM D422 1 test/source 

1. Testing frequency shall be as listed or at the request of the 
Contracting Officer, or Representative. Sieve shall 
include washing of fines from the matrix. 
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3.7.4.5 Rip Rap 

LABORATORY TESTING 

Test Methodology 

Gradation Testing ASTM D 422 

Frequency1 

1 test/source 

2. Testing frequency shall be as listed or as directed by the 
Contracting Officer, or Representative. Other testing methods 
may be considered acceptable, as approved by the Contracting 

3.7.4.6 Vegetative Support Soil 

LABORATORY TESTING 

Test Methodology 

Grain Size (to #200 Sieve)or 
200 wash if 85% passing #200 ASTM D422 

pH 
Organic Content 

1. Testing frequency shall be as listed, or 
material or borrow source. 

2. Testing frequency for Vegetative Support 
source, or as directed by the Engineer. 

3.7.4.7 Geotextiles 

Frequency1
' 

2 

1 test/1,000 cy 
1 test/1,000 cy 
1 test/1,000 cy 

at any change in 

Soil shall be per borrow 

Structural Geogrid: Two types used to fabricate Polymeric Marine 
Mattresses. These tests are to be performed on the individual 
components. Some variation is expected due to modifications in the 
manufacture of the composite material, acceptance shall be based on a 
review of the test results by Contracting Officer. 
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RECEIVED MATERIAL QUALITY CONTROL TESTING 

Test 

True 1% Tensile Modules 
in Use (MD) 

Junction Strength (MD) 

Aperture Size 

Methodology 

GRI-GG2 1 

GRI-GG2 

Frequency 

1 Test/ 100,000 sf 

1 Test/ 100,000 sf 

1 Test/ 100,000 sf 

1. Use GRI-GG2, as modified in Section 02380. 

Biaxial Geogrid Composite: Used beneath the toe of the lower cover 
system and beneath modified rip rap areas. 

Test 

Geogrid Component: 
True 1% Tensile Modules 
in Use (MD) 

Junction Strength (MD) 

Aperture Size 

RECEIVED MATERIAL QUALITY CONTROL TESTING 

Methodology 

GRI-GG2 1 

GRI-GG2 

Frequency 

1 Test/100,000 sf 

1 Test/100,000 sf 

1 Test/100,000 sf 

1. Use GRI-GG2, as modified in Section 02380. 

Geotextile Component: 
Apparent Opening Size 

Woven Geotextiles: 

Test 

Grab Tensile Strength 
Puncture Resistance 
Apparent Opening Size 

ASTM D4751 1 Test/100,000 sf 

RECEIVED MATERIAL QUALITY CONTROL TESTING 

Methodology 

ASTM D4632 
ASTM D4833 
ASTM D4751 

Frequency 

1 test/100,000 sf 
1 test/100,000 sf 
1 test/100,000 sf 

For manufacturer Quality Control requirements see Section 02378 GEOTEXTILES. 

Non-Woven Geotextiles: 

RECEIVED MATERIAL QUALITY CONTROL TESTING 

Test Methodology Frequency 

Permittivity ASTM D4491 1 test/100,000 sf 
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Trapezoidal Tear 
Puncture Strength 
Apparent Opening Size 

ASTM D4533 
ASTM D4833 
ASTM D4751 

1 test/100,000 sf 
1 test/100,000 sf 
1 test/100,000 sf 

For manufacturer Quality Control requirements see Section 02378 GEOTEXTILES. 

3.8 COMPLETION INSPECTION 

3.8.1 Punch-Out Inspection 

Near the end of the work, or any increment of the work, the CQC Manager 
shall conduct an inspection of the work. A punch list of items which do not 
conform to the approved drawings and specifications shall be prepared and 
included in the CQC documentation, as required by paragraph DOCUMENTATION. 
The list of deficiencies shall include the estimated date by which the 
deficiencies will be corrected. The CQC System Manager or staff shall make 
a second inspection to ascertain that all deficiencies have been corrected. 
Once this is accomplished, the Contractor shall notify the Government that 
the facility is ready for the Government Pre-Final inspection. 

3.8.2 Pre-Final Inspection 

The Government will perform the Pre-final Inspection to verify that the work 
is complete. A Government Pre-Final Punch List may be developed as a result 
of this inspection. The Contractor's CQC System Manager shall ensure that 
all items on this list have been corrected before notifying the Government, 
so that a Final Inspection can be scheduled. Any items noted on the Pre
Final Inspection shall be corrected in a timely manner. These inspections 
and any deficiency corrections required by this paragraph shall be 
accomplished within the time slated for completion of the entire work or any 
particular increment of the work if the project is divided into increments 
by separate completion dates. 

3.8.3 Final Acceptance Inspection 

The Contractor's Quality Control Inspection personnel, plus the 
superintendent or other primary management person, and the Contracting 
Officer's Representative shall be in attendance at the final acceptance 
inspection. Additional Government personnel including, but not limited to, 
those from Base/Post Civil Facility Engineer user groups, and major commands 
may also be in attendance. The final acceptance inspection will be formally 
scheduled by the Contracting Officer based upon results of the Pre-Final 
inspection. Notice shall be given to the Contracting Officer at least 14 
days prior to the final acceptance inspection and shall include the 
Contractor's assurance that all specific items previously identified to the 
Contractor as being unacceptable, along with all remaining work performed 
under the contract, will be complete and acceptable by the date scheduled 
for the final acceptance inspection. Failure of the Contractor to have all 
contract work acceptably complete for this inspection will be cause for the 
Contracting Officer to bill the Contractor for the Government's additional 
inspection cost in accordance with the contract clause titled "Inspection of 
Construction". 
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3.9 DOCUMENTATION 

The Contractor shall maintain current records providing factual evidence 
that required quality control activities and/or tests have been performed. 
These records shall include the work of subcontractors and suppliers and 
shall be on an acceptable form that includes, as a minimum, the following 
information: 

a. Contractor/subcontractor and their area of responsibility. 

b. Operating plant/equipment with hours worked, idle, or down for 
repair. 

c. Work performed each day, giving location, description, and by whom. 
When Network Analysis (NAS) is used, identify each phase of work 
performed each day by NAS activity number. 

d. Test and/or control activities performed with results and 
references to specifications/drawings requirements. The control 
phase shall be identified (Preparatory, Initial, Follow-up). List 
of deficiencies noted, along with corrective action. 

e. Quantity of materials received at the site with statement as to 
acceptability, storage, and reference to specifications/drawings 
requirements. 

f. Submittals and deliverables reviewed, with contract reference, by 
whom, and action taken. 

g. Offsite surveillance activities, including actions taken. 

h. Job safety evaluations stating what was checked, results, and 
instructions or corrective actions. 

i. Instructions given/received and conflicts in plans and/or 
specifications. 

j. Contractor's verification statement. 

These records shall indicate a description of trades working on the project; 
the number of personnel working; weather conditions encountered; and any 
delays encountered. These records shall cover both conforming and deficient 
features and shall include a statement that equipment and materials 
incorporated in the work and workmanship comply with the contract. The 
original and one copy of these records, in report form, shall be furnished 
to the Government weekly. All calendar days shall be accounted for 
throughout the life of the contract. Reports shall be signed and dated by 
the CQC System Manager. The report from the CQC System Manager shall 
include copies of test reports and copies of reports prepared by all 
subordinate quality control personnel. 

3.10 NOTIFICATION OF NONCOMPLIANCE 

The Contracting Officer will notify the Contractor of any detected 
noncompliance with the foregoing requirements. The Contractor shall take 
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immediate corrective action after receipt of such notice. Such notice, when 
delivered to the Contractor at the work site, shall be deemed sufficient for 
the purpose of notification. If the Contractor fails or refuses to comply 
promptly, the Contracting Officer may issue an order stopping all or part of 
the work until satisfactory corrective action has been taken. No part of 
the time lost due to such stop orders shall be made the subject of claim for 
extension of time or for excess costs or damages by the Contractor. 

--End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 01460 

SURVEY CONTROL 

The Contractor shall be responsible for completion of daily surveys of the 
work site and a final topographic survey on the Causeway following completion 
of Phase II activities. The daily surveys shall include surveys of the heave 
platforms, heave poles, and areas of work (for measurement and payment 
purposes). The surveys shall be conducted by a Land Surveyor licensed in the 
State of Connecticut and shall comply with the requirements of a Class A-1 
survey. 

1.2 REFERENCES (NOT USED) 

1.3 SUBMITTALS 

As part of the weekly progress reports, specified in Section 02111 
EXCAVATION AND HANDLING OF CONTAMINATED MATERIAL, the Contractor shall 
submit a copy of the original field survey book and sketches pertaining to 
the work, including benchmark information and calibration information. The 
purpose of the submittal is to allow the Contracting Officer to complete a 
measurement of work. 

A drawing shall be generated from a final topographic survey completed 
following Phase II activities. The drawing shall be included as part of the 
Phase II Completion Report (Section 01780 CLOSEOUT SUBMITTALS) and shall 
show final, Phase II as-built conditions of the project. In addition, the 
following information shall be contained in the Phase II Completion Report: 

a. A copy of the original field survey book and sketches pertaining to 
the work, including benchmark information, traverse station ties 
(when available), and calibration information. 

b. A hard copy of the site plan identifying the final 1-foot contour 
intervals of the Causeway and surrounding area, as described above, 
and the horizontal locations of any designated landmarks. 

c. Electronic files of the site plan on CD-ROM in the format specified 
in Section 01780 CLOSEOUT SUBMITTALS. 

1.4 CONTRACTOR REQUIREMENTS 

The Contractor shall complete surveys of the Causeway area during and 
following completion of Phase II activities. The surveys shall be conducted 
in compliance with the requirements of Section 01351 SAFETY HEALTH AND 
EMERGENCY RESPONSE and Section 01410 ENVIRONMENT PROTECTION. Surveying 
techniques employed in the field shall follow commonly accepted professional 
survey practices, which are appropriate for the task at hand. The Contractor 
must also adhere to the following requirements: 
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a. The Contractor shall utilize permanent control information provided 
by the Contracting Officer. Any additional control required to 
complete the survey shall be the responsibility of the Contractor. 

b. Vertical and horizontal control shall be established with equipment 
capable of producing the accuracy specified herein. All surveying 
work shall be referenced to Connecticut State Plane NAD 83 
(horizontal control) and NGVD 29 (vertical control). Calibration 
of leveling equipment (peg test) shall be performed each morning 
before initiation of activities when establishing temporary bench 
marks. The Contractor shall include information regarding the 
procedures and frequency for calibration of other survey equipment 
in the CQC Plan. This information shall include the equipment 
manufacturer's recommendations regarding calibration. 

c. The Subcontractor shall meet or exceed the horizontal and vertical 
accuracy criteria as defined by the Standards of Accuracy and 
General Specifications of the Geodetic Control Surveys established 
by the U.S. Department of Commerce. All horizontal and vertical 
angles should be doubled for accuracy. 

d. The Contractor shall provide a survey base line and bench marks for 
construction purposes. Should any of these points be destroyed, the 
replacement cost will be borne by the Contractor. The Contractor 
shall assume the entire expense of rectifying work improperly 
constructed due to failure to maintain and protect such established 
survey points and bench marks. 

e. The Contractor shall provide all surveys necessary for contractual 
payment quantities. The Contractor will coordinate surveying of 
payment quantities with the Contracting Officer or his/her 
representative. He or she shall give the Contracting Officer three 
days notice of a payment survey so that the Contracting Officer may 
be present at the agreed upon time. 

f. The Contractor shall be responsible for the layout of all grid 
coordinate locations, lines, grades, and levels necessary for the 
proper construction of the work called for on the Drawings and in 
the Specifications, at no additional cost to the Government. The 
surveyor shall also be responsible for preparation of the final 
Phase II topographic survey. 

g. The Contractor shall employ, at his own expense, a licensed Land 
Surveyor in the State of Connecticut to provide surveys necessary 
for final contractual payment quantities and for record drawing 
submission. 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION 

3.1 SURVEY 
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The Contractor shall provide temporary horizontal and vertical control 
points based upon the benchmark information provided by the Contracting 
Officer. The Contracting Officer will furnish site base mapping and 
construction drawings to be used for surveying efforts. 

The Contractor shall survey the five heave platforms, the five stationary 
heave poles, and the temporary heave poles, as specified in Section 02110 
HEAVE MONITORING, and shall conduct daily surveys in the area of work, such 
that measurement of work quantity can be calculated. The Contractor shall 
also complete a final topographic survey of approximately seven acres of 
area near the Causeway, following the completion of Phase II work. The 
drawings show the area of the Causeway for which surveying services will be 
required. The final topographic survey shall include elevations of 100 
linear feet of the SAEP Dike on either side of the Causeway extending SO 
feet toward the facility, and elevations of river sediments (i.e., tidal 
flats) within 75 feet of the Causeway, including the five heave platforms 
and five stationary heave poles. The survey shall be used to generate 
detailed elevation information for the Causeway and the surrounding area 
using 1-foot contours. 

If required by the Contracting Officer, the location and elevations 
designated landmarks shall be obtained. Horizontal locations shall be 
recorded to the closest 0.1 foot and vertical elevations shall be recorded 
to the closest 0.01 foot. 

3.2 SUBMITTAL 

As part of the Phase II Completion Report {Section 01780 CLOSEOUT 
SUBMITTALS) the Contractor shall submit the following: 

a. A copy of the original field survey book and sketches pertaining to 
the work, including benchmark information, traverse station ties 
(when available), and calibration information. 

b. A hard copy of the site plan identifying 1-foot contour intervals 
of the Causeway and surrounding area as described above, and the 
horizontal locations of any designated landmarks. 

c. Electronic files of the site plan on CD-ROM in the format specified 
in Section 01780 CLOSEOUT SUBMITTALS. 

--End of Section--
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SECTION 01500 

CONSTRUCTION FACILITIES AND TEMPORARY CONTROLS 
02/97 

PART 1 GENERAL 

1.1 DESCRIPTION 

The Contractor shall be responsible for providing temporary construction 
facilities and controls necessary for this work, and removal of the 
facilities and controls, as necessary, following completion of the work. 

1.2 REFERENCES (NOT USED) 

1.3 SUBMITTALS 

As part of the Work Plan, specified in Section 02111 EXCAVATION AND HANDLING 
OF CONTAMINATED MATERIAL, the Contractor shall prepare a site plan 
indicating the proposed location and dimensions of any area to be used by 
the Contractor and the avenues of ingress/egress to the work areas. Any 
areas which may have to be graveled to prevent the tracking of mud shall be 
identified. The Contractor shall also indicate if the use of a supplemental 
or other staging area is desired. 

1.4 CONTRACTOR REQUIRMENTS 

1.4.1 Identification of Employees 

The Contractor shall be responsible for furnishing to each employee, and for 
requiring each employee engaged on the work to display, identification as 
approved and directed by the Contracting Officer. Prescribed identification 
shall immediately be delivered to the Contracting Officer for cancellation 
upon release of any employee. When required, the Contractor shall obtain 
and provide fingerprints of persons employed on the project. Contractor and 
subcontractor personnel shall wear identifying markings on hard hats clearly 
identifying the company for whom the employee works. 

1.4.2 Employee Parking 

Contractor employees shall park privately owned vehicles in an area 
designated by the Contracting Officer. This area will be within reasonable 
walking distance of the construction site. Contractor employee parking 
shall not interfere with existing and established parking requirements of 
the facility. 

1.4.3 Employee Sign-in 

Contractor employees shall be responsible for registering with SAEP security 
personnel on a daily basis, prior to arriving at the Causeway. In addition, 
contractor employees must also sign out from the facility on a daily basis 
before leaving for the day. Employee sign-in will be conducted at SAEP 
security headquarters in Building 1, unless otherwise directed by the 
Contracting Officer. 
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1.5 AVAILABILITY AND USE OF UTILITY SERVICES 

1.5.1 Payment for Utility Services 

The Government will make all reasonably required utilities available to the 
Contractor from existing outlets and supplies, as specified in the contract. 
Unless otherwise provided in the contract, the amount of each utility 
service consumed shall be charged to or paid for by the Contractor at 
prevailing rates charged to the Government. The Contractor shall carefully 
conserve any utilities furnished without charge. 

1.5.2 Meters and Temporary Connections 

If necessary, the Contractor, shall provide and maintain necessary temporary 
connection, distribution lines, and meter bases (Government will provide 
meters) as specified in the Phase I Section 01500 CONSTRUCTION FACILITIES 
AND TEMPORARY CONTROLS. 

1.6 BULLETIN BOARD, PROJECT SIGN, AND PROJECT SAFETY SIGN 

1.6.1 Bulletin Board 

Immediately upon beginning of work, the Contractor shall provide a 
weatherproof glass-covered bulletin board not less than 36 by 48 inches in 
size for displaying the Equal Employment Opportunity poster, a copy of the 
wage decision contained in the contract, Wage Rate Information poster, and 
other information approved by the Contracting Officer. The bulletin board 
shall be located at the project site in a conspicuous place easily 
accessible to all employees, as approved by the Contracting Officer. 
Legible copies of the aforementioned data shall be displayed until work is 
completed. Upon completion of work the bulletin board shall be removed by 
and remain the property of the Contractor. 

1.6.2 Project and Safety Signs 

The requirements for the signs, their content, and location shall be as 
directed by the Contracting Officer. The signs shall be erected within 15 
days after receipt of the notice to proceed. The data required by the 
safety sign shall be corrected daily, with light colored metallic or non
metallic numerals. Upon completion of the project, the signs shall be 
removed from the site. 

1.7 PROTECTION AND MAINTENANCE OF TRAFFIC 

During construction the Contractor shall provide access and temporary 
relocated roads as necessary to maintain traffic. The Contractor shall 
maintain and protect traffic on all affected roads during the construction 
period except as otherwise specifically directed by the Contracting Officer. 
Measures for the protection and diversion of traffic, including the 
provision of watchmen and flagmen, erection of barricades, placing of lights 
around and in front of equipment and the work, and the erection and 
maintenance of adequate warning, danger, and direction signs, shall be as 
required by the State and local authorities having jurisdiction. The 
traveling public shall be protected from damage to person and property. The 
Contractor's traffic on roads selected for hauling material to and from the 
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site shall interfere as little as possible with public traffic. The 
Contractor shall investigate the adequacy of existing roads and the 
allowable load limit on these roads. The Contractor shall be responsible 
for the repair of any damage to roads caused by construction operations. 

1.7.1 Haul Roads 

The Contractor shall construct access and haul roads necessary for proper 
execution of the work under this contract. Haul roads shall be constructed 
with suitable grades and widths; sharp curves, blind corners, and dangerous 
cross traffic shall be avoided. The Contractor shall provide necessary 
lighting, signs, barricades, and distinctive markings for the safe movement 
of traffic. The method of dust control, shall be adequate to ensure safe 
operation at all times (Section 01562 DUST CONTROL). Location, grade, 
width, and alignment of construction and hauling roads shall be subject to 
approval by the Contracting Officer. Lighting shall be adequate to assure 
full and clear visibility for full width of haul road and work areas during 
any night work operations. Upon completion of the work, haul roads 
designated by the Contracting Officer shall be removed. 

1.7.2 Barricades 

The Contractor shall erect and maintain temporary barricades to limit public 
access to hazardous areas. Barricades shall be securely placed, clearly 
visible with adequate illumination to provide sufficient visual warning of 
the hazard during both day and night. 

1.8 CONTRACTOR'S TEMPORARY FACILITIES 

1.8.1 Administrative Field Offices 

The Contractor shall provide and maintain administrative field office 
facilities within the construction area at the designated site (Building 4). 
Government office and warehouse facilities will not be available to the 
Contractor's personnel, as designated on the drawings. 

1.8.2 Storage Area 

Trailers, materials, or equipment shall not be placed or stored outside the 
fenced area unless such trailers, materials, or equipment are assigned a 
separate and distinct storage area by the Contracting Officer away from the 
vicinity of the construction site but within the facility boundaries. 
Trailers, equipment, or materials shall not be open to public view with the 
exception of those items which are in support of ongoing work on any given 
day. Materials shall not be stockpiled outside the fence in preparation for 
the next day's work. Mobile equipment, such as tractors, wheeled lifting 
equipment, cranes, trucks, and like equipment, shall be parked within the 
fenced area at the end of each work day. 

1.8.3 Supplemental Storage Area 

Upon Contractor's request, the Contracting Officer will designate another or 
supplemental area for the Contractor's use and storage of trailers, 
equipment, and materials. This area may not be in close proximity of the 
construction site but shall be within the facility boundary. Fencing of 
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materials or equipment will not be required at this site; however, the 
Contractor shall be responsible for cleanliness and orderliness of the area 
used and for the security of any material or equipment stored in this area. 
Utilities will not be provided to this area by the Government. 

1.8.4 Appearance of Trailers 

Trailers utilized by the Contractor for administrative or material storage 
purposes shall present a clean and neat exterior appearance and shall be in 
a state of good repair. Trailers which, in the opinion of the Contracting 
Officer, require exterior painting or maintenance will not be allowed on the 
facility property. 

1.8.5 Maintenance of Storage Area 

Fencing shall be kept in a state of good repair and proper alignment. 
Should the Contractor elect to traverse, with construction equipment or 
other vehicles, grassed or unpaved areas which are not established roadways, 
such areas shall be covered with a layer of gravel as necessary to prevent 
rutting and the tracking of mud onto paved or established roadways; gravel 
gradation shall be at the Contractor's discretion. 

1.8.6 Security Provisions 

Adequate outside security lighting shall be provided at the Contractor's 
temporary facilities. The Contractor shall be responsible for the security 
of its own equipment; in addition, the Contractor shall notify SAEP 
security personnel requesting periodic security checks of the temporary 
project field office. 

1.9 GOVERNMENT FIELD OFFICE 

The government has an existing office on the facility grounds. 

1.10 FACILITY COMMUNICATION AND TELEPHONE SERVICE 

Whenever the Contractor has the individual elements of its plant so located 
that operation by normal voice between these elements is not satisfactory, 
the Contractor shall install a satisfactory means of communication, such as 
two-way radios, telephone, or other suitable devices. The devices shall be 
made available for use by Government personnel. 

The Contractor shall obtain a SAEP-approved two-way radio for communication 
with SAEP personnel on a daily basis. This radio must be returned to SAEP 
upon departure from the site, daily. 

The Contractor shall provide telephone service to the field offices and 
shall provide and maintain a telephone or equal means of communication in an 
easily accessible location at each of the significant construction areas on 
the project. Such means of communication shall be accessible during all 
work hours. 
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1.11 TEMPORARY PROJECT SAFETY FENCING 

The Contractor shall be responsible for maintenance of safety fencing, 
installed during Phase I, during the life of the contract. Upon completion 
and acceptance of the work, the fencing shall become the property of the 
Contractor and shall be removed from the work site. 

1.12 CLEANUP 

Construction debris, waste materials, packaging material and the like shall 
be removed from the work site daily. Any dirt or mud which is tracked onto 
paved or surfaced roadways shall be cleaned away. Materials resulting from 
demolition activities which are salvageable shall be stored within the 
fenced area described above or at the supplemental storage area. Stored 
material not in trailers, whether new or salvaged, shall be neatly stacked 
when stored. 

1.13 RESTORATION OF STORAGE AREA 

Upon completion of the project and after removal of trailers, materials, and 
equipment from within the fenced area, the fence shall be removed and will 
become the property of the Contractor. Areas used by the Contractor for the 
storage of equipment or material, or other use, shall be restored to the 
original or better condition. Gravel used to traverse grassed areas shall 
be removed and the area restored to its original condition, including top 
soil and seeding as necessary. 

PART2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION (NOT APPLICABLE) 

--End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 01562 

DUST CONTROL 

The Contractor shall furnish and apply water or calcium chloride to the 
Causeway or haul roads for dust control as necessary or as directed by the 
Contracting Officer. When no items for dust control are included in the Con
tract, such work shall be considered incidental. 

The Contractor shall assume responsibility for any Contract delays or work 
stoppages due to inappropriate or ineffective dust control measures. 

1.2 REFERENCES 

The general provisions of the Contract including General and Supplementary 
Conditions, and General Requirements, apply to the work specified in this 
Section. 

1.3 SUBMITTALS 

As part of the Work Plan, specified in Section 02111 EXCAVATION AND HANDLING 
OF CONTAMINATED MATERIAL, the Contractor shall submit the proposed method for 
dust control, including dust control material{s), application method, and 
monitoring. 

PART 2 PRODUCTS 

2 .1 MATERIALS 

Water used for dust control shall be free from oil, acid, and injurious 
alkali or vegetable matter. Housatonic River water is acceptable for use as 
dust control water. 

Calcium chloride used for dust control must conform to the requirements of 
AASHTO M144, except that the requirements for "total alkali chloride" and 
"impurities" do not apply. 

PART 3 EXECUTION 

3.1 WATER APPLICATION - SPRINKLING 

Apply dust control agents by approved methods and with equipment that 
includes a tank with gauge-equipped pressure pump and a nozzle-equipped spray 
bar. Disperse through the nozzle under a minimum pressure of 20 pounds per 
square inch, gauge pressure. Use when authorized by the Contracting Officer 
for controlling dust on the Causeway work activities, and on approved haul 
roads between storage areas and the Causeway, as necessary. 
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3.2 CALCIUM CHLORIDE APPLICATION - SPREADING 

Apply by mechanical spreaders or by hand at the rate designated by the 
manufacturer. Use when authorized by the Contracting Officer for controlling 
dust on the Causeway during work activities, and on approved haul roads 
between storage areas and the Causeway, as necessary. 

--End of Section--
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SECTION 01600 

MATERIAL AND EQUIPMENT CONTROL 

PART 1 GENERAL 

1.1 DESCRIPTION 

This Section covers packing and shipping, receiving, unloading, examining, 
and storage of materials and equipment to be used during completion of this 
work. Suppliers and the Contractor shall package, ship, receive, inspect, 
handle, and store materials and equipment in a manner that will protect such 
items from damage or deterioration. 

1.2 REFERENCES (NOT USED) 

1.3 SUBMITTALS (NOT USED) 

1.4 PACKING AND SHIPPING 

A. Suppliers' preparation of equipment shall be suitable for long term 
storage in the climate at the site and be such that preventative 
maintenance is not required during storage. 

B. Identify all desiccants and inhibitors used and the required 
replacement frequency. 

C. Any internal bracing required only for shipping purposes shall be 
marked to indicate the proper sequence of its removal prior to 
operation. 

D. The outermost covering shall be clearly marked with the complete 
Supplier identification, including weight. 

E. Boxes and crates shall be equipped with skids. 

F. Indicate the weight, lifting points, and/or center of gravity on the 
crate, skid, or package and utilize those indications for all 
handling procedures. 

G. Obtain from the Supplier one set of any special wrenches, tools, 
fixtures, slings, lifting devices, and appurtenances necessary or 
convenient for erection, installation or maintenance of the 
equipment. 

1.5 RECEIPT AND UNLOADING 

The Contractor shall handle material and equipment in accordance with these 
specifications and any manufacturer's handling precautions that may be 
applicable to specific materials and equipment. In addition, the Contractor 
shall supply and use all specialized equipment, such as nylon slings or 
special hoisting equipment, where appropriate or required. 

1.6 ACCEPTANCE AT SITE 

The Contractor shall examine all materials and equipment upon arrival. 
Damaged or nonconforming items shall be removed immediately to a separate 
storage area for expeditious removal from the site. 

1.7 STORAGE AND PROTECTION 
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A. Provide open and closed storage areas for equipment and materials for 
protection from vandalism and weather damage. 

B. Store materials and equipment in accordance with these specifications 
and any manufacturer's instructions for additional storing 
precautions that may be applicable to specific materials and 
equipment. 

C. Store materials and equipment on blocking or pallets a sufficient 
distance above the ground or floor to protect from mud, standing or 
flowing water or similar hazards. Use waterproof covers on storage 
outdoors. 

D. Provide indoor storage or heated indoor storage for material and 
equipment that normally require such protection. 

E. Heat materials or equipment that are weatherproof-crated and provided 
with electric heaters. 

F. Provide electrical energy for all heaters. Maintain temperature 
within enclosures above the dew point of the surrounding air. 
Regularly check enclosure temperatures and heaters to ensure proper 
operation and continuous heat. 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION (NOT APPLICABLE) 

--End of Section--
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SECTION 01780 

CLOSEOUT SUBMITTALS 
11/99 

PART 1 GENERAL 
1.1 DESCRIPTION 

The Contractor shall be responsible for development of a Phase II 
Completion Report detailing the results of demolition and excavation 
activities and presenting the final topographic survey. The Contractor 
shall also perform necessary site cleaning activities and maintenance 
activities in preparation for Phase II of this work. 

1.2 REFERENCES (NOT USED) 

1.3 SUBMITTALS 

Government approval is required for submittals with a "GA" designation; 
submittals not having a "GA" designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

SD-11 Closeout Submittals 

Phase II Completion Report; GA 

Document the results of demolition and excavation activities 
completed during Phase II of the work, including, but not limited 
to: field notes, excavation logs, photos, and analytical results. 
Present a drawing generated from the final topographic survey, 
completed following Phase II activities. The drawing shall also 
show final Phase II site conditions. 

1.4 PROJECT RECORD DOCUMENTS 

This paragraph covers documents and drawings completed as a requirement of 
the contract. The terms "drawings", "contract drawings", and "drawing 
files" refer to drawings which are revised to be used for final drawings. 

1.4.1 Project Drawings 

1.4.1.1 Government-Furnished Materials 

One set of electronic CADD files in the specified software and format, 
revised to reflect all bid amendments, will be provided by the Government 
at the Pre-construction Meeting (Section 01351 SAFETY, HEALTH, AND 
EMERGENCY RESPONSE). 

1.4.1.2 Working and Final Drawings 

The Contractor shall revise 2 sets of paper drawings by red-line process to 
show the conditions during the execution of the project. These working, 
marked drawings shall be kept current on a weekly basis and at least one 

SECTION 01780 PAGE 1 



STRATFORD ARMY ENGINE PLANT CAUSEWAY NCRA 
PHASE II 
STRATFORD, CONNECTICUT 

set shall be available on the job site at all times. Changes from the 
contract plans which are made in the work or additional information which 
might be uncovered in the course of construction shall be accurately and 
neatly recorded as they occur by means of details and notes. 

The working, marked prints and final drawings will be jointly reviewed for 
accuracy and completeness by the Contracting Officer and the Contractor 
prior to submission of each monthly pay estimate. If the Contractor fails 
to maintain the working and final drawings as specified herein, the 
Contracting Officer will deduct from the monthly progress payment an amount 
representing the estimated cost of maintaining the drawings. This monthly 
deduction will continue until an agreement can be reached between the 
Contracting Officer and the Contractor regarding the accuracy and 
completeness of updated drawings. The working and final drawings shall 
show, but shall not be limited to, the following information: 

a. The actual location, kinds, and sizes of all overhead, surface, and 
subsurface utility lines. In order that the location of these 
lines and appurtenances may be determined in the event the surface 
openings or indicators become covered over or obscured, the 
drawings shall show, by offset dimensions to two permanently fixed 
surface features, the end of each run including each change in 
direction. Valves, splice boxes, and similar appurtenances shall 
be located by dimensioning along the utility run from a reference 
point. The average depth below the surface of each run shall also 
be recorded. 

b. Correct grade, elevations, cross section, or alignment of earthwork 
or utilities if any changes were made from contract plans. 

c. The topography, invert elevations and grades of drainage installed 
or affected as part of the project construction. 

d. Changes or modifications from these specifications. 

e. Where contract drawings or specifications present options, only the 
option selected for construction shall be shown on the final as
built prints. 

f. Modifications (change order price shall include the Contractor's 
cost to change working and final as-built drawings to reflect 
modifications) and compliance with the following procedures. 

(1) Directions in the modification for posting descriptive changes 
shall be followed. 

(2) A Modification Circle shall be placed at the location of each 
deletion. 

(3) For new details or sections which are added to a drawing, a 
Modification Circle shall be placed by the detail or section 
title. 

(4) For minor changes, a Modification Circle shall be placed by 
the area changed on the drawing (each location). 
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1.4.1.3 

(5) For major changes to a drawing, a Modification Circle shall be 
placed by the title of the affected plan, section, or detail 
at each location. 

(6) For changes to schedules or drawings, a Modification Circle 
shall be placed either by the schedule heading or by the 
change in the schedule. 

(7) The Modification Circle size shall be 1/2 inch diameter unless 
the area where the circle is to be placed is crowded. Smaller 
size circle shall be used for crowded areas. 

Drawing Preparation 

The drawings shall be modified as may be necessary to correctly show the 
features of the project as it has been constructed by bringing the contract 
set into agreement with approved working prints, and adding such additional 
drawings as may be necessary. These working, marked prints shall be neat, 
legible and accurate. These drawings are part of the permanent records of 
this project and shall be returned to the Contracting Officer after 
approval by the Government. Any drawings damaged or lost by the Contractor 
shall be satisfactorily replaced by the Contractor at no expense to the 
Government. 

1.4.1.4 Computer Aided Design and Drafting (CADD) Drawings 

Only personnel proficient in the preparation of CADD drawings shall be 
employed to modify the contract drawings or prepare additional new 
drawings. Additions and corrections to the contract drawings shall be 
equal in quality and detail to that of the originals. Line colors, line 
weights, lettering, layering conventions, and symbols shall be the same as 
the original line colors, line weights, lettering, layering conventions, 
and symbols. If additional drawings are required, they shall be prepared 
using the specified electronic file format applying the same graphic 
standards specified for original drawings. The title block and drawing 
border to be used for any new final drawings shall be identical to that 
used on the contract drawings. Additions and corrections to the contract 
drawings shall be accomplished using CADD files. 

The Contractor will be furnished Microstation 95 software and a Windows NT 
operating system, as necessary. The electronic files will be supplied on 
compact disc, read-only memory (CD-ROM). The Contractor shall be 
responsible for providing all program files and hardware necessary to 
prepare final drawings. The Contracting Officer will review final drawings 
for accuracy and the Contractor shall make required corrections, changes, 
additions, and deletions. 

a. CADD colors shall be the 11 base 11 colors of red, green, and blue. 
Color code for changes shall be as follows: 

(1) Deletions (red) - Deleted graphic items (lines) shall be 
colored red with red lettering in notes and leaders. 
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(2) Additions (Green) - Added items shall be drawn in green with 
green lettering in notes and leaders. 

(3) Special (Blue) - Items requiring special information, 
coordination, or special detailing or detailing notes shall be 
in blue. 

b. The Contract Drawing files shall be renamed in a manner related to 
the contract number (i.e., 98-C-10.DGN) as instructed in the Pre
Construction Meeting. Marked-up changes shall be made only to 
those renamed files. All changes shall be made on the layer/level 
as the original item. There shall be no deletions of existing 
lines; existing lines shall be over struck in red. Additions shall 
be in green with line weights the same as the drawing. Special 
notes shall be in blue on layer #63. 

c. When final revisions have been completed, the cover sheet drawing 
shall show the wording "RECORD DRAWING" followed by the name of 
the Contractor in letters at least 3/16 inch high. Original 
contract drawings shall be dated in the revision block. 

d. Within 10 days (for contracts less than $5 million) after 
Government approval of all of the working drawings for Phase I, the 
Contractor shall prepare the final CADD drawings for that phase of 
work and submit two sets of blue-lined prints of these drawings for 
Government review and approval. The Government will promptly 
return one set of prints annotated with any necessary corrections. 
Within 7 days the Contractor shall revise the CADD files 
accordingly at no additional cost and submit one set of final 
prints for Phase 1 to the Government. The submittal shall consist 
of one set of electronic files on compact disc, read-only memory 
(CD-ROM) and one set of the approved working drawings. They shall 
be complete in all details and identical in form and function to 
the contract drawing files supplied by the Government. Any 
transactions or adjustments necessary to accomplish this is the 
responsibility of the Contractor. The Government reserves the 
right to reject any drawing files it deems incompatible with the 
customer's CADD system. Paper prints, drawing files and storage 
media submitted will become the property of the Government upon 
final approval. Failure to submit final drawing files and marked 
prints as specified shall be cause for withholding any payment due 
the Contractor under this contract. Approval and acceptance of 
final drawings shall be accomplished before final payment is made 
to the Contractor. 

1.4.1.5 Final Approved Shop Drawings 

The Contractor shall furnish final approved project shop drawings as part of 
the Final Phase II Completion Report. 

1.4.1.6 Payment 

No separate payment will be made for drawings required under this contract, 
and all costs accrued in connection with such drawings shall be considered 
a subsidiary obligation of the Contractor. 

SECTION 01780 PAGE 4 



STRATFORD ARMY ENGINE PLANT CAUSEWAY NCRA 
PHASE II 
STRATFORD, CONNECTICUT 

1. 4. 2 As-Built Record of Equipment and Materials 

The Contractor shall furnish one copy of the preliminary record of equipment 
and materials used on the project a minimum of 15 days prior to the final 
inspection. This preliminary submittal will be reviewed and returned a 
maximum of 2 days after final inspection with Government comments. Two sets 
of final record of equipment and materials shall be submitted 10 days after 
final inspection. The designations shall be keyed to the related area 
depicted on the contract drawings. The record shall list the following 
data, as necessary: 

RECORD OF DESIGNATED EQUIPMENT AND MATERIALS DATA 

Description Specification 
Section 

Manufacturer 
and Catalog, 
Model, and 
Serial Number 

Composition 
and Size 

Where 
Used 

1.4.3 Construction Contract Specifications 

The Contractor shall furnish final as-built construction contract 
specifications, including modifications thereto, as part of the Phase II 
Completion Report. 

1.5 WARRANTY MANAGEMENT 

1.5.1 Warranty Management Plan 

As part of the Phase II Completion Report, the Contractor shall develop a 
warranty management plan that includes all required actions and documents to 
assure that the Government receives all warranties to which it is entitled. 
The plan shall be in narrative form and contain sufficient detail to render 
it suitable for use by future maintenance and repair personnel, whether 
tradesmen, or of engineering background, not necessarily familiar with this 
contract. The term "status" as indicated below shall include due date and 
whether item has been submitted or was accomplished. Warranty information 
made available during the construction phase shall be submitted to the 
Contracting Officer for approval prior to each monthly pay estimate. 
Approved information shall be assembled in a binder and shall be turned over 
to the Government upon acceptance of the work. The construction warranty 
period shall begin on the date of project acceptance and shall continue for 
the full product warranty period. A joint 4 month and 9 month warranty 
inspection shall be conducted, measured from time of acceptance, by the 
Contractor, Contracting Officer and the Customer Representative. 
Information contained in the warranty management plan shall include, but 
shall not be limited to, the following: 

a. Roles and responsibilities of all personnel associated with the 
warranty process, including points of contact and telephone numbers 
within the organizations of the Contractors, subcontractors, 
manufacturers or suppliers involved. 

b. Listing and status of delivery of all Certificates of Warranty for 
extended warranty items. 
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1.5.2 

c. A list for each warranted equipment, item, feature of construction 
or system indicating: 

1. Name of item. 
2. Model and serial numbers. 
3. Location where installed. 
4. Name and phone numbers of manufacturers or suppliers. 
5. Names, addresses and telephone numbers of sources of spare 

parts. 
6. Warranties and terms of warranty. This shall include one-year 

overall warranty of construction. Items which have extended 
warranties shall be indicated with separate warranty 
expiration dates. 

7. Cross-reference to warranty certificates as applicable. 
8. Starting point and duration of warranty period. 
9. Summary of maintenance procedures required to continue the 

warranty in force. 
10. Cross-reference to specific pertinent Operation and Maintenance 

manuals. 
11. Organization, names and phone numbers of persons to call for 

warranty service. 
12. Typical response time and repair time expected for various 

warranted equipment. 

d. The Contractor's plans for attendance at the 4 and 9 month post
construction warranty inspections conducted by the Government. 

Performance Bond 

The Contractor's Performance Bond shall remain effective throughout the 
construction period. 

1.5.3 

a. In the event the Contractor fails to commence and diligently pursue 
any construction warranty work required, the Contracting Officer 
will have the work performed by others, and after completion of the 
work, will charge the remaining construction warranty funds of 
expenses incurred by the Government while performing the work, 
including, but not limited to administrative expenses. 

b. In the event sufficient funds are not available to cover· the 
construction warranty work performed by the Government at the 
Contractor's expense, the Contracting Officer will have the right 
to recoup expenses from the bonding company. 

c. Following oral or written notification of required construction 
warranty repair work, the Contractor shall respond in a timely 
manner. Written verification will follow oral instructions. 
Failure of the Contractor to respond will be cause for the 
Contracting Officer to proceed against the Contractor. 

Contractor's Response to Construction Warranty Service Requirements 

Following oral or written notification by the Contracting Officer, the 
Contractor shall respond to construction warranty service requirements 
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within 3 work days. The Contractor shall submit a report on any warranty 
item that has been repaired during the warranty period. The report shall 
include the cause of the problem, date reported, corrective action taken, 
and when the repair was completed. If the Contractor does not perform the 
construction warranty within the timeframes specified, the Government will 
perform the work and backcharge the construction warranty payment item 
established. 

1.6 OPERATION AND MAINTENANCE MANUALS 

Operation manuals and maintenance manuals shall not be required for work at 
this site. 

1.7 FINAL CLEANING 

The premises shall be left clean following completion of work. The site 
shall have waste, surplus materials, rubbish, and temporary controls 
removed. A list of completed clean-up items shall be submitted on the day 
of final inspection, unless otherwise directed by the Contracting Officer. 
Final cleaning shall comply with the requirements of Section 01410 
ENVIRONMENT PROTECTION. 

PART 2 PRODUCTS (NOT USED) 

PART 3 EXECUTION (NOT USED) 

--End of Section--
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PART 1 GENERAL 

SECTION 02110 

HEAVE MONITORING 

1 . 1 DESCRIPTION 

The Contractor shall be responsible for equipment, supplies, and personnel 
necessary to monitor five (5) previously installed heave platforms and five 
(5) previously installed stationary heave poles, as indicated on the drawings 
and in these specifications. In addition, the Contractor shall install and 
monitor temporary heave poles, as indicated in these specifications. 

Monitoring of the platforms and poles shall be conducted during the 
completion of Phase II work to assess the impact of Phase II activities on 
tidal flat elevations. Background information regarding the elevations of 
the platforms and the stationary poles shall be collected during Phase I of 
this work (N.I.T.C.). 

1. 2 REFERENCES (NOT USED) 

1.3 SUBMITTALS 

Government approval is required for submittals with a "GA" designation; 
submittals not having a "GA" designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

SD-06 Test Reports 

Heave Monitoring Reports; GA 

The Surveyor field records and computed measurements shall be 
submitted to the Engineer, at the end of each day the measurements 
are taken. Changes in the thickness and extent of fill between 
each surveyed reading of elevation shall also be reported. 

On a weekly basis, the Contractor shall submit a summary of the 
results of heave monitoring, as indicated in this section, to the 
Contracting Officer. Reporting shall be provided in both hard and 
electronic file, and shall contain the date of monitoring and 
reduced survey results, along with a plot of movement versus time. 
Data reports shall contain data no older than 7 days, and 
intermediate reporting may be required due to unacceptable 
movements. 

As part of the Work Plan (Section 02111 EXCAVATION AND HANDLING OF 
CONTAMINATED MATERIAL), the Contractor shall submit a plan for monitoring and 
removal of the heave platforms and poles. At a minimum, the plan shall 
include the frequency of monitoring, as directed in the specifications and 
the drawings, and shall detail the processes to be used during removal of the 
platforms and poles, following completion of Phase II work on the Causeway. 
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PART 2 PRODUCTS 

2.1 Heave Platforms (N.I.T.C.) 

Construction of the heave platforms shall be completed during Phase I work, 
as indicated on the Phase I drawings, and in accordance with the approved 
Contractor's Work Plan. 

2.2 Heave Poles 

Heave poles shall consist of pressure-treated 2 by 4 lumber, a minimum of 
12 feet in length. Poles shall be provided with targets to facilitate the 
required survey accuracy and repeatability. 

PART 3 EXECUTION 

3.1 Heave Platform Installation (N.I.T.C.) 

Prior to initiation of Phase I work on the Causeway, the Contractor shall 
construct and install five. (5) heave platforms at approximate locations as 
shown on the Drawings. The heave platforms shall be installed 30 feet from 
the approximate contact of the fill and riverine sediment on the South side 
of the Causeway, and 40 feet from the approximate contact on the North side 
of the Causeway. 

3.2 Stationary Heave Pole Installation (N.I.T.C.) 

Prior to initiation of Phase I work on the Causeway, the Contractor shall 
install five (5) stationary heave poles at approximate locations as shown 
on the Drawings. The stationary heave poles shall be installed 10 feet 
from the approximate contact of the fill and riverine sediment on the South 
side of the Causeway, and 15 feet from the approximate contact on the North 
side of the Causeway. 

Stationary poles shall be installed such that the top provides for 
attachment of a suitable target between elevation 7 and 8. Poles shall be 
advanced to a minimum depth of 5 feet below ground surface. 

3.3 Temporary Heave Pole Installation 
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During completion of Phase II sideslope excavation, lower cover system 
construction, and Rip Rap transition placement, the Contractor shall 
install and monitor temporary heave poles. The temporary poles shall be 
placed at the same distance from the Causeway as the stationary heave 
poles, at SO-foot intervals parallel to the contact between the 
fill/riverine sediments. They shall be placed up to 50 feet from the edge 
of an active work area, a minimum of 24 hours prior to the initiation of 
work in that area. The temporary poles shall be intensively monitored for 
a minimum of 24 hours before the initiation of work until 24 hours after 
the completion of work in a particular area. 

The temporary poles shall be installed in a similar manner as the 
stationary heave poles. 

3.4 Monitoring Frequency 

During Phase II activities, the location and elevation of heave platforms 
and poles shall be surveyed at the following frequency: 

A. All platforms and stationary poles shall be surveyed as part of an 
initial survey, completed one to two weeks prior to the start of 
Phase II work. 

B. During Phase II activities, all platforms and stationary poles 
shall be surveyed a minimum of twice per week (i.e., general 
monitoring). 

C. If Phase II activities are being conducted within 100 feet of a 
heave platform or stationary pole, that platform or pole shall be 
surveyed a minimum of three times daily (i.e., intensive 
monitoring). Intensive monitoring measurements shall be collected 
prior to the start of work for the day, at mid-day, and at the end 
of the work day. 

D. Each temporary heave pole within 50 feet of an active work area, 
shall be surveyed a minimum of 3 times daily. Surveying shall 
start 24 hours prior to the initiation of work in the area and 
shall continue until 24 hours following the completion of work in 
the area. 

E. Heave platform and stationary pole monitoring shall continue for 
two additional weeks following the completion of Phase II work. 

Regular monitoring during Phase II shall be performed to a minimum accuracy 
of+/- 0.01 foot for elevation and+/- 0.1 foot for northing and easting. 

The Contractor shall submit the results of general monitoring to the 
Engineer at the end of each day the measurements are taken. Changes in the 
thickness and extent of fill between each surveyed reading of elevation 
shall also be reported. On a weekly basis, the Contractor shall submit a 
summary of the results of heave monitoring to the Contracting Officer. 

Intensive monitoring results shall be available to the Engineer on a 
continuous basis. If any movement (horizontal or vertical) greater than 
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0.5 foot is recorded within a 24 hour period, the Contractor shall STOP 
WORK and notify the Contracting Officer, representative, or Engineer 
immediately, so that the Engineer may evaluate the site conditions. 

3.5 Heave Platform and Pole Removal 

A minimum of two weeks following completion of Phase II activities, at the 
approval of the Contracting Officer, the heave platforms and stationary 
poles shall be removed from the tidal flats. Removal of the platforms and 
stationary poles shall comply with the requirements of Section 01351 
SAFETY, HEALTH, AND EMERGENCY RESPONSE and Section 01410 ENVIROMENT 
PROTECTION. 

--End of Section--
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SECTION 02111 

EXCAVATION AND HANDLING OF CONTAMINATED MATERIAL 

PART 1 GENERAL 

1.1 DESCRIPTION 

The work covered in this section includes excavation of soil on the 
sideslopes of the Causeway below elevation 4.1 feet, placement of 
satisfactory excavated material above elevation 4.1 for use as Common 
Fill, and on-site transport of excess satisfactory and unsatisfactory 
excavated material to storage areas. Also included is removal and on-site 
transport of oversized debris identified during Phase I of this work and 
during sideslope excavation. Approximate locations of the areas of 
excavation are shown on the drawings. 

1.2 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by the 
basic designation only. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM} 

ASTM D 2487 

ASTM D 5434 

(1993) Classification of Soils for 
Engineering Purposes (Unified Soil 
Classification System) 

(1993) Guide for Field Logging of Subsurface 
Explorations of Soil and Rock 

CODE OF FEDERAL REGULATIONS (CFR) 

40 CFR 302 Designation, Reportable Quantities, and 
Notification 

CONNECTICUT DEPARTMENT OF ENVIRONMENTAL PROTECTION (CTDEP) 

Remediation Standard Regulations (RSRs) 

1.3 SUBMITTALS 

Government approval is required for submittals with a "GA" designation; 
submittals not having a "GA" designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

SD-01 Pre-construction Submittals 

Work Plan; GA 
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Work Plan within 14 calendar days after notice to proceed. No work 
at the site, with the exception of site inspections and pre
construction surveys, shall be performed until the Work Plan is 
approved. The Contractor shall allow 14 calendar days in the 
schedule for the Government's review. No adjustment for time or 
money will be made if re-submittals of the Work Plan are required 
due to deficiencies in the plan. At a minimum, the Work Plan shall 
include: 

a. Schedule of activities. 

b. Site layout. 

b. Method of excavation/grading and equipment to be used. 

c. Dewatering plan, if necessary. 

e. Storage methods and locations for liquid and solid contaminated 
material. 

f. Dust control plan. 

g. Waste management plan. 

h. Method of cover system placement (Section 02380 POLYMERIC 
MARINE MATTRESSES and Section 02440 ARTICULATING CELLULAR 
CONCRETE BLOCK SYSTEM}. 

SD-06 Test Reports 

Weekly Progress Reports; GA 

Submit on a weekly basis, the results for quality control testing, 
heave platforms monitoring, and excavation quantities. 

The Contractor shall submit, as part of the Phase II Completion Report 
(Section 01780 CLOSEOUT SUBMITTALS), the results of laboratory testing for 
characterization sampling and copies of field log entries completed during 
excavation and debris removal. 

1.4 SURVEYS 

Surveying shall be performed throughout completion of Phase II activities, 
and following completion of Phase II, in accordance with Section 01460 
SURVEY CONTROL. 

1.5 REGULATORY REQUIREMENTS 

1.5.1 Permits and Licenses 

The Contractor shall obtain required federal, state, and local permits for 
excavation and storage of contaminated material. Permits shall be obtained 
at no additional cost to the Government. 
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1.5.2 Air Emissions 

Air emissions shall be monitored and controlled in accordance with Section 
01410 ENVIRONMENT PROTECTION. 

1.6 CHARACTERIZATION SAMPLING AND ANALYSIS 

Characterization sampling and chemical analysis for off-site disposal shall 
be conducted as required by the accepting disposal facility, and in 
accordance with Section 01411 SAMPLING PROCEDURES AND LABORATORY SERVICES. 

1.7 SCHEDULING 

The Contractor shall notify the Contracting Officer seven calendar days 
prior to the start of excavation of sideslope material. The Contracting 
Officer shall be responsible for contacting regulatory agencies in 
accordance with the applicable reporting requirements. 

PART 2 PRODUCTS 

2.1 BACKFILL MATERIAL 

During Phase II, satisfactory excavated material, as defined in Section 
02300 EARTHWORK, shall be used to backfill the six excavation areas, 
excavated during Phase I work. Other borrow material, to be used on the 
Causeway, shall be of the quality specified in Section 02300 EARTHWORK. 

2.2 SPILL RESPONSE MATERIALS 

The Contractor shall provide spill response materials including, but not 
limited to, the following: containers, adsorbents, shovels, and personal 
protective equipment. Spill response materials shall be available at all 
times in which hazardous materials/wastes are being handled or transported. 
Spill response materials shall be compatible with the type of materials and 
contaminants being handled. 

PART 3 EXECUTION 

3.1 EXISTING STRUCTURES AND UTILITIES 

The Contractor shall take the necessary precautions to ensure no damage 
occurs to existing structures and utilities. Damage to existing structures 
and utilities resulting from the Contractor's operations shall be repaired 
at no additional cost to the Government. 

3.2 CLEARING AND GRUBBING 

Clearing and grubbing shall be performed as part of Phase I work (N.I.T.C.). 

3.3 MATERIAL REMOVAL AND HANDLING 

The work covered in this section includes excavation of an estimated 2,700 
cubic yards of soil from the sideslopes of the Causeway. Excavated soil 
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containing obvious visual or olfactory contamination, and therefore 
considered unsatisfactory, shall be transported to on-site stockpile areas 
for temporary storage and characterization sampling. In addition, 
excavated soil that will not meet the requirements for Common Fill, 
defined in Section 02300 EARTHWORK, also shall be transported to on-site 
stockpile areas, as unsatisfactory material. The remainder of the 
excavated soil (i.e., satisfactory material) shall be placed above 
elevation 4.1 feet on the Causeway for grading. 

In addition to sideslope soil, oversized debris, greater than 2 feet in 
any dimension, shall be removed from the Causeway. Debris identified 
during Phase I activities and uncovered on the sideslopes during soil 
excavation, shall be excavated, cleaned on the Causeway, and transported 
to on-site stockpile areas for temporary storage and characterization 
sampling. 

3.3.1 Sideslope Soil Excavation 

The contact between Causeway fill and tidal sediment, as defined on the 
drawings, shall be marked by the Contractor at SO-foot intervals along the 
toe of the Causeway prior to initiation of excavation activities. Excavation 
of the Causeway sideslopes shall be between the marked contact and elevation 
4.1 feet msl. The depth of excavation shall be as indicated on the Contract 
drawings. Excavation under standing water shall not be allowed and the area 
to be excavated in any given day shall be no larger than that which can be 
covered with the lower cover system on the same day. 

The Contracting Officer shall be notified within 48 hours if gross visual or 
olfactory contamination that has not been previously identified is 
discovered, or if discrepancies between data provided and actual field 
conditions are discovered. Excavation shall be performed in a manner that 
limits the potential for satisfactory, unsatisfactory but uncontaminated, 
and contaminated material to be inter-mixed. 

A log of the materials and any visible signs of contamination encountered 
during excavation shall be maintained for each area of excavation. 
Excavation logs shall be prepared in accordance with ASTM D 5434 and 
submitted as part of weekly progress reports. Excavations should be marked 
and secured in accordance with the requirements specified in Section 01351 
SAFETY, HEALTH, AND EMERGENCY RESPONSE(HTRW/UST). 

3.3.2 Oversized Debris Removal 

Oversized debris identified during Phase I activities or encountered during 
sideslope excavation, that is greater than 2 feet in any dimension, shall be 
removed from the Causeway. It is estimated that approximately 300 cubic 
yards (approximately 600 tons) of solid debris will require removal from the 
Causeway. 

Asphaltic concrete road surfaces shall also be removed from the Causeway 
during Phase II activities, following completion of sideslope excavation in 
the area of the road surfaces. These surfaces were left in place during 
Phase I work to provide a durable surface for Phase II sideslope excavation. 
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3.3.3 Material Handling 

Unsatisfactory excavated material, as defined in Section 02300 EARTHWORK, 
shall be transported to on-site stockpile areas for temporary storage and 
characterization sampling, as necessary, prior to transportation off-site 
for disposal. 

Oversized debris and removed road surfaces shall be cleaned of excess soil 
first by using mechanical methods followed by use of high-pressure washing 
equipment, prior to removal from the Causeway. Washing shall be performed 
in close proximity to the removal area, if possible, with water allowed to 
infiltrate the ground surface. No surfactants shall be used. The 
Contractor shall perform washing in such a manner to minimize the volume of 
water used and the potential for migration of sediments, and shall perform 
washing only in areas above elevation 6, and above at least one active 
siltation barrier. 

Rubbish and debris shall be removed from the Causeway daily, unless 
otherwise directed. Materials that cannot be removed daily shall be stored 
in areas specified by the Contracting Officer. 

3.4 CONFIRMATION SAMPLING AND ANALYSIS 

The Contracting Officer, or a representative, shall be present to inspect 
the removal of soil containing gross visual or olfactory contamination. 
After all material suspected of being contaminated has been removed, the 
excavation shall be examined for evidence of contamination and, if 
appropriate, field analysis used to determine the presence of volatile 
contamination using a real-time vapor monitoring instrument. Excavation of 
additional soil shall be as directed by the Contracting Officer, or the 
representative. 

After all suspected contaminated material is removed, confirmation samples 
shall be collected by the Contracting Officer, or representative. The 
Contractor shall assist the Contracting Officer, or the representative, as 
requested. It is estimated that five confirmation samples, one from each 
sidewall and one from the bottom of the excavation, will be collected for 
each excavation area. The Contracting Officer will have the samples 
analyzed and will provide test results to the Contractor. Based on test 
results, the Contracting Officer, or representative, shall propose any 
additional excavation that may be required to remove material contaminated 
above action levels. Additional excavation shall be subject to approval by 
the Contracting Officer. 

Confirmation sampling will not be conducted for oversized debris removal. 

3.5 MATERIAL STORAGE 

Unsatisfactory excavated material and oversized debris shall be placed in 
temporary storage immediately after excavation and removal from the 
Causeway. The following paragraphs describe acceptable methods of material 
storage. Storage units shall be in good condition and constructed of 
materials that are compatible with the material to be stored. If multiple 
storage units are required, each unit shall be clearly labeled with an 
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identification number and a written log shall be kept to track the source of 
contaminated material in each temporary storage unit. 

3.5.1 Stockpiles 

Stockpiles shall be constructed to isolate stored contaminated material from 
uncontaminated material and the environment. The maximum stockpile size 
shall be 500 cubic yards. Stockpiles shall be constructed as indicated in 
Phase I Section 02111 EXCAVATION AND HANDLING OF CONTAMINATED MATERIAL 
(NITC). 

3. 5. 2 Roll-Off Units 

Water-tight roll-off units may be used to temporarily store contaminated 
material. An impermeable cover shal~ be placed over the units to prevent 
precipitation from contacting the stored material. The units shall be 
located in the Contractor storage area, as directed by the Contracting 
Officer. Liquid which collects inside the units shall be removed and stored 
in accordance with paragraph Liquid Storage. 

3.5.3 Liquid Storage 

Liquid collected from excavations and stockpiles shall be temporarily stored 
in 55-gallon barrels. Liquid storage containers shall be water-tight and 
shall be located in the Contractor storage area, as directed by the 
Contracting Officer. 

3.6 SAMPLING 

3.6.1 Sampling of Stored Material 

Samples of excavated soil and oversized debris shall be collected for 
characterization purposes of each debris type. Sample collection rates and 
analytical parameters shall be determined by the Contracting Officer in 
conjunction with the requirements of the accepting treatment, storage, and 
disposal (TSD) facility. 

Stored material shall be treated/disposed offsite. Analyses for 
contaminated material to be taken to an offsite TSD facility, shall conform 
to local, state, and federal criteria as well as to the requirements of the 
TSD facility. Documentation of all analyses performed shall be furnished to 
the Contracting Officer. Additional sampling and analyses, to the extent 
required by the accepting offsite TSD facility, shall be the responsibility 
of the Contractor and shall be performed at no additional cost to the 
Government. 

3.6.2 Sampling Liquid 

Liquid collected from storage areas and decontamination facilities shall be 
sampled at a frequency of once for every 500 gallons of liquid collected. 
Samples shall be tested for the following: 

Chemical Parameter Action Level 

Volatile Organics 100 parts per billion 
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Liquid with contaminant levels that exceed action levels shall be treated 
on-site using activated carbon until subsequent sampling results are below 
the action level. When the liquid contaminant level is below the action 
level, it shall be discharged to the Building 63 Chemical Waste Treatment 
Plant sump, provided the water does not contain surfactants. Documentation 
of all analyses performed shall be furnished to the Contracting Officer in 
the Phase II Completion Report (Section 01780 CLOSEOUT SUBMITTALS). 

3.7 SPILLS 

In the event of a spill or release of a hazardous substance (as designated 
in 40 CFR 302), pollutant, contaminant, or oil (as governed by the Oil 
Pollution Act (OPA), 33 U.S.C. 2701 et seq.), the Contractor shall notify 
the Contracting Officer immediately. If the spill exceeds the reporting 
threshold, the Contractor shall follow the pre-established procedures as 
described in the SSHP for immediate reporting and containment, as described 
in Section 01351 SAFETY, HEALTH, AND EMERGENCY RESPONSE (HTRW/UST). 

3.8 BACKFILL 

Excavations opened during Phase I work will be backfilled during Phase II 
with satisfactory excavated material from the sideslopes of the Causeway. 
Placement, grading, and compaction of backfill material shall be as 
specified in Section 02300 EARTHWORK. 

3.9 DISPOSAL REQUIREMENTS 

Offsite disposal of contaminated material shall be in accordance with 
Section 02120 TRANSPORTATION AND OFF-SITE DISPOSAL. 

3.10 PHASE II COMPLETION REPORT 

Six copies of a Phase II Completion Report shall be prepared and submitted 
within 21 calendar days of completing work at the site. The report shall be 
labeled with the contract number, project name, location, date, name of 
general contractor, and the Corps of Engineers District contracting for the 
work. The Closure Report shall include the following information as a 
minimum: 

a. A cover letter signed by a responsible company official 
certifying that all services involved have been performed in 
accordance with the terms and conditions of the contract 
documents. 

b. A narrative report including, but not limited to, the 
following: 

(1) site conditions, groundwater elevation, and cleanup 
criteria; 

(2) excavation logs; 

(3) field screening readings; 
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(4) quantity of materials removed from each area of 
contamination; and 

(5) quantities of water/product removed during dewatering, if 
necessary. 

c. Copies of all chemical and physical test results. 

d. Copies of all manifests and land disposal restriction 
notifications. 

e. Copies of all certifications of final disposal signed by the 
responsible disposal facility official. 

f. Waste profile sheets. 

g. Scaled drawings showing limits of each excavation, limits of 
contamination, and known underground utilities within 50 feet 
of excavation. 

h. Progress Photographs. Color photographs shall be used to 
document progress of the work. A minimum of four views of the 
site showing the location of the area of contamination, 
entrance/exit road, and any other notable site conditions shall 
be taken before work begins. After work has been started, 
activities at each work location shall be photographically 
recorded weekly. Photographs shall be a minimum of 4 x 6 
inches and shall include: 

(1) Soil removal, handling, and sampling. 

(2} Unanticipated events such as discovery of additional 
contaminated material. 

(3) Contaminated material storage. 

(4) Site or task-specific employee respiratory and personal 
protection. 

(5) Post-construction photographs. After completion of work at 
each site, the Contractor shall take a minimum of four 
views of each excavation site. 

Photographs shall be mounted back-to-back in double face plastic sleeves 
punched to fit standard three ring binders. Each print shall have an 
information box attached. The box shall be typewritten and arranged as 
follows: 

Project Name: Direction of View: 
Location: Date/Time: 
Photograph No.: Description of View: 

--End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 02120 

TRANSPORTATION AND OFF-SITE DISPOSAL 
10/96 

This section covers the transportation and off-site disposal of materials 
generated during the completion of Phase II work at the site. Material 
anticipated to require disposal includes excavated sideslope soil containing 
gross visual or olfactory contamination, oversized debris, or otherwise 
unsatisfactory materials. 

1 . 2 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by basic 
designation only. 

40 CFR 61 

40 CFR 261 

40 CFR 262 

40 CFR 263 

40 CFR 264 

40 CFR 265 

40 CFR 266 

40 CFR 268 

40 CFR 270 

40 CFR 300 

CODE OF FEDERAL REGULATIONS {CFR) 

National Emission Standards for Hazardous Air 
Pollutants 

Identification and Listing of Hazardous Waste 

Standards Applicable to Generators of 
Hazardous Waste 

Standards Applicable to Transporters of 
Hazardous Waste 

Standards for Owners and Operators of 
Hazardous Waste Treatment, Storage, and 
Disposal Facilities 

Interim Status Standards for Owners and 
Operators of Hazardous Waste Treatment, 
Storage, and Disposal Facilities 

Standards for the Management of Specific 
Hazardous Wastes and Specific Types of 
Hazardous Waste Management Facilities 

Land Disposal Restrictions 

EPA Administered Permit Programs: The 
Hazardous Waste Permit Program 

National Oil and Hazardous Substances 
Pollution Contingency Plan 
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40 CFR 302 

49 CFR 107 

49 CFR 172 

49 CFR 173 

49 CFR 178 

1.3 SUBMITTALS 

Designation, Reportable Quantities, and 
Notification 

Hazardous Materials Program Procedures 

Hazardous Materials Table, Special 
Provisions, Hazardous Materials 
Communications, Emergency Response 
Information, and Training Requirements 

Shippers - General Requirements for Shipments 
and Packagings 

Specifications for Packagings 

Government approval is required for submittals with a "GA" designation; 
submittals not having a "GA" designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

SD-06 Test Reports 

Recordkeeping; GA 

Information necessary to file state annual or EPA biennial reports 
for all hazardous waste transported, treated, stored, or disposed 
of under this contract. The Contractor shall not forward these 
data directly to the regulatory agency but to the Contracting 
Officer at the specified time. The submittal shall contain all the 
information necessary for filing of the formal reports in the form 
and format required by the governing Federal or state regulatory 
agency. A cover letter shall accompany the data to include the 
contract number, Contractor name, and project location. 

Exception Reports; GA 

In the event that a manifest copy documenting receipt of hazardous 
waste at the treatment, storage, and disposal (TSD) facility is not 
received within 35 days of shipment initiation, the Contractor 
shall prepare and submit an exception report to the Contracting 
Officer within 37 days of shipment initiation. 

SD-07 Certificates 

EPA Off-Site Policy; GA 

A letter certifying that EPA considers the facilities to be used 
for all off-site disposal to be acceptable in accordance with the 
Off-Site policy in 40 CFR 300, Section .440. This certification 
shall be provided for wastes from Resource Conservation and 
Recovery Act (RCRA), 42 U.S.C. 6901 et seq., sites as well as from 
Comprehensive Environmental Response Compensation and Liability Act 
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(CERCLA), 42 u.s.c. 9601 et seq., responses. See Attachment A, 
sample certification, at the end of this section. 

Disposal Certificates; GA 

Certificates documenting the ultimate disposal of hazardous wastes 
and/or asbestos within 180 days of initial shipment. Receipt of 
these certificates will be required for final payment. 

Shipping Documents and Packagings Certification; GA 

All transportation related shipping documents to the Contracting 
Officer, including draft hazardous waste manifests, draft land 
disposal restriction notifications, draft asbestos waste shipment 
records, draft bill of ladings for hazardous materials, lists of 
corresponding proposed labels, packages, marks, and placards to be 
used for shipment, waste profiles, and supporting waste analysis 
documents, for review a minimum of 14 days prior to anticipated 
pickup. Packaging assurances shall be furnished prior to 
transporting hazardous material; "generator copies" of hazardous 
waste manifests, land disposal restriction notifications, asbestos 
waste shipment records, bill of ladings, and supporting waste 
analysis documents shall be furnished when shipments are 
originated; and "receipt copies" of asbestos waste shipment records 
at the designated disposal facility shall be furnished not later 
than 35 days after acceptance of the shipment. 

Notices of Non-Compliance and Notices of Violation; GA 

Notices of non-compliance or notices of violation by a Federal, 
state, or local regulatory agency issued to the Contractor in 
relation to any work performed under this contract. The Contractor 
shall immediately provide copies of such notices to the 
Contracting Officer. The Contractor shall also furnish all 
relevant documents regarding the incident and any information 
requested by the Contracting Officer, and shall coordinate its 
response to the notice with the Contracting Officer or his 
designated representative prior to submission to the notifying 
authority. The Contractor shall also furnish a copy to the 
Contracting Officer of all documents submitted to the regulatory 
authority, including the final reply to the notice, and all other 
materials, until the matter is resolved. 

As part of the Work Plan, specified in Section 02111 EXCAVATION AN,D HANDLING 
OF CONTAMINATED MATERIAL, the Contractor shall submit a plan detailing the 
manner in which wastes generated during the work shall be managed. The plan 
shall, at a minimum, describe the types and volumes of wastes anticipated to 
be managed as well as the management practices to be utilized. The plan 
shall also identify the method to be used to ensure accurate piece counts 
and/or weights of shipments; shall identify waste minimization methods; 
shall propose facilities to be utilized for treatment, storage, and/or 
disposal; shall identify areas on-site where hazardous wastes are to be 
handled; shall identify whether transfer facilities are to be utilized; and 
if so, how the wastes will be tracked to ultimate disposal; shall contain 
the name and address of the proposed disposal facility and proposed haul 
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routes; shall indicate that all material leaving the site for disposal shall 
be adequately characterized in accordance with the accepting facility 
requirements; and shall contain copies of the current certificates of 
registration issued to the Contractor. 

In the event of a spill or release of a hazardous substance (as designated 
in 40 CFR 302), or pollutant or contaminant, or oil (as governed by the Oil 
Pollution Act [OPA], 33 U.S.C. 2701 et seq.), the Contractor shall notify 
the Contracting Officer immediately. The Site Safety and Health Plan shall 
detail reporting requirements, as specified in Section 01351 SAFETY, HEALTH, 
AND EMERGENCY RESPONSE. 

1.4 QUALIFICATIONS 

1.4.1 Transportation and Disposal Coordinator 

The Contractor shall designate, by position and title, one person to act as 
the Transportation and Disposal Coordinator (TDC) for this contract. The 
TDC shall serve as the single point of contact for all environmental 
regulatory matters and shall have overall responsibility for total 
environmental compliance at the site including, but not limited to, accurate 
identification and classification of hazardous waste and hazardous 
materials; determination of proper shipping names; identification of 
marking, labeling, packaging and placarding requirements; completion of 
waste profiles, hazardous waste manifests, asbestos waste shipment records, 
PCB manifests, bill of ladings, exception and discrepancy reports; and all 
other environmental documentation. The TDC shall have, at a minimum, one 
year of specialized experience in the management and transportation of 
hazardous waste. 

1. 4. 2 Training 

The Contractor's hazardous materials employees shall be trained, tested, and 
certified to safely and effectively carry out their assigned duties in 
accordance with Section 01351 SAFETY, HEALTH, AND EMERGENCY RESPONSE 
(HTRW/UST). The Contractor's employees transporting hazardous materials or 
preparing hazardous materials for transportation shall be trained, tested, 
and certified in accordance with 49 CFR 172. 

1. 4. 3 Certification 

The Contractor and/or subcontractors transporting hazardous materials shall 
possess a current certificate of registration issued by the Research and 
Special Programs Administration (RSPA), U.S. Department of Transportation, 
when required by 49 CFR 107, Subpart G. 

1.5 LAWS AND REGULATIONS REQUIREMENTS 

Work shall meet or exceed the minimum requirements established by Federal, 
state, and local laws and regulations that are applicable. These 
requirements are amended frequently and the Contractor shall be responsible 
for complying with amendments as they become effective. In the event that 
compliance exceeds the scope of work or conflicts with specific requirements 
of the contract, the Contractor shall notify the Contracting Officer 
immediately. 
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1.6 DEFINITIONS 

a. Natural Soil/Material. A soil/material in which all substances 
naturally occurring therein are present in concentrations not 
exceeding the concentrations of such substance occurring naturally 
in the environment and in which no other substance is analytically 
detectable. 

b. Polluted Soil/Material. A soil waste that has been determined to 
have been affected by a release of a substance at a concentration 
above the analytical detection limit for such substance, but at 
levels below that which would qualify it as a hazardous waste .. 

c. Hazardous Material. A substance or material which has been 
determined by the Secretary of Transportation to be capable of 
posing an unreasonable risk to health, safety, and property when 
transported in commerce, and which has been so designated pursuant 
to the Hazardous Materials Transportation Act, 49 U.S.C. Appendix 
Section 1801 et seq. The term includes materials designated as 
hazardous materials under the provisions of 49 CFR 172, Sections 
.101 and .102 and materials which meet the defining criteria for 
hazard classes and divisions in 49 CFR 173. EPA designated 
hazardous wastes are also hazardous materials. 

d. Hazardous Waste. A waste which meets criteria established in RCRA 
or specified by the EPA in 40 CFR 261 or which has been designated 
as hazardous by a RCRA authorized state program. 

e. Special Waste. As defined in the CTDEP RSRs, is: "special wastes" 
mean the following wastes, so long as they are not hazardous waste 
pursuant to section 22a-115 of the General Statutes or radioactive 
material subject to section 22a-148 of the General Statutes: (1) 
water treatment, sewage treatment or industrial sludges, liquids, 
solids and contained gases; fly-ash and casting sands or slag; and 
contaminated dredge spoils; (2) scrap tires; (3) bulky waste, as 
defined in 22a-209-l; (4) asbestos; (5) residue; and (6) biomedical 
waste. 

PART 2 PRODUCTS 

2.1 MATERIALS 

The Contractor shall provide all of the materials required for the 
packaging, labeling, marking, placarding and transportation of non-hazardous 
and hazardous wastes and hazardous materials in conformance with Department 
of Transportation standards. Details in this specification shall not be 
construed as establishing the limits of the Contractor's responsibility. 

2.1.1 Packagings 

The Contractor shall provide bulk and non-bulk containers for packaging 
hazardous materials/wastes consistent with the authorizations referenced in 
the Hazardous Materials Table in 49 CFR 172, Section .101, Column 8. Bulk 
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and non-bulk packaging shall meet the corresponding specifications in 49 CFR 
173 referenced in the Hazardous Materials Table, 49 CFR 172, Section .101. 
Each packaging shall conform to the general packaging requirements of 
Subpart B of 49 CFR 173, to the requirements of 49 CFR 178 at the specified 
packing group performance level, to the requirements of special provisions 
of column 7 of the Hazardous Materials Table in 49 CFR 172, Section .101, 
and shall be compatible with the material to be packaged as required by 40 
CFR 262. The Contractor shall also provide other packaging related 
materials such as materials used to cushion or fill voids in overpacked 
containers, etc. Sorbent materials shall not be capable of reacting 
dangerously with, being decomposed by, or being ignited by the hazardous 
materials being packaged. Additionally, sorbents used to treat free liquids 
to be disposed of in landfills shall be non-biodegradable as specified in 40 
CFR 264, Section .314. 

2.1.2 Markings 

The Contractor shall provide markings for each hazardous material/waste 
package, freight container, and transport vehicle consistent with the 
requirements of 49 CFR 172, Subpart D, 40 CFR 262, Section .32 (for 
hazardous waste), and 40 CFR 61, Section .149(d) (for asbestos). Markings 
shall be capable of withstanding, without deterioration or substantial color 
change, a 180 day exposure to conditions reasonably expected to be 
encountered during container storage and transportation. 

2.1.3 Labeling 

The Contractor shall provide primary and subsidiary labels for hazardous 
materials/wastes consistent with the requirements in the Hazardous Materials 
Table in 49 CFR 172, Section .101, Column 6. Labels shall meet design 
specifications required by 49 CFR 172, Subpart E including size, shape, 
color, printing, and symbol requirements. Labels shall be durable and 
weather resistant and capable of withstanding, without deterioration or 
substantial color change, a 180 day exposure to conditions reasonably 
expected to be encountered during container storage and transportation. 

2.1.4 Placards 

For each off-site shipment of hazardous material/waste, the Contractor shall 
provide primary and subsidiary placards consistent with the requirements of 
49 CFR 172, Subpart F. Placards shall be provided for each side and each 
end of bulk packaging, freight containers, transport vehicles, and rail cars 
requiring such placarding. Placards may be plastic, metal, or other 
material capable of withstanding, without deterioration, a 30 day exposure 
to open weather conditions and shall meet design requirements specified in 
49 CFR 172, Subpart F. 

2.1.5 Spill Response Materials 

The Contractor shall provide spill response materials including, but not 
limited to, containers, adsorbent, shovels, and personal protective 
equipment. Spill response materials shall be available at all times in 
which hazardous materials/wastes are being handled or transported. Spill 
response materials shall be compatible with the type of material being 
handled. 
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2.2 EQUIPMENT AND TOOLS 

The Contractor shall provide miscellaneous equipment and tools necessary to 
handle hazardous materials and hazardous wastes in a safe and 
environmentally sound manner. 

PART 3 EXECUTION 

3.1 ON-SITE WASTE MANAGEMENT 

These paragraphs apply to Government-owned waste only. Contractors are 
prohibited by 10 U.S.C. 2692 from storing contractor-owned waste on site for 
any length of time. The Contractor shall be responsible for ensuring 
compliance with all Federal, state, and local hazardous waste laws and 
regulations and shall verify those requirements when preparing reports, 
waste shipment records, hazardous waste manifests, or other documents. The 
Contractor shall identify hazardous wastes using criteria set forth in 40 
CFR 261 or all applicable state and local laws, regulations, and ordinances. 
When accumulating hazardous waste on-site, the Contractor shall comply with 
generator requirements in 40 CFR 262 and any applicable state or local law 
or regulations. On-site accumulation times shall be restricted to 
applicable time frames referenced in 40 CFR 262, Section .34 and any 
applicable state or local law or regulation. Accumulation start dates shall 
commence when waste is first generated (i.e. containerized or otherwise 
collected for discard). 

The Contractor shall only use containers in good condition and compatible 
with the waste to be stored. The Contractor shall be responsible for 
ensuring containers are closed except when adding or removing waste. The 
Contractor shall be responsible for immediately marking all hazardous waste 
containers with the words "hazardous waste" and other information required 
by 40 CFR 262, Section .32 and any applicable state or local law or 
regulation as soon as the waste is containerized. An additional marking 
shall be placed on containers of "unknowns" designating the date sampled, 
and the suspected hazard. The Contractor shall be responsible for 
inspecting containers for signs of deterioration and shall be responsible 
for responding to any spills or leaks. The Contractor shall inspect all 
hazardous waste areas weekly and shall provide written documentation of the 
inspection. Inspection logs shall contain date and time of inspection, name 
of individual conducting the inspection, problems noted, and corrective 
actions taken. 

3 .1.1 On-site Waste Classification 

The Contractor, in consultation with the Contracting Officer and the waste 
transporter, shall identify all waste codes applicable to each hazardous and 
non-hazardous waste stream, as applicable, based on requirements in 40 CFR 
261 or any applicable state or local law or regulation. The Contractor 
shall also identify all applicable treatment standards in 40 CFR 268 and 
state land disposal restrictions and shall make a determination as to 
whether or not the waste meets or exceeds the standards. Waste profiles, 
analyses, classification and treatment standards information shall be 
submitted to Contracting Officer for review and approval. 
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3.1.2 Waste Management Plan 

As part of the Work Plan, specified in Section 02111 EXCAVATION AND 
HANDLING OF CONTAMINATED MATERIAL, the Contractor shall submit a plan 
detailing the manner in which wastes generated during the work shall be 
managed. The plan shall, at a minimum, describe the types and volumes of 
wastes anticipated to be managed as well as the management practices to be 
utilized. The plan shall also identify the method to be used to ensure 
accurate piece counts and/or weights of shipments; shall identify waste 
minimization methods; shall propose facilities to be utilized for 
treatment, storage, and/or disposal; shall identify areas on-site where 
hazardous wastes are to be handled; shall identify whether transfer 
facilities are to be utilized; and if so, how the wastes will be tracked to 
ultimate disposal; shall contain the name and address of the proposed 
disposal facility and proposed haul routes; and shall contain copies of the 
current certificates of registration issued to the Contractor. 

3.2 OFF-SITE WASTE MANAGEMENT 

The Contractor shall use licensed solid waste landfills and RCRA Subtitle C 
permitted facilities which meet the requirements of 40 CFR 264. The 
Contractor may also use facilities operating under interim status which meet 
the requirements of 40 CFR 265. Off-site TSD facilities with significant 
RCRA violations or compliance problems (such as facilities known to be 
releasing hazardous constituents into ground water, surface water, soil, or 
air) shall not be used. 

3.2.1 Description of Treatment, Storage, and Disposal Facility and 
Transporter 

The Contractor shall provide the Contracting Officer with EPA ID numbers, 
names, locations, and telephone numbers of TSD facilities and transporters. 
This information shall be contained in the Waste Management Plan for 
approval prior to waste disposal. 

3.2.2 Status of the Facility 

Facilities receiving hazardous waste must be permitted in accordance with 40 
CFR 270 or operating under interim status in accordance with 40 CFR 265 
requirements, or must be permitted by an authorized state program. 
Additionally, prior to using a TSD Facility, the Contractor shall contact 
the EPA Regional Off-site Coordinator specified in 40 CFR 300, Section .440, 
to determine the facility's status, and document all information necessary 
to satisfy the requirements of the EPA Off-Site policy and furnish this 
information to the Contracting Officer. 

3.2.3 Shipping Documents and Packagings Certification 

Prior to shipment of any hazardous material off-site, the Contractor's 
Transportation and Disposal Coordinator (TDC) shall provide written 
certification to the Contracting Officer that hazardous materials have been 
properly packaged, labeled, and marked in accordance with Department of 
Transportation and EPA requirements. 
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3.2.4 Transportation 

The Contractor shall use manifests for transporting hazardous wastes as 
required by 40 CFR 263 or any applicable state or local law or regulation. 
Special wastes shall be transported in accordance with applicable State 
regulations. Transportation shall comply with all requirements in the 
Department of Transportation referenced regulations in the 49 CFR series. 
The Contractor shall acquire manifests in accordance with the hierarchy 
established in 40 CFR 262, Section .21. The Contractor shall prepare 
hazardous waste manifests for each shipment of hazardous waste shipped off
site. Manifests shall be completed using instructions in 40 CFR 262, 
Subpart Band any applicable state or local law or regulation. Manifests 
and waste profiles shall be submitted to Contracting Officer for review and 
approval. 

The Contractor shall prepare land disposal restriction notifications as 
required by 40 CFR 268 or any applicable state or local law or regulation 
for each shipment of hazardous waste. Notifications shall be submitted with 
the manifest to the Contracting Officer for review and approval. When the 
additional cost of sending a qualified USACE representative to a remote 
location for a small clean up project is unwarranted, the option of 
requiring the on-site Contractor to sign the manifests on behalf of the 
generator is permitted and should be considered. This option shall only be 
exercised on a project specific basis, if prior to the solicitation process, 
written authorization of the customer and approval of the Chief, 
Construction Division at the executing district has been obtained, and the 
technical provisions of the contract solicitation provide competing 
contractors notice of the requirement. 

3.2.5 Treatment and Disposal of Hazardous Wastes 

The hazardous waste shall be transported to an approved hazardous waste TSD 
facility within 90 days of the accumulation start date on each container. 
The Contractor shall ship hazardous wastes only to facilities which are 
properly permitted to accept the hazardous waste or operating under interim 
status. The Contractor shall ensure wastes are treated to meet land 
disposal treatment standards in 40 CFR 268 prior to land disposal. The 
Contractor shall propose TSD facilities via submission of the Waste 
Management Plan, as included in the Work Plan, subject to the approval of 
the Contracting Officer. 

3.3 HAZARDOUS MATERIALS MANAGEMENT 

The Contractor, in consultation with the Contracting Officer, shall 
evaluate, prior to shipment of any material off-site, whether the material 
is regulated as a hazardous waste in addition to being regulated as a 
hazardous material; this shall be done for the purpose of determining proper 
shipping descriptions, marking requirements, etc., as described below. 

3.3.1 Identification of Proper Shipping Names 

The Contractor shall use 49 CFR 172, Section .101 to identify proper 
shipping names for each hazardous material (including hazardous wastes) to 
be shipped off-site. Proper shipping names shall be submitted to the 
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Contracting Officer in the form of draft shipping documents for review and 
approval. 

3.3.2 Packaging, Labeling, and Marking 

The Contractor shall package, label, and mark non-hazardous and hazardous 
materials/wastes using the specified materials and in accordance with the 
referenced authorizations. The Contractor shall mark each container of 
hazardous waste of 104 gallons or less with the following: 

"HAZARDOUS WASTE - Federal Law Prohibits Improper Disposal. 
If found, contact the nearest police or public safety authority or the U.S. 
Environmental Protection Agency. 
Generator's name 
Manifest Document Number 

3.3.3 Shipping Documents 

The Contractor shall ensure that each shipment of non-hazardous and 
hazardous material sent off-site is accompanied by properly completed 
shipping documents. 

3.3.3.1 Hazardous Material Shipment Documents 

The Contractor shall prepare a bill of lading for each shipment of hazardous 
material which is not accompanied by a hazardous waste manifest or asbestos 
waste shipment record which fulfills the shipping paper requirements. The 
bill of lading shall satisfy the requirements of 49 CFR 172, Subpart C, and 
any applicable state or local law or regulation, and shall be submitted to 
the Contracting Officer for review and approval. For laboratory samples, 
the Contractor shall prepare bills of lading and other documentation as 
necessary to satisfy conditions of the sample exclusions in 40 CFR 261, 
Section .4(d) and (e) and any applicable state or local law or regulation. 
Bill of ladings requiring shipper's certifications will be signed by the 
Government. 

3.4 OBTAINING EPA ID NUMBERS 

The Contractor shall complete EPA Form 8700-12, Notification of Hazardous 
Waste Activity, and submit to the Contracting Officer for review and 
approval. The Contractor shall allow a minimum of 30 days for processing 
the application and assigning the EPA ID number. Shipment shall be made not 
earlier than one week after receipt of the EPA ID number. 

3.5 SPECIAL REQUIREMENTS FOR ASBESTOS WASTES 

When work involves asbestos-containing wastes, the Contractor shall manage 
these wastes in accordance with Section 13280 ASBESTOS ABATEMENT. 

3.6 WASTE MINIMIZATION 

The Contractor shall minimize the generation of hazardous waste to the 
maximum extent practicable. The Contractor shall take all necessary 
precautions to avoid mixing clean and contaminated wastes. The Contractor 
shall identify and evaluate recycling and reclamation options as 

SECTION 02120 PAGE 10 



STRATFORD ARMY ENGINE PLANT CAUSEWAY NCRA 
PHASE II 
STRATFORD, CONNECTICUT 

alternatives to land disposal. Requirements of 40 CFR 266 shall apply to: 
hazardous wastes recycled in a manner constituting disposal; hazardous waste 
burned for energy recovery; lead-acid battery recycling; and hazardous 
wastes with economically recoverable precious metals. 

3.7 RECORDKEEPING 

The Contractor shall be responsible for maintaining adequate records to 
support information provided to the Contracting Officer regarding exception 
reports, annual reports, and biennial reports. The Contractor shall be 
responsible for maintaining asbestos waste shipment records for a minimum of 
3 years from the date of shipment or any longer period required by any 
applicable law or regulation or any other provision of this contract. 

3.8 SPILL RESPONSE 

The Contractor shall respond to any spill of hazardous material or hazardous 
waste which are in the custody or care of the Contractor, pursuant to this 
contract. Any direction from the Contracting Officer concerning a spill or 
release shall not be considered a change under the contract. The Contractor 
shall comply with all applicable requirements of Federal, state, or local 
laws or regulations regarding any spill incident. 

3.9 EMERGENCY CONTACTS 

The Contractor shall be responsible for complying with the emergency contact 
provisions in 49 CFR 172, Section .604. Whenever the Contractor ships 
hazardous materials, the Contractor shall provide a 24-hour emergency 
response contact and phone number of a person knowledgeable about the 
hazardous materials being shipped and who has comprehensive emergency 
response and incident mitigation information for that material, or has 
immediate access to a person who possesses such knowledge and information. 
The phone must be monitored on a 24-hour basis at all times when the 
hazardous materials are in transportation, including during storage 
incidental to transportation. The Contractor shall ensure that information 
regarding this emergency contact and phone number are placed on all 
hazardous material shipping documents. The Contractor shall designate an 
emergency coordinator and post the following information at areas in which 
hazardous wastes are managed: 

a. The name of the emergency coordinator. 

b. Phone number through which the emergency coordinator can be 
contacted on a 24-hour basis. 

c. The telephone number of the local fire department. 

d. The location of fire extinguishers and spill control materials. 
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Attachment A 
SAMPLE OFF-SITE POLICY CERTIFICATION MEMO 

Project/Contract#: _________________________ _ 
Waste Stream: --------------------------------Primary TSD Facility, EPA ID# and Location: 
Alter. TSD Facility, EPA ID# and Location: ________________ _ 

EPA Region Primary Contact Secondary Contact 
---------- --------------- -----------------

I (617) 565-9446 (617) 573-1754 

II (212) 637-4139 (212) 264-2638 

III (814) 566-3450 (215) 597-8338 

IV (404) 562-8589 (404) 347-7603 

V (312) 886-3587 (312) 886-4445 

VI (214) 665-2282 (214) 655-2281 

VII (913) 551-7883 (913) 551-7667 

VIII (303) 312-6419 (3 03) 293-1506 

IX (415) 744-2091 (415) 744-2114 

X (206) 553-1061 (2 06) 553-1061 

EPA representative contacted: 
EPA representative phone number: 
Date contacted: 

Comment: 
The above EPA representative was contacted on_____ As of that date 
the above sites were considered acceptable in accordance with the Off-Site 
Policy in 40 CFR 300.440. 

Signature: Date: -----------------Phone number: 

--End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 02271 

EROSION AND SEDIMENT CONTROL 

The Contractor shall provide the equipment and labor necessary for the 
inspection, maintenance, removal, off-site transport, and salvage or disposal 
of sediment and erosion control structures, as specified herein or as 
required to protect surface waters. Such erosion and sediment control 
measures were installed during Phase I work, shall remain in place after 
completion of Phase I, and through completion of Phase II Causeway cover 
system construction. Erosion control measures shall be removed only after 
completion of Causeway erosion control cover system construction. Removal 
shall be conducted during demobilization activities. 

The Contractor also shall be responsible for the removal, transportation, and 
disposal of disturbed sediment collected from erosion control measures, in a 
manner consistent with the overall intent of this specification, that does 
not result in additional erosion or sediment release. 

1.2 REFERENCES 

A. U.S. Environmental Protection Agency Publication 430/9-73-007 
Processes, Procedures and Methods to Control Pollution Resulting 
from All Construction Activity. 

B. U.S. Department of Agriculture Soil Conservation Service Publication 
dated July 1975, Standards and Specifications for Soil Erosion and 
Sediment Control in Developing Areas. 

1.3 SUBMITTALS (NOT USED) 

1.4 REVIEW AND INSPECTION OF EROSION AND SEDIMENT CONTROL MEASURES 

All construction under this project shall be subject to review and inspection 
by the appropriate State and Federal agencies responsible for ensuring the 
adequacy of erosion and sediment control measures. 

1.5 QUALITY ASSURANCE 

The Contractor shall comply with the quality assurance recommendations of the 
manufacturer given during installation, maintenance, and removal of the 
erosion and sediment control measures. 

PART 2 PRODUCTS 

2.1 MATERIALS 

Materials installed during Phase I of work on the Causeway shall be inspected 
and maintained during Phase II work. In the event inspection identifies 
deficiencies, installation of additional erosion and sediment control 
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measures may be required. The following types of erosion and sediment 
control materials may be used during the completion of Phase II work. 

2.1.1 Matting for Erosion Control 

a. Jute Matting: 
1. Open weave, single jute yarn averaging 130 pounds per spindle of 

14,400 yards. 
2. Yarn: Loosely twisted construction, not,varying in thickness by 

more than 1/2 its normal diameter. 
3. Woven Material: 48 inches wide, plus or minus 1 inch, with 

approximately 78 warp ends per width of cloth and 41 weft ends 
per linear yard, weighing 1.22 pounds per linear yard with a 
tolerance of plus or minus 5 percent. 

b. Excelsior Mat: 
1. Wood excelsior, at least 35 inches in width, weighing 0.8 pounds 

per square yard plus or minus 5 percent. 
2. Covered with a netting on one side to facilitate handling and to 

increase strength. 

c. Other Types of Matting: Those accepted by the Contracting Officer 
as equal in effectiveness to one of those specified above. 

2.1.2 Staples 

a. No. 11 {or heavier) plain iron wire, made from lengths of at least 
12 inches. 

2.1.3 Hay Bales 

a. Consist of rectangular-shaped bales of hay or straw weighing at 
least 40 pounds per bale. 

b. Free from primary noxious weed seeds and rough or woody materials. 

c. Hay bale stakes shall be 1-inch square and constructed of oak. 

2.1.5 Siltation Fence 

a. Envirofence as manufactured by Mirafi Inc. or approved equal with an 
equivalent opening size of 30, or approved equal. 

2.1.6 Floating Silt Curtain and Anchors {N.I.T.C.) 

The floating silt curtain and associated anchors shall be as specified in 
Phase I Section 02271 - EROSION AND SEDIMENT CONTROL. 

PART 3 EXECUTION 

3.1 PERFORMANCE 

3.1.1 General 
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a. The CONTRACTOR shall maintain erosion and sedimentation control 
measures, installed during Phase I work, that effectively prevent 
accelerated erosion and sedimentation. 

b. Earthmoving activities shall be conducted in such a manner as to 
prevent accelerated erosion and sedimentation. 

c. Land disturbance shall be kept to a minimum. 

d. The erosion and sediment control measures shall be installed and 
conducted in accordance with the procedures contained in the 
approved Erosion Control Plan, developed during Phase I. 

e. Temporary erosion and sediment control measures shall be 
continuously maintained, and shall not be removed until permanent 
cover is completely established and stabilized, with the 
Contracting Officer approval. 

f. Maintain silt fence and hay bales, as necessary for temporary 
erosion and pollution control at locations in accordance with the 
approved Erosion Control Plan, developed during Phase I. 

g. Erosion control devices shall delineate the work exclusion zones for 
the site tidal mud flats. 

h. Temporary control shall be maintained during the interim period from 
one month following Phase I work until the start of Phase II work 
activities, as necessary. Disturbed areas shall be covered with 
stapled or staked jute matting above elevation 6 in areas where work 
is not to be performed for two weeks or longer. 

3.1.2 Diverting Surface Water 

a. Maintain and operate all necessary channels, flumes, sumps, and 
other temporary diversion and protection works needed to divert 
surface water through or around the construction site and away from 
the construction work while construction is in progress. 

b. Storm runoff from disturbed areas must be discharged through 
temporary erosion control measures, in accordance with the approved 
Erosion and Sediment Control Plan, developed during Phase I, prior 
to discharge into a natural water body. 

3.1.3 Erosion Control Provisions 

a. Construct all haul roads of a durable coarse granular surface 
material sufficiently protected from erosion through water and wind 
action by channeling water flow around the structure, protecting 
side slopes in accordance with the approved Erosion Control Plan. 

b. Protect tidal areas, below elevation 6 by constructing silt fence at 
the top of slope to intercept storm runoff from the area. 

c. The toe of slope shall be protected with floating silt curtains to 
be temporarily placed within the mud flats and channel. 
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d. Contain discharge from pumping operations during de-watering 
operations and washing of oversized materials by a dike constructed 
to prevent silt from entering the River, as necessary. Protect the 
area of the outlet pipe against erosion by flowing water by the 
construction of a rock or timber apron. 

e. Prior to removal of all sediment control dikes, remove all retained 
silt or other materials at no additional cost to the Government. 

f. Temporarily remove silt fence to allow access to work areas, replace 
in a timely fashion, as approved by the Contracting Officer. 

3.1.4 Jute Matting 

a. Preparation: 
1. Surfaces of Ditches and Slopes: 

(a) Conform to grades and cross sections shown in the approved 
Work Plan. 

(b) Finish to a smooth and even condition with all debris, roots, 
stones, and lumps raked out and removed. 

(c) Loosen soil surface to permit bedding of the matting. 
(d) Unless otherwise directed, apply seed prior to placement. 

b. Jute: 
1. Place strips lengthwise in the direction of the flow of water. 
2. Where strips are laid parallel or meet as in a tee, overlap at 

least 4 inches. 
3. Ends: Overlap at least 6 inches, shingle fashion. 
4. The up-slope end of each strip of the matting shall be turned 

down and buried to a depth of not less than 6 inches with the 
soil firmly tamped against it. 

5. The Contracting Officer may require that any other edge exposed 
to more than normal flow of water be buried in a similar manner. 

6. Check Slots: 
(a) Build at right angles to the direction of the flow of water. 
(b) Space so that one check slot or one end occurs within each 

50 foot length of slope. 
(c) Construct by placing a tight fold of the matting at least 

6 inches vertically into the ground, and tamp the same as up
slope ends. 

7. Edges of Matting: Bury around the edges of catch basins and 
other structures. 

c. Laying and Joining: 
1. Except where jute matting is turned down, spread evenly and 

smoothly in close contact with the ground. 
2. Cutout bulging seams and make joints as described above. 
3. When ordered, additional seed shall be spread over jute matting, 

particularly at those locations disturbed by building the slots. 
Jute matting shall then be pressed onto the ground with a light 
lawn roller or by other satisfactory means. 

4. Drive staples vertically into the ground flush with the surface. 
5. On slopes flatter than 4:1, space staples not more than 3 feet 

apart in three rows for each strip, with one row along each edge 
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and one row, alternately spaced, down the center, or as 
recommended by manufacturer. 

6. On grades 4:1 or steeper, place staples in the same three rows, 
but spaced 2 feet apart, or as recommended by manufacturer. 

7. On all overlapping or butting edges, double the number of 
staples, with the spacing halved; all ends of the matting and all 
required check slots shall likewise have staples spaced every 
foot. 

8. Matting Placed Adjacent to Boulders or Other Obstructions: 
Staple with no space between the staples, to eliminate any loose 
edges of matting. 

9. The above specified spacing of staples may be changed as ordered, 
depending upon varying factors such as the season of the year or 
the amount of water encountered or anticipated. 

10.In driving the staples, take care so as not to form depressions 
or bulges in the surface of the matting. 

11.Other Matting: Approved, alternate matting shall be applied in 
accordance with the recommendations of the manufacturer and as 
directed. 

d. Siltation Fence: 
1. Install per manufacturer's requirements and in locations shown on 

the Drawings and as directed by the Contracting Officer. 

3.1.6 Hay Bales 

a. Hay bales shall be placed as ordered by the Contracting Officer, to 
provide for temporary control of erosion, or pollution, or both. 

b. Bales shall be staked with the required stakes to a minimum depth of 
6 inches into the underlying soil. Four stakes shall be provided per 
bale. 

c. Upon acceptance of the Contract, the bales shall be left in place 
unless released to the Contractor. 

3.2 MAINTENANCE 

Erosion and sediment control maintenance activities shall be conducted in 
accordance with the procedures contained in the approved Erosion Control 
Plan, developed during Phase I. Erosion and sediment control measures 
shall be inspected by the Contractor at least once a week under normal 
weather conditions, and at least daily during prolonged rainfall events. 
Repair and/or maintenance of sediment and erosion control measures shall be 
made as soon as deficiencies are observed, throughout the construction 
period. Modifications to the erosion and sediment control measures may be 
required, as requested by the Contracting Officer, if deficiencies are 
observed. 

Sediments removed from sediment control devices prior to final cover 
installation shall be placed within the limits of the cover area, above 
elevation 6. Sediments shall be placed so as not to interfere with surface 
water drainage or pose a potential erosion problem in the future. 
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The Contractor shall maintain the floating silt curtain to account for 
settlement/movement of anchors throughout the construction period (N.I.T.C.). 

3.3 REMOVAL 

Removal of erosion and sediment control measures shall be conducted following 
completion of Causeway cover system installation, in accordance with the 
procedures contained in the approved Erosion Control Plan, and shall comply 
with the requirements of Section 01410 ENVIRONMENT PROTECTION. 

Erosion and sediment control measures shall be cleaned of gross Causeway 
materials (e.g., soil and sediment), prior to transportation off-site for 
salvage or disposal. 

-- End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 02300 

EARTHWORK 
12/97 

This specification covers the procedures to be followed during Causeway 
grading, subgrade preparation, modifications to existing rip rap, and cover 
system construction. It specifies the quality of natural materials 
anticipated to be brought on-site during Phase II work and the procedures 
for placement of these materials. The development, maintenance, and 
closure of borrow sources is also covered in this section. Requirements 
for placement of the vegetative support layer, including erosion control 
matting, are specified in Section 02921 SEEDING. 

1.2 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by basic 
designation only. 

BACKGROUND REFERENCES 

Harding ESE, Inc., December 2000. Geotechnical Investigation Summary 
Report for the Causeway Non-time Critical Removal Action Design. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM C 136 

ASTM D 422 

ASTM D 698 

ASTM D 1140 

ASTM D 1556 

ASTM D 2487 

ASTM D 2922 

(1996a) Sieve Analysis of Fine and Coarse 
Aggregates 

(1963; R 1998} Particle-Size Analysis of 
Soils 

(1998) Test Method for Laboratory Compaction 
Characteristics of Soil Using Standard Effort 
(12,400 ft-lbf/ft) 

(1997) Amount of Material in Soils Finer than 
the No. 200 (75-micrometer) Sieve 

(1990; R 1996) Density and Unit Weight of 
Soil in Place by the Sand-Cone Method 

(1998) Classification of Soils for 
Engineering Purposes (Unified Soil 
Classification System) 

(1996) Density of Soil and Soil-Aggregate in 
Place by Nuclear Methods (Shallow Depth) 

SECTION 02300 PAGE 1 



STRATFORD ARMY ENGINE PLANT, CAUSEWAY NCRA 
PHASE II 
STRATFORD, CONNECTICUT 

ASTM D 3017 

ASTM D 4318 

(1988; R 1996el) Water Content of Soil and 
Rock in Place by Nuclear Methods (Shallow 
Depth) 

(1998) Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils 

CONNECTICUT DEPARTMENT OF TRANSPORTATION (CTDOT) 

State of Connecticut Department of Transportation, 1995. Standard 
Specification for Roads, Bridges, and Incidental Construction, Form 
814A. 

1.3 SUBMITTALS 

Government approval is required for submittals with a "GA" designation; 
submittals not having a "GA" designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

SD-03 Product Data 

Earthwork; FIO 

The Contractor shall provide the proposed source(s) for borrow 
material prior to initiation of work and shall provide advanced 
notice to the Contracting Officer of the opening of excavation or 
borrow areas. 

SD-07 Certificates 

Contractor's Quality Control Testing Laboratory; GA 

Qualifications of the commercial testing laboratory or Contractor's 
testing facilities shall be submitted to the Contracting Officer as 
soon as possible, but no later than 7 days after notice to proceed. 

As part of the Weekly Progress Reports, specified in Section 02111 
EXCAVATION AND HANDLING OF CONTAMINATED MATERIAL, provide one copy of test 
results, including calibration curves and results of calibration tests shall 
be submitted to the Contracting Officer. 

1.4 DEFINITIONS 

1.4.1 Satisfactory Materials 

Satisfactory materials are defined as materials for any given layer, meeting 
the requirements for that layer, as defined in Part 2 of this Section. In 
addition, a material must be free of gross visual or olfactory 
contamination, material greater than 2 feet in any dimension (if on-site 
material), or material greater than 6 inches in any dimension (if off-site 
borrow material), to be considered satisfactory. 
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1.4.2 Unsatisfactory, Uncontaminated Materials 

Materials which are uncontaminated, but do not comply with the requirements 
for satisfactory materials are considered unsatisfactory, uncontaminated 
materials. These materials include man-made fills; trash; refuse; backfills 
from previous construction; frozen material, unless otherwise specified by 
the Contracting Officer; and material containing debris greater than the 
allowable size, provided it is uncontaminated. Uncontaminated material that 
does not meet the requirements in Part 2 of this section, shall also be 
considered unsatisfactory, uncontaminated material. 

1.4.3 Unsatisfactory, Contaminated Materials 

Materials containing gross visual or olfactory contamination, whether from 
on-site excavation or off-site borrow sources, shall be considered 
unsatisfactory, contaminated material. This material shall be further 
divided into hazardous and non-hazardous material, as per the definitions in 
Section 02120 TRANSPORTATION AND OFF-SITE DISPOSAL. Material containing 
contaminated debris greater than the allowable size, shall also be 
considered unsatisfactory, contaminated material. The Contracting Officer 
shall be notified of any materials containing gross visual or olfactory 
contamination, whether excavated from the work site or obtained from off
site sources. 

1.4.3 Cohesionless and Cohesive Materials 

Cohesionless materials include materials classified in ASTM D 2487 as GW, 
GP, SW, and SP. Cohesive materials include materials classified as GC, SC, 
ML, CL, MH, and CH. Materials classified as GM and SM will be identified as 
cohesionless only when the fines are non-plastic. Testing required for 
classifying materials shall be in accordance with ASTM D 4318, ASTM C 136, 
ASTM D 422, and ASTM D 1140. 

1.4.4 Degree of Compaction 

Degree of compaction required is expressed as a percentage of the maximum 
dry density, at the optimum moisture content, as obtained by the test 
procedure presented in A.STM D 698 abbreviated as a percent of laboratory 
maximum density. 

1.4.5 Vegetative Support Layer 

The vegetative support layer is defined as the material used above the upper 
cover system to support growth of the proposed grass. Material suitable for 
vegetative support shall be obtained from off-site borrow areas. 

1.4.6 Modification of Existing Rip Rap 

The existing rip rap, which is present on the berm adjacent to the facility. 
This rip rap will need to be expanded both vertically and horizontally, no 
thinning of the existing rip rap shall be allowed. 

SECTION 02300 PAGE 3 



STRATFORD ARMY ENGINE PLANT, CAUSEWAY NCRA 
PHASE II 
STRATFORD, CONNECTICUT 

1.5 SUBSURFACE DATA 

Subsurface soil boring logs are included in the Causeway Geotechnical 
Investigation Summary Report (Harding ESE, December 2000). The 
investigation report may be examined at Room 15, Building 1 at the Stratford 
Army Engine Plant, 550 Main Street, Stratford, Connecticut. These data 
represent the best subsurface information available; however, variations may 
exist in the subsurface between boring locations. 

1.6 CLASSIFICATION OF EXCAVATION 

Excavation shall include the excavation of an approximate 1.0-foot of 
material from all areas below the 4.1 foot mean sea level (msl) elevation 
(NGVD 1929) to the marked contact of Causeway fill and tidal sediment. In 
addition, identified material greater than 2 feet in any dimension shall be 
removed from the Causeway. 

The excavation specified shall be done on a classified basis. Failure on 
the part of the Contractor to notify the Contracting Officer, and allow 
ample time for classification and measurement of materials will cause the 
forfeiture of the Contractor's right of claim to any volume of material to 
be paid for other than that allowed by the Contracting Officer for the areas 
of work in which such material has been previously identified. Excavation 
classification shall be in accordance with the following designations and 
classifications. 

1.6.1 Satisfactory Fill Material Excavation 

Material excavated from below the 4.1 foot msl contour that meets the 
requirements of this section and Section 01451 CONTRACTOR QUALITY CONTROL, 
and is subsequently used as Common Fill material during Causeway grading, 
shall be considered satisfactory. 

1.6.2 Excess Satisfactory Material Excavation 

Material excavated from below the 4.1-foot msl contour that is considered 
satisfactory, but is not needed for use as Common Fill material during 
Causeway grading shall be considered excess satisfactory fill material. 

1.6.3 Unsatisfactory, Uncontaminated Material Excavation 

Material excavated from below the 4.1-foot msl contour, as defined in 
Paragraph 1.4.2, shall be classified as unsatisfactory, uncontaminated 
material excavation. 

1.6.4 Hazardous Material Excavation 

Material containing gross visual or olfactory contamination, or oversized 
debris, determined, by sample analysis, to be hazardous shall be classified 
as hazardous material excavation. 

1.6.5 Non-hazardous Material Excavation 
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Material containing gross visual or olfactory contamination, or oversized 
debris, determined, by sample analysis, to be non-hazardous shall be 
classified as non-hazardous material excavation. 

1.7 UTILIZATION OF EXCAVATED MATERIALS 

Unsatisfactory materials removed from excavations shall be transported to 
on-site stockpile areas, sampled and analyzed for characterization purposes, 
and disposed of at an approved off-site disposal facility. Satisfactory 
material removed from excavations shall be placed above elevation 4.1 msl, 
and used, insofar as practicable, in the grading of the upper portion of the 
Causeway, and for similar purposes, as necessary. 

No satisfactory excavated material shall be wasted or removed from the 
Causeway without specific written authorization. Satisfactory material 
authorized to be wasted shall be transported to on-site stockpile areas, 
sampled and analyzed for characterization purposes, and disposed of at an 
approved off-site disposal facility (Section 02120 TRANSPORTATION AND OFF
SITE DISPOSAL). No excavated material shall be placed so as to be 
detrimental to the completed work in any way. 

PART 2 PRODUCTS 

2.1 COMMON FILL 

Common Fill material shall be used, as necessary, to achieve the subgrade 
elevations indicated on the drawings. Common fill material shall be 
obtained from below elevation 4.1 feet msl on the Causeway, when practical. 
Common fill material from off-site borrow sources shall not be used on the 
Causeway without specific written authorization from the Contracting 
Officer. 

Common Fill, obtained from an off-site borrow source by the Contractor, 
shall be soil containing no stone greater than 6 inches in size. Fill 
materials obtained from Causeway sideslope excavation shall contain no 
material greater than 2 feet in any dimension. 

All Common Fill material shall be free of trash, ice, snow, tree stumps, and 
other deleterious materials. It shall be of such a nature and character 
that it can be compacted to the specified density of 92% (maximum dry 
density as determined by ASTM D 698) or greater, in a reasonable length of 
time. Testing shall be performed in accordance with the requirements of 
this Section and Section 01451 CONTRACTOR QUALITY CONTROL. 

2.2 ROCK FILL 

Rock Fill shall be used as fill material in the polymeric marine mattresses, 
in the Rock Fill Toe to prevent scour at the toe of the Causeway, and in the 
Rock Fill Transition as a drainage layer for the upper cover system. These 
areas shall be constructed as indicated on the drawings. 

The Rock Fill shall be consistent with material specified in Section 02380 
POLYMERIC MARINE MATTRESSES. 
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2. 3 GRAVEL 

Gravel shall be used for two distinct purposes during Causeway cover system 
construction; 1) as required for polymeric marine mattress bedding following 
excavation, and 2) as interlocking concrete block interstitial fill 
material. 

2.3.1 Polymeric Marine Mattress Bedding 

Gravel may be required to provide a uniform and stable base for the 
placement of the polymeric marine mattresses, as necessary. If voids are 
created during excavation of oversized materials or large areas of high 
water content material are uncovered during excavation, a graded aggregate 
shall be used to grade the sideslopes, in preparation for placement of the 
mattresses. 

Material used as gravel for polymeric marine ·mattress bedding, shall conform 
to the requirements CTDOT for broken or crushed stone and have a gradation 
consistent with a No. 8 Aggregate (Section M.01.01 - ), as follows. Gravel 
shall consist of sound, tough, durable stone, reasonably free from soft, 
thin, elongated, laminated, friable, micaceous or disintegrated pieces, mud, 
dirt, or other deleterious materials and shall be sized to meet the 
following gradation requirements: 

Square U.S. Std. 
Sieve Size, (mm) 

1/2 - inch (12.5) 
3/8 - inch (9.5) 
No. 4 (4.75) 
No. 8 (2.36) 
No. 16 (0.046) 

Percent Passing 
by Dry Weight 

100 
85 - 100 
10 - 30 
0 - 10 
0 - 5 

2.3.2 Interlocking Concrete Block Interstitial Fill 

Gravel shall be required to lock the interlocking concrete blocks together, 
thereby providing a structure that prevents access to the underlying 
Causeway fill materials. 

Material used as gravel for interstitial fill, shall conform to the 
requirements CTDOT for broken or crushed stone and have a gradation 
consistent with a Class 114 Bituminous Concrete Mixture (Section M.04.03 -
Bituminous Concrete Mixtures AC-20), as follows. Gravel shall consist of 
sound, tough, durable stone, reasonably free from soft, thin, elongated, 
laminated, friable, micaceous or disintegrated pieces, mud, dirt, or other 
deleterious materials and shall be sized to meet the following gradation 
requirements: 

Square U.S. Std. 
Sieve Size, (mm) 

1 - inch (25.4) 
3/4 - inch (19) 
1/2 - inch (12.5) 
3/8 - inch (9.5) 
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No. 4 (4. 75) 
No. 8 (2. 36) 
No. 30 (0. 60) 
No. 50 ( 0. 3 0) 
No. 200 (0.075) 

2.4 SAND BEDDING 

26 - 40 
22 - 32 
13 - 22 
8 - 18 
2 - 5 

A Sand Bedding layer shall be used to fine grade the subgrade and provide a 
smooth, dense layer capable of supporting the articulating blocks in the 
upper cover system. The borrow source for Sand Bedding shall be approved by 
the Contracting Officer prior to opening of the borrow source. 

The Sand Bedding material shall consist of a well-graded sand generally 
meeting the CTDOT requirements for a fine aggregate (Section M.03.01 2-FINE 
AGGREGATE). The sand fill shall be sand consisting of clean, hard, durable, 
uncoated particles of quartz or other rock, free from lumps of clay, soft or 
flaky material, loam, organic or other deleterious materials, and shall meet 
the following gradation requirements: 

Square U.S. Std. Percent Passing 
Sieve Size, (mm) by Dry Weight 

2 - inch (50) 100 
No. 4 (4. 7 5) 95-100 
No. 8 (2. 36) 80 - 100 
No. 16 (1.18) 50 - 85 
No. 30 (0. 60) 25 - 60 
No. 50 ( 0. 3 0) 10 - 30 
No. 100 ( 0. 15) 2 - 10 
No. 200 (0.075) 0 - 5 

It shall be of such a nature and character that it can be compacted to the 
minimum specified density of 92% or greater, in a reasonable length of time 
using static equipment. Borrow source and in-place testing shall be 
performed in accordance with the requirements of this section and Section 
01451 CONTRACTOR QUALITY CONTROL. 

2.5 VEGETATIVE SUPPORT SOIL 

Vegetative support soil is defined as the material used above the upper 
cover system to support growth of the proposed vegetative material. 
Material suitable for vegetative support soil shall be obtained from off
site borrow areas. Vegetative support soil shall be as defined in ASTM D 

5268 and shall have a texture of loamy sand, as defined by the USDA textural 
classification, with an organic matter content of at least 4%. The soil may 
be amended, as necessary, using recycled compost. Topsoil shall be free 
from slag, cinders, stones, lumps of soil, sticks, roots, trash or other 
material over a minimum 1-1/2 inch diameter. Topsoil shall be free from 
viable plants and plant parts. Unacceptable materials shall be removed from 
the job site. 

2.6 RIP RAP 
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Rip Rap shall be used to modify existing rip rap, and in the transition 
between the upper and lower cover systems, as shown on the drawings. Rip 
Rap shall consist of broken or crushed stone of sound, tough, durable stone, 
reasonably free from soft, thin, elongated, laminated, friable, micaceous or 
disintegrated pieces, mud dirt, or other deleterious materials. Rip Rap 
shall have a maximum stone size of 10 inches and have an average stone size 
(D50 } of 6 inches, with less than 10 percent finer than 1 inch. Material 
shall be a clean, washed, angular stone with no recycled materials. 

PART 3 EXECUTION 

3.1 GENERAL EXCAVATION 

The Contractor shall perform sideslope excavation of the types of material 
encountered within the limits of the project to the lines, grades, and 
elevations indicated on the drawings and as specified. Grading shall be in 
conformity with the drawings and the tolerances specified in paragraph 
FINISHING. 

During construction, excavation and fill shall be performed in a manner and 
sequence that will provide proper drainage at all times. Common fill 
material required for use during grading, in excess of that produced by 
excavation within the grading limits, shall be excavated from the borrow 
areas indicated or from other approved areas selected by the Contractor, as 
specified. 

3.1.1 Satisfactory Fill Material Excavation 

Excavated satisfactory fill material shall be placed above elevation 4.1 
feet msl and graded to the elevations indicated on the drawings, as 
specified in this Section. If at any time during sideslope excavation, the 
Contractor encounters unsatisfactory material, soil containing gross visual 
or olfactory contamination, or oversized material, such materials shall be 
uncovered and the Contracting Officer notified by the Contractor. The 
Contractor shall not proceed with the excavation of these materials until 
the Contracting Officer has classified the materials and has taken 
measurements, as required. 

3.1.2 Excess Satisfactory Material Excavation 

Satisfactory material that is not required for use as Common Fill on the 
Causeway shall be considered excess satisfactory material excavation. This 
material shall be transported to on-site stockpile areas for temporary 
storage, characterization sampling and analysis, and eventual off-site 
transportation and disposal. Characterization sampling of this material 
shall be conducted as per the requirements of the accepting disposal 
facility. 

3.1.3 Unsatisfactory Material Excavation 

Unsatisfactory material shall be transported to on-site stockpile area for 
temporary storage and characterization sampling and analysis. 
Characterization sampling results shall be used to determine if the 
unsatisfactory material is uncontaminated, hazardous, or non-hazardous 
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material. Unsatisfactory material shall be transported off-site for 
disposal following the receipt of characterization sampling results. 

3.2 SELECTION OF BORROW MATERIAL 

Borrow material shall be selected to meet the requirements and conditions of 
the particular fill layer for which it is to be used. Borrow material shall 
be obtained from sources selected by the Contractor, and approved by the 
Contracting Officer. Unless otherwise provided in the contract, the 
Contractor shall obtain from the owners the right to procure material, pay 
royalties and other charges involved, and bear the expense of developing the 
sources, including rights-of-way for hauling. Borrow material from approved 
sources on Government-controlled land may be obtained without payment of 
royalties. Unless specifically provided, no borrow shall be obtained within 
the limits of the project site without prior written approval. Necessary 
clearing, grubbing, and satisfactory drainage of borrow pits and the 
disposal of debris thereon, shall be considered related operations to the 
borrow excavation. 

3.3 OPENING AND DRAINAGE OF EXCAVATION AND BORROW PITS 

The Contractor shall notify the Contracting Officer sufficiently in advance 
of the opening of any excavation or borrow pit to permit elevations and 
measurements of the undisturbed ground surface to be taken. Except as 
otherwise permitted, borrow pits and other excavation areas shall be 
excavated providing adequate drainage. Overburden and other spoil material 
shall be transported to designated spoil areas or otherwise disposed of as 
directed. Borrow pits shall be neatly trimmed and drained after the 
excavation is completed. The Contractor shall ensure that excavation of any 
area, operation of borrow pits, or dumping of spoil material results in 
minimum detrimental effects on natural environmental conditions. 

3.4 SUBGRADE PREPARATION 

Causeway ground surface on which excavated fill or borrow materials are to 
be placed, shall be stripped of live, dead, or decayed vegetation, rubbish, 
debris, and other unsatisfactory material (N.I.T.C.). These areas shall be 
plowed, disked, or otherwise broken up to a depth of 6 inches; moistened or 
aerated as necessary; thoroughly mixed; and compacted to at least 92% 
laboratory maximum density. Compaction shall be accomplished by pneumatic
tired rollers, steel-wheeled rollers, or other approved equipment that 
imparts minimal vibrations to the subsurface. The prepared ground surface 
shall be scarified and moistened or aerated as required just prior to 
placement of fill/borrow materials to assure adequate bond between 
fill/borrow material and the prepared ground surface. 

3.5 CAUSEWAY GRADING 

3,5.1 Excavated Fill Placement 

Material excavated from the Causeway sideslopes shall be placed above 
elevation 4.1 feet msl on the Causeway for grading purposes, unless 
otherwise directed by the Contracting Officer. 
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3.5.2 Causeway Grading 

Causeway subgrades, in areas above 4.1 feet msl, shall be shaped to line, 
grade, and cross section, and compacted as specified, following common fill 
placement. This operation shall include plowing, disking, and any 
moistening or aerating required to obtain adequate compaction. Soft or 
otherwise unsatisfactory material shall be removed and replaced with 
satisfactory excavated material or other approved material as directed. 
Oversized materials encountered in the cut sections shall be excavated to a 
minimum depth of 6 inches below finished grade for the subgrade. Low areas 
resulting from removal of unsatisfactory material or excavation of oversized 
debris shall be brought up to required grade with gravel or satisfactory 
materials, and the entire subgrade shall be shaped to line, grade, and cross 
section and compacted as specified. The elevation of the finish subgrade 
shall not vary more than 0.1 feet beneath the lower cover system and 0.15 
feet (2 inches) beneath the upper cover system from the established subgrade 
elevations shown on the Drawings. 

The Contractor shall maintain daily logs of soil characteristics, daily 
progress, and other observations. The grade of the Causeway shall be 
checked a minimum of twice per day. The Contractor shall submit daily 
progress reports to the Contracting Officer for acceptance. Layer 
thicknesses shall be within+/ 2 inches of the thickness shown, with a 
running average of+/- 2 inches for all layers. 

3.6 MATERIALS PLACEMENT 

~3.6.1 Rock Fill 

Rock fill shall be placed in the polymeric marine mattresses as specified in 
Section 02380 POLYMERIC MARINE MATTRESSES. The Rock Fill Toe and Rock Fill 
Transition shall be constructed using standard construction methods, in the 
areas shown on the drawings. Compaction of this material and in-place 
testing shall not be required. 

~3.6.2 Polymeric Marine Mattress Bedding Gravel 

Placement of gravel used for mattress bedding shall be conducted using 
standard construction methods. Compaction of this material and in-place 
testing shall not be required. 

~3.6.3 Interlocking Concrete Block Interstitial Gravel 

Placement of gravel used for filling of interlocking concrete block 
interstitial spaces shall be conducted using standard construction methods. 
Compaction of this material shall be accomplished by completing three passes 
over the gravel with a static roller. Quality control testing shall not be 
required. 

3.6.4 Sand Bedding 

The Sand Bedding shall be placed in a single layer to the thickness 
indicated on the Drawings. Thickness of the layer may vary as a result of 
the grade of the common fill subgrade. 
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The Sand Bedding material shall be finished to a uniform thickness, and 
compacted as specified. The elevation of the subgrade layer shall not vary 
more than 2 inches from the established grade and cross section prior to 
placement of the Sand Bedding. The Sand Bedding surface shall be prepared 
by proof-rolling with a static roller and shall be raked to provide a smooth 
and firm base suitable for placement of the interlocking concrete blocks. 

Periodic quality control testing of the material shall be required to assure 
consistency of materials to be used and placement methods. In addition, 
analytical testing of the material for volatile organic compounds and semi
volatile organic compounds shall be conducted at the rate specified by the 
Contracting Officer. The material shall be placed at a minimum of 92% of 
Standard Proctor (ASTM D 698). In-situ density testing·shall be completed 
with nuclear testing equipment, using backscatter methods. Limited 
interference due to underlying fills may be expected and allowed, as 
approved by the Contracting Officer. 

3.6.5 Vegetative Support Soil 

On areas to receive vegetative support soil, soil shall be placed in a 
single layer to the thickness indicated on the Drawings. The support soil 
shall be spread evenly and graded to the slopes indicated on the drawings. 
Vegetative support soil shall not be spread when frozen or excessively wet 
or dry. Material required for the vegetative support soil layer shall be 
obtained from off-site borrow sources. 

The vegetative support soil shall be graded to a uniform thickness and 
compacted by proof-rolling with a static roller until a smooth, uniform 
surface is achieved. The surface shall be prepared for seeding by raking 
prior to seed placement. Period quality control testing of the material 
shall be required to assure consistency of materials being placed. In 
addition, analytical testing of the material for volatile organic compounds 
and semi-volatile organic compounds shall be conducted at the rate specified 
by the Contracting Officer. 

3.6.6 Rip Rap 

Rip Rap used for transition from the upper to the lower cover systems shall 
be placed directly on the outer shell material from the polymeric marine 
mattress, to act as an anchor. Rip Rap to be used to modify existing rip 
rap, shall be placed either directly on existing rip rap to achieve final 
grade or in a minimum two-foot-thick layer on geogrid composite material on 
prepared subgrade. 

Rip Rap shall be placed to its full course thickness in one operation in 
such a manner as to produce a reasonably well-graded mass of rock without 
causing displacement of the underlying material. The finished surface shall 
be free from pockets of small stones and clusters of large stones. Placing 
of this material by methods likely to cause segregation of the various sizes 
of stone will not be permitted. Rearranging of individual stones by 
mechanical or hand methods will be required to the extent necessary to 
obtain a reasonably well-graded distribution of the specified stone sizes. 
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The complete course shall be of the specified thickness and/or to the grades 
shown of the Drawings, and as approved by the Contracting Officer. 

3.7 MATERIAL COMPACTION 

Compaction of common fill material, Sand Bedding, interlocking concrete 
block interstitial gravel, and Vegetative Support Soil shall be accomplished 
by pneumatic-tired rollers, steel-wheeled rollers, or other approved 
equipment that minimizes the vibrations imparted to the subsurface. 
Subgrade layers shall be compacted by proof-rolling with an appropriate 
compaction equipment, depending on the slope and nature of the soils. Due 
to the variations in existing subgrade fill materials, compaction shall be 
performed to provide a firm base to the placement of successive layers. 

Proof-rolling shall be performed by repeatedly applying compactive effort 
until the materials achieve an acceptable density; however, excessive 
compaction of wet/saturated soils could result in pumping and loosening of 
soils. A qualified technician or engineer shall continuously inspect the 
proof-rolling for the Contractor, as approved by the Contracting Officer. 
Geogrid Composite, Gravel or other geosynthetic materials may be used to 
provide a stable subgrade over soft or spongy areas, as approved by the 
Contracting Officer. 

3.8 FROZEN MATERIAL 

Fill material shall not be placed on a subgrade that contains frozen 
material. This prohibition encompasses all prepared subgrades and all 
layers of previously placed and compacted earth fill which become the 
foundations for successive layers of earth fill. All material that freezes 
or has been subjected to freeze-thaw action during the construction work, or 
during periods of temporary shutdowns, such as, but not limited to, nights, 
holidays, weekends, winter shutdowns, or earthwork operations, shall be 
removed to a depth that is acceptable to the Contracting Officer and 
replaced with new material, as directed by the Contracting Officer. 
Alternatively, the material will be thawed, dried, reworked, and re
compacted to the specified criteria before additional material is placed. 
The Contracting Officer will determine when placement of fill shall cease 
due to cold weather. The Contracting Officer may elect to use average daily 
air temperatures, and/or physical observation of the soils for his 
determination. Fill material shall not contain frozen clumps of soil, snow, 
or ice. 

3.9 FINISHING 

The surface of excavations and each subgrade layer shall be finished to a 
smooth and compact surface in accordance with this section, and the lines, 
grades 1 and cross sections or elevations shown on the drawings, such that 
cover system placement can be conducted. The degree of finish for the 
subgrade shall be within 0.1 foot of the grades and elevations indicated. 
The surface of areas to be vegetated shall be finished to a smoothness 
suitable for the application of vegetative materials. 

3.10 TESTING 
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Testing shall be performed by an approved commercial testing laboratory or 
by the Contractor, subject to approval, as required in this specification 
and in Section 01451 CONTRACTOR QUALITY CONTROL. If the Contractor elects 
to establish testing facilities, no work requiring testing will be permitted 
until the Contractor's facilities have been inspected and approved by the 
Contracting Officer. Field in-place density shall be determined in 
accordance with ASTM D 2922, with the calibration curves checked and 
adjusted using only the sand cone method as described in ASTM D 1556. ASTM 
D 2922 results in a wet unit weight of soil. When using this method, ASTM D 
3017 shali be used to determine the moisture content of the soil. The 
calibration curves furnished with the moisture gauges shall also be checked 
along with density calibration checks as described in ASTM D 3017; the 
calibration checks of both the density and moisture gauges shall be made at 
the beginning of a job on each different type of material encountered and at 
intervals as directed by the Contracting Officer. 

When test results indicate, as. determined by the Contracting Officer, that 
compaction is not as specified, the material shall be removed, replaced and 
re-compacted to meet specification requirements. Tests on re-compacted 
areas shall be performed to determine conformance with specification 
requirements. Inspections and test results shall be certified by a 
registered professional civil engineer. These certifications shall state 
that the tests and observations were performed by or under the direct 
supervision of the engineer and that the results are representative of the 
materials or conditions being certified by the tests. The frequency of 
testing for each material shall be as specified in Section 01451 CONTRACTOR 
QUALITY CONTROL. 

Analytical testing of Bedding Sand and Vegetative Support Soil for volatile 
organic compounds and semi-volatile organic compounds shall be conducted by 
an approved, off-site laboratory. The frequency of testing for each 
material shall be as specified by the Contracting Officer. 

3.11 SUBGRADE PROTECTION 

During construction, excavations shall be kept shaped and drained. Ditches 
and drains along subgrade shall be maintained to drain effectively at all 
times, considering placement of erosion control measures. The finished 
subgrade shall not be disturbed by traffic or other operation and shall be 
protected and maintained by the Contractor in a satisfactory condition until 
the cover system is placed. The storage or stockpiling of materials on the 
finished subgrade will be limited to less than 4 to 6 feet tall and shall be 
spread around the site, as approved by the Contracting Officer. No cover 
system material shall be placed until the subgrade has been checked and 
approved, and in no case shall cover system materials be placed on a muddy, 
spongy, or frozen subgrade. 

--End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 02378 

GEOTEXTILES 

This section covers installation of woven and non-woven geotextiles as part 
of Phase II work on the Causeway. Geotextiles shall be used under specific 
components of the Causeway cover system, as detailed on the drawings. A 
woven geotextile shall be placed beneath the polymeric marine mattresses and 
the rock fill toe and transition. A non-woven geotextile shall be placed 
beneath the interlocking concrete blocks. 

1 . 2 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by basic 
designation only. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM D 123 

ASTM D 4354 

ASTM D 4355 

ASTM D 4491 

ASTM D 4533 

ASTM D 4632 

ASTM D 4751 

ASTM D 4833 

ASTM D 4873 

ASTM D 4884 

(1996a) Standard Terminology Relating to 
Textiles 

(1996) Sampling of Geosynthetics for Testing 

(1992) Deterioration of Geotextiles from 
Exposure to Ultraviolet Light and Water 
(Xenon-Arc Type Apparatus) 

(1999) Water Permeability of Geotextiles By 
Permittivity 

(1991; R 1996) Trapezoid Tearing Strength of 
Geotextiles 

(1991; R 1996) Grab Breaking Load and 
Elongation of Geotextiles 

(1999) Determining Apparent Opening Size of a 
Geotextile 

(1988; R 1996) Index Puncture Resistance of 
Geotextiles, Geomembranes, and Related 
Products 

(1997) Identification, Storage, and Handling 
of Geosynthetic Rolls 

(1996) Strength of Sewn or Thermally Bonded 
Seams of Geotextiles 
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ENGINEERING MANUALS (EM) 

EM 1110 - 2 - 1601 

1.3 SUBMITTALS 

(1991; Change 1-1994) Hydraulic Design of 
Flood Control Channels 

Government approval is required for submittals with a 11 GA 11 designation; 
submittals not having a "FIO" designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

SD-04 Samples 

Geosynthetic Samplesi GA 

If requested, submit geotextile samples for testing to determine 
compliance with the requirements in this specification. When 
required, submit samples a minimum of 60 days prior to the 
beginning of installation of the same textile. Upon delivery of 
geotextile, submit duplicate copies of the written cerificate of 
compliance signed by a legally authorized official of the 
manufacturer. The certificates shall state that the materials 
shipped to the site meets the chemical requirements and exceeds the 
minimum average roll value listed in TABLE 1, MINIMUM PHYSICAL 
REQUIREMENTS FOR GEOTEXTILE. Upon request, supply quality control 
and quality assurance tests for the geotextile. All samples 
provided shall be from the same production lot as will be supplied 
for the contract, and shall be the full manufactured width of the 
geotextile by at least 10 feet long, except that samples for seam 
strength may be a full width sample folded over and the edges 
stitched for a length of at least 5 feet. Samples submitted for 
testing shall be identified by manufacturers lot designation and 
material type. For needle punched geotextile, the manufacturer 
shall certify that the geotextile has been inspected using 
permanent on-line metal detectors and does not contain any needles. 

SD-07 Certificates 

Geosynthetic Certificates; GA 

Submit the manufacturer's certification for the geotextile material 

1.4 SHIPMENT, HANDLING, AND STORAGE 

1.4.1 Shipment and Storage 

Only approved geotextile rolls shall be delivered to the project site. All 
geotextile shall be labeled, shipped, stored, and handled in accordance with 
ASTM D 4873. No hooks, tongs, or other sharp instruments shall be used for 
handling geotextile. 
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PART 2 PRODUCTS 

2.1 GEOTEXTILE MATERIALS 

Two types of geotextile shall be used during completion of work on the 
Causeway, including a woven and a non-woven geotextile. 

The geotextiles shall be constructed of polypropylene and shall equal or 
exceed the minimum average roll values listed in TABLE 1, MINIMUM PHYSICAL 
REQUIREMENTS FOR GEOTEXTILE. Strength values indicated in the table are for 
the weaker principal direction. 

TABLE 1 
MINIMUM PHYSICAL REQUIREMENTS FOR GEOTEXTILE 

PROPERTY, (UNITS) TEST METHOD Woven Geotextile Non-Woven 
Geotextile 

GRAB STRENGTH, (lb) (MD/XMD) ASTM D 4632 NA 365/200 
PUNCTURE, (lb) ASTM D 3787 NA 115 
PUNCTURE, (lb} ASTM D 4833 115 NA 
TRAPEZOID TEAR, (lb) MD/XMD ASTM D 4533 80/70 100/75 
PERMEABILITY, (cm/sec) ASTM D 4491 NA 0.092 
APPARENT OPENING SIZE, ASTM D 4751 30-50 70 
(U.S. SIEVE) 
PERMITTIVITY, (sec-1 ) ASTM D 4491 0.95 1. 36 
ULTRAVIOLET DEGRADATION, (%) ASTM D 4355 80@ 500 hrs. 90@ 500 hrs. 

2.2 Woven Geotextile 

A woven geotextile shall be placed below the polymeric marine mattresses and 
the rock fill toe and transition, to limit the migration of Causeway fill 
material from beneath these layers during wave events. 

2.2.1 Geotextile Fiber 

Fibers used in the manufacturing of the woven geotextile shall consist of a 
long-chain synthetic polymer composed of at least 85 percent by weight of 
polyolefins, polyesters, or polamides. Stabilizers and/or inhibitors shall 
be added to the base polymer if necessary to make the filaments resistant to 
deterioration caused by ultraviolet light, heat exposure, and saltwater 
exposure. Reclaimed or recycled fibers or polymer shall not be added to the 
formulation. Geotextile shall be formed into a network such that the 
filaments or yarns retain dimensional stability relative to each other, 
including the edges. The edges of the geotextile shall be finished to 
prevent the outer fiber from pulling away from the geotextile. 

2.2.2 Securing of the Geotextile 

If necessary for stability reasons, the geosynthetic material may be 
fastened to the underside of the marine mattresses prior to installation, or 
preferably, staked or pinned to the surface of the prepared subgrade. 
Staking or pinning of the geotextile to the subgrade may allow for tidal 
waters to contact the subgrade prior to placement of the mattresses in 
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limited areas, and may be beneficial during placement of the material in 
windy conditions. 

Securing stakes or pins shall be inserted through both strips of overlapped 
geotextile along the line passing through midpoints of the overlap. 
Securing pins shall be removed as placement of revetment materials are 
placed to prevent tearing of geotextile or enlarging holes. Maximum spacing 
between securing pins depends on the steepness of the embankment slope. The 
maximum pins spacing shall be equal to or less than the values listed in 
TABLE 2, MAXIMUM SPACING FOR SECURING PINS. When windy conditions prevail 
at the construction site, the number of pins should be increased upon the 
demand of the Contracting Officer. Terminal ends of the geotextile shall be 
anchored with key trench or apron at crest, toe of the slope, and upstream 
and downstream limits of installation. 

TABLE 2 
MAXIMUM SPACING FOR SECURING PINS 

SLOPE 

STEEPER THAN lV ON 3H 

lV ON 3H TO lV ON 4H 

FLATTER THAN lV ON 4H 

2.3 Non-Woven Geotextile 

SPACING, feet 

2 

3 

5 

A non-woven geotextile shall be placed below the interlocking concrete 
blocks to limit damag~ to the Sand Bedding during installation of the 
blocks, provide additional support in the event of differential settlement, 
and act as additional protection against contact with the underlying, 
contaminated Causeway fill materials. 

The geotextile material shall be resistant to clogging from marine 
organisms. It shall have a minimum weight of 6 ounces per square yard, and 
be spun-bonded. 

2.3.1 Geotextile Fiber 

Fibers used in the manufacturing of the non-woven geotextile shall consist 
of a long-chain synthetic polymer composed of at least 85 percent by weight 
of polyolefins, polyesters, or polamides. Stabilizers and/or inhibitors 
shall be added to the base polymer if necessary to make the filaments 
resistant to deterioration caused by ultraviolet light, heat exposure, and 
saltwater exposure. Reclaimed or recycled fibers or polymer shall not be 
added to the formulation. Geotextile shall be formed into a network such 
that the filaments or yarns retain dimensional stability relative to each 
other, including the edges. The edges of the geotextile shall be finished 
to prevent the outer fiber from pulling away from the geotextile. 
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2.3.2 Seams 

The seams of the geotextiles shall be overlapped as recommended by the 
Manufacturers. 

2.2 INSPECTIONS, VERIFICATIONS, AND TESTING 

2.2.1 Manufacturing and Sampling 

Geotextiles shall be randomly sampled in accordance with ASTM D 4354 
(Procedure Method A) at a frequency of 1 sample per 20,000 square feet of 
materials installed. 

2.2.2 Site Verification and Testing 

Samples shall be collected at approved locations upon delivery to the site 
in accordance with ASTM D 4354 (Procedure Method B). Samples shall be 
tested to verify that the geotextile meets the requirements specified in 
TABLE 1, MINIMUM PHYSICAL REQUIREMENTS FOR GEOTEXTILES. Samples shall be 
identified by manufacturers name, type of geotextile, lot number, roll 
number, and machine direction. Testing shall be performed at an approved 
laboratory. Test results from the lot under review shall be submitted and 
approved prior to deployment of that lot of geotextile. Rolls which are 
sampled shall be immediately re-wrapped in their protective covering. 

PART 3 EXECUTION 

3.1 SURFACE PREPARATION 

Surfaces on which the geotextile will be placed shall be prepared to a 
relatively smooth surface condition, in accordance with the applicable 
portion of this specification. Surfaces shall be free from obstruction, 
debris, depressions, erosion feature, or vegetation. Any irregularities 
shall be removed so as to ensure continuous, intimate contact of the 
geotextile with all the surface. Any loose material, soft or low density 
pockets of material, will be removed and filled with gravel. Erosion 
features such as rills and gullies must be graded out of the surface before 
geotextile placement. 

3.2 INSTALLATION OF THE GEOTEXTILES 

The geotextiles shall be placed in the manner specified and at the locations 
shown on the drawings. At the time of installation, the geotextile shall be 
rejected if it has defects, rips, holes, flaws, deterioration or damage 
incurred during manufacture, transportation or storage or repaired as 
approved by the Contracting Officer. 

3.2.1 Woven Geotextile 

The woven geotextile shall be placed with the long dimension parallel to 
slopes (run from top to bottom of slopes). The woven geotextile shall be 
laid smooth and free of tension, stress, folds, wrinkles, or creases. The 
strips shall be placed such that the overlap length complies with the 
manufacturer's recommendations. 

SECTION 02378 PAGE 5 



STRATFORD ARMY ENGINE PLANT CAUSEWAY NCRA 
PHASE II 
STRATFORD, CONNECTICUT 

Temporary pinning of the geotextile to help hold it in place until the cover 
system is placed shall be allowed. The temporary pins shall be removed as 
the cover system is placed to relieve high tensile stress which may occur 
during placement of material on the geotextile. Design protection of rip 
rap should be in compliance with EM 1110-2-1601. Trimming shall be 
performed in such a manner that the geotextile shall not be damaged in any 
way. 

3.2.2 Non-woven Geotextile 

Non-woven geotextile shall be placed over the Sand Bedding Layer and shall 
be smooth and free of tension, stress or wrinkles. Geotextile shall extend 
into the perimeter termination trench. The geotextile shall be lapped a 
minimum of 18 inches at ends and sides of adjoining sheets. 

Non-woven geotextile shall not be torn, punctured or shifted. All 
geotextile that is torn or punctured shall be repaired or replaced by 
Contractor at no cost to the Government. The repair shall consist of a 
patch of the same type of geotextile placed over the ruptured area and 
shall lap the existing geotextile a minimum of 36 inches from the edge of 
any part of the rupture, or a sewn patch with the same requirements for 
material and seam strength as that of the geotextile being repaired. No 
vehicular traffic shall be permitted directly on the geotextile, except low 
tire pressure equipment used to transport blocks, as approved by the 
Contracting Officer. 

3.3 PROTECTION 

The geotextile shall be protected at all times during construction from 
contamination by surface runoff and any geotextile so contaminated shall be 
removed and replaced with uncontaminated geotextile. Any damage to the 
geotextile during its installation or during placement of cover system 
materials shall be replaced by the Contractor at no cost to the Government. 
The work shall be scheduled so that the covering of the geotextile with a 
layer of the specified material is accomplished within 2 calendar days after 
placement of the geotextile. Failure to comply shall require replacement of 
geotextile. 

The geotextile shall be protected from damage prior to and during the 
placement of cover system materials. This may be accomplished by limiting 
the height of drop to less than one foot, or by other approved methods. 
Before placement of cover system materials, the Contractor shall demonstrate 
that the placement technique will not cause damage to the geotextile. In no 
case shall any type of equipment be allowed on the unprotected geotextile. 

3.5 OVERLAPPING 

The overlap length of geotextile rolls shall be as recommended by the 
manufacturer. Appropriate measures will be taken to insure required overlap 
exists after cover system placement. 

--End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 02380 

POLYMERIC MARINE MATTRESS 

This section covers furnishing a polymeric marine mattress system, 
consisting of structural geogrid, braid, mechanical connection elements, 
and Rock Fill material. In addition, this section details the provision of 
a biaxial geogrid composite as specified herein and shown on the Drawings, 
to provide support at the toe of the polymeric marine mattress system. 

The structural geogrid material used for the mattress shall include 
sufficient quantities to form lifting hoops for the units and anchors. 
Fabricating, filling, and placing of polymeric marine mattress units shall 
be in accordance with this section and in reasonably close conformity with 
the lines, grades and dimensions shown on the drawings or established by 
the Contracting Officer. Some pre-fabrication of the units may be 
accomplished prior to delivery to the site. 

The Contractor shall provide a manufacturer's system representative for the 
pre-construction conference, during initial phase of installation, and as 
required during installation. 

1.2 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publication is referred to in the text by basic 
designation only. 

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS (AASHTO) 

AASHTO (1997 Interim) Standard Specification for Highway 
Bridges 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM D 1388 

ASTM D 4355 

ASTM D 4759 

ASTM D 5818 

GRI GGl-87 

GRI GG2-87 

(1996) Stiffness of Fabrics (Option A) 

(1992) Deterioration of Geotextiles from Exposure to 
Ultraviolet Light and Water (Xenon-Arc Type Apparatus) 

(1988; R 1996) Standard Practice for Determining the 
Specification Conformance of Geosynthetics 

(1995) Practice for Obtaining Samples of Geosynthetics 
from a Test Section for Assessment of Installation 
Damage 

GEOSYNTHETIC RESEARCH INSTITUTE (GRI) 

Standard Test Method for Geogrid Rib Tensile Strength 

Standard Test for Geogrid Junction Strength 
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EPA 9090 

1.3 SUBMITTALS 

U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA) 

Compatibility Test for Wastes and Membrane Liners 

Government approval is required for submittals with a 11 GA 11 designation; 
submittals having an "FIO" designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

SD-04 Samples 

Structural Geogrid; GA. 

Braid; GA. 

Mechanical Connection Elements; GA. 

Composite Geogrid; GA. 

SD-07 Certificates 

Geogrid; FIO. 

The Contractor shall submit geogrid product data sheets and 
certifications from the manufacturer, stating that the geogrid 
products supplied meet the requirements of the project. 
Provide test data for the tests listed in this section for the 
materials to be used on this project for each run and each 
material type. 

SD-08 Manufacturer's Instructions 

Manufacturer's Instructions; FIO. 

The Contractor shall submit manufacturer's fabrication 
instructions, installation instructions, and general 
recommendations. 

SD-10 Operation and Maintenance Data 

Maintenance Plan; GA. 

The Contractor shall submit a Maintenance Plan, detailing the 
procedures for inspection and maintenance of the upper and 
lower cover systems. The Maintenance Plan shall be submitted 
within 30 days of the anticipated completion of construction 
activities, and shall include, but not be limited to, the 
following information: 

a. Inspection procedures 

b. Inspection frequency and preliminary schedule 

c. Reporting procedure, including format, distribution, and 
frequency 
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d. Coordination plan with the Town of Stratford regarding 
maintenance of vegetative support soil, subsurface 
utilities, and surface features 

e. Warranty execution plan 

f. Anticipated maintenance procedures, including repairs 

g. Applicable manufacturer's recommended maintenance procedures 

As part of the Work Plan, specified in Section 02111 EXCAVATION AND HANDLING 
OF CONTAMINATED MATERIAL, the Contractor shall prepare details of the typical 
sections and connections to be used in construction of the Polymeric Marine 
Mattress System. 

1.4 DEFINITIONS 

1.4.1 Polymeric Marine Mattress 

A non-metallic, compartmental structure filled densely and tightly with 
stone prior to installation. Filling is achieved with a single unit 
positioned on edge, prior to installation. Units are comprised of 
structural geogrid, braid, and mechanical connection elements fabricated to 
allow placement and provide containment of aggregate rock fill material. 

1.4.2 Geogrid 

An integrally formed grid structure manufactured of a stress resistant co
polymer polypropylene material with molecular weight and molecular 
characteristics which impart high resistance to: 

a. Loss of load capacity or structural integrity when the geogrid is 
subjected to mechanical stress in installation. 

b. Deformation when the geogrid is subjected to applied force in use. 

c. Loss of load capacity or structural integrity when the geogrid is 
subjected to long-term environmental stress associated with, 
including but not limited to: waves, salt water, ice, and site 
contaminants. 

1.4.3 Minimum Average Roll Value 

Value based on testing and determined in accordance with ASTM D 4759. 

1.4.4 True Tensile Modulus in Use 

The ratio of tensile strength to corresponding strain (e.g., 1%). The true 
resistance to elongation when initially subjected to a load measured via 
GRI GGl-87 (tested at a strain rate of 10 percent per minute based on the 
greater of 2 aperture or 8 inch gauge length) without deforming test 
materials under load before measuring such resistance or employing Hsecantjj 
or "offset 11 tangent methods of measurement so as to overstate tensile 
properties. 
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1.4. 5 Junction Strength 

Breaking tensile strength of junctions when tested in accordance with GRI 
GG2. 

1.4. 6 Flexural Stiffness (Also Known as Flexural Rigidity) 

Resistance to bending force measured via ASTM D 1388, Option A, using 
specimen dimensions of 854 millimeters in length by 1 aperture in width. 

1.4. 7 Resistance to Installation Damage 

Resistance to loss of load capacity or structural integrity when subjected 
to mechanical stress in installation measured via ASTM D 5818 in a clayey 
sand (SC), a well graded sand (SW) and crushed stone classified as a poorly 
graded gravel with a maximum 2 inch particle size (GP). Values shown are 
typical values. 

1. 4. 8 Resistance to Long Term Degradation 

Resistance to loss of load capacity or structural integrity when subjected 
to chemically aggressive environments measured via EPA 9090 immersion 
testing. Values shown are typical values. 

1. 4. 9 Ultraviolet Stability 

The ratio of tensile strength after exposure to the tensile strength prior 
to exposure with exposure per ASTM D 4355 and tensile strengths measured 
via GRI GGl as specified in subparagraph "True Tensile Modulus in Use" of 
paragraph DEFINITIONS above. 

1. 4 .10 Well Graded 

Well graded is determined based on the results of a material size gradation 
test based on the materials coefficient of uniformity and coefficient of 
curvature, determined as follows: 

Cu = D60 /D10 is greater than 4 for well graded gravel 

Where; 
Cu = Coefficient of uniformity 
DGo The diameter corresponding to 60% finer in the particle size 

distribution curve. 
D10 The diameter corresponding to 10% finer in the particle size 

distribution curve. 

Cc = (D30 ) 2 
/ (D60 x D10 ) is between 1 and 3 for well graded gravel 

Coefficient of curvature 
Where; 

Cc= 
D30 = The diameter corresponding to 30% finer in the particle size 

distribution curve. 

1.5 QUALITY ASSURANCE 

Prior to the installation of the units, the Contractor shall arrange a 
meeting at the site with the system supplier and, where applicable, the 
system installer. The Contracting Officer shall be notified at least 5 days 

SECTION 02380 Page 4 



STRATFORD ARMY ENGINE PLANT, CAUSEWAY NCRA 
PHASE II 
STRATFORD, CONNECTICUT 

in advance of the time of the meeting. The Contractor shall provide a 
manufacturers representative on-site during initial installation as well 
as, as required by the Contracting Officer. 

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

An approved source of the polymeric marine mattress system is Tensar Earth 
Technologies, Inc., or approved equivalent. 

2.2 MATERIALS 

2.2.1 Structural Geogrid 

a. Unless otherwise specified on the contract drawings, shop drawings, 
or directed by the Contracting Officer, the structural geogrid type 
shall be: 

(1) Type 1 for the internal diaphragms of the units. 

(2) Type 2 for the top, bottom, sides and anchor of the units. 

b. The structural geogrid shall be produced from virgin resin and 
classified as copolymer and shall possess complete continuity of all 
properties throughout its structure and shall be suitable for forming 
non-yielding marine mattresses. 

c. The structural geogrid shall accept applied force in use by positive 
mechanical interlock (i.e., direct mechanical keying) with: 

(1) Compacted soil or construction fill materials; 

(2) Contiguous sections of itself when overlapped and embedded 
in compacted soil or construction fill materials; and, 

(3) Rigid mechanical connection elements such as bodkins, pins 
or hooks. 

d. The structural geogrid shall possess sufficient cross sectional 
profile to present a substantial marine mattress to geotextile filter 
interface to resist movement relative to such materials when 
subjected to applied force. 

e. The structural geogrid shall possess sufficient true internal modulus 
to cause applied force to be transferred to the grid at low strain 
levels without material deformation of the marine mattress. 

f. The structural geogrid shall possess complete continuity of all 
properties throughout its structure and shall be suitable for use in 
maintaining structural integrity of marine mattress systems. 

g. The structural geogrid shall have the following characteristics: 
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PROPERTY UNITS 

True 1% Tensile Modules 
in Use (MD) kN/m (lb/ft) 

Junction Strength (MD) kN/m (lb/ft) 

Flexural Stiffness mg-cm 

Resistance to Installation 
Damage %GP 

Resistance to Long Term 
Degradation % 

Ultraviolet Stability 
(Retained Strength @ 500 
hours) % 

Aperture Size in. (MD/XMD) 

Percent Open Area % 

Minimum Thickness (any in. 
dimension) 

2.2.2 UV Stabilized Braid 

TYPE 1 TYPE 2 

750 (51,400) 1,650 (113,090) 

48.60 (3,330) 100.8 (6,908) 

500,000 4,500,000 

85 85 

100 100 

98 98 

5.8/0.60 5.6/0.60 

60 60 

0.028 0.065 

a. The braid used for tying and lacing in the fabrication of the units 
shall be 8-strand hollow-core braid composed of HDPE. Each strand 
shall consist of a bundle of monofilament HDPE. 

b. The braid shall have a nominal diameter of not less than 3/16 inch 
and a breaking strength of not less than 400 pounds on a test 
specimen 36 inches in length. 

c. The braid shall be UV stabilized with a minimum carbon black content 
of 2.0% by weight. 

2.2.3 Mechanical Connection Elements 

a. The mechanical connection elements shall be as shown on the Drawings 
and shop drawings and shall be composed of UV stabilized high density 
polyethylene (HDPE), unless otherwise approved by the Contracting 
Officer. 

b. The mechanical connection used shall be bodkin type, unless otherwise 
approved by the Contracting Officer. 

2.2.4 Rock Fill Materials 

a. The rock fill shall be sound and durable, free of cracks, soft seams, 
and other Structural defects impairing its durability. 

b. Broken concrete and rounded stone are not acceptable. 
c. Unless otherwise shown on the Drawings and shop drawings or approved 

by the Contracting Officer: 
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(1) The rock fill shall be well-graded, washed, angular, crushed 
stone with stones between 2 to 6 inches, having a D50 of 3 
inches and less than 2% finer than 2 inches. No flat or 
elongated stone will be allowed. 

d. Contingent on approval of the Contracting Officer, recycles, 
processed concrete meeting these requirements may be used as stone 
fill. 

2.2.5 Biaxial Geogrid Composite 

The biaxial geogrid composite shall be an integrally formed grid structure 
manufactured of a stress resistant polypropylene material with molecular 
weight and molecular characteristics which impart: 1) high resistance to 
loss of load capacity or structural integrity when the geogrid is subjected 
to mechanical stress in installation; 2) high resistance to deformation 
when the geogrid is subjected to applied force in use; and 3) high 
resistance to loss of load capacity or structural integrity when the 
geogrid is subjected to long-term environmental stress. The grid structure 
shall be reinforced with a woven, monofilament, polypropylene geotextile. 

The geogrid composite shall accept applied force in use by positive 
mechanical interlock with: 1) compacted soil or construction fill 
materials; 2) contiguous sections of itself when overlapped and embedded in 
compacted soil or construction fill materials; and 3) rigid mechanical 
connectors such as bodkins, pins, or hooks. The geogrid shall pssess 
sufficient flexural stiffness to enable efficient installation over weak or 
wet in-situ soils, and sufficient torosional stiffness to resist in-plane 
movement of compacted soil or construction fill materials when these a 
subject to rotating lateral displacement forces. The geogrid shall possess 
complete continuity of all properties throughout its' structure and shall 
have the following characteristics: 

PROPERTY UNITS MD Values XMD Values 
Geogrid Composite: 

True 1% Tensile Modules 
in Use kN/m (lb/ft) 410 (28,100) 420 (28,780) 

Junction Strength kN/m {lb/ft) 21. 50 (1,474) 21. 5 (1,474) 

Flexural Stiffness mg-cm 750,000 

Torosional Stiffness kg-cm/deg 6.0 

Resistance to Installation 
Damage %GP 71 

Resistance to Long Term 
Degradation % 100 

Ultraviolet Stability 
(Retained Strength@ 500 
hours ASTM D4355) % 98 

Aperture Size in. l.7(MD) 1.9(XMD) 

Percent Open Area g_ 
0 75 
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PROPERTY 
Minimum Thickness (any 
dimension) 

Geotextile: 

Puncture Strength (ASTM 
D4833 

Trapezoidal Tear (ASTM 
D4533) 

Percent Open Area (CWO-
221225) 

Apparent Opening Size 

Permittivity (ASTM D 4491) 

UV Resistance (% retained 
(500 hours - ASTM D4355) 

PART 3 EXECUTION 

3.1 EXAMINATION 

UNITS 
in. 

lbs. 

lbs. 

% 

us Sieve 

sec-1 

% 

MD Values XMD Values 
0.06 

115 

80 70 

10-12 

30-50 

0.95 

80 

The Contractor shall check the structural geogrid, braid, mechanical 
connection elements, and geogrid composite upon delivery to verify that the 
proper material has been received. These materials shall be inspected by 
the Contractor to be free of flaws or damage occurring during 
manufacturing, shipping, or handling. The Contracting Officer will examine 
materials prior to installation and may reject materials that are not 
uniform, flawed or damaged. 

3.2 FINAL FABRICATION AND FILLING 

3.2.1 Mechanical Connections 

The joints where the ends and baffles of each unit join the top or bottom 
of the unit shall be made with a mechanical connection between geogrid 
elements as shown on the Drawings and shop drawings. 

3.2.2 Seaming 

Unless otherwise shown on the Drawings and shop drawings or approved by the 
Contracting Officer: 

a. The joints along the sides of each unit shall be secured by seaming 
with braid using a lock-stitch configuration to provide complete 
closure of each unit. 

b. Stitches shall be spaced evenly along each seam, with a minimum of 6 
stitches per foot of seam. The braid material shall be securely 
knotted to the geogrid material at each end of each seam and at a 
minimum 3-foot spacing along each seam. The ends of each piece of 
braid used shall be knotted to prevent raveling of the braid. 
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c. The braiding shall be sufficiently tight to prevent openings greater 
than 1 inch along the seam, but shall not be cinched so tightly that 
overlaps and binding result. 

d. Seaming to connect adjacent units is not required. 

3.2.3 Rock Filling 

Unless otherwise shown on the contract drawings and shop drawings or 
approved by the Contracting Officer: 

a. Each unit shall be filled and the rock fill densified, as 
appropriate, while the unit is supported in an upright position 
resting on its side. The filling sequence of the compartments within 
each unit shall be appropriate to prevent excess deformation or 
displacement of the interior diaphragms. 

b. Densification of the rock fill material and complete filling of each 
compartment shall be accomplished by rodding and/or vibration. 

c. Lifting hoops shall be formed by joining the top and bottom layers of 
grid from each unit by means of approved mechanical connections. 

d. When filling and fabrication of a unit are complete, the unit shall 
be rotated to a horizontal position resting on its bottom in order to 
facilitate subsequent lifting. 

e. Filling shall be accomplished in a manner that does not cause 
excessive damage to the geogrid, mechanical connection elements or 
the braid. 

3.3 PREPARATION 

3.3.1 Subgrade 

The subgrade shall be prepared as indicated on the contract drawings or as 
directed by the Contracting Officer. Voids resulting from the removal of 
oversized materials shall be filled with Gravel meeting the requirements of 
Section 02300 - EARTHWORK. 

3.3.2 Biaxial Geogrid Composite 

The biaxial geogrid composite shall be placed in the manner specified and 
at the locations shown on the drawings. At the time of installation, the 
geogrid composite shall be rejected if it has defects, rips, holes, flaws, 
deterioration or damage incurred during manufacture, transportation or 
storage or repaired as approved by the Contracting Officer. 

The geogrid composite shall be placed with the long dimension perpendicular 
to the slope in a single, continuous roll width. The geogrid shall be laid 
smooth, such that the overlap length complies with the manufacturer's 
recommendations. 

3.3.3 Woven Geotextile Underlayer 

The Contractor shall place a woven geotextile simultaneously with the units 
by pre-attaching the geotextile material to each unit in accordance with 
manufacturer standards with provision for sufficient overlap of the 
geotextile. The geotextile may be placed on the subgrade and secured to 
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reduce sediment release as approved by the Contracting Officer. The 
geotextile properties shall be as specified in Section 02378 GEOTEXTILES. 

3.4 INSTALLATION 

3.4.1 Position 

The units shall be placed at the proper elevation, alignment and 
orientation as shown on the shop drawings. 

3.4.2 Placement Procedures 

a. The procedure used in placement of the units shall be in accordance 
with the recommendations of the system supplier and as approved by 
the Contracting Officer. 

b. For lifting of each unit, a spreader beam and/or spreader bars shall 
be used in a manner that the unit is not subjected to severe bending 
or distortion and that the top and bottom layers of geogrid are 
tensioned uniformly across their width. Units should generally be 
lined from a horizontal position. 

c. Personnel shall stay clear of the area beneath units and rigging 
during lifting. Tag lines may be required to facilitate proper 
placement of the units. 

d. Do not place mattresses in standing water deeper than 1 foot deep. 
Lay mattresses such that the first portion to contact ground is at 
the lowest elevation, such that sediments are not squeezed out from 
beneath the mattresses into standing water. 

3.4.3 Splicing and Anchoring 

Where applicable, splicing and/or anchoring of the units shall be 
accomplished as shown on the contract drawings, the shop drawings, or as 
directed by the Contracting Officer. 

3.5 REPAIR 

Any units damaged during installation shall be repaired in a manner 
approved by the Contracting Officer or shall be replaced by the Contractor. 
Any such measures required shall be at no additional cost to the 
Government. 

-- End of Section --
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SECTION 02440 

ARTICULATING CELLULAR CONCRETE BLOCK SYSTEM 

PART 1 GENERAL 

1.1 DESCRIPTION 

The articulating cellular concrete block system is a block structure 
installed over a geotextile as described herein. The cellular blocks, made 
with portland cement concrete, are cast into "lock" blocks and "key" blocks 
that provide a three-directional interlock resisting lateral movement. No 
cables shall be used to connect the system. The articulating cellular 
concrete block system is a "flexible" concrete revetment that allows the 
blocks to traverse moderate changes in terrain without disruption of the 
placement pattern and interlock feature. 

This work shall consist of furnishing and installing the articulating 
cellular concrete block system. Activities shall include subgrade 
development, as specified in Section 02300 EARTHWORK, geotextile placement 
as specified in Section 02378 GEOTEXTILES, cellular concrete block 
placement and locking of blocks with gravel in accordance with this 
standard specification, at the location(s) identified on drawings and/or 
designated by the Contracting Officer. This work shall include all 
necessary materials, labor, supervision, testing and equipment for 
installation of a complete system. 

All work of this Section shall be performed in accordance with the 
Conditions and Requirements of the Contract Documents. 

1 . 2 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by basic 
designation only. 

AMERICAN SOCIETY FOR TESTING MATERIALS (ASTM) 

ASTM C 33 

ASTM C 39 

ASTM C 42 

ASTM C 14 

ASTM C 150 

ASTM C 666 

ASTM D 698 

ASTM D 1777 

Specification for Concrete Aggregates 

Standard Test Method for Compressive Strength of 
Cylindrical Concrete Specimens 

Standard Methods of Obtaining and Testing 
Drilled Cores and Sawed Beams of Concrete 

Standard Methods of Sampling and Testing 
Concrete Masonry Units 

Specification for Portland Cement 

Test Method for Resistance of Concrete to Rapid 
Freezing and Thawing 

Test Method for Laboratory Compaction 
Characteristics of Soil Using Standard Effort 

Test Method for Measuring Thickness of Textile 
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ASTM D 3776 

ASTM D 3786 

ASTM D 3884 

ASTM D 4491 

ASTM D 4533 

ASTM D 4632 

ASTM D 4751 

ASTM D 4833 

1.3 SUBMITTALS 

Materials 

Test Method for Mass per Unit Area (Weight)of 
Woven Fabric 

Test Method for Hydraulic Bursting 
Strength of Knitted Goods and Non-woven fabrics: 
Diaphragm Bursting Strength Tester 
Method 

Test Method for Abrasion Resistance of Textile 
Fabrics (Rotary Platform, Double Head Method) 

Test Methods for Water Permeability of 
Geotextiles by Permitivity 

Test Method for Trapezoidal Tear Strength of 
Geotextiles 

Test Method for Grab Breaking Load and 
Elongation of Geotextiles 

Test Method for Determining Apparent Opening 
Size of a Geotextile 

Test Method for Index Puncture Resistance of 
Geotextiles, Geomembranes and Related Products 

Government approval is required for submittals with a "GA" designation; 
submittals not having a "FIO" designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

SD-03 Product Data 

Articulating Cellular Concrete Block; GA 

Submit product data as required in this section on materials for 
articulating cellular concrete block system. 

Alternative Materials; GA 

Any alternative system submitted for approval shall include 
complete design and hydraulic data, including test evidence of 
compliance to the essential design parameters of Project per 
Federal Highway Administration Reports No. FHWA-RD-88-181 and 
FHWA-RD-89-199, and reference installations similar in size and 
scope to that specified for the Project. 

SD-04 Samples 

Articulating Cellular Concrete Block; GA 

1.4 DELIVERY, INSPECTION, STORAGE and HANDLING 

1.4.1 Delivery 
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Blocks shall be transported on 4-foot by 4-foot pallets containing 
approximately 74 square feet of block per pallet, including uncovered 
openings between the blocks, for 4-inch thick blocks. Pallets shall be 
stretch-wrapped with a polymer membrane, rather than banded with steel 
straps. 

1.4.2 Inspection 

All blocks shall be sound and free of defects that would interfere with the 
proper placing of the block or impair the strength or permanence of the 
construction. Minor cracks incidental to the usual methods of manufacture, 
or minor chipping resulting from customary methods of handling in shipment 
and delivery, may be deemed as grounds for rejection. 

1.4.3 Storage 

Blocks shall be stored by Contractor in a manner which protects them from 
damage by construction traffic. 

1.4.4 Handling 

Handle materials as recommended by the Manufacturer. Do not drop or pile 
blocks such that dama could result. Placement shall be by hand. Limit 
vehicle traffic as recommended by the Manufacturer on completed sections. 

1.5 PERFORMANCE REQUIREMENTS 

Based on hydraulic testing requirements of Federal Highway Administration 
Publication No. FHWA-RD-89 199, "Hydraulic Stability of Articulated 
Concrete Block Revetment Systems During Overtopping Flow", 4 inch thick 
blocks on a 5:1 slope shall remain stable at a maximum permissible shear 
stress and velocity of 7.5 pounds per square foot and 15 feet per second, 
respectively. 

1.6 Quality Control Testing 

1.6.1 Manufacturer Testing and Certification 

The manufacturer of the block shall certify the following: 
a. Cement supplier, cement used in the blocks shipped to the site 

meet the requirements of ASTM C-150. 
b. Add mixture supplier, admixtures and the rates of use recommended 

will produce the required (SO year design life) durability with 
respect to saltwater exposure. 

The manufacturer of the block shall weight each batch following 
manufacture. 

The Manufacturer of the block shall provide testing results 
demonstrating the following, on a weekly basis during block production: 
a. Gradation, aggregate and sand meet the requirements of ASTM C-33 
b. Abrasion requirements. 
c. Compressive Strength, the compressive strength of the completed 

blocks after 28-days of curing shall be a minimum of 4,500 psi and 
the average of 3 successive tests shall be a minimum of 5,000 psi. 

1.6.2 Construction Phase Testing 
Each pallet shall be inspected for damage visually. 
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Perform compressive strength testing at a minimum frequency of 1 test 
per 10,000 square feet. 

PART 2 PRODUCTS 

2.1 ARTICULATING CELLULAR CONCRETE BLOCKS 

Blocks shall be made of unreinforced portland cement concrete and shall 
have a minimum compressive strength of 4,500 pounds per square inch 
(psi)and a minimum avearge (of three tests) of 5,000 psi. The oven dry 
weight of concrete used shall be not less than 125 pounds per cubic foot. 
Compressive strength testing of blocks, per ASTM C-1319-95, shall be 
performed on intact blocks following manufacturer recommended sample 
preparation techniques. The average absorption of block samples shall be 
not greater than 7 percent, with no individual sample greater than 8 
percent, in accordance with ASTM C-140. 

Blocks shall be cast using block manufacturing equipment with vibratory 
compaction processes (dry cast). Blocks shall be a natural, non-pigmented, 
grayish-white concrete color. 

Blocks shall be made of modular interlocking components, based on 
equilateral triangles with 16 inch long sides. Blocks shall be cast in 
pairs of "lock" and "key" blocks with each "lock" block having three 
equally spaced circular recesses and with each 11 key 11 block having three 
equally spaced interlocking knobs. Blocks shall be manufactured to allow 
articulation upward and downward while restricting lateral movement. The 
assembled block system shall articulate over three-directional vertical 
curves, both upward and downward, with a minimum radius of 36 inches. 

Nominal block thickness shall be 4 inches. Block weights, per pair of 
"key" and "lock" blocks, shall be approximately 50 lbs. 

Each pair of "key" and 11 lock 11 blocks shall cover approximately 1.54 square 
feet, including uncovered openings between the blocks. The system shall 
provide approximately 80 percent coverage of the area with blocks, leaving 
approximately 20 percent, but not less than 16 percent, uncovered area at 
the ground surface. 

For installation purposes, the bottom of the block shall be those sides 
with a generally flat, unformed surface. 

PART 3 EXECUTION 

3.1 BLOCK SUPPLIER REPRESENTATION 

The Contractor shall coordinate with the block supplier for a qualified 
representative of the block supplier to be present on the job site at the 
start of installation to provide technical assistance as needed. Contractor 
shall remain solely responsible for the quality of installation. 

3.2 SITE PREPARATION 

Before placing the geotextile, the subgrade, consisting of a Sand Bedding 
(Section 02300 EARTHWORK), shall be inspected by the Contractor to ensure 
it has been graded smooth; has no depressed, void, soft, or uncompacted 
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areas; and is free from obstructions, such as tree roots, projecting stones 
or other foreign matter. Subgrade compaction shall be achieved by 
compaction with a heavy smooth drum roller using a minimum of 6 passes, and 
shall be installed to within plus or minus 2 inches of the design elevation 
or to the satisfaction of the Contracting Officer. The Contractor shall not 
proceed until all unsatisfactory conditions have been remedied. By 
beginning construction, the Contractor signifies his approval of preceding 
work. 

The Contractor shall fine grade the sand subgrade by hand dressing where 
necessary to remove local surface irregularities. 

The perimeter of the block system shall be terminated as shown on the 
contract drawings. 

3.3 GEOTEXTILE INSTALLATION 

A non-woven geotextile shall be placed as specified in Section 02378 
GEOTEXTILES, Paragraph 3.2.2. 

3.4 BLOCK PLACEMENT 

Block installation shall begin from a straight-line oriented perpendicular 
to the direction of lay, and shall proceed toward an open area and not 
toward a point of fixity. Blocks shall be installed with the bottom side 
down. Blocks shall continue to be laid in straight-lines to maintain the 
interlock characteristic. To maintain straight-lines, no more than two rows 
of blocks shall be started at a time. The extent of blocks shall include 
the perimeter termination trenches and shall be as shown on contract 
drawings. 

When abutting structures, such as perimeter rip rap, concrete grout shall 
be furnished and installed full-depth in the void between the blocks and 
penetrations. Grout shall be installed, floated smooth and cured at the 
direction of Contracting Officer. 

3.5 BACKFILLING 

Backfilling of interstitial spaces between blocks and the termination 
between the upper and lower cover systems shall be completed no more than 
seven (7) days after placement of the non-woven geotextile to protect the 
geotextile from ultraviolet radiation. As the installation progresses, 
backfilling shall include contiguous termination and interstitial space 
backfilling. 

Interstitial spaces shall be backfilled with Gravel, as per the drawings 
and Section 02300 EARTHWORK. The termination area between the upper and 
lower cover systems shall be backfilled with rip rap, as per the drawings 
and Section 02300 EARTHWORK. 

3.6 QUALITY ASSURANCE 

Based on the preceding specifications for materials and installation, the 
articulating cellular concrete block system shall not be defective or 
damaged. Any such problems shall be corrected by Contractor at no cost to 
Government and to the satisfaction of Contracting Officer. 

3.7 CLEANUP 
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At the completion of this scope of work, Contractor shall remove from the 
job site and properly dispose of all remaining debris, waste materials, 
excess materials, and equipment required of or created by Contractor. 
Disposal of waste materials shall be solely the responsibility of 
Contractor and shall be done in accordance with the requirments of Section 
02120 TRANSPORTATION AND OFF-SITE DISPOSAL. 

--End Of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 02522 

MONITORING WELLS 
05/98 

There are five existing groundwater monitoring wells, installed during 
previous investigations on the Causeway, including MWCD-99-0lA and -0lB, 
MWCD-99-02A and -02B, and MWCD-00-01. The work covered in this section 
includes the grade adjustment of four of the monitoring wells, following 
completion of cover system installation. Monitoring well MWCD-00 01 is 
scheduled to be abandoned during Phase I activities (N.I.T.C.). 

1.2 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by basic 
designation only. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM D 1785 

NSF ANSI/NSF 14 

1.3 SUBMITTALS 

(1996b) Poly(Vinyl Chloride) (PVC) Plastic 
Pipe, Schedules 40, 80, and 120 

NSF INTERNATIONAL (NSF) 

(1996) Plastics Piping Components and Related 
Materials 

Government approval is required for submittals with a 11 GA 11 designation; 
submittals having an 11 FIO 11 designation are for information only. The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 

SD-03 Product Data 

Well casing fill material; FIO 

Manufacturer's data and recommended installation instructions. 

SD-06 Test Reports 

Well Adjustment Records; GA 

A monitoring well adjustment record, for each monitoring well 
which has been adjusted to final grade, within 14 working days of 
completion. 
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1.4 MONITORING WELL GRADE ADJUSTMENT 

Existing monitoring wells scheduled for grade adjustment shall have their 
protective casings modified to accommodate a change in grade at the well. 
The top of well protective casing shall be extended to be flush with the 
proposed grade at the well, and a flush-mount cover shall be installed to 
limit access to the monitoring well, as indicated on the Drawings. 

1.5 LICENSE REQUIREMENTS 

All work related to moni taring wells is to be performed by a contractor 
licensed by the State of Connecticut to perform the work required under 
this contract. 

PART 2 PRODUCTS 

2.1 PROTECTIVE CASINGS 

Monitoring well protective casing pipe, shall be new, matching the material 
and diameter of the existing protective casing, meeting ASTM D 1785 or NSF 
ANSI/NSF 14. Required fittings shall be ASTM F 480. 

2.2 WELL FILL MATERIAL 

Well fill sealant material shall be Floseal or approved equal. 

PART 3 EXECUTION 

3.1 GENERAL 

The Contractor shall protect and adjust existing monitoring wells as 
indicated in these specifications and shown on the Drawings. The Contractor 
shall perform only the work required based on actual site conditions 
experienced. 

The existing condition of the monitoring wells shall be recorded prior to 
construction of the cover system and adjustment of the wells 

3.2 PROTECTION OF EXISTING MONITORING WELLS 

The Contractor shall maintain existing monitoring wells marked to remain and 
protect them from damage from equipment and vehicular traffic during Phase 
II operations. Any items damaged by the Contractor shall be repaired by the 
Contractor. Protection of existing monitoring wells shall be incidental to 
the Work. 

3.3 MONITORING WELL GRADE ADJUSTMENT 

The top of protective casing elevation for existing monitoring wells marked 
to be adjusted shall be extended to be level with the proposed grade at the 
well, unless otherwise noted. The well casing and protective casing shall 
be extended, as necessary, with new casing materials that match the 
materials and sizes of the existing casings. The existing well casing shall 
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be finished a maximum of 1.0 foot below the finished grade of the protective 
casing. A flush-mount protective casing shall be installed to limit access 
to the monitoring well. 

--End of Section--
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PART 1 GENERAL 

1.1 DESCRIPTION 

SECTION 02921 

SEEDING 
06/98 

This section covers the products and procedures to be followed during grass 
seed placement on the Causeway. The seeding, as described in this section, 
is intended to provide long-term vegetative cover and soil stabilization for 
the site. The seed mixes are composed of plant species that are able to 
tolerate the droughty conditions, and the occasional salt conditions found 
on the Causeway. Those areas which are to be seeded are shown on the 
attached project drawings. Erosion control blankets are specified to 
provide short-term erosion control protection during the seed establishment 
period. 

1.2 REFERENCES 

The publications listed below form a part of this specification to the 
extent referenced. The publications are referred to in the text by basic 
designation only. 

AGRICULTURAL MARKETING SERVICE (AMS) 

AMS-01 (Aug 95) Federal Seed Act Regulations Part 
201 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM C 602 

ASTM D 977 

ASTM D 2028 

ASTM D 4972 

ASTM D 5268 

ASTM D 5883 

1.3 SUBMITTALS 

(1995a) Agricultural Liming Materials 

(1991) Emulsified Asphalt 

(1976; R 1992) Cutback Asphalt (Rapid-Curing 
Type) 

(1995a) pH of Soils 

(1992; R 1996) Topsoil Used for Landscaping 
Purposes 

(1996) Standard Guide for Use of Rotary Kiln 
Produced Expanded Shale, Clay or Slate (ESCS) 
as a Mineral Amendment in Topsoil Used for 
Landscaping and Related Purposes 

The following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES: 
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As part of the Work Plan, specified in Section 02111 EXCAVATION AND 
HANDLING OF CONTAMINATED MATERIAL, the Contractor shall detail the 
processes to be used during re-vegetation of the Causeway. 

1.4 SOURCE INSPECTION 

The source of delivered vegetative support soil shall be subject to 
inspection. 

1.5 DELIVERY, INSPECTION, STORAGE, AND HANDLING 

1.5.1 Delivery 

A delivery schedule shall be provided at least 10 calendar days prior to the 
first day of delivery. 

1.5.1.1 Delivered Vegetative Support Soil 

Prior to the delivery of any vegetative support soil, quality control 
testing shall be conducted, and analytical testing shall be required for any 
soil delivered to the site, as specified in Section 02300 EARTHWORK. 

1.5.1.2 Soil Amendments 

Soil amendments shall be delivered to the site in the original, unopened 
containers bearing the manufacturer's chemical analysis. In lieu of 
containers, soil amendments may be furnished in bulk. A chemical analysis 
shall be provided for bulk deliveries. 

1. 5 .2 Inspection 

Seed shall be inspected upon arrival at the job site for conformity to 
species and quality. Seed that is wet, moldy, or bears a test date five 
months or older, shall be rejected. Other materials shall be inspected for 
compliance with specified requirements. The following shall be rejected: 
open soil amendment containers or wet soil amendments; topsoil that contains 
slag, cinders, stones, lumps of soil, sticks, roots, trash or other material 
over a minimum 1-1/2 inch diameter; and topsoil that contains viable plants 
and plant parts. Unacceptable materials shall be removed from the job site. 

1. 5. 3 Storage 

Materials shall be stored in designated areas. Seed, lime, and fertilizer 
shall be stored in cool, dry locations away from contaminants. Chemical 
treatment material shall be stored according to manufacturer's instructions 
and not with seeding operation materials. 

1. 5. 4 Handling 

Except for bulk deliveries, materials shall not be dropped or dumped from 
vehicles. 

SECTION 02921 PAGE 2 



STRATFORD ARMY ENGINE PLANT CAUSEWAY NCRA 
PHASE II 
STRATFORD, CONNECTICUT 

PART 2 PRODUCTS 

2.1 SEED 

2.1.1 Seed Classification 

State-approved seed of the latest season's crop shall be provided in 
original sealed packages bearing the producer's guaranteed analysis for 
percentages of mixture, purity, germination, hard seed, weed seed content, 
and inert material. Labels shall be in conformance with AMS-01 and 
applicable state seed laws. 

2 .1. 2 Permanent Seed Species and Mixtures 

Permanent seed species and mixtures shall be proportioned by weight as 
follows: 

SPECIES PERCENT 

Creeping Red Fescue (Festuca rubra) 30 

Annual Rye-grass (Lolium mu1tif1orum) 25 

Timothy (Phleum pratense) 15 

White Clover (Trifolium repens) 10 

Little Bluestem (Schizachyrium scoparius) 10 

Red Top (Agrostis alba) 5 

Side-oats Gramma-grass (Bouteloua curtipendula) 5 

TOTAL 100 

2 .1. 3 Quality 

Weed seed shall be a maximum 1 percent by weight of the total mixture. 

2 .1. 4 Seed Mixing 

The mixing of seed may be done by the seed supplier prior to delivery, or on 
site as directed. 

2 .1. 5 Substitutions 

Substitutions will not be allowed without written request and approval from 
the Contracting Officer. 

2.2 VEGETATIVE SUPPORT SOIL 

Vegetative support soil shall be of the quality defined in Section 02300 
EARTHWORK. 

2.3 SOIL AMENDMENTS 

SECTION 02921 PAGE 3 



STRATFORD ARMY ENGINE PLANT CAUSEWAY NCRA 
PHASE II 
STRATFORD, CONNECTICUT 

Soil amendments shall consist of pH adjustment and fertilizer, as necessary. 

2.3.1 pH Adjustment 

Recycled compost may be used, as needed to provide pH adjustment for 
topsoil. Compost shall be a well decomposed, stable, weed free organic 
matter source. Compost shall be derived from food; agricultural or 
industrial residuals; biosolids (treated sewage sludge); yard trimmings; or 
·source-separated or mixed solid waste. The compost shall possess no 
objectionable odors and shall not resemble the raw material from which it 
was derived. The material shall not contain substances toxic to plants. 
Gradation: The compost material shall pass through a 3/8 inch screen, 
possess a pH of 4.0 to 5.5, and have a moisture content between 35-55 
percent by weight. The material shall not contain more than 1 percent by 
weight of man-made foreign matter. Compost shall be cleaned of plastic 
materials larger than 2 inches in length. 

2.3.2 Fertilizer 

Fertilizer shall be controlled release commercial grade, free flowing, 
uniform in composition, and consist of a 10-10-10, nitrogen-phosphorus
potassium ratio. 

2.5 WATER 

Water supply shall be the responsibility of the Contractor, unless otherwise 
noted. Water shall not contain elements toxic to plant life. 

2.6 SURFACE EROSION CONTROL BLANKET 

All exposed topsoil and seeded areas shall be covered with a straw and 
coconut fiber erosion control blanket in a biodegradable netting (BonTerra 
America ENCS2 or equal). 

Straw: 

Netting: 

Thread: 

70% weed free wheat straw, .35 lb./SY 
30% Coconut Fiber, .15 lb./SY 

Top and bottom side; 100% biodegradable woven natural fiber 

100% biodegradable, high tensile natural fiber 

Manufactured from 70% wheat straw and 30% coconut fiber by weight, the 
erosion control blanket shall be a machine fabricated mat, covered on both 
sides by biodegradable netting, and sewn together with high tensile 
biodegradable thread on two inch centers. Straw and coconut fiber shall be 
homogeneously blended and evenly distributed throughout the mat. Netting 
shall be woven biodegradable natural fiber with mesh openings of 
approximately 1/2n X 3/4". The blanket shall be sewn on approximately two 
inch centers with high strength natural fiber biodegradable thread. 

The erosion control blankets are to be fastened to the soil using wire turf 
staples at the overlap seams, and the top and bottom of the blanket. 
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PART 3 EXECUTION 

3.1 INSTALLING SEED TIME AND CONDITIONS 

3.1.1 Seeding Time 

Seed shall be installed from April 1 to May 30 for spring establishment. 
Establishment at other times of the year is not recommended. 

3 .1. 2 Seeding Conditions 

Seeding operations shall be performed only during periods when beneficial 
results can be obtained. When drought, excessive moisture, or other 
unsatisfactory conditions prevail, the work shall be stopped when directed. 
When special conditions warrant a variance to the seeding operations, 
proposed alternate times shall be submitted for approval. 

3 .1. 3 Equipment Calibration 

Immediately prior to the commencement of seeding operations, calibration 
tests shall be conducted on the equipment to be used. These tests shall 
confirm that the equipment is operating within the manufacturer's 
specifications and will meet the specified criteria. The equipment shall be 
calibrated a minimum of once every day during the operation. The 
calibration test results shall be provided within 1 week of testing. 

3 .1. 4 Soil Test 

Delivered vegetative support soil and existing soil in smooth graded areas 
shall be tested in accordance with ASTM D 5268 and ASTM D 4972 for 
determining the particle size, pH, organic matter content, textural class, 
chemical analysis, soluble salts analysis, and mechanical analysis. Sample 
collection on site shall be random over the entire site. Sample collection 
for stockpiled vegetative support soil shall be at different levels in the 
stockpile. The soil shall be free from debris, noxious weeds, toxic 
substances, or other materials harmful to plant growth. The test shall 
determine the quantities and type of soil amendments required to meet local 
growing conditions for the seed species specified. 

3.2 SITE PREPARATION 

3.2.1 Finished Crade and Vegetative Support Soil 

The Contractor shall verify that finished layer thicknesses are as indicated 
on drawings, and the placing of vegetative support soil, smooth grading, and 
compaction requirements have been completed in accordance with Section 02300 
EARTHWORK, prior to the commencement of the seeding operation. 

3.2.2 Application of Soil Amendments 

3.2.2.1 Applying pH Adjuster 

The pH adjuster shall be applied as recommended by the soil test. The pH 
adjuster shall be incorporated into the soil to a maximum 4 inch depth or 
may be incorporated as part of the tillage operation. 
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3.2.2.2 Applying Fertilizer 

The fertilizer shall be applied as recommended by the soil test. Fertilizer 
shall be incorporated into the soil to a maximum 4 inch depth or may be 
incorporated as part of the tillage or hydroseeding operation. 

3.2.3 Tillage 

Soil on slopes up to a maximum 3-horizontal-to-1-vertical shall be tilled to 
a minimum 4 inch depth. On slopes between 3-horizontal-to-1-vertical and 1-
horizontal-to-l vertical, the soil shall be tilled to a minimum 2 inch depth 
by scarifying with heavy rakes, or other method. Rototillers shall be used 
where soil conditions and length of slope permit. On slopes 1-horizontal
to-l vertical and steeper, no tillage is required. Drainage patterns shall 
be maintained as indicated on drawings. Areas compacted by construction 
operations shall be completely pulverized by tillage. Soil used for repair 
of surface erosion or grade deficiencies shall conform to topsoil 
requirements. The pH adjuster, fertilizer, and soil conditioner may be 
applied during this procedure. 

3.2.4 Prepared Surface 

3.2.4.1 Preparation 

The prepared surface shall be a maximum 1 inch below the adjoining grade of 
any surfaced area. New surfaces shall be blended to existing areas. The 
prepared surface shall be completed with a light raking to remove debris. 

3.2.4.2 Field Area Debris 

Debris and stones over a minimum 3 inch in any dimension shall be removed 
from the surface. 

3.2.4.3 Protection 

Areas with the prepared surface shall be protected from compaction or damage 
by vehicular or pedestrian traffic and surface erosion. 

3.3 SEED INSTALLATION 

Prior to installing seed, any previously prepared surface compacted or 
damaged shall be reworked to meet the requirements of paragraph SITE 
PREPARATION. Seeding operations shall not take place when the wind velocity 
will prevent uniform seed distribution. 

3.3.1 Installing Seed 

Seeding method shall be Broadcast Seeding. Seeding procedure shall ensure 
even coverage. Gravity feed applicators, which drop seed directly from a 
hopper onto the prepared soil, shall not be used because of the difficulty 
in achieving even coverage, unless otherwise approved. Absorbent polymer 
powder shall be mixed with the dry seed at the rate recommended by the 
manufacturer. 
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Seed shall be uniformly broadcast at the rate of 1 pound per 500 square feet 
using broadcast seeders. Half the total rate of seed application shall be 
broadcast in 1 direction, with the remainder of the seed rate broadcast at 
90 degrees from the first direction. Seed shall be covered a maximum 1/4 
inch depth by disk harrow, steel mat drag, cultipacker, or other approved 
device. 

3.3.2 Watering Seed 

Watering shall be started immediately after completing the seeding of an 
area. Water shall be applied to supplement rainfall at a rate sufficient to 
ensure moist soil conditions to a minimum 1 inch depth. Run-off and 
puddling shall be prevented. Watering trucks shall not be driven over turf 
areas, unless otherwise directed. Watering of other adjacent areas or plant 
material shall be prevented. 

3.4 SURFACE EROSION CONTROL 

Where indicated or as directed, surface erosion control material shall be 
installed in accordance with manufacturer's instructions. Placement of the 
material shall be accomplished without damage to installed material or 
without deviation to finished grade. 

The erosion control blankets are to be fastened to the soil using wire turf 
staples 6" x 1 11 at a spacing of one staple per square yard. Staples at the 
overlap seams, and the top and bottom of the blanket shall be at a spacing 
of 1 foot. The top of bottom of the blanket, and all edges are to be keyed 
into the soil as recommended by the erosion control blanket manufacturer 

3.5 QUANTITY CHECK 

For materials provided in bags, the empty bags shall be retained for 
recording the amount used. For materials provided in bulk, the weight 
certificates shall be retained as a record of the amount used. The amount 
of material used shall be compared with the total area covered to determine 
the rate of application used. Differences between the quantity applied and 
the quantity specified shall be adjusted as directed. 

3.6 RESTORATION AND CLEAN UP 

3.6.1 Restoration 

Existing turf areas, pavements, and facilities that have been damaged from 
the seeding operation shall be restored to original condition at 
Contractor's expense. 

3.6.2 Clean Up 

Excess and waste material shall be removed from the seeded areas and shall 
be disposed offsite. Adjacent paved areas shall be cleaned. 
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3.7 PROTECTION OF INSTALLED AREAS 

Immediately upon completion of the seeding operation in an area, the area 
shall be protected against traffic or other use by erecting barricades and 
providing signage as required, or as directed. 

3.8 SEED ESTABLISHMENT PERIOD 

3.8.1 Commencement 

The seed establishment period to obtain a healthy stand of grass plants 
shall begin on the first day of work under this contract and shall end 3 
months after the last day of the seeding operation. Written calendar time 
period shall be furnished for the seed establishment period. When there is 
more than 1 seed establishment period, the boundaries of the seeded area 
covered for each period shall be described. The seed establishment period 
shall be modified for inclement weather, shut down periods, or for separate 
completion dates of areas. 

3.8.2 Satisfactory Stand of Grass Plants 

Grass plants shall be evaluated for species and health when the grass plants 
are a minimum 1 inch high. To be acceptable, a stand of grass shall show a 
reasonable thick, uniform stand, free from sizable areas of thin or bare 
spots, with a uniform count of at least 1000 blades per square foot, as 
approved by the Contracting Officer. 

3.8.3 Maintenance During Establishment Period 

Maintenance of the seeded areas shall include eradicating weeds, insects and 
diseases; protecting embankments and ditches from surface erosion; 
maintaining erosion control materials and mulch; protecting installed areas 
from traffic; mowing; watering; and post-fertilization, as necessary. 

3.8.3.1 Mowing 

Field areas shall be mowed once during the season to a minimum 3 inch 
height. Clippings shall be removed when the amount cut prevents sunlight 
from reaching the ground surface. 

3.8.3.2 Post-Fertilization 

The fertilizer shall be applied as recommended by the soil test. A maximum 
1/2 pound per 1000 square feet of actual available nitrogen shall be 
provided to the grass plants. The application shall be timed prior to the 
advent of winter dormancy and shall be made without burning the installed 
grass plants. 

3.8.3.3 Repair or Reinstall 

Unsatisfactory stand of grass plants and mulch shall be repaired or 
reinstalled, and eroded areas shall be repaired in accordance with paragraph 
SITE PREPARATION. 
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3.9.3.4 Maintenance Record 

A record of each site visit shall be furnished, describing the maintenance 
work performed; areas repaired or reinstalled; and diagnosis for 
unsatisfactory stand of grass plants. 

--End of Section--
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WATER GA TE BOX 

BOLLARD 

ELECTRIC BOX 

HYDRANT 

DRAIN MANHOLE 

OUCTILE IRON 

INVERT 

EXISTING RIPRAP 

£OGE OF WATER AT 
LOW TIDE 

SPOT GRADE 
(- IND/CA TES NEGA Ti VE) 

UNDERGROUND U TILi TY MARK 

/ ·---(;•1J------r,A]i1 --sc---1"",, r.;-._ -s,,_---,_A1}1 ------{A1 f--;f-SC---(A1J-------( ' ............ -- , . . ... · · · - • ",/.., ' / ... , P'., ,.. / / ; ~r-----"-' .,,..._,~ / ,/~ ~ ' - . "_,,, , ~~· \ ,/,4' ' / 

NOTES: 
1. SEE DRAWING C-101 FOR SURVEY REFERENCES. 

2. NO ACTIVE EXCAVATION OR BACKFILL/NG TO 8£ PERFORME\D UNDER TIDAL WA T[RS. 

3. PROVIDE FLOATING SILT CURTAIN AROUND CAUSEWAY AS SHOWN ON DRAWING. 
MINIMIZE SE\PARA TION BETWEEN LIMITS OF WORK AND FLOATING SILT CURTAIN, 
REFER TO C-3D1. N./. T.C. 

4. END POSTS TO 8£ SET AS IND/CA TED ON ORA WING C-301. BASE OF END POSTS 
SHALL BE AT OR ABOVE\ ELEVATION 6. N.I. T.C. 

5, INSTALL TYPE 1 ANCHORS, SUCH THAT TYPE 1 FLOATING SILT CURTAIN SETTLES NO 
CLOSER THAN 5 FEET FROM LIMITS OF WORK, OR AS APPROVED. ANCHOR LOCA T/ONS 
SHOWN ARE APPROX/MA TEL Y 10 FEET OUT FROM LIMITS or WORK. N.I. T.C. 

6.. PROVIDE OPENING BETWEEN CONTACT OF FILL/RIVERINE SEDIMENTS AND FLOATING 
SILT CURTAIN TO FAG/LITA TE TIDAL FLOW BEHIND TYPE I SILT CURTAIN DURING 
LOW TIDE. N.I. T.C. 

7. INSTALL TYPE 2 ANCHORS, SUCH THAT TYPE 2 FLOATING SILT CURTAIN SETTLES NO 
CLOSER THAN 5 FEET FROM LIMITS OF WORK, OR AS APPROVED. ANCHOR 
LOCATIONS SHOWN ARE APPROX/MA TEL Y 15 FEET OUT FROM LIMITS OF WORK. N.I. T.C. 

8. PROVIDE ADDITIONAL TYPE 2 ANCHORS WHERE NECESSARY TO PROVIDE ADDITIONAL 
SUPPORT AND TENSION ON SILT CURTAIN.. N.I. T.C.. 

9. INSTALL SILTATION FENCE AT THE APPROX/MA TE LOCA T/ON SHOWN.. TEMPORARILY 
REMOVE AND RE-INSTALL TOWARD TIDAL FLATS TO FACILITATE WORK. REPLACE 
WHEN NO WORK IS IN PROGRESS . 

10. THE LIMIT OF WORK CORRESPONDS WITH THE APPROX/MA TE CONTACT OF FILL/ 
RIVERINE SEDIMENTS, EDGE OF WATER AT LOW TIDE, OR EDGE OF EXISTING RIPRAP. 
WHERE PRESENT. 

17. PROVIDE SILTATION FENCE BETWEEN EXCAVATION AREA EA-5 (5££ DRAWING C-104) 
AND THE TIDAL FLA TS, AS REQUIRED AND AS APPROVED BY THE CONTRACTING OFFICER. 

72.. PLACE AND MAINTAIN TEMPORARY EROSION CONTROL BLANKET IN DISTURBED ARE\AS, 
ABOVE ELEVATION OF SIL TA T!ON FENCE, IN ACCORDANCE WITH CONTRACTOR'S 
APPROVED WORK PLAN. 

/,;"~........ '• -· / / 7 © N.I.T.C. , "/ ~s.c.,·, - --- --~ ---- ,-,1 
"<s .. ~;;;,>---. ,#!!'J/Y" - I / 

TYPE 1 
FLOATING 

SILT 
CURTAIN 

N.I.T.C. 

TYPE 2 
FLOATING 

SILT 
CURTAIN 

-."',.,~:;·····•- .. " .. --_, .. ,, ___ .,," ----"·"·-----· _.,,:{S:·\~f>·- M,,, 
~ '@, __ ---~..,,;,.:;_;~-....... :;~r:i:i,~"fi}f,,.,,." r 

'"©----®----@;se- \., ... ;,,n ... 

N.I.T.C. 
SEE NOTE 6 

,o.,x 

m 
US Army Corps 
of Engineers 
New England District 

I'." 
~ 

1~· gi 

~ ~ ~ 

'- $ ~ 

z 
0 

G 
C, 

~ z 
0 u ~ 
~ w 
0 5 
~ w 

~ 
0 w f-

al z w 

"' a 
"' "' g 0 

~ 

0 < 

t 
or: 0 

>
::, 
u 
F 
f;l Cl 
z Zt-...J 
15 <Cz o 
u zWll'. 

0 :::. l-o _ 0 z 
(>'. (/) w 0 
0 0(1)0 
LL fl'. 
~ w 
~ 
V, 

Sheet 
reference 

number: 

C-103 
SHEET 4 OF 7 

C 
0.. 
0.. 

<( 

.1l 
0 

0 

C 
0 .. 
'5 • • 0 

~ 
0 
~ 

C 
0.. 
0.. 

<( 

• c 
0 

C 

~ 
0.. 
·c 
0 • • 0 

~ 
~ 



D 

C 

B 

' i 
& A ~ 

~ 
.i 
~ 
g 

• 
i 
~ 
~ 

i 
< 

0 
4 
~ 

i 
• 
• < 
< 

1 

LEGEND 

CE,' 

20 40 

SCALE: 1 "=40' 

CONCRETE 

BITUMINOUS CONCRETE 

DIAMETER 

CATCH BASIN 

CHAIN LINK FENCE 

RETAINING WALL 

/' CONTOUR 

SPOT GRADE 
(- IND/CA TES NEGATIVE) 

MONITORING WELL 

UNDERGROUND UTILITY MARK 

APPROX/MA TE CONTACT OF 
FILL/RIVERINE SEO/MEN TS 

EDGE OF WATER AT 
LOW TIDE 

OVERHEAD WIRE 

80 FEET 

(TO BE REMOVED) 

\ ; . i 
j_. ·.- ,, ' 

------

EXCAVATION AREA EA-8 

WATER GATE 

BOLLARD 

ELECTRIC BOX 

2 

ELECTRIC CONDUIT (ON GRADE) 

HYDRANT 

DRAIN MANHOLE 

DUCTILE IRON 

INVERT 

EXISTING RIPRAP 

TREE 

LIMIT OF WORK 

APPROX/MA TE LIMIT OF 
EXCA VAT/ON AREA 

DIRECTION PHOTO TAKEN (2J 
(SEE NOTE 12) 

HEAVE PLATFORM 

STA T/ONARY HEAVE POLE 

EXCAVATION AREA EA-9 

EXCAVATION AREA EA-10 

QS) H-10 

NOTES: 

EXCAVATION AREA EA-2 

HEAVE PLATFORM 
TYP. (5) PLACES 
SEE NOTE 11 

STATIONARY 
HEAVE POLES 
TYP. (5) PLACES 
SEE NOTE 13 

1. SEE DRAWING C-101 FOR SURVEY REFERENCES 

3 

H-1 

2. WITHIN THE LIMIT OF WORK, REMOVE OVERSIZE (>2 FT IN ANY DIMENSION) 
MATERIAL AND DISPOSE OFF SITE IN ACCORDANCE WITH SPECIF/CA T/ONS. 

3, DEMOLISH CONCRETE BUILDING #59 AND SLAB AND 0/SPO'.:E OFF SITE. 

4. NO EXCA VAT/ON OR BACKFILL/NG TO BE PERFORMED UNO£"? TIDAL WATERS. 

5. PROVIDE SILT BOOM AROUND CAUSEWAY AS SHOWN ON DPAW/NG C-103 
AND IN ACCORDANCE WITH THE APPROVED EROSION AND SEDIMENT CONTROL 
PLAN. N.I. T. C. 

6. CLEAR AND GRUB TREES, BRUSH, ETC. CHIP TREES AND SPREAD ON SITE. 

7. PROTECT ALL WELLS TO REMAIN, WELLS TO REMAIN TO BE EXTENDED AND 
MADE FLUSHMOUNTS AS PART OF PHASE 11 (N.I. T.C.). WELL MWCD-00-01 TO 
BE DECOMMISSIONED. 

8. EXCAVATE AND REMOVE CONTAMINATED MATERIALS FROM AREAS EA-1 THRU 
EA-10 AT LOCATIONS SHOWN AND DISPOSE AT AN APPROVED AND LICENSED 
OFF-SITE FACILITY. REFER TO APPENDIX F OF THE BASIS OF DESIGN FOR 
PREVIOUS SOIL SAMPLING RESULTS. 

9, CONTRACT/NG OFFICER OR A REPRESENTATIVE TO SELECT LOCA T!ONS FOR 
CONFIRMATORY SAMPLING; CONTRACTOR SHALL ASSIST IN SAMPLE COLLECTION. 

10. STATION/NG SHOWN WILL BE USED FOR PHASE II WORK. PROVIDED FOR 
INFORMATION ONLY. 

11. HEAVE PLATFORMS SHALL BE PLACED IN THE APPROX/MA TE LOCA T/ON 
SHOWN, 40 FEET FROM THE CONTACT OF FILL/RIVERINE SEDIMENTS ON 
THE NORTH SIDE OF THE CAUSEWAY. AND 30 FEET FROM THE CONTACT 
ON THE SOUTH SIDE OF THE CAUS[WA Y. 

12. PHOTOGRAPHS ARE PROVIDED AS AN APPENDIX TO THE SPECIF/CA T/ONS. 
PHOTOGRAPHS ARE PROVIDED FOR INFORMATION ONLY. CONTRACTOR IS 
RESPONSIBLE FOR CONFIRMING ALL INFORMATION AND ASSUMPTIONS RELATIVE 
TO PHOTOGRAPHS PROVIDED. 

4 

/ 4 

EXCAVATION AREA EA- 7 
EXCAVATION AREA EA-5 
SEE NOTE 14 

EXCAVATION AREA EA-6 

/ 

13. STATIONARY HEAVE POLES SHALL BE PLACED IN THE APPROX/MA TE LOCA T/ON 
SHOWN, 15 FEET FROM CONTACT OF FILL/RIVERINE SEDIMENTS ON THE NORTH 
SIDE OF THE CAUSEWAY, AND 10 FEET FROM THE CONTACT ON THE SOUTH 
SIDE OF THE CAUSEWAY. 

14. PROVIDE SILTATION FENCE AROUND EXCAVATION AREA EA-5, AS REQUIRED 
AND AS APPROVED BY THE CONTRACTING OFFICER. 

~ H-2 

. 
\ 

\ 
\ 

5 

I 
I 

9+()0 
I 

✓) '-i:, 'o i ' ' / o, 
I 

\~ 

I 

/ 

T " i "i. (1 

APPROXIMATE VOLUMES OF 
OVERSIZE MATERIAL TO BE 

REMOVED FROM THE CAUSEWAY 

Photograph(s) Length Width Height 
Cubic Feet (See Note 12) (ft.) (ft.) (ft,) 

1 15 10 4 600 

2 10 3 4 120 

3 10 10 4 400 

4 10 10 4 400 

5thru17 320 40 3 38400 

18 thru 32 180 40 3 21600 

33 thru 35 30 30 2 1800 

41 6 12 2 144 

42 12 6 1 72 

43 thru 53 400 10 2 8000 

58 thru 65 400 40 2 32000 
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16" ALUMINUM END 
CONNECTION 

1 

OVERALL SECTION LENGTH = 200' MAX. 
ISOLATION SEAL 5"(TYP.) 

2 

SEE NOTE 3 7'-10' FLOAT TYP.) 8"i<l CLOSED CELL 
FOAM FILLED FLOAT 

0 

0 

0 

-1--- 0 

0 

3/4" GROMMETS o 
@ 4" SPACING-__, 

BRASS GROMMETS 
FOR LACING BOOM 
SKIRTS TOGETHER 

NOTES: 

::. w 
I 

z 
;,' 
I 
() 

;,. 

FLOAT /SKIRT WELD 

\_SKIRT\ 
SKIRT /BALLAST 
WELD 

BRASS GROMMETS FOR 
LACING SKIRT TO BALLAST 

2'(TYP.) 

ANCHOR LOCATION 
50' (MAX.) __ _, ' N 

5/16" GALVANIZED BALLAST 
CHAIN IN FABRIC POCKET 

' ro 
N 

1. LABEL FLOAT ON BOTH SIDES WITH "CAUTION UNDERWATER CABLES KEEP AWAY 25 FEET". 

2. SKIRT MATERIAL SHALL BE TYPE 1. 

3. PROVIDE CONTINUOUS ALUMINUM END CONNECTION WHERE SILT CURTAIN TYPE 
TERMINATES AT SUPPORT POST AND AT CONNECTION WITH TYPE 2 CURTAIN. 

TYPICAL FLOATING SILT CURTAIN (TYPE 1) 
N.T.S. 

N.I.T.C. 

ELEVATION 10. +/-0.3 FT. '--FLOTATION 
SEE NOTE 1 -----".1.---------------~ 

NOTES: 

(/) 
W N 
Q'. 
<( I=" 
> 0 
>- z 
I w 
'" w w (/) 
I 

.-..-SKIRT 

CONNECT CHAINS WITH 
SCREW PIN SHACKLE 

BALLAST CHAIN 

PROVIDE 2' SLACK (MIN.) 

5/16" GALVANIZED CHAIN 
ANCHOR CONNECTION 

__...--CONNECT WITH SCREW PIN 
~--..---,±--..--- SHACKLE 

12" MAX. 

F 
8:; "' 
0 (/) w 
>- w >z -0 w Q:'. z 

<( 
::. > w 
0 w w (/) m 
:a 
w 

~EYE HOOK 
_,..,,-MUD LINE 

¾~~/ 
y'<( ~ « 

EXTENSION ROD 
(AS NECESSARY) 
SEE NOTE 3 

i------HELICAL ANCHORS 
SEE NOTE 4 

1. FABRICATE ANCHOR CONNECTION TO PROVIDE AN ELEVATION OF THE BOTTOM 
OF FLOTATION AT 10+/- 0.3 FEET. 

2. VARY LENGTH OF CHAIN TO PROVIDE REQUIRED FLOAT ELEVATION, BASED ON 
ELEVATION OF EYEHOOK. 

3. PROVIDE ANCHOR DEPTH NECESSARY TO PROVIDE REQUIRED HORIZONTAL AND 
VERTICAL LOAD RESISTANCE, FOR EACH ANCHOR TYPE. 

4. HELICAL ANCHOR SIZE AND TYPE MAY VARY BASED ON SOIL TYPE AND 
ANCHOR TYPE. 

FLOATING SILT CURTAIN ANCHOR DETAIL 
N.T.S. 

N.I.T.C. 

N 

w 
0. 
>->-

' ... 
N 

3 

5/16" VINYL COATED CABLE 
(TOP TENSION MEMBER) 

36" ALUMINUM END OVERALL SECTION LENGTH = 200' (MAX.) 
CONNECTION 

3/4" GROMMET 
@ 4" SPACING 

NOTES: 

0 

0 

0 

0 

0 

0 

0 

0 

::. 
w 
I 

z 
;,' 
I 
() 

' ... 

' 

12"(TYP.) 

2"-WIDE HI-TENSION WEB ING 
STRAP IN FABRIC POCKET 

N 

\_SKIRT, SKIRT /BALLAST 
WELD 

BRASS GROMMETS FOR 
LACING SKIRT TO BALLAST 

2'(TYP.) 

ANCHOR LOCATION 
25' (MAX.) ---' ' N 

5/16" GALVANIZED BALLAST 
CHAIN IN FABRIC POCKET 

>
Q:'. 

"' (/) 

' ro 
N 

8"¢ CLOSED CELL 
FOAM FILLED FLOAT 

4 

+, --ALUMINUM BAR IN FABRIC POCKET 
@: 

I 
I 

' I 
@I 

I : 

' I 
' 1@-it-
1 

4--STAINLESS STEEL BOLTS 
,,,,_,,J 

\~-GROMMETS LACED 
WITH 3/8" NYLON LINE 

1. LABEL FLOAT ON BOTH SIDES WITH "CAUTION UNDERWATER CABLES KEEP AWAY 25 FEET". 3/8" NYLON LINE 

2. SKIRT MATERIAL SHALL BE TYPE 2. 

TYPICAL FLOATING SILT CURTAIN (TYPE 2) 
N.T.S. 

' <O 
I 

"' 

I 
I 
I 
I 
I 
I 
I 

' 
I 

0 I 
I I ;, I 

I 
I 
I 
I 
I 
I 
I 
I 
I I 
I I 
L_.....J 

N.I.T.C. 

0 

--
0 

0 

0 

3"Vlx3'Lx1 /2" THI CK 
C. S. FLAT STOCK 
WELDED TO SUPP 

1 "~ HOLES ON 4" 
(5 EACH SUPPOR 

ORT POST 

CENTERS 
T POST) 

6"~ C.S. PIPE W /CAP PRIME 
Y YELLOW 

CRETE 
AND COAT SAFET 
BACKFILL W/CON 

EXISTING GRADE 

5/16"¢ WIRE ROPE 
LENGTH 3' W/THIMB LE 
EACH END\ 

PROVIDE 1/2" GALV ANIZED 
SCREW PIN SHACKL E EACH END 

RTAIN TO ATTACH SILT CU 

SILT CURTAIN SUPPORT POST 
N. T.S. 

N.I.T.C. 

TYPICAL END CONNECTION (TYPE 1) 

NOTES: 

LIMIT 
OF 

WORK 

N.T.S. 

MINIMIZE 
5' MIN. 

N.I. T.C. 

FLOAT 

SKIRT 

'-- /TIDAL ARCH OF 
" FLOATING SILT 

'\ CURTAIN 

\ 
\ 

/ EYEHOOK ~ 

1. MINIMIZE THE SEPARATION OF SILT CURTAIN AT LOW TIDE BETWEEN FLOAT AND 
LIMIT OF WORK. MAINTAIN MINIMUM 5-FOOT SEPARATION. 

FLOATING SILT CURTAIN ANCHOR LOCATION 
N.T.S. 

N.I.T.C. 

5 
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2'-0" 

4'-o" 

' 0 
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N 

2"X 6" THREADED 
HEAVY DUTY CAST 
IRON OR STEEL FLANGE 
(4-1/2"¢ BOLTS REQ'D.) 

CT\ 

3/4" THK. MARINE 
EXTERIOR GRADE 
PYLWOOD 

PLAN 

APPROX. ELEV. 12' + /-1' FOOT 

1 /2"¢ HOLE 

NOTE: 
SETTLEMENT READINGS 
SHALL BE READ TO ±0.01' 

TOP ELEVATION TO BE ESTABLISHED 
AFTER PLACEMENT OF STABILIZING 
CONCRETE BLOCKS - TOLERANCE 
±0.01' INSTALL TARGET AS NESESSARY 

_/HIGH TIDE LINE 

- - -
~----2" STANDARD WALL 

GALVANIZED CARBONSTEEL 

STABILIZING CONCRETE BLOCKS TO BE 
PLACED PRIOR TO TOP ELEVATION 
READING 

(TOP OF TIDAL FLATS) 

3/4" PLYWOOD 

4-2"¢ WASHERS OR 1-1/4" 
STEEL PLATE 

SECTION fT\ 

HEAVE PLATFORMS 

COMPACTED SOIL 
TO PREVENT PIPING 

NOT TO SCALE 

- 1=!U 

STAKED STRAW 
BALE 

OAK, 1" SQUARE STAKE 

HAYBALE INSTALLATION 
NOT TO SCALE 

2 

' 0 
I 

LO 

8' (MIN. 

METAL OR 
WOODEN POST 

+ + + + + 
+ + + + + 

' <D 
I :11: 

+ + + 
+ + + 
+ + + 

N 

+II: 

+ + + 
+ + + 
+ + + 

+ + + + 

~-· 
' 0 
I 

N 

WOVEN POLYPROPYLENE 
SILTATION FABRIC 

+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 
+ + + 

-

EXCAVATE TRENCH FOR 6" 
FABRIC OVERLAP AND BACKFILL 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

3 

+ + + 
+ + + 
+ 

:11: + 
+ 
+ :II: + 
+ 
+ + + 

' ... 

W/ EXCAVATED MATERIAL---~ 

+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

8' (MIN.) 

+ + + + + + + 
+ + + + + + + 
+ + + + + + + 
+ + + + + + + 
+ + + + + + + 
+ + + + + + 
+ + + + + + 
+ + + + + + 
+ + + + + + 

- - l Ilf" -m 

WOVEN POLYPROPYLENE 

METAL OR WOODEN POST 
(SEE SPECS.) 

EXISTING GRADE 

111 ,!If' 

SILTATION FENCE 
NOT TO SCALE 

4 5 

EXISTING 
GRADE 
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2. NO ACTIVE EXCAVATION OR BACKFILLING TO BE PERFORMED UNDER TIDAL WATERS. 

3. PROVIDE FLOATING SILT CURTAIN AROUND CAUSEWAY AS SHOWN ON DRAWING. 
MINIMIZE SEPARATION BETWEEN LIMITS OF WORK AND FLOATING SILT CURTAIN, 
REFER TO PHASE I C-301. N.I.T.C. 

4. END POSTS TO BE SET AS INDICATED ON PHASE I DRAWING C-301. BASE OF END POSTS 
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5. INSTALL TYPE 1 ANCHORS, SUCH THAT TYPE 1 FLOATING SILT CURTAIN SETTLES 
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7. INSTALL TYPE 2 ANCHORS. SUCH THAT TYPE 2 FLOATING SILT CURTAIN SETTLES 
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REMOVE TO FACILITATE WORK. REPLACE WHEN NO WORK IS IN PROGRESS . 

10. THE LIMIT OF WORK CORRESPONDS WITH THE APPROXIMATE CONTACT OF FILL/ 
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11. SEE DRAWING C-101 FOR SURVEY REFERENCES. 

12. CONTOURS SHOWN REPRESENT PRE-PHASE I WORK. 
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NOTES: 
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2. NO EXCAVATION OR BACKFILLING TO BE PERFORMED UNDER TIDAL WATERS. 

3. PROVIDE/MAINTAIN SILT CURTAIN AROUND CAUSEWAY AS SHOWN ON DRAWING C-103 
AND IN ACCORDANCE WITH THE APPROVED EROSION AND SEDIMENT CONTROL PLAN. N.I.T.C. 

4. PROTECT ALL WELLS TO REMAIN AS IDENTIFIED ON THIS FIGURE. 

5. STATIONING SHOWN IS SUGGESTED FOR CONTRACTOR USE. 

6. HEAVE PLATFORMS AND STATIONARY HEAVE POLES, PLACED AS PART OF PHASE I, SHALL 
BE MONITORED IN ACCORDANCE WITH SECTION 02110. 

7. EXISTING CONTOURS SHOWN REPRESENT PRE-PHASE I WORK. A SITE SURVEY PERFORMED 
AS PART OF PHASE I SHALL BE USED TO SUPPLEMENT THIS DRAWING. 

8. SUBGRADE ELEVATIONS BELOW THE ROCK FILLED TOE ARE NOT SHOWN HERE, REFER TO 
DRAWING C-303. 
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WATER 
PIPE 

CONCRETE-. 
FIETAINING 
WALL 

ELECTRIC· 
SER\1CE 
BOX 

1 

+-0 . .9 

2 

FINAL TOP OF 
RIP RAP ELEVATION 

---7 ___ .,___ 

-·-
---···--------

+-1.4 

3.3+ 

I 
+6,3 

C 

HEAVE PLATFORM 
TYP. (5) PLACES 
SEE NOTE 6 

STATIONARY 
HEAVE POLE 
TYP. (5) PLACES 

0 
-1 

2 
3 

1 

3 

7/DAL FLATS 

H-1 

0 -

4 

----

+-2.1 

LIMITS OF ROCK 
FILLED TOE 
SEE NOTE 5 

/ :\ 

/ 
/NV. =8. 4:/: 
/N.,>,8.9: 

c:, 
I 

----- +-0.6 
. + ·-0.5 

, / 
-- -2 --

@ H-10 

12<:] H-5 

---,- - -1. -- - + I.Ill - - -- -.- ---+---+ .. '"- - ---
- ............. 7- - I - - - + 

r/DAL cLA~~~, / 1 : HH-~-I~/§ • .- .._ 

" ,-, ,., "-APPROX/MA TE CONTACT OF i.::,,J 

0 

LEGEND 
CONG. 

BIT. CONC. 

DIA. 

CB □ 
---o- C.l.F, o---

---4---

+79 

UGU 

--OHW---

20 40 

SCALE: 1 "=40' 

CONCRETE 

BITUMINOUS CONCRETE 

DIAMETER 

CATCH BASIN 

CHAIN LINK FENCE 

RETAINING WALL 

---E---

EXISTING 1' CONTOUR (SEE NOTE 7) 

EXISTING SPOT GRADE 

DJ 

/NV. 
(- IND/CA TES NEGA T!VE) 

UNDERGROUND UTILITY MARK 

APPROXIMATE CONTACT OF 
FILL/RI VERINE SEDIMENTS 

EDGE OF WATER AT 
LOW TIDE 

OVERHEAD WIRE 

80 FEET 

~~ 
12<:l 

---.7---

----9-----

COORDINATES OF / 
STATION 0+00 / 
N 623595.62 I// 
E 897824.31 7 

/ 

+-✓ 

WATER GATE 

BOLLARD 

ELECTRIC BOX 

ELECTRIC CONDUIT (ON GRADE} 

HYDRANT 

DRAIN MANHOLE 

DUCTILE IRON 

INVERT 

EXISTING RIPRAP 

HEAVE PLATFORM 

+·-·1.5 

(INSTALLED AS PART OF PHASE I} 

STATIONARY HEAVE POLE 
(INSTALLED AS PART OF PHASE I) 

TREE 

LIMIT OF WORK 

LIMITS OF ROCK FILLED TOE 

SUBGRADE ELEVA nON 

FINAL TOP OF RIP RAP ELEVA noN 

17U./RIV£R/NE SEDIMENTS 

LIMIT OF WORK 

+--1.4 

+-1.9 

NOTES: 
1. SEE DRAWING C-101 FOR SURVEY REFERENCES. 

2. NO EXCAVATION OR BACKFILLING TO BE PERFORMED UNDER TIDAL WATERS. 

3. PROVIDE/MAINTAIN SILT CURTAIN AROUND CAUSEWAY AS SHOWN ON DRAWING C-103 AND 
IN ACCORDANCE WITH THE APPROVED EROSION AND SEDIM:NT CONTROL PLAN. N.I. T.C. 

4. PROTECT ALL WELLS TO REMAIN. 

5. STATIONING SHOWN IS SUGGESTED FOR CONTRACTOR USE. '!EA VE PLATFORMS AND POLES 
PLACED AS PART OF PHASE I, SHALL BE MONITORED IN ACCORDANCE WITH SECTION 021iO. 

6. HEAVE PLATFORMS AND STATIONARY HEAVE POLES, PLACED AS PART OF PHASE /, SHALL BE 
MONITORED IN ACCORDANCE WITH SECTION 02110. 

7. EXISTING CONTOURS SHOWN REPRESENT PRE-PHASE I WORK. A SITE SURVEY PERFORMED 
AS PART OF PHASE I SHALL BE USED TO SUPPLEMENT THIS DRAWING. 

8. SUBGRADE ELEVATIONS BELOW Tl'!£ ROCK FILLED TOE ARE NOT SHOWN HERE, REFER TO 
DRAWING C-303. 
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D 
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A 

1 

EXISTING GRADE 

EXISTING GRADE 
(ELEVATION VARIES) 

2 

VEGETATION SUPPORT LAYER (NOTE 1) 

UPPER COVER (NOTE 2) 

2-5% _ _2-sz ROCK FILL/RIP RAP TRANSITION (NOTE 3) 

-

LOWER COVER (NOTE 4) 

ENCROACHMENT OUTWARD FROM CAUSEWAY BELOW 
THIS ELEVATION) 

(ROCK FILL) TOE 

NOTES: 

\.. 
(NOTE 5) J-..J 

1. VEGETATIVE SUPPORT LAYER, IS 6 TO 8-INCHES THICK AND CONSISTS OF 
VEGETATIVE SUPPORT SOIL, EROSION CONTROL MAT, AND SEED. 

2. UPPER COVER, IS 10 TO 12-INCHES THICK AND CONSISTS OF GRAVEL, 
INTERLOCKING CONCRETE BLOCKS, NON-WOVEN GEOTEXTILE, AND BEDDING SAND. 

3. ROCK FILL TRANSITION, REFER TO DETAIL ON DRAWING C-303. 

4. LOWER COVER, IS 12-INCHES THICK AND CONSISTS OF ROCK FILLED POLYMERIC 
MARINE MATTRESSES AND WOVEN GEOTEXTILE. 

5. TOE, REFER TO DETAIL ON DRAWING C-303. ADDITIONAL ROCK FILL WITHIN LIMITS 
SHOWN ON DRAWING C-104. 

._,. 

TYPICAL SECTION 
NOT TO SCALE 

0 

4'-0" 

PLAN 

' 0 
I 

N 

2"X 6" THREADED 
HEAVY DUTY GALVANIZED 
STEEL FLANGE 
( 4-1 /2"¢ BOLTS REQ'D.) 

{I\ 

2'-0" 3/4" THK. MARINE 
EXTERIOR GRADE 
PRESSURE TREATED 
PYLWOOD 

APPROX. ELEV. 12' + /-1' FOOT 

TOP ELEVATION TO BE ESTABLISHED 
AFTER PLACEMENT OF STABILIZING 
CONCRETE BLOCKS - TOLERANCE 
±0.01' INSTALL TARGET AS NESESSARY 

1 /2"¢ HOLE 

NOTE: 
ELEVATION READINGS 
SHALL BE READ TO ±0.01' 

/HIGH TIDE LINE 

_ _j _____ _ 
1~----2" STANDARD WALL 

GALVANIZED CARBONSTEEL 

STABILIZING CONCRETE BLOCKS TO BE 
PLACED PRIOR TO TOP ELEVATION 
READING 

(TOP OF TIDAL FLATS) 

3/4" THK. MARINE 
EXTERIOR GRADE 
PRESSURE TREATED 
PYLWOOD 

4-2"¢ WASHERS OR 1-1/4" 
STEEL PLATE, STAINLESS STEEL 

SECTION (I\ 

HEAVE PLATFORMS 
NOT TO SCALE 

' 0 
I 

"' 

3 

' <D 
I 

N 

' 0 
I 

N 

1 · 

8'-0" 

I 

8'-0" 

METAL OR 
WOODEN POST 

+ + + + + + + + + + + + + + + + + + + + + + + 
+II+ + + + + + + + + +II+ + + + + + + + + + + + 
+II+ + + + + + + + + +11+ + + + + + + + + + + + 
+II+ + + + + + + + + +II+ + + + + + + + + + + + 
+11+ + + + + + + + + +11+ + + + + + + + + + + 
+11+ + + + + + + + + +11+ + + + + + + + + + + 

11: + + + + + + + + :11: + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + 

II+ + + + + + + + + +II+ + + + + + + + + + + + 

_:@it' --------- ----- -------

WOVEN POLYPROPYLENE 
SILTATION FABRIC----

WOVEN POLYPROPYLENE 

METAL OR WOODEN POST 
(SEE SPECS.) 

EXISTING GRADE 

~ur 
EXCAVATE TRENCH FOR 6" 
FABRIC OVERLAP AND BACKFILL 
W/ EXCAVATED MATERIAL 

SILTATION FENCE 

COMPACTED SOIL 
TO PREVENT PIPING 

NOT TO SCALE 

STAKED STRAW 
BALE 

/FILTERED 
/ WATER --

OAK, 1" SQUARE STAKE 

HAYBALE INSTALLATION 
NOT TO SCALE 

4 

EXISTING 
GRADE 

I 

GRADE 
. ,1 ... ··• 
·.·'-' 
•, -~ 
~.::, 
'., . 

~1 ~ 
·•'-,,· . ,.,: 
.~· ...... , 
r·· .. 

:<:·>~ ,:::~ <:·.} 
/:\ .. \ ,; ·,:_~- ·~ . • ~ "• • z • ' ' -:·,; :\'''.·1. ·:· ~-. N ::. ': ,,,::. '.:",: .. :,., 

P.V.C. WELL 
CASING 

EXISTING GRADE 

I il'lm'''m~ 
EXISTING 
BENTONITE -
SEAL -

5 

- WATERTIGHT CAP 

-----

' 1 

,"'; .. , .. 
-~ ·-· 
"i .. 
•J•• 
. , . 
,.:1 

•, . . 
\ . .'· 

\''·''. ~,·,:·· ;.~ ·._..~· ... 
:· ... ::; -:: ': ,,.,,,•' 

·, .. , ., .. ·:·· .:.-:\,,·., 
(-<.-·<r.::. --

LOCKABL E COVER 

TE SEAL, 
TO 

CONCRE 
EXTEND 
INTERLO CKING 
CONCRET E BLOCKS 

SAND DR AINAGE LAYER 

•-BACKF ILL W /RELOCATED 
OVER MATERIALS, 
PROPRIATE 

FILL/C 
AS AP 

m'''mlllmlT 

-

..,.,.. 

•': 

FLUSH MOUNT WELL CASING 
NOT TO SCALE 
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3/8" BODKIN 
ROD 

1 

TOP GRID 

BOTTOM GRID 

EXPANDED SECTION AT DIAPHRAGM 
NOT TO SCALE 

NOTE: 
TYPICAL SPACING OF DIAPHRAGMS IS EVERY THREE 
APERTURE LENGTHS. A SHORTER SPACING MAY BE 
USED IN ORDER TO MATCH THE REQUIRED MATTRESS 
LENGTH. 

LENGTH OF END PIECES AND INTERNAL DIAPHRAGMS 
PIECES SHALL BE: 

FOR 12" (FILLED) MATTRESS THICKNESS: 2 GRID APERTURES LONG; 

SEE TYPICAL CONFIGURATION OF FILLED MATTRESS 
FOR ADDITIONAL DIMENSIONS AND MA TERI AL TYPES. 

2 3 

ALL 3/8" DIA BODKIN RODS 
INSTALLED (TOP AND BOTTOM 
OF MATTRESS) AND SECURED 
IN POSITION 

,---GOEGRID TABS BEYOND EACH END OF 
MATTRESS FOE TENSIONING AND LIFTING 
ADD TO EACH END OF TOP AND BOTTOM: 

2 FULL APERTURES FOR 12" THICKNESS; 

ONE EDGE OF EACH SIDE 
PIECE BRAIDED TO UNIT 

___.-=----- WIDTH OF GRID PIECE USED TO FORM 
EACH SIDE SHALL BE EQUAL TO FILLED 
THICKNESS OF MATTRESS 

MACHINE / ROLL DIRECTION OF UX GRID 
FOR TOP, BOTTOM, AND SIDES. 

MACHINE / ROLL DIRECTION OF 
UX GRID FOR ENDS AND DIAPHRAGMS. 

TYPICAL CONFIGURATION OF FABRICATED POLYMERIC MARINE MATTRESS 
NOT TO SCALE 

21 1 /2" 

._-BRAID 

< 

'- GEOGRID 

NOTES: 

.... .... 

;' 
;' 

' ... .... ........ .... 
> 

~ 

;' lf) 
;' 

~ 

LIFTING TAB (TYP.) 
(NOTE 6) 

TOP--,./ 

4 5 

GEOGRID LIFTING TABS ON EACH END BEYOND FILLED PORTION OF MATTRESS 

20' TO 30' TYP. FILLED PORTION WITH 12" MATTRESS THICKNESS 

~~~~'t""'~~~fr-'~"--,,,,_'.'.:_-END 

BOTTOM SIDE DIAPHRAGM 
@vERTICAL SEAM, 

TYPICAL AT THE 
4 CORNERS 

0 INDICATES BODKIN CONNECTION USING 3/8" DIAMETER HDPE BODKIN ROD. 
STAGGER @ 1/3 DISTANCE FROM OUTSIDE EDGE AS INDICATED. 

® INDICATES BRAIDED SEAM USING 3/16" DIAMETER HIGH UV HDPE BRAID 

NOTES: 
1. ENDS, TOP, BOTTOM, SIDES, AND ANY EXTRA USED FOR LIFTING OR ANCHORING 

PURPOSES SHALL BE COMPOSED OF TENSAR UXTRITON2 GEOGRID, OR APPROVED EQUAL. 

@ 1/3 DISTANCE FROM 
OUTSIDE EDGE 

2. INTERNAL DIAPHRAGMS SHALL BE COMPOSED OF TENSAR UXTRITONl GEOGRID, OR APPROVED EQUAL. 

3. NOMINAL WIDTH OF UNITS: 5 FT. (FILLED), 4.3 FT. (UNFILLED) 

4. THICKNESS (FILLED): 12 INCHES 

5. PLASTIC CABLES TIES MAY BE USED TO SECURE BODKIN CONNECTORS IN POSITION 
PRIOR TO TENSIONING OR FILLING OF MATTRESS UNITS. 

6. PROVIDE MINIMUM 5 FOOT TAB ON BOTTOM, FOR ANCHORAGE. 

TYPICAL CONFIGURATION OF FILLED POLYMERIC MARINE MATTRESS UNITS 
NOT TO SCALE 

1. ALL CUT ENDS OF BRAID MATERIAL SHALL BE KNOTTED W1THIN 1 /2" TO 2" OF THE END TO 
PREVENT RAVELING OF BRAID. INTERLOCKING CONCRETE BLOCK PLAN VIEW 

2. AT ALL ENDS OF ALL BRAIDED SEAMS, THE BRAID SHALL BE SECURELY KNOTTED TO THE GEOGRID. 

3. AT ALL ENDS OF ALL PIECES OF BRAID MATERIAL USED, THE BRAID SHALL BE KNOTTED TO 
SPLICE IT TO THE NEXT PIECE OF BRAID, OR TO SECURE IT TO THE GEOGRID. EACH BRAIDED 
SEAM SHALL BE CONTINUOUS, WITH SECURELY KNOTTED SPLICES ALLOWED. THE BRAID SHALL BE 
SECURELY KNOTTED TO THE GEOGRID AT A SPACING NOT TO EXCEED 6 FEET ALONG ANY SEAM. 

4. THE BRAID SHALL BE STITCHED THROUGH EACH PAIR OF APERTURES ALONG THE SEAM AT LEAST 
ONCE, AND THE MINIMUM NUMBER OF STITCHES PER FOOT ALONG THE SEAM SHALL BE SIX (6). 
THE SPACING OF STITCHES ALONG EACH SEAM SHALL BE REASONABLY UNIFORM. 

5. ALL KNOTS SHALL BE TIED IN A MANNER 7 0 PREVENT SLIPPING AND CINCHING. 

6. THE WRAPS ALONG THE SEAM SHALL BE SUFFICIENTLY TIGHT TO CLOSE THE GAP BETWEEN THE 
ADJACENT PIECES OF GEOGRID, BUT SHALL NOT BE OVER- TIGHTENED SUCH THAT THE GEOGRID 
BINDS ALONG THE SEAM. 

TYPICAL LOCK-STITCH BRAIDING CONFIGURATION 
FOR MATTRESS FABRICATION 

NOT TO SCALE 

NOT TO SCALE 

BLOCK PAIRS START IN A 
STRAIGHT LINE AND ARE 
KEPT IN ALIGNMENT WITH 
THEMSELVES------~,.,J,--,,.....-a.,,r.l'vl" 

DIRECTION OF INSTALLATION 

i--TYPICALL Y ONLY ONE ROW 
OF BLOCK PAIRS AT A TIME 
AHEAD OF THE LEADING 
EDGE OF THE INSTALLATION 

PLAN VIEW OF TYPICAL INTERLOCKING CONCRETE BLOCK INSTALLATION 
NOT TO SCALE 

US Army Corps 
of Engineers 
New England District 
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1 2 3 4 5 

2-5% SLOPE 

' OJ INTERLOCKING 
CONCRETE 

i---- 2' TO 3' ---i--- 2' TO 3' ---i--- 2' TO 3' ---+----- 3' MINIMUM -----i 
~ 
' 

BLOCKS 2-5% SLOPE RIP RAP 
<D 

~--+-1 _____ £J£J.£1£:J.'l.Cj.l.~C>£J.DJJ£J.£1£:J.llJ,,~C>£J.D.LJ~IALUl.lCl.l.l.."'-",--- EROSION CONTROL MAT I --- VEGETATIVE SUPPORT SOIL 
~ (NOTE 4) 

VEGETATIVE 
SUPPORT 

LAYER 
VEGETATIVE SUPPORT LAYER 

' lil ~-+--~-- .,:··,,•:<:'::. ·.:.,.-:.-:._:.;.;:_. :<' :.:--;'.:':':. ,. " •.. , ... • ... ' ·, ···,·.·' ..... ,__ GRAVEL (NOTE 3) 

! ~z -,-'-._.-~--·.~:J\:.:xr:'.•; •. \'\'.:'. ::;7\?)}:::'::{·:::::>/ 
~ -.-,-t--::jl:::: 'i!:;,::i&tm6<:,i:;~~e,:;,,:~d¢i:~,oi::i,;,i;,i:m~~:m~~--- NON-WOVEN GEOTEXTILE 

-- SAND BEDDING (NOTE 2) 
_!--+--+-=t==;::;::;:=:;::;::;=:::;:;::;::::4"'jF7TT"-i'Tf=m-"TTr--- SUBGRADE SU RF ACE 

_j 
<( 
z 
::, 
0 
z 

co 

-11==11 == == 1== == == == ==T (NOTE 1) ITT ITT -,,-,~-11-,--11-1--11-1--1,-1--11-1-~ ~ 

X z 
<( 
::, ::, 
~ ~ 

' N st 

NOTES: 

1. SUBGRADE SURFACE SHALL BE COMPACTED AND MAY HAVE ±2 INCHES 
IRREGULARITIES RESULTING FROM CAUSEWAY DEBRIS. 

2. PROVIDE SAND BEDDING ABOVE SUBGRADE SURFACE WITH MINIMUM 
THICKNESS, ABOVE IRREGULAR SURFACE, OF 4 INCHES, 6 INCH NOMINAL 
THICKNESS. 

3. PROVIDE GRAVEL BETWEEN INTERLOCKING CONCRETE BLOCKS. WORK 
BETWEEN EACH BLOCK TO LOCK BLOCKS IN PLACE, 2 INCH MAXIMUM 
ABOVE TOP OF BLOCKS. 

4. PROVIDE VEGETATIVE SUPPORT SOIL 6" TO 8" THICK. 

5. DO NOT EXCEED 1 '-6" TOTAL THICKNESS. 

UPPER COVER SYSTEM AND VEGETATIVE SUPPORT LAYER 
TYPICAL DETAIL 

NOTES: 

WOVEN 
GEOTEXTILE 

NOT TO SCALE 

SLOPE VARIES 

GRAVEL FILL 
(NOTE 1) 

I 

1. PLACE GRAVEL FILL IN VOIDS AND SOFT ZONES AS NECESSARY TO 
PROVIDE STABLE UNIFORM BASE FOR PLACEMENT OF POLYMERIC MARINE MATTRESS. 

2. INSTALLATION SHALL START AT THE BOTTOM OF SLOPE AND PROCEED UP SLOPE. 

3. AT BUTTED ENDS, PROVIDE 5 FOOT MINIMUM LENGTH OF OUTER SHELL AND INSTALL 
SUCCESSIVE UNITS ON TOP OF THIS TO ANCHOR LOWER UNITS. 

LOWER COVER SYSTEM TYPICAL DETAIL 
NOT TO SCALE 

ELEV.4.1 

UPPER 
COVER 
SYSTEM 

I EXISTING GRADE 

' <D 

AVERAGE EXISTING GRADE 
(NOTE 2) 
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RESPONSE To COMMENTS ON 
REVISED DRAFT 

ENGINEERING EVALUATION/COST ANALYSIS FOR THE CAUSEWAY AND DIKE 
(DATED JULY 31, 2000) 

STRATFORD ARMY ENGINE PLANT 
STRATFORD, CONNECTICUT 

Comment # Comment/Response 

CTDEP Comments dated September 13, 2000 on Revised Draft EE/CA Report 
Causeway and Dike Area, SAEP, Stratford, CT 
July 2000 

General Comments 

1. Comment: Section 2.2 describes the RCRA closure as completed, including the drum 
storage area, however this has not yet been finalized. 

Response: Section 2.2 has been revised to indicate that RCRA closure activities for the drum 
storage area have been initiated, but not completed. 

2. Comment: The citation of ARARs is incorrect in detail for the Remediation Standard 
Regulations. The Connecticut General Statutes (CGS) Section 22a-133k required adoption of 
remediation standard regulations, which were promulgated as Regulations of Connecticut 
State Agencies (RCSA) Sections 22a-133k 1 to 22a-133k 3. Environmental Land Use 
Restrictions are statutorily defined in CGS Sections 22a-133n through 22a-133r, and the 
format for filing is detailed in RCSA Section 22a-133q. 

Response: Table 3-1 has been revised to reference both the Connecticut General Statutes and 
the Regulations of Connecticut State Agencies associated with the Remediation Standard 
Regulation (RSR). 

3. Comment: Alternative 4 is the installation of a cover/structure which renders underlying soil 
inaccessible as specified in the definition of inaccessible soil at RCSA Section 22a-l 33k 
l(a)(28). This definition should be cited. As provided in RCSA Section 22a 133k 2 (b)(3), 
the Direct Exposure Criteria do not apply to inaccessible soil which is subject to an 
Environmental Land Use Restriction (ELUR). Because of this exemption, the proposed 
remedy in alternative 4 is not strictly considered an engineered control under the Remediation 
Standard Regulations, thus many of the specific provisions ofRCSA 22a 133k 2(f)(2) do not 
apply. However, DEP recommends that appropriate engineering design and postclosure care 
be included in the remedy to ensure long-term continued inaccessibility. The timing of and 
procedure for the ELUR placement should be indicated. 
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RESPONSE TO COMMENTS ON 

REVISED DRAFT 

ENGINEERING EVALUATION/COST ANALYSIS FOR THE CAUSEWAY AND DIKE 

(DATED JULY 31, 2000) 
STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 

Comment # Comment/Response 

Response: Table 3-1 has been revised to provide more detail regarding the "Requirement 
Synopsis" and "Action to be taken to attain ARAR" relative to the RSR and the use of 
engineered controls, a cover or structure to render contaminated soil inaccessible, and ELURs. 

Text has been added to Section 4.0 regarding the timing and procedure for establishing the 
ELUR. 

4. Comment: Note that the provisions for approval of an engineered control present at RCSA 
Section 22a 133k 2(f)(2) do apply to alternatives 1 and 2. DEP recommends that, to ensure 
implementation is not delayed in the event alternative 1 or 2 is selected as the remedy, the 
specified Section 22a 133k 2(f)(2)(A)(iv) public notification be concurrent with other public 
notifications for the project. Also, the detailed design and decision documents should 
address all the required elements at Section 22a 133k 2(f)(2)(B) if alternative 1 or 2 is 
selected. 

Response: The public notice to announce the availability of the EE/CA for public comment, 
will be prepared to address the requirements of CERCLA and the NCP, as well as the 
requirements of the CTDEP RSR. Additionally, if Alternative 1 or 2 is the selected remedy, the 
decision document and design will address the requirements of the CTDEP RSR Section 22a 
133k 2(f)(2)(B). 

5. Comment: DEP notes that the activity specific ARARs will be identified during the design 
phase, and reserves comment until these ARARs are identified in detail. The EE/CA should 
include any consideration of activity specific ARARs which may affect the selection of the 
preferred remedy. 

Response: Table 3-3 presents the potential action-specific ARARs that may apply to the 
removal action alternatives evaluated in the EE/CA. The action-specific ARARs associated with 
the selected removal action alternative will be presented in the Causeway Non-Time-Critical 
Removal Action Decision Document and the Causeway Removal Action Design. Both of these 
documents will be submitted to the regulatory agencies for review. 
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REVISED DRAFT 

ENGINEERING EVALUATION/COST ANALYSIS FOR THE CAUSEWAY AND DIKE 

(DATED JULY 31, 2000) 
STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 

Comment # Comment/Response 

6. Comment: The 600 pound rip-rap proposed for the side slopes of the causeway can be 
viewed as "another existing permanent structure", rather than soil, under the provisions of 
RCSA Section 22a 133k l(a)(28)(C)(ii), since it will be existing at the time the 
Environmental Land Use Restriction is established. DEP can accept a final designed rip-rap 
thickness of less than four feet, provided the design clearly is demonstrated to meet the 
objective of maintaining long-term inaccessibility. The conceptual diagrams and discussion 
should be modified accordingly. This may reduce the proposed widening of the causeway 
landform at the mean high water level. 

Response: The Army is pleased to hear that the CTDEP can accept a riprap layer that is less 
than four feet thick. Alternative 4 currently projects the overall "footprint" of the Causeway to 
increase by approximately 0.3 acres. Using a thinner layer of riprap could potentially reduce the 
final Causeway "footprint". However, the thickness of this layer is somewhat dependent upon 
the size of the rock used for the riprap (e.g., the thickness should be approximately two times the 
diameter of the minimum W 50, based on the gradation of the riprap ). Several details must be 
evaluated and addressed during the detailed design of the selected removal action alternative, 
including the size and thickness of the riprap to provide the necessary protection from storm 
surge and wave action. 

The Army prefers not to revise the "conceptual" design presented in the EE/CA at this time. The 
detailed design of the selected remedy will provide the recommended size and thickness of the 
riprap layer, as well as better define the amount, if any, of expansion of the overall Causeway 
"footprint". 

7. Comment: DEP understands that groundwater quality will be addressed in a separate 
operational unit. RCSA section 22a 133k 3(b )(2) mandates that groundwater discharging to 
the tidal flat conform with surface water quality criteria. Note that these values are lower 
than the Remediation Standard Regulation Appendix D Surface Water Protection Criteria, 
which incorporate a default attenuation factor. To ensure the interim remedy is consistent 
with the final remedy, DEP recommends that the proposed spot removal of soils with mobile 
pollutants also consider potential impacts of leachable pollutants on surface water. This 
would limit the risk for further action in a final remedy to address soil as a pollutant source if 
groundwater exceeds evaluation criteria. The degree of concern depends on the difference 
between a pollutant's GB Pollutant Mobility Criterion (the target interim removal criterion) 
n ..... A ~+ .... A,.,,, ... +~,... ,-xrn+o ... {"\,,,..,~+.,, Oo..--cbmn-rlr "Vn1no ......... ,-1 .... ,,., .............. +ho .......... to..--+~al -i:-............ +t.o .... n,:,f~A-n 
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RESPONSE To COMMENTS ON 

REVISED DRAFT 

ENGINEERING EVALUATION/COST ANALYSIS FOR THE CAUSEWAY AND DIKE 

(DATED JULY 31, 2000) 
STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 

Comment # Comment/Response 

between the soil location and the receptor tidal flat. For example, DEP recommends a value 
of 280 ug/1 for vanadium acute toxicity in water, as compared to a GB Pollutant Mobility 
Criterion of 500 ug/1. A removal criterion of 280 ug/1, as opposed to 500, would ensure that, 
even without any attenuation on the transport path from soil to surface water, there would be 
no possibility of acute toxicity. Suggested Aquatic Benchmark values for identified 
pollutants not listed in Connecticut's Water Quality Criteria and Standards can be obtained 
from Traci Iott (860-424-3082). 

Response: The Army has compared the existing (through 09/01/2000) SPLP organic and 
inorganic Causeway soils data to the Aquatic Water Quality Criteria (A WQC) benchmark values 
provided by the CTDEP. The following table provides information on the concentrations of 
analytes (from SPLP analyses) which exceed AWQC in Causeway soils: 

AnalY1e Location ID Result (µg/L) A WOC (µg/L) GB-PMC(µg/L) 
Vanadium CB-99-03 5920 280 500 
Vanadium TP-DEP-11 807 280 500 
Vanadium TP-DEP-12 1070 280 500 
Zinc CB-99-01 293 120 50000 

Of the locations listed above, CB-99-03, TP-DEP-11, and TP-DEP-12 were previously 
identified as areas where soil concentrations exceed the CTDEP GB PMC. At location CB-
99-01, zinc does not exceed the GB PMC, but does exceed the A WQC. 

The Army will consider use of the A WQC for definition of soils requiring excavation ( during 
the Design phase of the project) to consider potential impacts ofleachable pollutants on 
surface water. 

8. Comment: DEP also reiterates earlier comment that polluted soils within the zone of diurnal 
tidally influenced groundwater fluctuation may require additional mitigation in the final 
remedy if they are found to be unacceptably affecting the environment. 

Response: Comment noted. 
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ENGINEERING EVALUATION/COST ANALYSIS FOR THE CAUSEWAY AND DIKE 

(DATED JULY 31, 2000) 
STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 

Comment # Comment/Response 

CTDEP (Office of Long Island Sound Programs) Comments dated September 7, 2000 on 
Revised Draft EE/CA Report 
Causeway and Dike Area, SAEP, Stratford, CT 
July 2000 

In general, we are disappointed that our prior comments have not been adequately addressed in 
this revision (see discussion below). We must continue to stress that it is the responsibility of the 
Army to minimize any structural solution at this site in order to proceed with a project that is 
consistent to the maximum extent practicable with the enforceable policies of Connecticut's 
federally approved coastal management program. Encroachment into or over the intertidal flat 
must avoided if possible. If avoidance is not possible, any encroachment must be minimized to 
the maximum extent practicable and clearly and adequately justified. Significant changes from 
current conditions (e.g., changes in the size and location of the footprint of the causeway and 
dike, the character of the face of the causeway and dike including its slope and relative make-up) 
must be avoided if possible and, if not possible, must be well justified. Based on the information 
provided to date, there is no clear justification provided for enlarging the footprint of the dike 
and/or causeway nor is there adequate justification for altering the angle and general makeup of 
the side slopes. 

As stated in our previous comments, it appears that the remedial solutions under consideration 
essentially consist of an "under barrier" and an "over cap" and that these components may, to 
some extent, be interchanged from one alternative to the other. The selection of the appropriate 
under barrier to prevent contact with the contamination is not within OLISP's area of expertise 
and we defer to others to determine which under barrier is most appropriate. We are, however, 
concerned about the type of material used for the outermost layer(s) of the over cap, its 
placement on the causeway and/or dike and the final overall configurations of these project 
components. 

While one type of under barrier may be most appropriate, the associated over cap depicted in the 
series of alternatives presented here may not be the most appropriate from a coastal management 
perspective. The apparent ability to "mix and match" under barrier and over cap may prove 
especially useful in designing a project that achieves all ARARs to the maximum extent 
practicable. 
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STRATFORD, CONNECTICUT 

Comment # Comment/Response 

ALTERNATIVES 

The current draft EE/CA contains four alternatives, three of which are illustrated by Figures 4-1, 
4-2 and 4-3. Alternative 4 has been added since the last draft EE/CA, dated February 23, 2000, 
and is identified as the current preferred alternative. All three of the illustrated alternatives raise 
concerns from a coastal management perspective and, as discussed below, it is not clear from the 
information provided that the preferred alternative actually meets the applicable design criteria. 

General Comments - Unfortunately, the plans provided appear to be diagrammatic only and are 
lacking sufficient detail to enable us to make reasonable evaluation of the alternatives for 
consistency with the policies and standards of Connecticut's coastal management program. 
While cross-sections are provided for three of the four alternatives, there are no plan views 
provided. Plan views showing both existing and proposed conditions are necessary to evaluate 
the alternatives for consistency with the enforceable policies of the Connecticut Coastal 
Management Program. 

Additionally, there are several specific and critical elevations that must be shown on all plans and 
cross-sections to allow for a coastal consistency determination. These elevations are the high 
tide line, mean high water and mean low water. The figures provided in the revised draft EE/CA 
depict mean high water at elevation 4.1 and "low tide" at elevation 0.8. The high tide line is not 
provided nor is the reference datum indicated. If the reference datum is National Geodetic 
Vertical Datum (NGVD), the elevation of mean high water is correct at 4.1 feet; however, the 
corresponding elevation of mean low water is not elevation 0.8 as shown in the figures, but 
rather, it is -2. 7 feet NGVD. 

The location of the high tide line should also be shown on all plans and cross sections. Without a 
careful on-site investigation, its exact elevation cannot be determined. However, based on our 
experience its location will be somewhat higher than elevation 5.7 feet NGVD (the one-year 
frequency tidal flood elevation as calculated by the Army Corps of Engineers) and may in fact, be 
close to elevation 7 feet NGVD. For the purposes of this project, the depiction of elevation 7 feet 
NGVD on all the plans will suffice to approximate the high tide line. 

Please be aware that because of the diagrammatic nature of the plans, these critical elevations 
cannot be shown with any degree of confidence. Without a reasonable representation of the 
existing and proposed conditions in relation to these critical elevations, a formal coastal 
consistency determination will not be possible. 
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(DATED JULY 31, 2000) 
STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 

Comment # Comment/Response 

We have previously expressed our concern that the alternatives be designed to avoid any 
encroachment into the intertidal flat. Alternative 1 is described as maintaining the location of the 
existing toe of slope through the excavation of the side slope and toe materials with their 
consolidation on top of the causeway prior to construction of the under barrier and cap. The 
corresponding figure also includes a note that existing material will be excavated to maintain the 
existing toe of slope. However, since the existing condition is not shown on this figure, it cannot 
be verified that this approach will also maintain the existing locations of the high tide line and 
mean high water. Neither of the other figures appears to clearly depict the necessary excavation 
to ensure that the proposed alternatives will not ultimately alter the present locations of mean 
high water, mean low water and the high tide line. Accordingly, none of these alternatives is 
acceptable from a coastal management perspective without some additional refinement of the 
plans. 

If there is confusion regarding this essential matter, I strongly recommend that we discuss it 
either over the phone or in person, or both. I understand that there are currently meetings of the 
RAB and BCT scheduled for September 28, 2000. Discussion of these issues should occur prior 
to those meetings. If necessary, and depending upon my schedule, I may be available to meet in 
Stratford when your consultant is due to be there, if it would be helpful. 

Alternative 1 - Figures 4-1 - The plans do not show the existing profile(s) for this alternative. 
Lacking this information, it is not possible to determine either the degree, if any, of 
encroachment into public trust and intertidal flats that this alternative represents or whether this 
alternative represents an ultimate change in the type and/or angle of side slope currently present 
on the causeway. It is our understanding that the causeway is already armored. If this is the case, 
replacement in place and in kind is acceptable and consistent with our enforceable policies 
regarding shoreline flood and erosion control structures. Additional information regarding the 
existing contours and make-up of the causeway side slopes in comparison to the proposed 
condition is necessary to determine the acceptability of this alternative. 

Alternative 2 - Figure 4-3 - Although the Army has indicated that this alternative is not the 
preferred project, we are compelled to reiterate our previous comments in the event that it comes 
under further consideration. Alternative 2 includes a vertical faced bulkhead. In prior 
discussion, we have discouraged the Army from considering such a structure as it constitutes a 
significant change from the existing condition. It also carries with it the potential to alter the 
localized wave energy patterns and we expect it would result in erosion of the intertidal flat. 
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Such erosion would be unacceptable as intertidal flats are a protected resource in Connecticut 
and we strongly advise against any further pursuit of this alternative. 

Alternative 4 - Figure 4-3 -The current draft EE/CA contains a new alternative, number 4, 
whichis identified as the preferred alternative and is allegedly based, in part, on our prior 
comments. Unfortunately, the information provided regarding this alternative describes a design 
that is actually less consistent with Connecticut's coastal management program than some of the 
alternatives considered for this project. 

The description of this alternative includes removal of contaminated soil "hot spot areas" and 
containment of the remaining contaminated fill material within the causeway by constructing an 
erosion control cover system. Although the text indicated that following removal of the 
contaminated soil hot spot areas, the causeway would be regraded by cutting and filing existing 
material to establish base grades, these grading activities are not evident in Figure 4-3. Unlike 
Alternative 1, where the plans specifically note that the existing toe will be maintained by 
excavating existing material, Alternative 4 appears to include simply placing riprap over the 
existing side slopes. This method of armoring will result in significant and unacceptable 
encroachment beyond the high tide line and mean high water and into intertidal flats. 

Additionally, Figure 4-3 is very confusing. It shows two existing slopes and only one proposed 
slope. There is no clear indication of where along the length of the causeway these apparently 
separate profiles are found. Nor is it clear why the proposed slope would not follow and reflect 
the existing condition. Regardless of the original profile, as discussed above, this alternative 
represents significant fill and encroachment beyond both the existing mean high water and mean 
low water lines. Although the high tide line is not shown on the plans, presumably fill is also 
proposed waterward of this critical elevation. It is not likely that a convincing demonstration can 
be made that this alternative, as currently proposed, is consistent with applicable enforceable 
policies and standards regarding shoreline flood and erosion control structures, filling in coastal 
waters and intertidal flats. 

Based on both the tentative selection of Alternative 4 as the preferred alternative and its depiction 
provided in Figure 4-3, it does not appear that the Army fully understands the need to design a 
project that: 1) will not result in degradation of sensitive coastal resources, including the 
intertidal flats present at this site; 2) is consistent with the enforceable policies and standards 
regarding the construction of shoreline flood and erosion control structures; and 3) minimizes 
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horizontal encroachment into coastal waters (i.e., encroachment beyond the high tide line, mean 
high water and/ or mean low water). 

If Alternative 4 is to remain the preferred alternative, it must be modified to eliminate, if 
possible, any encroachment beyond the existing location of the high tide line, mean high water, 
and mean low water. We strongly encourage the Army to investigate the potential to relocate 
existing material to the extent necessary to maintain the current causeway footprint. If 
elimination of all encroachments is not possible, adequate justification must be given as to why 
any encroachment should be found acceptable to the State of Connecticut. 

Responses to Prior DEP-OLISP Comments 

Unfortunately, several of the Army's responses, provided in Appendix A, do not adequately 
address the issues that we raised in our previous comments. Specifically, we note the following 
outstanding issues presented in the order that they appear in Appendix A. 

Comment #4, pages 10 & 11 -The DEP-OLISP's comment was, in part, "it is important to 
maintain, to the extent practicable, the horizontal location of mean high water ( 4.1' NGVD), 
which is the landward extent of the public trust area." The response was to indicate on the plans 
the location of mean high water; however, no apparent effort was made to modify the plans to 
eliminate or reduce the indicated encroachment waterward of this critical line. Nor was an 
explanation offered as to why the project could not be designed to maintain the horizontal 
location of mean high water. This is a critically important issue to the State of Connecticut as we 
are the steward for the public trust land waterward of mean high water and, as such, must protect 
and preserve this area for the general public both for now and for the future. Any additional 
encroachment beyond the current location of mean high water must be avoided if at all possible, 
and if avoidance is not possible it must be both minimized to the maximum extent practicable 
and justified to our satisfaction. 

It has recently been brought to our attention that there is concern that the proposed cap might, in 
fact, have to be designed with a larger footprint to spread the weight of the causeway and cap 
over a larger area. Apparently the issue is the potential for the extra weight of the causeway to 
produce an upward "bulging" of the adjacent intertidal flat. In our experience, increasing the 
weight on filled land has not lead to such bulging, but rather, has lead to the reverse. Increased 
loading, as has been seen with road construction on filled land, has more typically resulted in 
depressed areas alongside the fiiled area. In the case of the subject causeway, if depressions in 
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the intertidal flat result from the proposed work, we expect increased sedimentation into the 
depressed areas until equilibrium has been reached and the surface is restored to its present state. 

Comment #5, page 11 - The DEP-OLISP's comment was that the list of ARARs provided in the 
previous draft was incomplete. Of specific concern, in part, was that the list did not include 
Connecticut's Tidal Wetlands Act (Connecticut General Statutes 22a-28 through 22a-35). The 
response was that "the Inland Wetlands and Watercourses Act, also known as the Tidal Wetlands 
Act, was included" in the original list of ARARs. The Inland Wetlands Act and the Tidal 
Wetlands Act are separate and distinct statutes. They have never been interchangeable nor have 
they shared a title. To merge these two independent regulatory programs is incorrect and 
unacceptable. Although the current ARARs list (see Table 3-2) includes the Tidal Wetlands 
Regulations, it still fails to include the underlying statute. The Tidal Wetlands Act must be listed 
as an ARAR separate from both the Inland Wetlands and Watercourses Act and the Tidal 
Wetlands Regulations and it must be fully considered in the final development and consideration 
of alternatives for this action. 

Additional Comments 

We note that the description of the property on page ES-1 is incorrect. It is apparently carried 
forward from earlier property descriptions that we have continually attempted to have the Army 
correct. The Army does not own "48 acres of riparian rights." Riparian rights are not measured 
in acres or any other form of area measurement. Riparian rights are simply the rights of 
waterfront property owners to access navigable waters. This should be corrected in the final 
document. 

We appreciate this opportunity to review and comment on the progress made to date on this 
project. We strongly encourage you to continue close coordination with this Office during the 
refinement of the final alternative(s) for this project. Please be aware that the formal federal 
consistency review will require additional detailed information including: 1) drawings that 
depict the existing and proposed footprint of the causeway; 2) existing and proposed locations of 
the high tide line, mean high water and mean low water on all plans and cross sections; 3) 
calculations of the total volume of fill to be placed waterward of the high tide line, mean high 
water and mean low water; and 4) adequate justification for such fill. 
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Response: The Army understands the issues and concerns raised by the CTDEP OLISP, which are 
primarily related to avoiding encroachment into the intertidal flats of the Housatonic River and 
waterward of the high tide line. However, much of these concerns cannot be adequately addressed 
at this time due to the limited amount of data available. However, the Army will conduct additional 
on-site investigation activities to collect the necessary data that will allow the Army to address the 
CTDEP OLISP issues and concerns during the detailed design of the selected removal action 
alternative. Harding Lawson Associates initiated on-site investigation activities at the Causeway 
September 14, 2000. These activities include a geotechnical investigation and topographic survey 
of the Causeway and adjacent area. The information obtained from these activities will be used to 
evaluate settlement and stability of the Causeway and proposed cover system, determine the size and 
thickness of the riprap/stone armor for the cover system, prepare existing and final grading plans, 
and prepare material specifications and quantity estimates. The removal action design will be 
prepared with consideration given to the issues and concerns raised in these, and previous, comments 
provided by the CTDEP OLISP. The 30-percent design will be submitted to the regulatory agencies 
(i.e., USEPA, CTDEP, and OLISP) for review. 

The Army will design the selected remedy to minimize encroachment into the intertidal flats of the 
Housatonic River and waterward of the high tide line to the extent practicable. After the additional 
field investigations are completed and the data evaluated, the Army suggests a working meeting with 
the USEP A and CTDEP, including OLISP, to review the data evaluation and design criteria in an 
attempt to address the concerns raised by the CTDEP OLISP. The Army looks forward to working 
with the USEP A, CTDEP, and OLISP to resolve these outstanding issues and arrive at a mutually 
agreeable solution for the Causeway non-time-critical removal action. 
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USEPA Comments dated August 31, 2000 on Revised Draft EE/CA Report 
Causeway and Dike Area, SAEP, Stratford, CT 
July 2000 

ARARs Tables 3-1 through 3-3 

1. Table 3-1 

• There should be an indication that there are no Federal chemical-specific ARARs. 

• There should be some description of how contaminated soil will be remediated in 
accordance with CGS §§ 22a-133k and 22a-133q. 

Response: Table 3-1 has been revised as requested. 

2. Table 3-2 

• There should be some description of how remedial activities that involve dredged or 
fill material will comply with 40 CPR § 230 and 33 CPR Parts 320-330. 

• There should be some description of how remedial activities affecting the coastal 
zone of the site will be conducted in accordance with 16 USC §1451, et seq. 

• There should be some description of how remedial activities will be conducted in 
accordance with CGS §§ 22a-28 through 22a-35 and RCSA §§ 22a-30-1 through 

• 22a-30-17. 

• There should be some description of how remedial activities will be conducted in 
accordance with CGS §§ 25-68b through 25-68h and RCSA §§ 25-68h-1 tprough 

• 25-68h-3. 

• There should be some description of how remedial activities will be concluded in 
accordance with CGS §§ 22a-359 through 22a-363(f). 

Response: Table 3-2 has been revised as requested. 
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3. Table 3-3 

• There should be some description of how remedial activities associated with design, 
monitoring and maintenance will comply with 40 CFR § 264.110 - 264.120. 

Response: Table 3-3 has been revised as requested. 
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Local Reuse Authority Comments ( dated October 24, 2000) on the Final EE/CA Report 
Causeway & Dike, SAEP, Stratford, CT 

In addition to the human health and the environmental issues, which are addressed in the EE/CA, 
the LRA is still very interested in its ability to use the Causeway and Dike for the purposes 
described in the 1997 Redevelopment Plan and the EDC Application. The product of the EE/CA, 
therefore, is critical to the LRA's plans for its intended use, which is open green space for passive 
recreation. 

SPECIFIC COMMENTS 

1. Comment: Page. ES-1, Para. 1, states that "the Draft RI Report is scheduled to be 
submitted in the summer of 2000". What is the status of the report and when will it be 
available to the LRA for review? 

Response: As of January 2001, the Draft RI Report is in regulatory agency review. 
Once the RI has been finalized, it will become part of the Administrative Record and 
will be available to the LRA for review. 

2. Comment: Pg. ES-1, Para. 3. The SAEP is in an MA (light industrial) zone. 

Response: Comment noted. 

3. Comment: Pg. ES-2, Para. 4. Same comment as number 1 regarding the RI report. 

Response: See response to Comment 1. 

4. Comment: Pg. ES-3, Para. 1. The second sentence states, "exceedances were detected 
in three isolated hand auger explorations on the south face and edge of the Dike". It goes 
on to say, that because these locations are not within the dike they will be addressed by 
the Feasibility Study. When will the Feasibility Study be available for review by the 
LRA? Lack of characterization of these areas could cause problems with open space 
design. 

Response: Preparation of the Feasibility Study will commence once the RI Report is 
finalized and the decision documents for the Causeway and Dike and OU 2 non-time
critical removal actions have been completed. As of January 2001, a specific schedule 
for the Feasibility Study has not been developed. 
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5. Comment: Pg. 2-1, Section 2.1.2, Para. 1. The SAEP is in an MA (light industrial) 
zone. 

Response: Comment noted. 

6. Comment: Pg. 2-4, Sect. 2.1 .4.1. Introductory paragraph lists peat as a character of the 
shallow geology of the SAEP, but the following paragraphs do not describe its relevance 
to the geology. 

Response: Peat has been encountered mainly in the southern portion of SAEP, near the 
former lagoons. This area has no relevance to the geology associated with the Causeway 
and Dike. 

7. Comment: Pg. 2-4, Sect. 2.1.4. The RAB was informed of a differential settling 
problem on the causeway, but the concern was neither identified nor described in this 
section. 

Response: The purpose of Subsection 2.1.4 is to summarize the geology and 
hydrogeology at the site, not the potential for differential settlement as a result of future 
construction activities. Potential differential settlement of the Causeway is being 
addressed in the geotechnical evaluation, which is a component of the 30-percent design 
for the Causeway removal action alternative. 

8. Comment: Pg. 2-11, Sect. 2.4. The paragraph states "CTDEP has established RSR 
criteria for various media, including target concentrations for indoor air ... " When asked 
for the criteria by the RAB, it is not available. Does such a criteria exist; if so, and what 
is it? 

Response: The RSR criteria for indoor air are addressed in the OU 2 EE/CA and the 
RSR indoor air target concentrations have been provided at several RAB meetings. In 
summary, the target concentrations for the primary contaminants of concern, presented 
in parts per billion by volume (ppbv) are as follows: 

tetrachloroethene 
trichloroethene 
1, 1-dichloroethene 
1, 1, 1-trichloroethane 
vinyl chloride 

1.61 ppbv 
0.92 ppbv 
0.02 ppbv 
266 ppbv 
0.019 ppbv 
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9. Comment: Pg. 3-1, Sect. 3.0, Para. 2. On what basis was the causeway and dike area 
considered a non-critical removal action? 

Response: As presented in the EE/CA, it is a non-time-critical removal action, rather 
than a "non-critical" removal action as stated in the comment. Non-time-critical 
removal actions are conducted to expedite environmental cleanup. The USEP A has 
categorized removal actions in three ways: emergency, time-critical, and non-time
critical. Non-time-critical removal actions respond to releases requiring action that can 
start later than six months after determination that a response is necessary. 

10. Comment: Pg. 3-2, Sect. 3.2. Implementation of the Causeway and Dike NCRA was, 
"anticipated to begin in late summer or fall of 2000". What is the new anticipated start 
date, and what is the schedule to reach that point? 

Response: Pre-design activities were conducted between September and November 
2000. Design activities were initiated in December 2000 and are anticipated to be 
completed by the spring of 2001. The removal action is anticipated to commence shortly 
thereafter, with completion in 2001. 

11. Comment: Pg. 4-18, Para. 3, states that the "erosion control cover system would consist 
of riprap armor over the entire Causeway surface; however, with a smaller size material 
used on the top center portion ... " The proposed causeway cover suggested here does not 
appear to be compatible with page 2-3, "Future Land Use", which states, "The 
approximately 16 acres of proposed park land (i.e., recreational area) would include a 
landscaped park with pathways for pedestrians and bicyclists ... " The Town's intended 
land use for the causeway, which has remained unchanged since submission of the 1987 
Redevelopment Plan, has been to use it as green open space. 

Response: The goal of the proposed non-time-critical removal action is to limit direct 
exposure of future users of the Causeway to contaminants on the Causeway and prevent 
erosion of the Causeway materials. If additional construction is needed to meet the 
Town's future reuse objectives, the Town and its developer would need to complete that 
construction after transfer of the property from the Army to the Town. Army BRAC 
funds are intended to address environmental risks, not to make improvements to the 
property. 

12. Comment: Pg. 4-18, Para 6, discussed "a notice of intent to record an environmental 
land use restrictions". What are these land use restrictions, and when will they be 
defined? 
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Response: Land use restrictions will be established in the site-wide Record of Decision 
to be prepared in 2002. These may include, among other restrictions, restrictions on 
excavation that could expose contaminants or allow erosion of Causeway soils. 

13. Comment: Pg. 4-22, Assumption 2. How will disturbance of the tidal flats be 
minimized if a portable dam is not placed around the causeway during construction? 

Response: Temporary erosion control measures ( e.g., silt fence, turbidity curtain, silt 
boom) will be used to minimize disturbance to the surrounding area. Additionally, 
excavation and backfill activities will be conducted in a manner to minimize disturbance 
to areas beyond the existing footprint of the Causeway to the extent practicable. 

14. Comment: Pg. 4-22, Assumption 6. Geotechnical investigation and evaluation for 
settlement, slope, and global stability is planned during predesign of the causeway 
remediation plan. When will this information be available to the LRA for review? 

Response: The geotechnical evaluation was presented at the January 2001 Restoration 
Advisory Board (RAB) meeting. 

15. Comment: Pg. 6-1, Para. 4. This paragraph states that all material, equipment, and 
services are readily available to complete Alternative 1, and it would take approximately 
seven (7) months to complete. Is the same true for Alternative 4? When will consistency 
with the RI and Feasibility Study be determined for Alternative 4? 

Response: Alternative 4 is anticipated to be completed within seven months. 
Alternative 4 is expected to be consistent with the long-term remedy for the site. 

GENERAL COMMENTS 

a. Comment: The Town wants the causeway to provide access to deeper water at its end. 
Can sheet pilings be installed at the end off the causeway as part of its remediation? 

Response: The Army does not anticipate any improvements to extend the Causeway to 
provide access to the deeper water in the river channel. Additionally, the CTDEP Office 
of Long Island Sound Programs (OLISP) has clearly stated on several occasions that 
installation of a vertical barrier ( e.g., sheet pile seawall) on the Causeway is the least 
acceptable alternative. 
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b. Comment: The Causeway was always envisioned as open green space, which would 
provide opportunities for passive recreations. The current design would limit the site's 
usefulness and cause difficulty, particularly, for the Town's handicapped residents to use 
the causeway. 

Response: The goal of the proposed non-time-critical removal action is to limit direct 
exposure of future users of the Causeway to contaminants on the Causeway and prevent 
erosion of the Causeway materials. If additional construction is needed to meet the 
Town's future reuse objectives, the Town and its developer would need to complete that 
construction after transfer of the property from the Army to the Town. Army BRAC 
funds are intended to address environmental risks, not to make improvements to the 
property. 

As of January 2001, the Causeway removal action design is being prepared with 
consideration of construction materials other than the large riprap that was presented in 
the Final EE/CA. If these alternative materials are selected, these materials should 
provide a surface layer that may be more compatible with the proposed future use of the 
Causeway. 
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Town of Stratford Comments (dated October 24, 2000) on the Final EE/CA Report 
Causeway & Dike, SAEP, Stratford, CT 

GENERAL COMMENTS 

Given the delay in receipt of the final document, which was not available until several days after 
it was requested, as well as the extremely limited public comment period, I am unable to furnish 
substantive comments on the more technical aspects of the analysis. I will confine my remarks 
instead to my general impressions of the plan set forth in the analysis, especially as it relates to 
the intended future use of the site. I should note that more detailed questions and comments 
regarding the EE/CA are addressed-in a separate letter, a copy of which I have attached hereto. 

The proposed remedial plan calls for the removal and subsequent appropriate disposal of 
contaminated soil from three "hot spot" areas where soil sampling data indicates exceedances of 
the CTDEP remedial standards. The report then recommends the installation of a geotextile 
fabric and erosion control cover system over the entire causeway to prevent further migration of 
contaminant materials. The plan makes some relatively minor concessions to the intended reuse 
of the causeway/dike area by proposing to use smaller aggregate material along the top center 
portion of the causeway to provide a more suitable walking surface. 

I understand the primary objectives of this non-critical removal action (NCRA) are to prevent 
present and future exposures to contaminated soils as well as to minimize the potential for 
leaching of remaining soil contaminants into the groundwater. 

Efforts should be made to maximize treatment techniques so as to reduce to the greatest extent 
practicable the potential for exposure to soil contaminants. At the same time, I submit that the 
Army has an obligation to select an approach that is compatible with the future intended use of 
this site, as identified by the host community. The Town's reuse objectives regarding this area 
have remained unchanged since virtually the inception of this planning process and have been 
well documented. The causeway is expected to be part of a public recreational area, which would 
include a linear park, a bicycle and walking path, a dock and fishing pier in addition to other 
amenities consistent with its unique waterfront location. 

In this regard, I believe that elements of Alternative 2, specifically the installation of a sheet pile 
seawall, should be incorporated into your final remedial plan. A sheet pile seawall would provide 
an added level of protection from tidal and wave action and serve as a hydraulic barrier to the 
constituent wastes that remain buried and encapsulated with.in the structure. A sheet pile seawall, 
constructed in conjunction with an appropriately designed erosion control cover system, would 
further reduce the possibility of migration of soluble contaminants outside the limits of the cap 

P:\projects\TERCS\projects\DO20\Causeway\EECA \town&misccomments.doc 47254/21051 

6 



RESPONSE TO COMMENTS ON THE 

FINAL CAUSEWAY & DIKE ENGINEERING EVALUATION/COST ANALYSIS 

(DATED SEPTEMBER 2000) 
STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 

Comment # Comment/Response 

than simply an erosion control cover system alone. Moreover, installation of a sheet pile seawall 
would provide an even greater degree of consistency with the Town's reuse objectives than other 
alternatives under consideration since it would preserve access to this structure for the docking or 
mooring of vessels. 

Further, bulkheading or installation of a sheet pile seawall is, as the authors readily acknowledge, 
a commonly used construction technique. I understand that the Office of Long Island Sound 
Programs (OLISP) of the CTDEP has expressed concern with regard to this approach, suggesting 
that this alternative will alter localized wave energy patterns and adversely impact the 
surrounding intertidal flats. It should be noted, firstly, that the intertidal flats in question are 
significantly degraded due to decades of industrial production and resultant pollution. Further, 
while I understand their concern about protection of this resource, such concerns must be 
balanced against the greater degree of protection afforded by this structure. I might add that not 
only would a sheet pile seawall provide an added measure of protection against exposure to or 
migration of contaminant materials, but also it would enhance rather than diminish the utility of 
this structure. 

Finally, I would like to comment on the proposed treatment of the top of the structure as it relates 
to the intended future use of this site to provide and to enhance public access. I concur with the 
assessment offered by the CTDEP in its response dated March 31, 2000, in which the author 
states that the proposed cover " .. .is not likely to be very inviting to the public nor is it likely to 
provide a safe walking surface." I submit that not much has changed to alter that perspective in 
the seven months leading to the publication of this final document. I note that the reviewer 
recommended " .... that the Army work with the Town of Stratford to identify a reasonable, 
inviting treatment for the top of the causeway ... " that would still provide an adequate barrier 
against exposure to residual contaminants. I regret that such consultations between the Army and 
the host community never occurred, and the resulting plan, which now calls for the placement of 
smaller rather than larger rocks, represents no marked improvement in addressing these concerns. 
I find it difficult to believe that the approach outlined in Alternative 4 represents the most 
progressive thinking and the best that we can do under these circumstances. 

In the end, I submit that the public would be best served by an approach that combines certain 
elements of the alternatives presented in the EE/CA report, and further re-examines the treatment 
of the top of the causeway in terms of using appropriate cover material that is complimentary to 
the community's reuse objectives. In this regard, I assert that installation of a sheet pile seawall, 
following excavation of certain hot spot areas and in conjunction with an erosion control system, 
would clearly provide the highest level of protection to human health and the environment at a 
reasonable cost. 
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Response: There was no delay in providing the document for review. The Final EE/CA was 
provided at the beginning of the public comment period. The 30-day public comment period is a 
standard duration, as well as a requirement of CERCLA and the NCP. The EE/CA and the 
schedule for submittal and public comment were discussed at the August 2000 RAB meeting, 
which was attended by representatives of the LRA. 

The primary purpose of the Causeway non-time-critical removal action is to provide an erosion 
control measure to prevent exposure to contaminated soil. Efforts will be made to make the 
cover system compatible with the proposed reuse plan for the Causeway; however, the primary 
intent of the removal action is not to construct a public recreation area on the Causeway. 

Installation of a sheet pile seawall would result in encroachment into the intertidal flats and 
coastal waters. The CTDEP OLISP has clearly stated on several occasions that installation of a 
vertical barrier ( e.g., sheet pile seawall), as well as encroachment into the intertidal flats and 
coastal waters is the least acceptable alternative. 

As of January 2001, the Causeway removal action design is being prepared with consideration of 
construction materials other than the large riprap that was presented in the Final EE/CA. These 
materials, if selected, would provide a surface layer that may be more compatible with the 
proposed future use of the Causeway. The 30-percent design will be available in mid-February 
2001 and will be discussed with the Town Planner. 
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PROTECT YOUR ENVIRONMENT OF STRATFORD Comments (dated May 5, 2000) on 
the Draft EE/CA Report 
Causeway & Dike, SAEP, Stratford, CT 

GENERAL COMMENTS 

Protect Your Environment of Stratford, fuc. criterion for selection of the remediation and 
clean-up of the Causeway and Dike at the old Stratford Army Engine Plant is contingent upon the 
effect of the remediation on the contiguous tidal flats. Since the required tidal flat impact 
information is not clear to us at this time we will defer our comments on the engineering and cost 
of four-alternative evaluation plans,until a later time, with the following exceptions: 

• the potential for alternatives 1 and 2 for leaching soil contaminants to 
groundwater (p .4-4 section 4, 1.2 ) needs clarification 

• consideration should be given to a 100 year flood on the causeway-dike cap and 
action of tidal water against sides especially as time goes on 

• the long-term effect of rain water on concrete vs soil top of the causeway taking 
into account human use seems relevant to the selection process. 

Response: As stated in Section 2.3 of the EE/CA, "Preliminary results of groundwater data 
collected in November 1999 from the four monitoring wells installed in the Causeway indicate 
the presence of low concentrations of chlorinated VOCs and inorganic analytes. However, the 
concentrations of contaminants in groundwater are below the CTDEP RSR Surface Water 
Protection Criteria and the Volatilization Criteria." 

The cover systems provided by Alternatives 1 and 2 would provide protection from direct 
exposure to the contaminated Causeway fill material and minimize the leaching of contaminants 
due to precipitation infiltrating through the contaminated fill material. However, the Causeway 
is located in a tidal environment, and there is no impermeable layer beneath the Causeway to 
anchor the flexible membrane liner into. Therefore, although it does not appear that 
contaminants from the Causeway fill material are leaching to groundwater, there is a potential 
that soluble contaminants may be transported outside the limits of the cap in the future. 

The cover system over the Causeway is being designed in accordance with U.S. Army Corps of 
Engineers requirements and guidance to ensure protection from storm surge or wave action. 

The long-term effects of weather and erosion on the cover system are being evaluated as part of 
the design for the Causeway removal action alternative. 
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RESPONSE To COMMENTS ON THE 
FINAL CAUSEWAY & DIKE ENGINEERING EVALUATION/COST ANALYSIS 

(DATED SEPTEMBER 2000) 
STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 

Comment # Comment/Response 

CTDEP OLISP Comments (dated November 6, 2000) on the Final EE/CA Report 
Causeway & l)ike, SAEP, Stratford, CT 

GENERAL COMMENTS 

Thank you for the opportunity to review and comment on the documents noted above. We have 
reviewed them to identify issues that must be addressed during any subsequent review for 
consistency with the enforceable policies of Connecticut's federally approved coastal 
management program as set forth in the Connecticut Coastal Management Act [CCMA, 
Connecticut General Statutes (CGS) section 22a-90 through 22a-112]. We note that we 
commented on two prior drafts of the Engineering Evaluation/Cost Analysis (EE/CA) document: 
first, in a memo to Ken Feathers of this Department dated March 22, 2000 which was forwarded 
to you in a letter from Mr. Feathers date March 31, 2000; and second, in a letter to you dated 
September 7, 2000. In addition, you and I have had several discussions regarding this project. 

First, the issue of formal coastal consistency must be clarified since the public notice published 
by the Army indicates that you are requesting coastal consistency concurrence. However, as we 
have discussed, you have stated that this is not your intent at this time. The Army and this Office 
both recognize that the level of information currently available is insufficient to support a 
consistency determination. It is our understanding that such information will only become 
available as the project design progresses. Accordingly, we are taking this opportunity to reiterate 
the significant issues that must be addressed during the design phase of the project to ensure that 
ultimate implementation is consistent to the maximum extent practicable (l) with the enforceable 
policies of Connecticut's federally approved coastal management program. 

(l) When used in reference to federal coastal consistency, 'consistent to the maximum 
extent practicable' "describes the requirement for Federal activities including 
development projects directly affecting the coastal zone ... to be fully consistent with such 
programs unless compliance is prohibited based upon the requirements of existing law 
applicable to the Federal agency's operations. If a Federal agency asserts that compliance 
with the management program is prohibited, it must clearly describe to the State agency 
the statutory provisions, legislative history, or other legal authority which limits the 
Federal agency's discretion to comply with the provisions of the management program" 
15 Code of Federal Regulations 930.32. 
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RESPONSE To COMMENTS ON THE 

FINAL CAUSEWAY & DIKE ENGINEERING EVALUATION/COST ANALYSIS 

{DATED SEPTEMBER 2000) 
STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 

Comment # Comment/Response 

Our concerns are as follows. 

Any alteration of the causeway must avoid both significant changes from current conditions as 
well as encroachment into the intertidal flat. If avoidance of either of these items is not possible, 
any changes and/or encroachment must be minimized to the maximum extent practicable and 
they must be clearly and adequately justified. Based on the understandably limited information 
available to date, there is no clear justification provided for either altering the angle and general 
makeup of the side slopes or enlarging the footprint of the causeway. 

It is our understanding that the remedial solutions under consideration essentially consist of an 
"under barrier" and an "over cap" and that these components may, to some extent, be 
interchanged from one alternative to the other. The apparent ability to "mix and match" under 
barrier and over cap may prove especially useful in designing a project that is consistent to the 
maximum extent practicable with Connecticut's federally approved coastal management 
program. The selection of the appropriate under barrier to prevent contact with the contamination 
is not within OLISP's area of expertise and we defer to others to determine which under barrier is 
most appropriate. We are, however, concerned about the type of material used for the outermost 
layer(s) of the over cap, its placement on the causeway, the final overall configurations of these 
outermost project components and their potential to adversely impact sensitive coastal resources, 
such as the adjoining intertidal flat. 

As noted above, in order to satisfy the enforceable policies of our coastal management program, 
the selected alternative must be designed to avoid any encroachment into the intertidal flat. In the 
EE/CA, the construction methodology of Alternative 1 is described in both the narrative and the 
corresponding figure as maintaining the location of the existing toe of slope through the 
excavation of the side slope and toe materials and their consolidation on top of the causeway 
prior to construction of the under barrier and cap. This is an appropriate approach to avoid 
encroachment into the intertidal flats which is consistent with the CCMA. 

The preferred alternative (#4) involves placing a cap over the existing causeway and, as 
presented in the EE/CA, would result in sign Significant encroachment into the intertidal flat In 
light of the inclusion in the EE/CA of an alternative that maintains the existing footprint of the 
causeway, the preferred alternative is not acceptable from a coastal management perspective and 
Alternative 1 should be the selected alternative as it represents the least environmentally 
impacting alternative when the make-up and nature of the side slopes and the footprint of the 
causeway are considered. 

If Alternative 4 remains the Army's preferred alternative, modifications must be made to 
eliminate, if possible, any encroachment beyond the existing location of the high tide line, mean 
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RESPONSE TO COMMENTS ON THE 

FINAL CAUSEWAY & DIKE ENGINEERING EVALUATION/COST ANALYSIS 

(DATED SEPTEMBER 2000) 
STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 

Comment # Comment/Response 

high water, and mean low water. To this end, we strongly encourage the Army to investigate the 
potential to modify the construction methodology of this alternative by relocating existing 
side-slope material to the extent necessary to maintain the current causeway footprint as is 
outlined in the description of Alternative 1. If elimination of all encroachments is not possible, 
substantial and adequate justification must be given as to why any encroachment is consistent 
with the applicable coastal management policies. 

To summarize, the ultimate project must be designed such that it: 1) will not result in degradation 
of sensitive coastal resources, including the intertidal flats present at this site; 2) is consistent 
with the enforceable policies and standards regarding the construction of shoreline flood and 
erosion control structures; and 3) minimizes horizontal encroachment into coastal waters (i.e., 
encroachment beyond the high tide line, mean high water and/or mean low water). Please be 
aware that the formal federal consistency review will require additional detailed information 
including: 1) drawings that depict the existing and proposed footprint of the causeway; 2) 
existing and proposed locations of the high tide line, mean high water and mean low water on all 
plans and cross sections; 3) calculations of the total volume of fill, if any, to be placed waterward 
of the high tide line, mean high water and mean low water; and 4) adequate justification for such 
fill. 

We appreciate this opportunity to review and comment on the progress made to date on this 
project. We appreciate your continued close coordination with this Office and anticipate that it 
will continue during the refinement of the final design for this project. We strongly encourage 
you to either reconsider Alternative 1 as the preferred alternative or modify the methodology of 
construction of Alternative 4 as described above and develop a final design that does not include 
any encroachment into intertidal flats and/or coastal waters. Should you have any questions 
regarding this letter, or any other coastal management matter, or if I can be of further assistance, 
please do not hesitate to call me at 860.424.3034, send a fax to my attention at 860.424.4054 or 
an e-mail to margaret.welch@po.state.ct.us. 

Response: The 30-percent design for the Causeway is being prepared to maintain the existing 
Causeway footprint and to minimize encroachment into the intertidal flats and coastal waters to 
the extent practicable. The 30-percent design will be available in mid-February 2001 for review 
by the regulatory agencies. 
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APPENDIXC 
ATTACHMENT B 

CAUSEWAY CAP OPTIONS 
STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 

Four different options for the capping of the Causeway have been reviewed. These options are listed 
below, with an explanation of the assumptions associated with each. The attached tables compare the 
partial costs calculated for each option. These estimates include only the costs for the cover system 
component of the overall remedy, and do not include costs that are common to all of the options, such as 
mobilization, building demolition, site preparation, removal of hot spots, etc. The purpose of the presented 
cost estimates is to provide a quick relative cost comparison between the cover system options. A more 
thorough cost estimate, of the entire proposed remedy, will be performed once the desired option is 
identified. All options assume that construction for the Causeway cap begins at a line equal to the north 
end of Building #59. Costs not supplied by potential subcontractors (Tri-Lock, Triton®, sand, etc.) were 
obtained from RS Means Site Work and Landscaping Handbook, 1999 edition. 

Option 1: Rip-rap and Triton® - Encroaching. This option consists of the placement of a rip-rap cover 
on the top of the Causeway and Triton® gabions on the sides of the Causeway. It includes an increase in 
the horizontal extent of the Causeway below elevation 4.1 feet mean sea level (msl); however, the existing 
toe of the Causeway would be maintained. 

This option originally assumed a rip-rap cover thickness of 2 feet, requiring an estimated 7,800 cubic yards 
(CY) of stone, and a gabion thickness of 2.5 feet, requiring an estimated 3,100 yards of material. Upon 
consideration of the natural conditions on the Causeway, it was determined that standard gabions 
containing rip-rap material, would be less effective in the long-term than Triton® mats, due to weathering 
and salt water impacts. As a result, it was decided that all options would consider Triton® mats on the side 
slopes. The use of Triton® mats would likely reduce the required gabion thickness, due to the natural stone 
equivalent for Triton® being an approximate 3-to-1 ratio (i.e., one foot of Triton® may be equivalent to 
three feet of stone). Therefore, for costing purposes, a 1-foot thick Triton® gabion is assumed, at an 
estimated cost of $10 per square foot (SF). American Excelsior Company provided unit price estimates for 
synthetic materials considered in this evaluation. An increase in Triton® mat thickness would increase the 
unit costs. 

With this option, the total square footage requirement for covering the top and sides of the Causeway is 
138,500 SF. The rip-rap portion of the cover system would cover a total of 105,300 SF, and the Triton® 
gabion sides would cover the remaining 33,500 SF. The John J. Brennan Construction Co., Inc. (J.J. 
Brennan) of Shelton, Connecticut provided a quote for delivery of durable stone rip-rap material to the site, 
with an average diameter of 1 to 1.5 feet. In order to obtain the grades required for cover system 
construction on the Causeway for this option, cut and fill operations from around the Causeway totaling an 
estimated 3,047 CY would be performed. An additional 560 CY of fill would need to be brought on site to 
balance cut and fill quantities. J.J. Brennan provided a quote for delivery of sand fill material to the site. 

Option 2: Rip-rap and Triton® - Non-encroaching. This option includes the same approach as for 
Option 1, except there is no encroachment into the tidal mud flats below elevation 4.1 feet msl. The non
encroaching option is considered to address comments from CTDEP Office of Long Island Sound 
Programs regarding maintenance, " ... to the extent practicable, the horizontal location of mean high water 
(4.1 feet NGVD), which is the landward extent of the public trust area" (memo dated 09/07/00). Because 
of the non-encroachment requirement, the rip-rap and Triton® gabion square footages are different than in 
Option 1, but the total square footage of the construction footprint for the Causeway remains essentially the 
same at an estimated 135,000 SF. A total of 73,800 SF of rip-rap, 2-feet thick and totaling 5,500 CY, is 
needed along with 61,200 SF of Triton® gabion area. Again, the gabion thickness is assumed to be 
rPdllf"Prl fr/"\rn the cpe,..lfiPrl ? . (i_-f/"\nt thl,..1-nPCC to !:l 1 _fn/"\t thlclrnecc t'IPf"!:'lllCP nfthe Trltnn® g!:lt'l;nn !:'lpprn!:lf"h, 
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CAUSEWAY CAP OPTIONS 
STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 
( continued) 

With this option, a total of 3,530 CY of cut and fill will be completed in order to obtain the required grades 
for cover system construction. An extra 405 CY of cut material would have to be removed from the site. 

Option 3: Tri-Lock and Triton® - Encroaching. This option considers the combination of a synthetic 
cover of Tri-Lock concrete blocks on the top of the Causeway, in conjunction with a Triton® gabion mat 
on the sides of the Causeway. This option assumes an increase in horizontal extent similar to that described 
for Option 1. The thickness of the synthetic cover system is set at 1.5 feet on the top as well as on the 
sides of the Causeway. A total footprint of 135,000 SF is split between an estimated 101,500 SF (5,640 
CY) of top cover, and an estimated 33,500 SF of Triton® gabion sides. Gabion thickness is assumed to be 
1-foot thick. The Tri-Lock material considered is a 4-inch thick, interlocking concrete block supplied by 
American Excelsior Company. Installation costs were provided by American Excelsior and include a 
woven geotextile fabric placed beneath the blocks. A base material of 6 inches of sand is necessary below 
the fabric, and is priced separately from the Tri-Lock. Fill between and over the blocks, would consist of 
pea stone, placed to a depth of 2 inches above the top of the blocks, to act as a binder between the tops of 
adjoining beveled blocks. The cover would be finished with 6 inches of loam and grass seed. With this 
option, the Causeway would require 3,530 CY of cut-and-fill of on-site material. An extra 230 CY of cut 
material would need to be removed from the site. 

Option 4: Tri-Lock and Triton® - Non-encroaching. Option 4 is similar to Option 3, but would not 
encroach into the tidal mud flats below elevation 4.1 feet msl. The total constructed cap area remains at an 
estimated 135,000 SF, with the Tri-Lock portion covering 73,800 SF, and the Triton portion covering 
61,200 SF. Thickness of the cover system remains at 1.5 foot for both the top and sides of the Causeway. 
Cut and fill operations required for this option total to 3,530 CY. An extra 404 CY of cut material would 
need to be removed from the site for this option. 
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APPENDIX C 
ATTACHMENT B 

CAUSEWAY COSTS FOR DIFFERENT OPTIONS 

Unit Present 
Item Description Quantity Units Cost Worth 

OQtion 1 Costs 

Delivery of riprap material 7,800 Cubic Yard $ 31.35 $ 244,530 

Placement of riprap 7,800 Cubic Yard $ 21.75 $ 169,650 

Placement of Triton 33,500 Square Feet $ 10.00 $ 335,000 

Cut and Fill to obtain needed grades 3,047 Cubic Yard $ 5.47 $ 16,667 

Delivery of additional fill 560 Cubic Yard $ 19.88 $ 11,133 

Grading of additional fill 560 Cubic Yard $ 3.03 $ 1,697 

TOTAL OPTION 1 COSTS $ 778,677 

OQtion 2 Costs 

Delivery of riprap material 5,500 Cubic Yard $ 31.35 $ 172,425 

Placement of riprap 5,500 Cubic Yard $ 21.75 $ 119,625 

Placement of Triton 61,200 Square Feet $ 10.00 $ 612,000 

Cut and Fill to obtain needed grades 3,530 Cubic Yard $ 5.47 $ 19,309 

Excavate and export cut material 405 Cubic Yard $ 15.60 $ 6,318 

TOTAL OPTION 2 COSTS $ 929,677 

OQtion 3 Costs 

Placement of 4" Tri-Lock blocks 101,500 Square Feet $ 4.50 $ 456,750 

Delivery of sand (0.5 feet x 101,500 SF=50,750CF=1,880CY) 1,880 Cubic Yard $ 19.88 $ 37,374 

Placement of sand and compacting 1,880 Cubic Yard $ 3.03 $ 5,696 

Delivery of pea stone-2" thick (0.17 feet x 101,500SF=640CY) 640 Cubic Yard $ 21.95 $ 14,048 

Placing of pea stone-fill, spread w/dozer, no compaction 640 Cubic Yard $ 1.40 $ 896 

Delivery of loam-6" thick (0.5 feet x 101,500SF = 1,880CY) 1,880 Cubic Yard $ 24.00 $ 45,120 

Placing of loam-spread topsoil, skid steer loader, hand dress 1,880 Cubic Yard $ 5.10 $ 9,588 

Placing of Triton 33,500 Square Feet $ 10.00 $ 335,000 

Cut and Fill to obtain needed grades 3,530 Cubic Yard $ 5.47 $ 19,309 

Excavate and export cut material 230 Cubic Yard $ 15.60 $ 3,588 

TOTAL OPTION 3 COSTS $ 927,370 

OQtion 4 Costs 

Placement of 4" Tri-Lock blocks 73,800 Square Feet $ 4.50 $ 332,100 

Delivery of sand (0.5 feet x 73,800 SF=36,900CF=1,370CY) 1,370 Cubic Yard $ 19.88 $ 27,236 

Placement of sand and compacting 1,370 Cubic Yard $ 3.03 $ 4,151 

Delivery of pea stone-2" thick{0.17feet x 73,800SF=465CY) 465 Cubic Yard $ 21.95 $ 10,207 

Placing of pea stone-fill, spread w/dozer, no compaction 465 Cubic Yard $ 1.40 $ 651 

Delivery of loam-6" thick (0.5 feet x 73,800SF = 1,370CY} 1,370 Cubic Yard $ 24.00 $ 32,880 

Placing of loam-spread topsoil, skid steer loader, hand dress 1,370 Cubic Yard $ 5.10 $ 6,987 

Placing of Triton 61,200 Square Feet $ 10.00 $ 612,000 

Cut and Fill to obtain needed grades 3,530 Cubic Yard $ 5.47 $ 19,309 

Excavate and export cut material 404 Cubic Yard $ 15.60 $ 6,302 

TOTAL OPTION 4 COSTS $ 1,051,823 
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ATTACHMENT C 

LETTER TO CTDEP RE: APPROVAL OF PERMANENT COVER SYSTEM 

HARDING ESE 
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Harding ESE 
A MACT!EC COMPANY 

April 18, 2001 

Mr. Kenneth Feathers 
Supervising Sanitary Engineer 
Connecticut Department of Environmental Protection 
79 Elm Street 
Hartford, CT 06106 

SUBJECT: Request for Approval of Permanent Cover System 
Causeway Non-time Critical Removal Action 
Stratford Army Engine Plant, Stratford, CT 

Dear Mr. Feathers, 

Harding ESE, Inc. 
P.O. Box 7050 
Portland, ME 04112-7050 

Telephone: 207/775-5401 
Fax: 207/772-4762 
Home Page: www.mactec.com 

As a result of our meeting at the U.S. Army Corps of Engineers (USACE) in Concord, Massachusetts on 
March 21, 2001, Harding ESE is submitting this letter as a request for Connecticut Department of 
Environmental Protection (CTDEP) approval of the proposed cover system for the Causeway Non-time 
Critical Removal Action Design at the Stratford Army Engine Plant (SAEP) as an "existing permanent 
structure" under the Remediation Standards Regulations (RSRs). In the meeting, CTDEP requested that 
the U.S. Anny provide a description of the proposed Causeway cover system and its ability to render soil 
contaminant concentrations exceeding CTDEP RSRs Direct Exposure Criteria (DEC) "inaccessible", as 
defined in the RSRs. 

The Final Causeway Engineering Evaluation/Cost Analysis (EE/CA) (Foster Wheeler/HLA, September 
2000) presents a summary of soil contamination exceeding CTDEP RSR DEC. Causeway soil 
contaminants with concentrations exceeding CTDEP RSR DEC include vinyl chloride, semivolatile 
organic compounds, the polychlorinated biphenyl (PCB) Aroclors-1016 and -1260 (maximum 
concentration 2.9 parts per million by weight), and inorganics. The depth interval of identified soil 
vadose zone contamination is from existing ground surface to approximately 5 feet below ground surface. 

Per Section 22a-133k-2 (b)(3) of the CTDEP RSRs: 

"The direct exposure criteria for substances other than PCB do not apply to inaccessible soil at a 
release area provided that if such inaccessible soil is less than 15 feet below ground surface an 
environmental land use restriction is in effect with respect to subject parcel or to the portion of 
such parcel containing such release area, which environmental land use restriction ensures that 
such soils will not be exposed as a result of excavation, demolition or other activities and that any 
pavement which is necessary to render such soil inaccessible is maintained in good condition 
unless and until such restriction is released in accordance with section 22a-133q-l..." 

Per Section 22a-133k-1 (a)(28) of the CTDEP RSRs: 

'"Inaccessible soil' means polluted soil which is: (A) more than four feet below the ground 
surface; (B) more than two feet below a paved surface comprised of a minimum of three inches of 
bituminous concrete or concrete, which two feet may include the depth of any material used as 
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Mr. Ken Feathers 
April 18, 200 I 
Page2 

sub-base for the pavement; or (C)(i) beneath an existing building or (ii) beneath another existing 
permanent structure provided written notice that such structure will be used to prevent human 
contact with such soil has been provided to the Commissioner." 

The proposed cover for the Causeway consists of a side slope cover system and a crest cover system. 
The side slope cover system, which will be emplaced around the perimeter of the Causeway below the 
high tide elevation, contains the following materials, from bottom to top: 

• A geotextile filter material 
• Twelve-inch thick polymeric marine mattresses composed of high-strength geogrid gabion 

baskets, filled with rock 

The crest cover system, which will be placed over the top portion of the Causeway, contains the following 
materials, from bottom to top: 

• A 2-inch to 6-inch thick sand bedding layer 
• A geotextile layer 
• A layer of 4-inch thick interlocking concrete blocks 
• Pea gravel in the gaps of the interlocking blocks, and to a depth of 2 inches over the blocks 

In addition, Approximately 6 inches of vegetative support soil, seeded with suitable grass cover material 
will be placed on top of the interlocking concrete block covered area. 

Between the side slope cover system and the crest cover system a layer of riprap will be placed as a 
transition between the two covers (the polymeric marine mattresses and the interlocking concrete blocks). 
This riprap layer will be approximately 18-inches thick and 3-feet wide, and will be composed of stone 
with a minimum average diameter of 6-inches. This transition area will fill the gaps between the two 
cover systems and is required to provide drainage for the crest cover system. 

The cover thickness has been minimized due to geotechnical constraints associated with the stability and 
compressibility of the tidal sediments beneath the Causeway fill material. Should additional thickness be 
added to the causeway, calculations indicate that a failure would be more likely to occur. Due to the 
expected differential movement expected, the cover system needs to be flexible while still rendering the 
underlying soils inaccessible. The side slope cover system will consist ofroughly 10-15 tons ofrock in 
each mattress, encased in a high strength plastic webbing type material. The concrete blocks in the crest 
cover system are slightly wider at the top, with the pea-stone between the blocks acting to lock the blocks 
in-place, making their removal extremely difficult. These two types of covers will allow movement as the 
causeway settles and are not expected to develop cracks, such as those that would develop if a more rigid 
type cover system like concrete of asphalt were used. 
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Therefore, we believe that, in conjunction with an environmental land use restriction, the proposed cover 
system meets the intent of the CTDEP RSRs as an equivalent "existing permanent structure" to make the 
Causeway soils inaccessible. On behalf of the U.S. Army, Harding ESE is requesting written approval of 
the proposed Causeway cover system by CTDEP. 

If you have any questions regarding this request please contact me at (207) 828-3637. 

Sincerely, 

HARDING ESE, INC. 
A MACTEC Company 

Nelson Walter 
Project Manager 

cc: John Burleson (TACOM) 
Michelle Brock (USACE-NAE) 
Jeff Frye (USACE'."NYD) 
Meghan Cassidy (USEP A) 
File 
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Ma~ 23 01 08:30a Dorath~ C. Bassia 203-385-4435 

STATE OF CONNECT_ICUT 
DEPARTMENT OF ENVIRONMENTAL PROTECTION 

BUREAU OF WATER MANAGEMENT 
Permitting, Enforcement and Remediation Division 

Mr. John Burleson 
BRAC Environmental Coordinator 
Stratford Army Engine Plant 
550 Main Street 
Stratford, CT 06497 

RE: Stratford Army Engine Plant 

May 18, 2001 

APPROVAL OF PERMANENT COVER SYSTEM 

The Permitting Enforcement and Remediation Division of the Bureau of Water Management 
(''Department") has reviewed the letter titled 11 Request for Approval of Permanent Cover System'' dated 
April 18, 2001. The letter was prepared by Harding ESE on behalf of the United States Army. The 

. letter was submitted in conjunction with a "Basis of Design, Causeway Non-time Critical Removal Action 
Design, Stratford Army Engine Plant, Stratford, Connecticut", dated January, 2001, which was prepared 
by Harding ESE on behalf of the US Army Tank-automotive & Armaments Command. 

The letier and referc.:nced design document describe a permanent erosion control structure to be installed 
upon a coastal causeway at the Stratford Army Engine Plant. Stratford., CT. 

The above referenced strncture is hereby approved as an alternative permanent structure meeting the 
requirements of Section 22a-133k-l (a)(28) of Connecticut's Remediation Standard Regulations, when 
coupled with the placement of an Environmental Land Use Restriction preventing structure disturbance. 

Nothing in this approval shall affect the Commissioner's authority. to institute any proceeding, or take any 
action to prevent or abate pollution, to recover costs and natural resource damages, and to impose 
penalties for violations oflaw. lf at any time the Commissioner determines that the approved actions 
have not fully characterized the extent and degree of pollution or have not successfully abated or 
prnvented poiiution~ the Commissioner may institute any proceeding, or take any action co require further 
investigation or further action to prevent or abate pollution. This approval relates only to pollution or 
contamination on the site's causeway that is under the erosion control structure. 

In addition, nothing in this approval shall relieve any person of his or her obligations under applicabie 
federal, state and local law. Construction in the coastal zone is subject to Connecticut's Coastal 
Management Act, and the technical requirements of this statute apply. 

If you have any questions pertaining to this matter, please contact Kenneth Feathers at (860) 424-3 770. 

fvl.if l:KRF 
cc: Nt::!sor. Walter, Harding !:SE 

Marg.'lret Welch, DEP 
fvkghan Cassidy. EPA 

( Printed on Recycled Paper) 
79 Elm Strt:1::1 "' Hanford. CT 06 l 06 - 5127 

http://dep.state.ct.us 
sai::pcauscwayaltcovcr.doc An Equal Oppor11mit.v Employer f.a 
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HARDING ESE 
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A SUMMIT Ltd. 
J Thompson's Point 
Portland, ME 04102 
tel: (207) 879-6000 

Construction Materials 
Quality Control Testing Services 

7 Charlton Street 
Everett, MA 02149 
tel: ( 617) 389-3700 Soils, Concrete, MasonrtJ, Steel, Asphalt, Geotechnical Engineering 

REPORT OF CONCRETE MASONRY TESTING 

PROJECT NO: 97141 

PROJECT NAME: Miscellaneous Testing 

CLIENT: Saco Brick Company 

SET NO: 2 SOURCE: Saco Brick Company 
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MASONRY TESTING RESULTS 

SPECIMEN AREA ( square inches) LOAD COMPRESSIVE PROJECT 
NO. (kips} STRENGTH REQUIREMENTS 

(psi) (minimum psi) 

(gross) (net) 

2A 9.00 53.5 5,940 

2B 9.00 50.0 5,560 4,000 psi 

2C 9.00 53.5 5,940 @ 28 days 

AVERAGE: 5,810 

Spec. Dimensions (inches) 
No. Length Width Height 

2A 6.00 1. 50 2.94 

2B 6.00 1. 50 3.00 

2C 6.00 1. 50 3.00 

NOTES: These irregular shaped units were tested as coupons in accordance with 
ASTM C140 5.2.4. 

Donald C. Walden 
Director of Testing Services 
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TRI-LOCK ARTICULATING CONCRETE BLOCK REVETMENT SPECIFICATIONS 

ENGLISH (SI) STANDARD METRIC 

BLOCK CLASS 4010 4015 4020 -i.010 4015 4020 

HEIGHT C-,:ominal) in•cm . 4 6 8 10 15 20 
BLOCK WEIGHT {Approx.) 

AREA lbs-ft2/kg-m2 32 45 64 1.35 1.90 2.70 
PAIR lbs/kg 50 70 94 22.70 31.78 42.68 

WN. C01'-1P. STRENGTH 
lbs-ft.2i1!Pa 3.000 3,000 3,000 24.13 24.13 24.13 

AVG. ~o WATER 
ABSORPTION 5 5 5 5 5 5 

AREA COVERAGE (APPROX.) 
BLOCK P AlR ft2/m2 

1.54 1.54 1.54 0.14 0.14 0.14 

PALLET fl.2/m2 74 56 37 6.87 5.20 3.44 . 
OPEN AREA% 

BASE 20 20 20 20 20 20 
TOP 30 30 30 30 30 30 

* Angle of taper from bottom to top of block varies slightly at different positions of blocks and with different block classes. 

FIGURE 1.1 TRI-LOCK BLOCK DETAILS AND SPECIFICATIONS 



Tri-Lock Hydraulic Stability Considerations 
Wave Attack I Waterfront Environments 

Tri-Lock blocks provide hydraulic stability against waves while the geotextile fabric provides 
stability for the underlying geotechnical material. The Tri-Lock system will also provide a safer, 
cleaner access area to the water that is easy to maintain, resistant to vandalism, and not conducive 
to breeding pests. 

Large scale wave flume experiments, along with over 30 years of actuaJ articulating concrete block 
shoreline applications, have been considered in developing the following generally acceptable 
product selection guidelines. 

Tri-Lock Selection Guidelines for Shoreline Applications 

BLOCK CLASS WAVE HEIGHT WAVE HEIGHT 

in. /cm ENGLISH STANDARD ivfETRIC 

4010 Up To 4 ft. Up To 1.2 m 
4 in/ 10 cm 

4015 Up To 5.5 ft. Up To 1.6 m 
6 in/ 15 cm 

4020 Up To 7.0 ft. Up To 2.15 m 
8 in/ 20 cm 

The selection of the proper Tri-Lock system is affected by site or project conditions such as soil 
permeability, flow or wave intensity, soil compaction and slope or grade conditions. Please 
contact an American Excelsior Tri-Lock specialist to review site-specific considerations. 
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HA HUF ACTURE OF COHCRETE HhSOHRY UHITS 
Prclace lo Second [dilion 

The f avorai.Jic rc1ccptio11 :iccorde<l tltc orici11:1l L'.di
tion publish1.•J in l\J52, h:1s cncomnt;i:cl tlie autllClr 

to revise anc.i cnl~irt:!.c the text with nc-w material. It is 
hoped th:it these o"cw "f\ceommcndccl I'r:icticcs" will 
serve ns a guide towarJs accomplishing the improved 
cnnlrc,I clcsirnl.Jlc in present cby cn11cr1:te nnsnnry 
m:inufacturc. 

The entire m:1nu:1l h::is been cnrcfu!ly studied with 
the object of impru\'int! the presentation of the text 
wherever possible. ~bnY new illustrations have been 
aqded. 

Tl,e author wishes to acknowledge his indcbtl'dncss 
to Rarmontl It Smith for his assistance in preparing 
illustriltions. To Louis C. Samucr!!, his former collc:igm· 
in the nurcnu of Tests of the Huildin~ D1.·p:1rtmcnt. 
City of Detroit, for his valued assistance anci su~ges• 
tions. To Robt'rt ~f. norms, Hay-Con Tile Company, 
Detroit, for \'alunblc sui;:gestions nm! criticisms. To 
ncnjnmin Wilk, ~l.mn~C?r, !;t:mclnrd Iluildiniz Products 
Coinp:my, Detroit, for his constructive criticisms of the 
text, also for his nssistnilcc with mnny experiments and 
tests made nt the plant. 

The author also wnnts to th:mk the Editors of trade 
joumnls who h:we gi\'Cn permission to use excerpts 
and .illustrations from ,·nrious articles. Th .. mks arc nlso 
due to the equipment and materfals mnnuf aeturcrs and 
the national traclc associations from whose publications 
m~crial hns been used. 

Detroit, Michig~n W. G. 

Section I-Portland Cement and its Reactions 
C.t>ncrnl ncmnrks-Portlmul Ct'mcnt is a material nd

mimblr n<lnptcd to n grent \':tricl)' of usrs. It is com• 
posrd of a numbrr of chemical compounds which react 
\\ith wuter to mak<' n plastic mnss. Only part of this 
addl'd wntcr is rc-quin.-<l to comhine with the cement 
to produce its ndhc-11h·c.~ properties. Th<.' grrntrr 1mrtion 
of the water addrtl tn thu mi~turc of cement nnd ng- -
grr.~.itcs scrvc-s only to make the mix: worL:uhle. 

When 1>0rtland cc.•mcnt nnd wo1tcr .ire mi:\:ell together. 
dwolutinn of the ccrnc.•nt Rrains nnd chemical rc-nctions 
commence nlmost imm('(liutdy. The type nnd extent of 
the rt-actions nt'ft.ct thr properties developed by the cc
mmt-wntc-r mixture, ns well as the lubricntinr:c qualities 
of the concrete mix and the bond hctwec.•n the mntc
Jials in the hardened product. 

T11e grt-atcr p:Lrt uf tho literature rc-E::irding th~sc 
reactions dl'ScriuC'!I thC'ir cffocts in connrction with the 
so-called "plastic" or "wc.•t" mixe-s, such ns nm used in 
slabs. henms or columns. T11e chemical re.1ctions nre • 
the s;lmc for concrrtc pmclucts mnclr1 from the sn-cnll~d 
"dry" or· "semi-dry" mhN; their r:atC'il nrc snmowlant 
modiGc-d hy the.• cnnditio11s unclM' which the.• concrete is 
procluc-rd nnd cnrrtl. 

Ma.m1fart11rc o( l'orllnml Crment-It mny he well 
to prnc-nt n hrit•f outline uf the pt·occ:;s hy which port-
1:lnd c:i•mmt is 1nnn11fm:hm•cl nncl particularly in rr!tard 
to the rnw mnl<'ri:lls from whit'!, it is derived. 

Essmtially, portl.nul crnll'nt coni.ists o( S<'\'rrnl mn• 
jor compound" nnd sc.•\·t•ral others whid, mnr he classi
fied as minor hccaust' o( the rclati\•rly limall nmounts 
prC$Cnt. The compoundli in porthmd cc:.•rncnt nrc clc
rivcd f mm the inlrrnction o( the rnw matNfals in thrir 
n:itural statC's, trc-atc•d in rnt:1ry kilns :ind suhjt.•c:ted to 
a tc.•an1'l<'ralum of appro:drnnl<'ly 2.iOO ,k•,::. F. 

Pord.md cemrut is in.ult• h~• fosin~ in rot;ny kilns at 
A trmfK-r.tllaw of ,mmncl 2.iOO · dc-g. F'. a prnprrly pro-
11ortitH1t"tl miAlurc• of m.ah'riafs: om• rich i11 .lime, as 
lim,""htttt•, m.arl. or c-11.,IL:. nnd nnr rid1 in ~ilien :ind 

'.:. rurtln11tl Cc111c11t nll(l its llcnctinn.s 

,il11mi11a, as l'Liv, sli;dc, :dall', or lt!ast-i11mac:c sbc. Tl1t' 
former arc ~111iw11 Cl'lll"rallv as (·a!carl'011s and till• lat• 
tcr ns :u1:ill:tt.·t•o11s m:ttl'l'i;.ds. The r<'mit;int m:i~s of 
incipi,·11tly f ll~l'd mat,•ri;d is ll'rlllC'd CClllt'nt cli111.:l•r. 

Tlic matl·rials listl'd in tll('SC c:la~~ificarions ;in.• h~· no 
means c0111pll'!ti. A raw 111atrrial (for imtallCl', cc-11w11t 
rock) may lie placed 11mlcr both hl'adini.:~. uqwndini;: 
on its comp11!i1liu11. The clioit·l· of tl11.! raw materials 
dL·pencis J!l'11c-r:dly on thr ,1\':11laliility, tlir. claeanii;t~· of 
(hcir c·11111t111sitio11, and tlu~ l'l'111111111y 11i 111;111ufac:t11rin~ 
upc-ratio11s. 

PortlanJ ct.•mc•nt manufacture 111ay be consi<lcn•d ::u 
being compmil'd of two stq1s: 

1. Calcan•o11s plus ar!!illaccous materials plus 2..700 
deg. F. l1c::1t~ equals pnrtlaml cc'ml·nt clinker: 

2. Portland ct.•mc.•nt cli11krr plus µypsum (mtc.•r• 
ground) plus fine ~rindin~ t•<111als portlaml ccml'"!· 

If the finely ground cliukt•r ;dune- wc.•rl' used. !t 
would set too rapidly. A n•t:mlin~ :1:,:c11t. J:rp.,um. 1s 
:tddc.'<l in amounts r;~ngin~ from 3 to 7 per cent of the 
weight of the clinker. Tht- ~rpsum is .iddc<l to the 
clinker previous to ~rinclin1,t, thereby insuring :i thor• 
ough mixing of the in~rcdicnts in the finished product. 

Fineness of Portlnml Ccancnt-Tlic ~rim.ling of nor• 
mal portlnnd cement is c.trricd to a fincn~s where 
a11proxirnntt•ly SO per cent pnssc-s a 32.5-mcsh s1c\·r. The 
high cnrly strength ecmrnt ill ground to a fincnc-s~ 
where 9G per c<'nt pnsses a 3:25-mcsh sic\·e. This finer 
grincliniz results in n surface nren for the h:~h l':lrly 
strcn~th cement which is l T:i more thnn th:it of norm::al 
portlnncl. Finer grinclin!;? will, to n certain extent, O\'Cr• 
come the slow nnd incomplete hydration of cement; 
but this is only n partial solution to the problem. _The 
fineness to which cement can be ground commcrc1.,II)' 
depends on the prncticnl limitations of the grinding 
methods .:ind the equipment. . 

Compound Composition-The compounds .of which 
portlnnd cement is composed, when mixed wath w.itt-r. 
directly aifc.ct the quality of the products made nf con• 
cretc. These compoumls nml their reactions ,lctcrminc 
the pro1'K'ftic.-s of the «-mcnt-w.atcr paste and consc-

• qucntl)·, those of the concrete mix. In the com~unds, 
·the lime acts us a basic and tho siliro nnd alumm:i ns 
acidic nnhydridc.'S, tlac.•rcforc c.ilciuan silic:itc:-s and alu• 
minutes nrc fnram.-<I, At l<•nst two silic:atcs and two 
nluminah•s cxisl in porlli\nd ccnu:nt c-linlcr. . 

The princi11al compoumlli me di-c:,lc:ium silicate, tn• 
calcium silicntc, nnd lri-cnlcium al11mim1tc. 

These vnrious compounds arc st.iuh• ilS long au _thuy 
remain dry (1u1hydro11~). T11cir ,·nine, when ~ffccta\·cly 
pulvcri7.t.'f.l ns i11 the cusc of regular nr high cnrly 
·strc:angth ,::rmling. lil•s in their strnn1t nlfinity for ""atc:-r. 
Thuir indivithml ml•rit is dt>tcrmiucJ Ly wh:lt happens 
when they combine with wntM'. 

Effects of Wutcr on Portlund Ccmc-nt-When water 
is added to ccmt"llt, .. a direct hrdmtinn reaction be
tween thf! Cf.'tnt'1tt pnrticlc.-s and the wutcr dOCI not 
act1.1a1ly tnkc plucc • .Pnrt of the ccincn~ compounds nrc 
dissoh·C'tl in the.· waler nnd nrc rc.-<lc.1x,s1trd ns a h)'tlnitc, 
either in the fonn of n grl or in the form of crystals. In 
the enrl)· stn~c.-s most of lhc r<.-dc.-pnsition is in the ~el 
fom1; C'r)'~tnlli1.ntion may cvmtunlly take pl.ice. ~e 
gel is de-posited around the undi.uoh·cd crmrnt _gnu~s. 
The rnlt! ut whid1 cl•mrnt h)•tlnatt.'S depends pnmaraly 
on tlic-lic fuctors: . 

L The rcl.,ti,·r. pro1>0rtions of the chemical ronshtu• 
l'lllS. 

2. nu: degrC'C tu which the.• gel is rrd,•1,0:<ited 011 the 
cement ~r.ains ond inlcrforc$ with further hydrn
tion. 

3. n,c time rr•qnirC'tl for tlm compk•t~ coat_ing of all 
the remaining unh)'<lrnh'<l cores with tins. gel. re- .. · 
suhing in a mmplctc stopp.,~e of h~"tlr■1hon. The 
~rcntrr thC' surface nrcn of the partid~s of cement 
<'X(MUt'll lo thl• w;ikr, Che: more rapid and com• 
pl,•h• will ht• tlai• h}"'lrntinn. 

If ardtmin~ l',•rincl!ll of rorll.&ud C..-mrnt-Thr chc-m• 
it·.:ll rr.u-tiou" wl1id1 oc.-c.·ur whrn w,1h•r and pnrtfand 
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cement nrc 111ixrd 111;1v1 iic di\'idcd i11to tlin·~ sta(!l's: 
l. The iuitiai 'pl'noci of rapid rract1011 \l'llicli 11suaily 

lasts less tha11 live 111111111l's. 
2. A second rc-lati\'cl\' dormant .staC!l', bsti11c: f mm 

one to two hours ··under nmmai" L'<n1ditioi"1s. 
3. A third sta:,!c duri11c which li;mh:11i11c ot·cms as 

long us watt•r is co11t1111wm!y a,·,11ialilc-. This st;q:~e 
l.1sts for an imll·finitc- 1wriod. 

It is during tlit·~t· 1wnnd~ rlt:1t ti"' 1!\·:-~111n 1•-.:nts its 
l'lTl•d. l11ddt•11tallv. 11 111.1,• i1c 11u·11l10111·li ti,.,t if tl11·H• 
Wl'rc 110 tri-calc.:iu1n ;d11111;11att· i11 the portl.111d ct•mcnl 
tl11 .. •rc ,,·oukl l>c no 11C'c1.•s:,ity for nudi11!! gypsum to rc
t:ud the s1.•tti11~. Bnt mw matt•rials suitable fnr ccmc-nt 
m:mnfoctnre ~tn• not found in a natur:.il state free from 
aluminum compounds. 

Chemical Rcnctions of Portlnnd Cement-The cht'm• 
ical rc:lctio11s invoh·<.'d in the two stagL•s, including 
the set retardation, arc: 

l. Tri-calcium ahuninatc hvclrntcs to hv<lrous tri-cal• 
cium nlumirmtc. · · 

2. H>·,lrous tri-calcium nhunin.,tc plus _gypsum 1,;iv~s 
hydrous calcium s11!phu·•ah1mi1mtc. 

A drar umlcrst.mdinµ of tlic-se rcactinm, is C:iscntial, 
both in rdntion to the physicnl srtting nf the c-cmC'nt• 
water_ paste nnd bccnusc any intl'rfl•rc-ncc with the nor• 
mnl rc:iction will ha,·1.• a dirl'ct effect on the quality 
of the finished COOC'l'l'lC' unit. Two rc.tctions l)fOCL'l'd 

itnmcdiutdy and simult:mcomly upon contact of the 
cement, \vith w.itcr. \\'ht•n the watl'r cont.icts the cc• 
mcnt grains, n chcmicnl reaction commences nt once 
with the tri-calcium :ilmninntc. An intcrnwdiatc prod• 
uct of ~nlcium h>·droxidc then. forins und ~oes into 
solution~ nt the s,1me time, the sypsv.m also dissol\·cs. 

As them? two compounds, cnl~ium hydroxide nnd ~)'(l· 

sum d{s$olvc in the wntcr, the concentration nf their 
solution incre:tscs: and ns the concentration incrc:isc~. 
the cfi't"Ct is tu slow dn\,11 the lwtlration of tlu.• tri• 
calcium nluminntc.:. • 

If tbc tri-calc:iuan ;llumin.itt- lwdr.atinn wc-n• not 

s1ow('d duwi, I>)' tlm limc-~ypsum solution, the dft-ct, 
us prc:\·inusl)· stutt·d wnultl hC' '(llick.sclting in n nmttl•r 
of aninutc:i. It c-.m he: rc.'m.lily sc•t•n tlmt sulncic•nt ~)'p• 
sum mu!lt he., 1m•i1ctlt in the ccnu•nt so that during the 
scttlntt p1.•riocl thL• tiC'C.1."5:mry lmlnuc.-c: nf limc-1:n·i,:mm 
solution is nmintninl'll. 1"1iis is cspL-cinll~• true of the 
hi(thl)• n·ncti\•c hi~h rurly lltrcngth ccml•nt, so grl'.ttly 
favun'<l h)' prncluct:s mmmfncturcrs. 

. The rc.,ctinns shnuhl h,, pmnitted to proceed . .nt a 
nonnul mtc, hoth in the 1x•riod or rnpitl initial reaction 
nnd in thl! period of dnrimmt n•.iction. lf thci;e rcnctions 
urc inll'rfcrcd with. for inst11ncc b~• the imdd,•n ap11li• 
c:-.atinn nf hcmt. one of two thin~s. ur both in:&)' occur. 
Both atn• dnngt'Tffl1s. 

Dangers of lntc.-m111tion of Normal J\cnc-tions-1. The 
tri-culc:hun ulmninatc llntl c.ileium sulpho-alumimltc 
crystnlUu wry n11>iclly c-.iu5irtg 1m:mutun, stiff cning of 
tho p:\.-.tl~, with rt.asultunt decrc,m, iu str,•n~th of the 
bond with the uggrcgatc. nnc.1 undesirable brittleness 
inthc11nit. · 

2. 111e.• products of c.-:irly hrdmtion inuy form a dense, 
lmpc-mwahlu conting urmmd the t."t•mcnt ~rains. pre• 
\"t!fltin~ latt'l' h)'llrutiou nnd sln"11gth ~nin or the third 
hnrdc.'ltin~ 1wrind. · 

It Is ~1.•nc.•rnlly ~,llsumt.'<I thnt the initinl s<•llin~ of the 
cc1m.,,t-wnh-r pasw i:c tht• n•sult or the hrllrntiun nntl 
subsc.'<1m·nt h:mlt•nin~ c,f ihl: tri-calcium aluminnte. Un
der normnl lt·n,pc.•rnhm• c·m1<litions, nt iO tit•~. F., this 
particulilr hyllr.itinn is npprnximntcly 75 p1.•r c.,mt com
plc.•tu in two or tlm'l• hours, und is cnmplcll' within 

· 24 hnurs. · · 
Tho third and fin.&J st.igc of h:mlrning roinmenccs 

Mnnally nftcr the: scc:nnd hour and contimtL'S imldinite• 
ly. Uowcvc.-r, the n,tc of n•,tction nf this st.igc: rcm·hcs 
a pt"llk in uhout 6 huuB, ihc.'ll d,-crrascs for ;m indc-finit~ 
pc.-rind. 

Tiwn• is nnr important phast• nftlu•· lianll·uin~ 1wri• 
o,I \\'laid, must not h<• m·,·rluol.a•d, This is the rnJ~ 
\\leida 11 ••• t:nhnm l"U'f(S in ~111wi11~ up tlu• tri-t•alcium 
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:1luminatc reaction. As loni:; :1s· !!~·r,11111 is :\\"aiiahlc for 
solution, the k1nk11i11i:; rcact11111s prncL•cd at :i normal 

rate.:. 
In ti,m•. howl'\"l'r, the available l!yps111n for snlutioll 

will be mc-c.i up, :1i1d i111mt'dialL·ly n \'t'ry rnpitl n·action 
of the remai11i11~ tri-calcium aiu111i11.1tc 01.·1.11n. This 
rc.iction mav oc1.·11r at any ti1nC' ttp to .!;Q hems. If it 
occurs too quickly as :i. result of abnormal cun<litions. 
for inst:inc-r n .~111ldc•n tt•mtwr.1t11rc risC'. the rt"fult may 
be a pvr 111;i 111·11t 111111ry to t !1, q11.1i1 1.y of ttll' 11_nit. such 
:is ill\p;iitl'd ~lr1·1nitli. hritrlc·m·~~ _aud so furtn. \~lu.•n 
tlais dda.,·l·d rapid rcac:t1on •• is 1l 1s c:allcd. t;l~M !llacc. 
its cfh•ct· is to Sl"al the cL•ii,c-nt grains. It cnn be.- ~eaclily 
seen that if it takl•s place too r:,pidly, in ;lny of the 
three sta~cs, the s11lts1.'Cttwnt hyclmtion .m<l h.mk·nin~ 
ntiW he serious!,· .1ff t•ctcd. 

This rc;;iction· i:c. dcpcn<lcnt ,upon the tri-e,lcium nlu
minntc content. the fineness of the ccmc:-nt. the ~·psum 
content, and the temperature. Since nni)' the tcmper~• 
ture is subjc-ct to immediate control ~f tC'r tilt" «ment 
:md wnter nrc in contnct, nbnormal tcini,er.iturcs must 
be a"\·oidcd. . 

Jtnclors InOucncin~ Porthmd .Cement Rc:1chon-Thc 
finer the ,k·i:rcc to which the: cement is ~uncl, th~ 
greater will he the suffac.-u :m.•a of the ~rnms e:cposcd 
to contact with the mlcll'cl w:11<:r. I-le-nee th~ more 
complc.:tc hrtlrntiun within :i giwn timc.-. Th£s is one
of the:." .i<l\·,mt.lt%<'S of hi~h c.irlr stn·ngth c·,·mcnt in 
any curing system. 

Another factor is the composition of thC' cc-'?ent. 
whether it is hic,h or low in its tri•Citlc:ium .llummate 
content. Tl,e lo,~·er the percC'nt:i,;e present. the slower 
the reaction will be in the initial or dormnnt stages. If 
the tri-cnlcium aluminate is high. say 14 to 15 P"r ~nt. 
the reaction mnr proceed so rnpidly thnt suffic:rnt hmc 
:me.\ gvpsum cannot be dissoh-«l in time to. pn:'"l"llt 
quick 

0

scttin~. I It-nee.•. :i medium tri-c:ilcim? :.:u~un:•t~· 
contt..-nt in the r:i.n~C' of S tn 12 \W•r cc-nt as J,-sar.ahl, • 
Conccntrntion 0£ limc--~·psmn solution 1.ar~d~· ,lt·p••ml, 
on the t;)-psmn content of th1.• ttmt'nt. Stnndard ~~i&• 
c,ttinns p<•rn1it up to 3 p<'r CC'nt nf sn11,hur lr1-o:ndt'. 
which i5 l'<tnirnlt•nt tn itpproxirm,tdr 7 tX"I' n•nt of 
EtYl'"'mn, in hit,th t•.irlr strt'n~th C'l"nH:nt. 

Soluble Alkulic-s in rurtlnnd Crnumt-T111.• .imnunt of 
so1uhl,• nllmli,~ (sodium ;uul pnt.,ssimn) in the «•n'K"llt 
i~ nnt u:m.illv nn hn1x>rtnnt factor. Sotuhlt- :alkalies in 
Cf"mc.-nt iufln~•ncC' thr. nmount nf rl'i\C:liun pn,.sible bt"
causc the)' will rend with the izrimnn. thus rooncin~ the 
amount or ~1m11n iw.iilahlc for rc.•prc-ssini; the tri• 
cnlcinm nlmninntc rroction. 

In ccrtnin tn,C's nf curing it ill. tl9s."il,1~ for :alkali cnr-
1.xmntc.•s tu form durin~ the curm~ l)C'raOd. Sbnukl ~h" 
,,tmosr,h,-rt" of thr curinr;t roun1s contnin nn n«'fl!\'C.
un10tmt of c:.1r1Km ,lioxkl,, dcri,·('(l from the c.'Omlnsshon 
of thr fud. Ct"rtnin conditinni m:,y n<"C'nr. ~ t.\r~n 
diuxklc pn-smt nia)· rc.u:t with the.- cnlcium h~11mxadc.
in the.- units to fnnn c-alc:itnn cnrhunntc nnd alkali car
oonutcs of sn<lium und J>ntms:dmn. 

E«cct of Tcmpc:rnturc on l'ortlnnd Cement Paste
Any clu'lnicnl rt'nction 0£ the CL•incmt-wntc.-r {I-Ille is 
spcetlcd 111> hr nn incrmsc in the tc.-m1,c-r.aturr. _111e 
nec.-Nsil)' for n nonnnl hrtlmtion fill,• hni; ln-i"fl FfCYJO\I~• 

ly Nnphn~izrd. llc.•nc.'t", dc,-ntcd or iml<l<'n intff'o\SCI m 
tcsnpcrnturt" should be used nnlr nftt'r the initial or 
donnnnt st:,~t•s or tha rt'itctinn h,l\'C' 11.1ss<-tl. 

Curin.., or Porthmd CL•mcnt Pn~tc-Wilh :in,· or nll 
of the «7imm<'rnlt'<I foc.-tou i11 pla~•• it c-nn rc-,1dily he 
sc~1 tlmt the sn-c..·alll'<l curing l'\'rinJ must l>l.• c:-.arc.-full)· 
controllc-d in nrcfor thnt the nc.-ttssary rr-.1ctious Ciln 

pfflCN.><1 nornmlly. · • • 
Silicate Hcnctions of Porllnnd C'.cancmt-:-lt as an the 

third, or hnrdL•nin~. stn~<' th:il' :ill the im1,orta!1t silic:itc 
rc.-.ic-tions hcp:in. :Xnrmall~• th<'li<' iilic.-atr. rcact1nns. cor~
ant-nC'<' nnh· :.fh•r the: tri,c.alcium uluminnt<' rc--.1ehnn 1s 
C'1•m1il,·tt'<( or nt•arlr so. The tri,c.alcium s.ilic.ite cc>an• 
pnmtcl. 1m~•nl in lh<" ,:n•uh-st .amount in 1w,nlmd , .... 
.. ....... i-. &111• fir,t .. , lht• two ,.,u,-.,h~ tu ra·..w.-t. nu• 
, .... , ti11n ("flHIII\C'lll"I"" within ;? ' huttf\ ... uurmJI 11·111,M'f• 
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.1t11rrs. and j_.. l!·1·111·rail\' cn111i1kt1•d \\'itlii11 St'\Tn d:ivs. 
:\t th<• c-k, all·d h'1n1wra111n·s (•11c·1111111t·rl•ci in co11-

cn•IL' prmlm·l.~ 111a11111.1cturt•. 1·spt•c:1:dly wirli hich early 
.~lrt·n~th ,t·11w11t. ali1111t ,"l.'5 pt•r n·nt of the tri-calt:i.11111 
)ilic-atc h\'llration is c<111111li•t<·d within thrl'C davs. This 
is the rca~·tion ·wliid1 is of 11ii1jor importa11t·C' i11 a·n~· kind 
of cont·rl'lt•. pn11l11<:i11c not only hil.!h early llllt latl'r 
:rn,l perma11t•11t stn·11!!tlt and durability. :\ny c:11rin~ 
systc1~1 slioultl lie lksicnc-d to produce the 111a:-rnn11m 
potc:-ntial ~trc'll!!th'of the- tri•t'alc-ium silit·att• in the slaort
t·st pm,!1ilil1• ti1m·, 1·~111•c·1:1il\' wi1li 1111• II".' c,f hi:•11 ,·,1riv 
strength t:cmi·11t. This trpc of i:cmc11t caml's :.i pc;itcr 
p<'rt.'t•nta~c- of the nhovc et111stituc-nt than standard or 
r<'~ular c<'mcnt. . 

Considt•riu~ th<' tri-c:tic:ium silic.-ntc reaction. with ref
erence to the· control of the tri-calcium alumin.ttc r(':tC• 

tion in tht• initial and <lorinant stages, · these factors 
ha'\·e to be considcrt'd: 

1. H for 1U1}' rt'nson tl1t? ~1.-mcnt p:rnins become coat• 
ell with nn impcr\'ious l.1yer of hydrntion products 
arisin~ from u spec:din~ up of the tri•cnleium .1luminnte 
reaction. continued hvdrntion of. the tri-calcium silicate 
is impnired, with rcs"ultant loss of strength nml dura• 
bility in the units. 

2. Sometime between the period of seven :ind 28 
d:1ys, ;1t nnrmnl tL'tnJ)L'rnturt's, the di-calc:i11m silicate 
commences tn hvclr:itt•. Tlii1 is the lc:ast r1·ac:tivc1 of the 
n;mjnr c:urnpn11ncis uf tlic: c.·c·int•nt wliic:h .it 2.'-i days. C\'t.•n 
under <'lc\'akc.1 tcmpcr.i!ur<.·s, is only. frac:tiom1lly hy
drnted. It is doubtful if t.lurin~ the usual curing cycle 
:my of Hiis compound is rc.1ctive. 

So much (or the outline of the scttin~ nnd hardening 
0£ p9rtl:incl ctincnt when mi.~cd with water. Some 
phusci nrtt not d1.-arl~• understood; there is much diver• 
sit}· of opinion rt-gnrdh1~ the hrdration proct'ss. l low• 
C.'\"M'. · the n·.ictiom, of tht' tri-calchun aluminatt\ the: 
lri-c.\ldmn ;uul di-c.ih:ium s1lk·ntcs n•l•m to follow a 
,1<.-finc·d ,,.1th•rn. 11wn-forc it is with th,• n·~•t·tinus of· 
tht"Jlt• thn-c m:1jnr c:umpouncli uf ct•nwnt that w,• int• 

mainly cpnccrnecl. 
Colloidul Theory of Ccmt'nt 11:mlcming•-Thc hnr9• 

cning of the 1>nstc, nnd consequently the concrete. 
may be explained accordin~ to the thc-ory thnt ns the 
reactions proceed. a colloidal mass is Cormc<l which 
cm1tmls · or binds the crystnls formed into a mnss of 
mincml ~Inc. 

'nils theory holJs thnt the hrdration products nre pro• 
duccd in a. colloidal condition. A colloidill solution, 
sometimes c.h.•scribed as n "slue solution", is one in 
which the p;:irticl~ exist in un extrrmclr fine state of 
dispersion in w.itcr. A11 wutrr is rc.'lno,·<'tl from such a 
solution n solid jcll)'•likc m:iu _!s p,:oduccd: nn<l to this 
mass the tl'rm "~d- is :tppli<'<l. Thc-i.~ gels become very 
honl GS they dry out. The pn'C'Clling statement explnins 
tbc significance of the term ··cement ~cl.'" 

Assuaning that tho hydmtion products arc colloidal, 
and tbot hrdr.atinn Ix-gins aat the surface of the ccmr.nt 
gr.dns; then tl1l-SC' ~ruins l><'C'Onlc covt'l't'CI with u coat• 
in1t n( colloitfal ~l'I which 1>osiol'SSl'S ndhc.-sin, properties 
and cmuws the- ~mins tn ndhc.•rc to c~ach other. As the 
~"I is not ,.l"f)' pt!nnt'ithlc in wutt'r, die.• Cl'lltt'rs of the 
gmin., may nnt hc.-romc h)·drutl'd «1nickl)•· 1'hcy cnn 
onl>· l>t'C."Pmt• hrdmt<'<I us wuh.•r slowlr diffusc.•s thrnngh 
the 1mrrunndin~ conting. Jlc.•ru n~ain is nn udvunta~e · 
of hiith ,.-url)• 5trc.-ngth c-,•rnt•nt, with ih; :muall«-r ~min 

··~•. Thn· lmrsl1•11i11~ u( llan t'C·11w11l pa~h• 1l,·111•11cls 011 tlm 
dryiug or tlais gd. lt is nut llt.'(.'USSUr)' tltat tht: wnkr 
evaporntc.•, nlthungh snmc w,1h•r hi usu:111>· lost in this 
wuy when th<" crmc.~nt lmrclt•ns in nir. The frc.•c w.1tcr 
of &Ju: grl ma,• he taken up by the mih)·drntc·d cc.·ntt·rs 
of I.he grains und com·c.•rtt'<l into chcmici1lly combined 
water. This OCC:-lUS whc.•n t'l'm&.•nt h:mlc-ns und«•r w.1ter. 
Watt'r C'.umot p.,s.~ h,~.t~,·c.•cri tlae c.-cnwnt ~rnins since 
the colloi,fal c-o.itings ;ulhcrc, nnr cnn it rt•mlily ·-imss 

•fo, MIMI ••vd,, of th• tvbitt1, an: i•ylo,. "Chrmiu,-, of Colloid, .. , 
le,u9. "l~e,,y efld A,>pl-ul- el Colloocl.t l•h•vior.'' 
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throu~n the coiloici itself bec:111sc oi its low permeabil-
ity. . 

.-\s the cTntt.'rs of the ccmc;;nt ~rains. by cn11ti11uc<l 
hydr:'ltion. 11sc 1111 the frcr. watC'r in tlie gel faster thnn 
it cnn be suppiied from the outside, the c:cl I.Jcco111cs 
h:.ird :md drv. Once tilt! c:cl becomes hard it c:mnot be 
softened :i~:;in by water -:ibsorption because the gel is 
.111 irrcvcrnlilc colloicJ. 

Such, briefly, is the theory of c:olloid:il h:irc.lcning :is 
it is gcn~rallv atcc-ptcd. In the prod\lc:ts industry we 
.,rt: corw1•r1wll 1111lv in 1111c wav with tl1e tl1ron·-10 so 
1..u111rol tl1c- ciwmi,··.ti tc:ac:lions· tiiat tlw colloic.li1l hard
c-nint: Le rwn111tlt·d to prot·ccd 11or111:1il~· .• md thus .1s
surc tlm cl~sin·d q11.dity in the finislicd product. 

Types of l1ortl:md Cement-The t\mC'ric:in Socictv 
for Tcstii1g ~latt•rials. Dt's1~11atinn C j.~0-52, cO\'crs fi\'~ 
typ1.•s of portlaml cc.·11\cut. For hluc:k prntluction, how
c,·cr. we may c·m,finc ourscl\'t'S to the followin~ typt-s 
which nrc gc1ll'mlly usc.•t.i: hi~h <·.irl)' strc.•n~th t."Ctn<'nt, 
:tir C'ntr-.iini11~. nml 11ormal porthmd ccnwnt5. 

High E:1rly Strc.•n~th Cement-The ,·,ilu.ihlc proper
ties of portlancl t·cmc11t dc.•pcncl primarily on its sur
face rc:ictio11s. Thus the gn•atl!r tlw surface: urc.i, th(• 

. more rnpid .ind t."(>mplctc the hfdrntion of tlm cc.·mc.•nt. 
As its nanu.i implil'S, hi~h t.•;1rly stwni.,:th cL•11w11t is om.• 
in which strength is rnpic.lly tlL'V<'lopl'd through Cinc.•r 
grinding of the c:linkt'r so thnt 96 per cent uf tla&.· mate
rial will p:1ss n :3:2:S•lllClih scrc<'II. Wlacrc spt.•etl in c.lc
-.·cloping strcn~th is il prim:irr rc,1uirc1m•nt. the.• use 
of hi~h 1.·arly strl'n~th cement is a means of ubtainiu~ 
it. Whether it is the lt•ast costl>• WilY u( nhtaiuing the 
desire<l strcn~th ut enrly stu~cs will, dt.•pc.-nd on in<li- . 
.. -idunl plant conditions. 

.-\ rc:-port hy Committt"C ilO of the Americnn Con• 
crcte Institute (Feb. 19:30) indic.ltcd that 70 IL>. of 
high-carly-strcn~th cement i;;.1,·c hctter strength results 
during the first 28 d,\)"5 than 94 lb. of n•gular cement. 
The relative strengths were greatly in favor of hi~
earl)••strcngth Ct'1nt'nt <lurintt the fir:.t few days. Due 
to the vnrfations. in strengths of diff crcnt high early and 
regular cements, it is importnnt thnt comparative tests 
be mnde on nvailnhlc cements. 

The we of high cnrly strength cement off crs these· 
advant:\gcs: 

1. Where rnrd storage or kiln capncitics nrc limited. 
the speed with which the units mny be h:mdk-d 
is an imi,nrtnnt factor. 

2. Coocl .str<'n~th units mny be produC'l'd even with 
a poor gruding of nJ:tgrcgntc. It should not, how• 
ever. be consiclcrt.•<l as " cure-all for the bad 
effects induced br poor nggrcgntc grn<ling. 

Air Entrnining Cement-Air cntrnining pnrtland ce
ment diffors from normal porthmd ccmc..-nt in that it 
contains a ,·cry smnll quantitr of air entraining ugcnt 
which is intcr~nmml with the clinker during manufac
ture. As the 1mmc im11lic.-s, this agent produces innu• 
m1.-n1bJu \'C'f)" smull air pockets in the.• concn.1c \\'hen 
the com1,onc.•nts nrc.- mixt~I tu~c.·tht'r. 

nais type.• of portluncl cc1m.-nt WilS dcsi~'1U.'U prim.,rily 
for usl: in wc•t cnst t"(mercta mixes, such as pnvemcnt 
sfabs. It c.lm•s not clUT,~r in chc.•mic-.&l composition from 
tho shmd.tnl tnM• c.•xc:-t,tlt for the presence: of the ;air • 
entrninin~ n1,wnt. Air cntr.aining ccmc.•ut, A con11);lr.1tive• 
ly Hew pmduct nn the market, is usc.'C.l in C'\'t•r-cxpand
ing ,·ulunm in cnncrt•tc.• t>ruducts phmts. However, 
because the., mixture rmplnyc:-d in proc.luc.-ts plants is n( 
the •scmi-dr)'" t't>11sish•ne)•, its uctiun dol-5 not p:imllt'I 
thnt n£ tlu• "w<'t .. mix~. 

The 11ri11cipal .1dmntn~t.'S ~aincd by its use in prod• 
nets t>lnnts nrc: 

1. It imparts a l11hriC"i1ting dT,·ct to tlm mb:, tending 
to give: a more dl•nso mul hcavit.•r unit ns a result 
of cnsirr co1111,;1ction during moldin~. 

2. n,c foll>• molcll'tl unit is more rl.astic or rul>bcry. 
In other words it will sustain a greater amount of 
sbock nnd distortion withc,ut cracking. than units 
mndc from rt'~ulnr c,•mcnt. 

3. Hccausc uf the harsh qrn1Jitil'S gl'nC'r.tlly rrcscnt 
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in lightwci~ht a~t;rrc;:itl·s. ;:iir r11tr:ii11i11~ cc11wnt 
may, because of its l11bric:uin~ .1ctinn, gin! slil!litly 
smoother kxlurc anc.l hi~hrr compressive strength 
unit~. than c;in uc obtained by the use of nonnnl 
portlaml cement. 

Compared with high c:lrly strcn;?;th cement, air cn
trainine: cement illi at n dis:uh-.intal,!C for tlwse rc.isons: 

l.·lls h:mknin~ rate is slower. Thus the units pro
duced c,mnot be liancllcc.l as quickly. In prcscnt
d;1v m:lnufocturi11l! 111C'thods when• spcrc.1 is essen
ii,1't Ilic item ui l..::,dlin~ ti111c is of p:11amnunt 
impornmce. 

2. In tlu: event of nonuniformity of grncling of .i~gre• 
i;ate!$, air entr.iining cement will not offset the 
effects of sucb Vilri.1tion to the degree obt:iincd 
with high earl)• strength cement. 

STANDAnn SPECIFICATIONS Fon 
POJ\Tl.AND CE~lENT 

DESICNATIO:S C 150-52 

Type l, for: use in gC'ncr• 
al c:onctc:tc: construction 
when the spcci,11 properties 
specified for Types II. lll. 
IV :and V :m: not r~quirc.-d. 

Type II, for me: . in gen• 
er.d concrete construction 
exposed to moderate sul• 
phate action. or where 
modcr.,.te heat of hydration 
is required. 

Tn,c, Ill, fnr llSC ,,·hen 
high cnrly strr.ngth is re• 
quiml. 

T)-pc IV, for use when a 
low heat of fi)•dration is 

,. required. · 

Type V, for use when 
higla 1ulphAtc resistance is 
rcc:irircd. 

General Uses 

:,..;ormnJ portlaml Cl'lllcnt. 
as used in mnsonry unit 
manufocturc, nbo for p:we
mcnts, concrete buildings 
:md other structures. 

~lodi6cd portland ce• 
ment. :i.s used in heavy 
construction such as retain
ing walls and piers. 

l Jiµ.b L"itrly !ltrcngth port
Jnnd ccmc.-nt as used in 
form constn1ctiu11nl work 
or where hi~h early !ltrt"ngth 
c:nncrrtc is desired. 

Low hcnt portlnn<l cc-
ment as used where large 
masses 0£ concrete are 
plated as in ~rtwity c.1:im~. 

Sul11hatc rt.'Sist:mt port• 
lnnd c:c:mcnt ns used for 
stnactnres which 11rc sub
jcdt"d to high sulphate or 
alkali cnnditions. 

.Air-enlrninin~ portlnntl cement Affi·t Serial Dr.-sig
wion C 175--51T is cfassified under three ht":ading,, 
namely IA, IIA and JTJA. corrcspomling tn Types I, 
11 and 'HI In Serini· Designation C 150-52. 

Jn I~ cements, smnll amount1 of air-t'lltrnining m:&• 

tcriaJs arc inter-ground with the clinker durins tho 
praccss of manufacture. Among th~ ust.-s for which 
ccrtAin of these cements 11.rc specially adapted are 
tlao · 1n:nmfocturc of m,W>nry units uncl for pn,·cincnt 
construction smbjcctcd to st",·crc frost :uul s:1lt action. 

Section 2-Hoavy~eight Aggregc:ates 

Because of the inc:n-nsing importni1cc of concrete 
masonry units ni n building nmtt"ffal it is csst"ntfal thnt 
the mnnufocturer be in n position to nccurntl•ly control 
the qm,Jity and Juivc definite Jmowlc.-dgc of the c.:lfcct 
of thc·constitucnts entrring into the production of high 

... ' . ----

A!:!1?;rc~:itc-AL!~l'l'!!iltc is a gl·ncrnl knn applied to 
inert mat,~riais of s11itahk• i;tn·11~tl1 wliid, wlll'n mix,"I 
with portla11d C.'l'IIH'lll ,uni wat,·r, and ,dl11wc"1i to hanl,·11 
produce a pmd111.:t t,·rnwd c111\cnit,•. 

Aggrcgatl•s for cm1c.·a·tc products 111ar be made from 
either hc.wywl·ii:ht or li!,!lilwci~ht matl·rials. Thu hca\"}'• 
wciglat m.1tt·rials µ:c.·111.•r,dly, ;ire natural riv,•r or b.111k 
san<l nncl grav1•I, c:rushctl rock, cnislicd linwstonc and 
1111pruc.:~!S~t.•d .,ir-cook·d LI.1st fumnt:i: sbg. 

Tlic ~mvds fn·q11t·11tly c:011t.1i11 dirt :ind silt uml rt•• 

q111rc wa-.lii11;: a11cl M:n:P11i11~ t·· !"l'lldcr lli,·m smtal,lu 
,. fur use ·.is .m .1~gr<•~;1tC'. Hank 11m gr.1vc:l should uut 

be uscc.l in block prnduc.:tion u11h.:~s it hns bc,m thoruugh
ly tested :lll(l found :;atisfoctury. 

The important c:1,arnc.:tl'ristics of n~grc:g.itc :ire: (1) 
Cleanness, (2) Dumbilit)', (:)) Grading. 

Clcnnncss-Aggrcgatcs, to be suit.Lblc for m:1king 
concrete units, must l,e clean nnd free from clay, loam, 
silt. or orgnnic mi\U<.•r the pn•sl•ncc of which rcd,u:e 
the strength of the concrete. A nlm of clay or other 
foreign mntter on the purtic:ll's of the aggregate may 
prevent the pro1>er bonding of the aggrl'g.1tc with the 
ccmcnt-wntcr p:istc thus producing n lowCl' strength 
concrete unit. 

A rough test for the 11rcsenc:c of silt m;iy be made 
by rul,bing n smnll ninount of thu 1m1tcrinl in the palm 
of the hand imd observing whether the 11;1hn is st.'\incd, 
A stain d,•notes the pn:scnc:c of clny or Jonm, end J"C'• 

quin-s further test. Orgm1ic impurities ,ue more harmful 
than cl.,y or loam. for a detailed tL'5ling for these 
impurities see Section 5. 

Durability-A~grt'g.1tc.-s must he fn.·c from h,mnful 
amounts of soft nnJ frh,blu particlc."S which will break 
up rendily under stress und uhraiion anJ which may 
disintcgrntc under exposure tn WC'lltber conditions. lf 
an aggrcgnte . foils . to meet these requirements it is 
worthless rcgi\rdluss of its other properties. · 

Rocks such as shales. sandstones nncl very soft Jime
stoocs arc unsuitnblc as nsgrcgnto for concrete p~-
Ul·t-. , 

Shul,• is ummituhll' h1.'C1m~u or it!i wcnk strnti&ccl 
!itmcturc, :mmbtm1t", nn nc:count of its frinhla nature, 
and limc5tonL• if it 1,osscs."'t'I n high c::l;1)" (.·ont&.-nt. An 
n~~ntc pns5CSSing nn)" nf t1u.'SO pru1,crtft"S may he 
inherently wenk or may ,lctcriomtc throu(ch S.'\hamtion, 
alternate wetting or drying. frt"ezin!( or tc1npcrnture 
ch:mgcs. 

Cradin~-Wcll grueled aggrc~tcs nrc cssc.•ntial tn the 
production of c.•conomical concrete. l1oorly ~r.uk-d ng
gn-gnte will produce A low strength concrete or require 
an exccu of cement tn obtain the neccss.'lry strcnsth 
unitll, 

In n."llural grnvcl 
0

c.ll•1,osits it b pr.actic:illy impossible 
to obtain aggrcgntu so gnadc.'CI in size as to produce a 
mix of maximum dc.!ltSity withnut re1tmcling. In order 
to obtain 1na.1<ilnmn density, nggn:g.1tcs · nre divided 
into ,·nrinus si7.CS. which. when used in varying pro
portions may be bJcnc.Jcd to pmcluce concrete units or 
tbo desired stn..-ngtb. · 

The use of · wcJl-~rnc.k-d n1tgn-g.'\tc ennnot be ovcr
em1,hnsi1.c.•d, when considered lrom the st.md1,oint of 
economy. The cl1.mac.-wr and gmding of tl,c 1:11:t~tc 
pby nn impnrtnnt p;nt in tbc qmmtity of ccmmt re
quired nnd in thu c11mlity of the mncrclc :iftcr it Im 
solidified. Jf the ~me.ling of the &1ltgrc~1tc varies from 
bntcb to hatch, the quality of the n1nt.-rC'tc will like• 
wise vary unl<'SS mda mix b proportiun<.'<l difforently. 
Sucb n. proct.'tlurc is highly in111rnctie".1hfo. Cnnsc:iqncnt
ly, somo batcht"S wiU be bdow strmgth rNJuiremeuts. 
while nthcr b:itchc."5 will be 1tron~"-r thnn n~. 
Undw th<>sc ,·na,ing conditions,. tht• s.,mo ·amount of 
cement would be in use in a mix of the 1,oorcr quality 
aggrcgnto ns would be used whc.-rr the grtidin1; of the 
ma.tcrinJ is satisfactory. Jn the btti-r c-.uc, this would 
result in the concrete being oC higher strength th:m 
neccssnry, indicating n wnst:igc of CM\Cnt. 

A~i;n-gnttts-A~:n•g,\tcs nrc usually chl!isincd by ~n 
arbitrury division of "coarse" and .. line.'" Ccnmllly, m 
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block 111.11111fae(11n•. 111:11,·raai ll.lS\111\.! till' '.) ·s inch 
.~c-rrcn a~~d ri·_111a111111t! 011 IIH· 1\11. 4 ~crrcn is t.ik,·n 
;u tlal.• l11w ot <_l1·marc:at11111 lwt\1·t•t>11 tlll' c:o:irs<' awl 
611.t? 111:itc·_,ial. It is wril lo lw,,r i11 m11 1d that, 111lin 

thm~s l1t•111!! <·q11.d. a coarse t:raci1111.! ot at:~rt·i.::itt· pro
clm:t•i. stmn~t•r c(:nc:rN1•. Tlwrdor<', tlic idl·allr ~r;idc·d 
a~gr,,.~at.c ,.~ 11,at 1111xt11ni wiiid1 c1111tains n.s mnc:h 
coar.sc ma~c•ri:d :1s l'all Ill' IISl'd. sl1111"t of produc:in~ 
h,1rshnc-ss m tlic mu: and a 1110 r1H11.!h tcxtmrd liloc:k. 

Slrnrp. u11~11la~ or !lat o: (•lrn1t:,ltL·d part1dPs rt•qa11n• 
more fhu- matc•rial to prn1111r,• \\·111 l.il,i1• 1·11r1t·rl'!i· mi\
t11rrs tlia11 is n·q111r,·ci \1 lwr<' :1:"~rq.::1tc (l.ll tit·l 1·s ;,r,· 

111on.· roundt•tl. \\·l~L·11 the· .&\!~rL•g,\tt•s arc made 1111 
largdy of such 1111ctcsirahlc p.,rtil'lc slaapL•s, more ce
ment ma}' tht•rdorc !.,c r<'<!'rirt•d to produce units with 
etJuh•alt•nt workability mid srrcn!,!tl1. Good con<·rc.•tc can 
~c m:uic from cru:.hcd sto11c or other crwd1cci matcri:tls ' 
but the particlc-s should Le more or k•ss cubical in 
sh.ipc. The gracl.ation or partit:l<.· siic distriuution of 
aggrc~ate is ch.·tcmnincd br sieve ;mah-sis as outlinc-d 
in S~ction 6. Ai;,!Zrt'~atcs whic:h do n~t have a J.1rge 
dcli~cncy or excess of :my si:t.c :111cl µ-iv~ n smooth 
grnclmg c:un·c proclucr. the most satisfoc:tor"· n•stllts. 

Fine ai:tgrl'~:ttc is usm,llr cousid,•rt.'d .1s · that m.uc
ri:tl which will pass 3 ~o. 4 scrc,m, :md at k·.ist 15 
per cent should he rct,1irH.•d on :1 ~o. S .screen. While 
CXCC$sh·c <111:mtitics of -cxtrcmcJ~• fine sand nrc unc.lcsir
:iblc, 10 to 20 per c:,•nt of the nliltl·rial passing the No. 
4S sc~et'n :\~cl at h•ast -l or 5 pc-r crnt passing the :O-:o. 
100 ser~cn mcrc:isc11 the d,·nsitr of the concrcte and 
results m .a smoothc-r block tl1:in wll<'n there is a c.le
Seie~cy of extreme fines. 

!l:ut.ur-.il s:and is the most widely ust.•d fine aggregate. 
lt is important to nulke sure tlmt the snnd is not too 

· fin~ An excf'edingl)• fine or flat s.md will re-quire 
more cement than ~ co:uscr sand without incrcm.sin~ 
tho strength of the resultant concrete. Also whc.'n th~ 
s.md p.,rtic:lL'S arc all .tpproximntc.•lt the s.une si~,-. th<' 
strmgth of the conc:rctc.: m:\Clc f roin such sand is 1111t 

as grrat H "·h<.•n the p:articlc:s .arc of dilfon•ut sizL-s. 
In WL•U gradc:-d ug1,tr<.•~:1tc tlw partid,·s \'ary in size 

from the smnllc:-st to the forgt!.St. The fine particles arc 
nettsiE.uy for \\'ork.ahilitr nnd ,mrK1d11wss of mixc:-s. 

Stnne simd, m:ad" by <.·rushing stone.-. consists or mnrc 
angulur parlidc.•s und when u5'•d ns fine nggrcgntc it 
is imr,ortmit that such nmt<.·ri.ils h:n-iu~ nn nhundnnce 
of thin, sharp nr sli\•c.11')' particl,•s h<' .woidt.'Cl. A grc,lt• 
er amount or line rnntcri:ll passing the No. -IS screen is 
rCC')uirccl to proc.lucc workaliilitv in stones.and thnn with 
n:itund s:md, h,•c.msc tllL' .in'~ulur partidt•s in ,tone 
sand du UQt 1>-ad: to thu snmc extent ns n:1turul sun<l. 
Thu more un~ufar the purticlL'S tht• ~rl'utcr will be: tlu: 
\·oid c-c,ntc:-nt in tlaL• ,·oncrc.•tc.•. Tlw p;C£t•ncc of dclctcri• 
ous n1:att•rr.als such ns shale or light 1iorous chert ad
vcrRly uffcct tho dur-.ihility o! stono s:ua,L 

The fullo\\'ing cfaw shows the \'ario\ts gr.ic.Jutions of 
sand ancJ c:oanc a~gn.•g.1te · (pea gr.l\'cJ) and the fine• 
ness modulus or ,1t•.~1. of encb. · · 

I. Fine drift or lx.-nch sand ~rnd,-d u·p to the No. 
· 28 acrccn with an I·•.~r. of 1.50. 
IL l!Nlium 1.1ml gradccl up to No. 8 scr1.-cn with 

an F.M. of 2.50. . 
III. ·Coarse sand r;trnclccl up to the No. 4 screen with 

an .1e·.M. uf from 3.00 to 3.2.;. 
IV. Coarse ag~n-g:1tc ~mdcll from "o. 4 to the %0 

screen with an P.~I. of :ipproximat<"ly 5.50. 
• .t'"igurc I illustrutt•s the sr.1d.1tion of h•pic.al s:mds. 

S:.md # I. A sample: of well grad,,1 ~ml 1'4•forc :md 
after scpnrnting into its ,·uriuus sizes. The 
particles \'nry from fine to those just pass
ing the ~o. 4 sieve. 1-:ach strip in the 
figure it,dicuks n dill'crc-ut size. 

Sand #2. Shows a snmple of fine sand which focJ.s 
particles J:&rgcr in size than the No. H 
sie1"e. ~lore cement is n•quirt.'<l when the 
s.\l'ICI is Ii nc. • :· -~A PrHticel ,..., .. ift COfte'l1ttlt lay H. wM. P\lbl;,i..d hy P0trl.,,d 

( ........ olllDC~hM., e 

i_S ______ I_I c_a_v_,_11_1:_ri~l,t ,\!!:-_'r_r.;;;c_a_tc_s _____ _ 

figure 1-Typic,I Soda 

Combination of Coarse nnd Fine Aggrl'g:ites-111c
rclutfrc proportions of coarse :incl fine nggregatc which 
can be us<.•d .ire c.lcfinitdy aIT,'ctcd by the grading 
::ind the shape :in<l size of the p.1rticll's which m.ak~ 
up the :iggrcg::ite. Aggrcg:itcs ma.de up largely of 
co::trse pnrticlcs ha\'c less surface nn•.i to be co:itcd 
with cement p.utc than nggrcg.,tc:s consisting of fine 
~~cl~ . 

Incre.1sing tl1c proportion of co.1rsc ng!:,'TCS:Xtc will 
give oil grc:itcr strength of concrete for ll gi\•cn amount 
of cement. 

Applic:1tion nf Cradintt Princ:i1>lcs-Thc screen :m
alysis and fineness modulus findings :arc emplorcd to 
evnlu.:itc nn ng~rcgatc for its suit~hilit)· from the stilnd• 
point of its gr.iding. When pl:int conditions permit 
the h:mdling of scpaliltc nggrt"g-.itcs, pro,idcd the 
aggregates measure up to st:ind.ud requirements, the 
producer is in .:ln envi.:lble position. 

Om-.• 1111• 1,r1Hlmw llil5 cl,·c.·itl&.'f.l upon a dc&nite 
hh'lad ur c:n;ar:.t\ 1111'llium mul lim• nµ~rc•~atc. he can · 
m:muf m:llm• a c1u.dity hloc.'k witll u minimum of cr
mcnt. 

For a mi:u'tl ,.and .1nd co1nhint"tl u~grcgiltc for pl.mt 
use. the per c,.-nt rl'l.lint'f.l on the.• sc-1>.1ratc sic\'cs should 
approximnte the limits shown in 1 .. .iblcs l .mJ U. 

TAILI 1-IECOMMENDID GRADING IOl MIXID SANOS 

~'-·•··••• .. •• .................... D ......................... I 
#4 ............................. N ........................... 2.1 
#I ................. ~ ........ ........................... 12.1 
#'14 ................ ........ 10.20 ........... ........... IU 

::·::: :: : :::::::::::::::::~:.:.:::::::::::::::::::::~ 
#100 ......... , ...... .......... 12-U ... .................. ... 1U 

Coarse ng~rc~ntc p.usiug the 3 'S inch siC\"t' and 
rctuincd on the: ~o. 4 sieve should be: ndJcd to tho 
mb:NI s,mds in pm1xntions or 25 [>t.'1' et.-nt co:irsc ma-· 
tcrinl to 75 per ccmt mixoo sunds to gh·c gnod rrsuJts. 

For mixed nggrcgntc the following gr.idini;s will 
prove salisfoc:tory for bind: mixes. 

TAILI 11-HCOMM!NCED C.IIIADINO FOi COMllNID AGCUGl.11 

llti ........................... 0-S ........................ I 
#4 .......................... :aws ...................... ts 
#1 ......................... '1040 ..................... ,s 
#14 .............. ........ ., 10·20 ...................... IS 
#21 .... .. .................. 10.H . ........ ........... .,IS. 
#41 ........................ 10.20 ...................... 1s 
#100 ........ ......... ..... ! .. S-11 .. ......... .. · ........... JO 
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fit-• a-P,ectiul llait1 el'HII reHni111-t1etl 1••tliit91 lee> .. ,...... • .& •r ., ....... 
Umcstonc~LhnC"Stonc is :i stratified, finc•,:;r:iincd, 

sedimentary type of rnck consisting css,•ntiull>· of cal• 
cium carbonutc. 

Umcstone cnnstitutc-s u considc-rnulo rmrt of tho 
earth'• crust and occun in a grL"nt v:1rir.ty of forms, 
stn:ngths and colon. n,cy nrc ,·arinhlc in lmrJncss, 
some t)'f)CS hcinG so soft thnt they cun bu cut with 
a saw; oth<-rs lx-ing considcr.ibly harder. 

n.c h.·udcr t)·pcs. when crushed and graded, arc 
sat'5f:actQry for tho 1>roductinn or block. Linll.-stone 
scremings .alone arc difficult tn lumdle, and for th:it 
reason sand is adclc:cl. 

.. Umostonc Ag~gnte With Sund Admb:t11rt--The 
U$U of a c:ombinution of limc5tonc: scrC<'nin~s :md silice
ous sim<ls pn:scnts many 1>ossihilitk•s. The permissible 
p-adinp of a combination of siliceous m.at(.-rials, such 
u ,aml. lX'1I gravel, etc., full within :i rrlati,·ely n,mow 
nange. JlowO\'c:r. whc.'fl limt-stonc.• scrc.-cnings nrc mixed 
with silif.'1.'0US 1umds, it is pr.ictic-o1I to wtd'-'11 lhu r.mgc 
of gmdin~ which c.an lx: f.•ccnmmicully cmpluyrd. To 
ilhutr.1tC",. c:onsidc."I' the grndingli in T.,blc· Ill whiclt 
haw bc\'11 suca1SSfully uSf.-d in two muden1 1>hmts: 

YAIU UI-GIADING OF I.IMHtONE AND SAND AGGIIGAH 

e.... % c ....... " ..... ......... ... .... ht.i...1 

" ..... % % leda % ... ....... s- , .... ........ SuHft , ..... 
"'. 5.7 u '4.3 0 0 100.0 
#4 ,u 37.A SU 4.1 4.1 H.9 
#I ,u S,I SI.I 22.6 ,a.a nA 
#14 U.2 s.e '16.1 41.1 26.1 SU 
#21 ,1.2 ... 31.1 H.O 17.3 )4,1 

#41 12.1 20.9 17.t 71.S 12.S 21.S 
#IN "' IU, s.:a 90.6 12.I 9.4 , .. a.:a '"'. u,. , ... i.n . ~ 

The a>ml'tn"SSh·u stnm~ths oLtnim:d frnm units madr 

ranged from 1.170 to 2.150 psi at 2.s cl:ws (:iir--curcd) 
from mix proportions nf l to 11 to l to 1-l. · 

The clett•r111i11i11~ ~rad in~ factor a pp.1rcntlv is the 
texture dC'sircd i11 11'1c units; where a "rnu~i/ tC'xturc 
is required. the t·u:1rscr gradin1,.t of No. l c.;n be used. 
Grading No. 2 is us.tblc when :i kfinc" texture is needed. 

In th~ cnsc wlicrc h~ud, tough liuu:stonc scrcenin~s 
arc nv:ululJlc at reasonable cost, the combi1mtion with 
sili~c-ous sancb; gives ·:1 very economic.ti aggrcg.ttc. 

Smee the fin.ii rrmlts obtained :nc the true criterion 
:is to wlu:thr.r Ilic gr.1din~ is sntisfac:tory or othcrwist•. 
the folloi.vi11g faclurs 11mst he considered .is lmving a 
!,caring on the outcome: · 

I. The surface char.ictcristics of the limestone 
screenings which· provide an interlocking effect 
within the block stmc:ture. 

II. The typo nf f.-c.•rncnt used, which in this case was 
high earl~• strength ccmc.:nt. 

III. The system of curing. The strt•n~th results in• 
dicntt.,J for this scri~ of tc-sts were obtained by 
ai~ or weather cm-ing. Tin: rL-sults nrc in ke&.1>ing 
w1tb those produC<'d under uccclcr,ltcd tempera• 
turc nnd humiclitv conditions. 

IV. n,c type of ma~bino on which units :m: made • 
Modem ,·ihrating l)'[>CS b.\\'c rcmlutioni1.cd the: 
industry. 

In :i series of tests 1mulc under pl.mt comlitiuns the 
components of the mix cnnsistc.'tl of cqtml pr011ortions 
of limestone screenings anJ comhinc.'tl s;mds. mixed us 
follows: 

(:a) The limestone scrL't"nings and nll of the mixing 
water rCftuircd w,•rc mixed for l•l/2 minutes. 

(b) The sand mix nnJ ull of the c.-cmtmt wen;- :addc.-d 
to the prctrcntcd contents of tho mixer. Tiut Agi• 
tntion of tho total contents of tho mixer wu 
continued for -from five to five nnd one-h:df min• 
uta more, af tcr which the mixer w:is disch:irged. 

Tho firit step (a) satumtcs the ~tone screenings and 
at the samo time produces a certain amount of flour 

caused by nhr:ision. App:ar'--ntly tho pore saturation and 
production nf ad,lition:il 6no material c:outriuutc to 
the bond hlitwc.-cn the cement nnd the nggn.-gntc par
ticles. Bcsid,"S, the mixing C)'cle oudinro climinntcs 
any bulling of the mntt•riuh; in the . mixer and keeps 
the interior of the mi:u:r clc.•nn. 

Results bear out the fact that where proper attention 
is pnid to dctnil, low cost producUon of (),\UUity w1its 
can be nccornplishcd. 

Jleconuncndc.-d Pro1>0rtions-A s1>eei6cation for blend 
of limestone screenings and s.'lnds would be AS folloWI: 
scrct'llings, 30 to SO 1~r cent; sh.'lrp sand, 25 to 35 
per cent; fine smut, 25 tn M t>er cent. 

CW"Dcterislics of Sand and CoAnC Aggn:gntcs-Nat• 
urul duposits of sand amd couno DfUtrcgntc:s nrc to be 
found in ttlO-"t p;,rts of tbc country. JluwC\w this mAte
riid in its natunal stuto doc, not AS a ndc k'1Kl itself 
to use ass u suitublc concrc.-tu nsgrcgutc without \\-uhiPg 
wld n.-gnuJing. 

Cnashc:J stone or cnwM.-d rock of proper qunlity mny 
be US<.'ll us Rn u~gn.•~to. 

nK'l'U ,m: a J:tl"IH."l'Ul cwsiGc:utions of rock. 
(1) J gnrot11 or \"Olc.-unic rock, fonM'C.i h)• the action 

of l1CAt; grnnilo is ,All example of such rock. It 
is hilnl. tough und 1,trmntlnr. with 1,rnctic:nlly no 
bedding planc.-s, nr 1trnta. 

(!) S<-dim,•nhary rock, fonnc.-d frnm the consolicla• 
tion or it.'lliam•nt d,·tx»sitc.-d by wntrr. I .. im<-Stom.• 
und sunclslom: nrc c:x.11111,lcs of such rock. 

(tJ) ~lt-lm1"n1>hic rock, of igneous or Sl-<lhncntury 
origin, whow cbnnac:tcr nnd stnicture h;l\'U lx.'1.'11 
chnngcd h>· the action of hcut. pr~urc or mo,·~ 
anent. 

In the foliutcd or h,ycn.-d ty1K"S nrc inc.-lucl,.J f:I\CW, 
schist and slate, while c1marl1.itu ,md annrblc arc indud• 
eel in.the non-foliatc.,J type. 
. Trap rock nnd line gr.ained b.uic nntl volc:,mic rocks 

arc gcnc.•rnUy h.ml. uud are suitable for :a~rcgate pur• 
pnsa. 
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Cr:mitl·, trap rock ::incl liuw~tonc :ire the rocks f rum 
which crnsill'd stone is 11s11:1llv prtpart•d. Some iimc
stom·s mc·too suit. :me! 011lv occ;monail\' is sanc.istonc 
sufficiC"utiv hard. · · 

llccaui;~ of its char.1ctcrislic:11ly sh:irp :rn<l :i11g11lar 
nature, crushc<l stone requires more care in proccssin~ 
than doc-s s:mc.i :rnd conrsc aggregate with its ,veil 
rounded 1>articlcs.' · 

Cl.ic:i:il Dq,o~its-Glaci.il dcpo~its nrc umallv found 
in northC"rn l.1tituclcs. ThL·V mav be <li\'idcd i;1to two 
types, having \'Cry diffC'rcnt.c:hnr,;ctcristics. 

· (1) True glacial clcpmit~ mually occ11r in 1hr forrn 
of small l.iils ,,r rnk,·s t1:i()r,1111~--;i wl1id1 11;1\·c 
been splijcctl•d to .Jlm1sio11, ll1m1ch 1101 tu the 
sorting action pcculi.ar to river 'transportation. 
Such deposits will usu~1ll)' co11t:ti11 m:ttcrinl h:w
ing a varil•ty of shapes and si,cs. 

(2) fluviul ~h1cfal deposits consist of glacial ma-• 
t~rinls which ha\'C been suus(''111cntly suhj<'ctcd 
to stream uction. Such deposits occur m:tinly in 
stream cl mnncb, downstrC'am from morain<'s. 
These dt•posits arc iutcm1c."<liatc lwtwccn the tn1e 
glacial nnd nornml stream deposits. As n rule 
such dL·1>0sits yield a siltisfactnry ;1ggrc-gatc ma
terial 

Stream Dcposits...,;,Strrnm deposits arc gc.·ncrnlly the 
most sntisfoctnr)' source of snnd and coarse nggrcg.1tc, 
bec-Jusc - · 

(1) The imlivi,hml pieces a.re usually rounded. . . 
(2) Strt".tms impart a sorting action which mav im• 

· provt' grJcliug. · 
(3) Abrasion rusulting from stream lrnnsportntion 
. . and dcpositidn tends to eliminate the weaker 

pa.rticlcs. 
_Alluvial Fan Dcposits-Tiu.-sc deposits are usually 

in the Corm of sluping phlins extending from the foot 
of mountain Areas into adjacent valleys. They :ue ch.'\r• 
actcristic of arid regions. Sands and co:irsc .iggrcgatcs 
of this t)-pe Dre quite dill'ercnt from those of nonnul 
Stream dc1,osition: the p.articlt'S arc ;mJ?ular, the m;1te• 
rial poorly strutific:•d and l?rndi-d, .ind the dt•posit irregu
lar. Material from such dl•posits is frequently used ns 
a mun::c of -n~grcgutc, but successful rrsults arc ob
twnc:d only u.ftc.•r spcciul prr>C'C'Ssing. 

Suitahility of Aggrci:ntcs-Af.:!i;trr~ntt•s, in nrd..-r to 
bo suitable for hlc>ek production, should be clean, un
cpated and huvc p,irtick-s of stron~. cJcnse nnd dumblc 
materiul, hi~hly n•sistant to the efTc:cts of chemic.al und 
physicnl chungcs. 

Mineral or rock particles which nrc stn1cturnlly wenk, 
extrcn1cly absorptive, -cnidl)' clcav.11,lc.-, or which swell 
when aaturJtccl, nrc:: more or less susceptible to l,renk• 
down when expos<-d to nutur.il weathering prc>ccsses. 
The existence of thc:-sc clnir"'ctcristic:s in an D~!Zrc~nte. 
may causo cracking. spailing "1x,1muts" in the finished 
product. . 

A~tc:s in their nntural state may contain clay, 
silt, organic or other deleterious anatcrinL Tht'SC foreign 
subata1-.cn unless removed by washing wiU produce 
a weak and un.~uitablc product. 

Aggregates contuining soft f rngmcnts, thin and fri• 
ablo particles, ,·arious porous cherts, clayey sandstoue 
or limestone arc nnt suituhlc for cc+ncretc. 

Thao char.if:tt•risti~ m:iy he dMdcd into two gen• 
cral classes. · 

(1) nlOic which break down with little volume 
chw1~. · 

(2) 11msc whid1 hil\·c a high r.itc uf ,·olumc chnnge 
and nr.rt u dim1pti\•c force. 

Aggw~tc:-s snhjcc.1. to \·ulumc chnn~c:- re-suiting from 
wettin~ and drying of the material cnn c:iusc injury 
to the block. 

11lO idcntificntion ol the various m.iterials herein 
mczationcd rc.-c1uirt'S a gcmrral fnmilinrity with mincruls. 
Their idcntitic~ may be determined U)' viJunl examinn• 
lion. by the mi,,.oscot,c or by trsts for strength. hard
n~-. souQdnc:-H ancl absoq,tion. 

\\'be.on rxct"Ssivc quantities of fuit or elongated par• 

:.:G Li:.!litu·ci!.:./1t CClricrrtc A r:.r:.rc-::atr-s ------
tides :1n• ·pn·scnt in al!t:rC't!:ttc. tb<'y pr1wl11<·C' a c!etri-
11u·ntal t·~t·ct on the work,1hili!\· ni tlu- c·mtt·rctt" :-ni:'( • 
O('("l'!'iSlt.t!lll!!; the ll!'it~ of 111orc hit.:hlr s:imlL·d mix~ :m<l 
lllOWC'C'mC'nt. 

The folln~\'i11~ A.S.T.~I. dr,i)!natiom prm·idt• na••th
ods h~ wl11c:h co:1rsC" .1~-:::rq;atC'!'i ma\· l,c tC'!'ih."<l fur 
their rl'iati\•c qualities. · 

S01111<lnt'~S of nt!;,;rC"g-:itt•s cll'!crrninC'd b\' the use." of 
sndi11m sulphntc or ma~1wsi11m sulr,hatc .-\:S.T.:\I. C SS-
4l.>T. outlines the procc-durc for dL•:c:·rminin~ tlic rl"'ist• 
nncc of the m;llcrial to disintel!rat-:on nnd ·wcnther.nt:. 

Tlic q11;,nlitv of ~oft p.irticlcs in c:o.irsc nl',..rt"-.-1tc 
.-,snt C ~ .. r;-1uT. outlinc-s ti,c met.hod for cl,·t~~--;,,:~~ 
the qu,rnhty of soft p:irticlC's on the basis of scr.w:h 
h.::irdncss. 

Section 3-Lightweight Concrete Aggregates 

. During the pus~ dc~dc consid~rohlc dc.'vclopm<nt 
~-•s been :iccomplashcd in the field of li~htwcight ;:i~

are-g.itc production. The r,1p1tl C.-Xpa.:lsion in the use ol 
block made fro1~ l_ightwright .t!!;regntes nnd tt:., ... ir 
i\CCc:ptunc..: for bmldmg cor.structior ... jndicatcs a «!row
ing trend which is likely to contiuue :u the n<lv.:mta-es 

· of Jightwl•ight 111:1tcri:,.ls wcome better known ;i;d 
accepted br architects and builders. 

Lightwei~ht aggrcgnte rn~ltcrials mnv be classiS.ed 
into three di\·ision$: nntur:tl, ur-prcduct and mnnufac
turcd . 
~ nntu~:1.l lightweight ai;grcg.itc:s nre of \·otc:.u:i,· 

ongin nntl mc:ludc suc:b m:itcrinls :a 1,umicc.-. p·r!i:,· 
and snmc cinders. 

•~•-••-"H..-dllooM af loch lei, .,.., .......... h ._. ____ . "9 
J.,.K«-..... 
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Br-product nE?gFC~:ttt'S indmlu cinders from powe-r 
plants and proccsSl'<l slag frnin steel mills. 

Manufnctur<'<I lighh,·cight nggrc-g.ttes arc prodi1ced • 
(rom clay or shnlc. • . 

Physical t•roJ>e:rtics-Tho physicul prntx-rtics of th<' 
ugp;n-,r.1tc shnukl h,, ~i,·t•n c.·spc.-ci.ll ;1CCrntiun. siuc~ 
in lighh,·l•ight concn.-tc high nhsorption, irri1,-.sl.1rili1.-..s 
in the shape of thi• pnrtidcs nnd low c!cmsit,· nn, focto:,; 
which must I><' ccmsiclcrcd in thu di•tttmi,;..tion ur thr 
final grntling. l•'ur thi5 reason it fs impr:actic:--.11 to rN.'Offl• 

m"?d a s1K'Cific ~rudins suitilhlc for ;all t)l>('S of light• 
w~1ght :IAAf"t"J:.tlcs aince ton m,m,• \':&ri:abln exist in 
the a~~n•J:att"I ns rosn111«"1'cialh· us<",i. 

Tiao pnrtic.-1«:"lC of th<~ n(tSl'C'i,uc.- shnuJd he- sufficlc."l1tlr 
stmn,:t tu withshmd pri-ssure ,,r tnmping. Otllt'n'·is«" 
they muy be hn1kC'11 do\\-n in tlao 1ni.,:tt or in the mold 
box of the mudainc, thus prc.-smting nc-w surfacn "·bicla 
arc not cn:ttc.-cl with ccmcnt•w3tL•r pnstt-. 

•~'Cause o{ the friublo nntureo nf sonu: o( the light• 
wmi;ht aggrc:-gntcs modification of the mixing techniqu~ 
m:ay be ncc,-ss:&1')'• Ov<-rlo:ulins the mi,:cr is npl•ciallr 
bru:I since the aggrcgntc: ntn)" be puh·criud throu(Vl 
grinding action, 

When aggn-gatu mntnins an C'xet·H uf coarse n1:1tc-
rial (3.'S tn 1/2 inch) J,.Ji\·m· of tlae C'Onm:tc mix 
to the block machine b :m im1,;1,t,mt factor btuusc: of 
the possibility of s,•grcgntinn t.1L:in1,t p!.1cc in thc mix. 
An t'xc:ess of ro11rsc mut,-rfal h'luls tn atUK" brid~n~ 
0£ the pnrticlcs, cspccinll)· in units h:a,·in~ thin foce 
slM?Us .ind wc:-hs. Cood plant rrJcticc dc,mnnds tlmt the 
la~~,-st size n~1,trc~ntc should not cxct'C'CI ont'-third thl" 
duckaat.-ss nf tht- thinnest bc:iring sl,ction of the- unit 
pmclt1t"t'(l -

Ahw!l>lh·c: Qualilil:'S-~lulit li!-:hh,·,•i~ht ::u:!:ni:-•tc'S 
la.,u• _ Jui:h w.ah•r uhsorptin• 110.alitic-.. r·nr this ,. .. ,..~"• 
•.•• , ...... 1u,,•.111Uun" 1thoulcl h,· l.tLl'II "hc'n rrnc.,.,.sim: \Ill,. a1.:i:11•t.:.1h·"' . 

It..,. "'.,,.., • uuh•uf 1uu,t 111• 1·.trrfulh~ c,11acrc.a1 ... 1 
\I a·., I•·!,,,.;, ... l,;:t,r"··•.:f,r .. ,:.:u·;:.tlr 1,1 ... L ...... •·· 

,. 



.ittrihutl:d to this cause., Tht.: amount of wawr ncccss:uy 
. for n mix is Cl->\"l"rtwd to n gn•.it ,·xtcnt by the nusorp.

tivc: quaiitic; of the ncgn•i::ttc. Tile ,·olumc of water 
require,! in ~omc instam:cs ma:-- l,L' several times tlic 
nmnunt nrccssnry for mncl-~r:wt•I n~~rcgntc mixes. 

With some typcs of :\c~rri::.itc it is difficult to in
,·orpor.,,c thr. rct1uircd ni11011nt of water in the time 
allotted to the mi:-.in~ opcrntion. U11dcr these circum• 
stances, prcsnturatiot1 of the :u:~rcµate in the stockpile 
should h<.' rl·sorh·d lo. :\ft,·r tl1111U11!.!id:: t11ixin!? tl11· 
., .. ~rc~.itc. the c,•111c11t a11d the h:d.111cc ut the n·qmrc-c.i 
"~~tc{ should be added and the m,xing operation con
tinued. 

Cement lkquircmcnt~-Gcnerallr, more cement is 
required to produce cornpn•ssive strcn~ths equivalent 
to those of dcm1c concrete mixc-s. The selection of the 
l>l)C of cement bt'st suited to the requirements must 
be given ,-onsidt"ration in .order to produce the t)·pe 
of unit tu,ving the desired qunlitit>s. 

In lcnn miitcs of lightweight concrete, the fnctors 
of workability· nnd scsre~.ition nmy ha improved by 
plMticizing n~c-nts in nmo,ints n,•ct's~ar)' fo~ t_hc aggre
gate h<-ing med. The nmount of nar-cntrnuung .1gcnt 
required to produc.-c n workable mb: may run sever.ii 
times the amount of thnt required for n snnd-gravcl mix. 

Drying shrinkn~c is an undesirable chnrnctcristic 
in some· typrs of li~htwcight :l/!~rt>g:llc block especially 
in Ai:Q;rcg:\tt"s h:win~ high nlisorpti\'e qualities and 
which, ·rc:quirc high cement content to produce the 
necess.'\r)' compr~~i\'c strcn~ths. 

1 .. ightwci~ht n~~rc~ntcs for concrete masonry units 
are covered by AST~I .. Standard Specificntions· C 331-
S3T. 

Lightweight n~grcgntcs meeting the grading specifi
cation when tested in n dry loose state are to weigh 
not more than the followin~: · 

Fine Aggregate 70 lbs. per cu. ft. 
Coarse .o\ggrcgntt: 55 lbs. p<"r cu. ft. 
Combined A~grcg.itc 6,; lbs. per cu. ft. 

A. Jigl1tweittht unit m:ay he c.lefinro as one mnnuf nc
turcd from concrete which when bone dry, shall not 
weigh less th:an 70 lbs. per cu. Ct. nor more than 100 
lbs. per cu. ft. Stnndurd weight units nrc considered 
to be m.'U1uf:lcturcd from. concrete weighing in excess 
of 100 lbs. per cu. ft. 

Comt,cnition or Cinders-Cinders arc the residue 
lrom high tcmpcmturc combllstion of coal. mule~ forced 
draft in industrial furnnccs. The)" consist c:luefiy of 
(used nsh containing ,·nl')"ing amounts of unburned co:il 
orcokc. · , 

Cinkcrs and ASh together comprise about 70 to SO 
par cent of the total nnd arc co~•~sed mniul)' of s~lica, 
uon. alumina. lime and magncsaa 1n the form of o:mle1, 
along "'ith sulphur compounds. The rcmninfng portion 
of commercial cinders consists of unconsumed coal 
orcoke. 

Cassification of Cinden-It mny be well to dclinc 
and d:wif y the t),x-s of nnttcrinls us follows: 

L Cob. The. residue contnining more or less carbo
naceol.ll material fn tbe forin of coke, clcri\•cd 
from hisll-tcmpc.-ature,. forced-draft combustion 
o(cmJ. 

· II. Clinkttr. · Th:tt portion of the cinders which bu 
1wm pnrtl)• or completely fused during the com• 
bu,tion process. The clinker may be dense or 
more or less cellufar. 

Clinkers nrc forin("d from th<• fusion nf tht- nsh con
stituents of the coul. Tlat- type of coal mul the tt"mpera
ture of burning have ft Jcc:i<lt.-d cff cct on the strength 
of tlN' rt"Sultant clinker. 

Clinker obtain~ from the bnming of :mthr:acite coal 
difl'NS from th.it uhtaincd from bituminous conl, in that 
the formr-r t)1M'" is structur.ally Wt"nkcr. !°is is ~11~ to 
the fact th.it the rt'Siduc from anthmcatc coal 1s not 
as thoroughly foml us th.at obtuinc.·d from bituminous 

See ~i9hf A9~•-- le, C-•••-1. T. Moyn-tu,eev el 
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cool. when lmrnC'd under si1i1ilar conditions . 
Cimk·rs from both trpl'S oi coal arc uscci in the m:in

ufocturc oi masonry units. 
Coke cimh.:rs weigh apprm:im:,tcly 55 Iii. per cubic 

foot, om! clinker. iO lh. Sta11dartl spr.cifications rC"q11irc 
that cimlcrs co11tnin no more thnn 3.5 per cent of com
hustihlc 111:ill'l'ial hy dry wt•icd,t. 

Also. there :should not lu: more than 0.45 [lt'r cent of 
rnlplmr as sulphide: nor more than l.00 per cent sul-
plmr trioxide: n!i ~ailrh:tt~. . . : . . 

l'l1vsk·nl Ch:1rnclcr1sl1cs- l lie !1l1ys1l':ll cl1oractt:n!il1cs 
of cir'1ders nrc more importnnt in jud!;ing their suitahil
ity for aggregate. t>iirp~oscs than nrc !he chemical ~n
stituents. A quick method of C\·aluatmg the properties 
of cinclcrs is to select n cnod n:pr~seutntivc sample of 
the mntcrinl, then transfer a smnll portion nf the S.'lmple 
to a container .ind wnsh off nil the liuc contt.-nls by 
clecantntion, then spread out the wnshed sample on a 
flat surface nnd proceed to sepnr.1tc the clinker particles 
from the coke particles.· 

From this sepnr.ition of the mntcrinls a good iclcn of 
the type of nggrc~nte is obtnincd. The ~rc_atcst .ohjcc• 
lion to the use of cintlcrs ns un nggrcgntc 1s their Jnck 
of uniforn1 qu:1lity. However, where cindL-rs 1irc pro
curable £rom a source nt which the combustion process 
is carefully controll,-d, n rcnsonnbly uniform grndc of 
material is nssurcd.· 

Poppin~ 11ml Stninin~ Chnrnctcrislics of. Cin~cn-In 
the selection of cinders ,t should be home m nund thnt 
there is a considerable diffcrcru:c between the residue 
of combustion from a power producing vh,nt where 
selected co:ils arc gcnernlly used nn<.! the cinders ob
tained from bent-producing plants. 

(a) Popping. A characteristic of cinders of the latter 
type is that they may contain small ~rticlcs of free 
lime. Certain types of coials and the methods by which 
tbey are consumed give· rise to tbesc sm:ill lumps of 
free lime. The presence of such lumps causes the ob
·jcc:tional feature of popping. 

In the gcneml rmi of clinken the lime is fused with 
the silica nnd aluminn of the usb ln fnnn inert com
pounds. Snu1ll lumps of lime muy rt'main in the clinker. 
partially hydrnt«I or p.'lrtiully combinrd on the c,utsklc. 
leaving ft nucleus of cnlcimn oxide: surroun<k·d by a 
dense shell nf lwdro:ddc, cnrbnmatc. or silic-.atc. Whc.-n 
moisture pcnctr.;tl-s this ahl'll und hydmtcs the c.ilcium 
oxide, .. popping" nmy tnko pince. This comlitinn is 
similar to lime :spots in ft chi)' brick. 

( b) Stai11i11,;;:. Another ohjcctionublu fcntnrc wbicla 
confronts the .m:umfoctnrcr of cindc.•r hlock is that of 
st:afnin~. n,is condition is brought nhout hy the more 
6ncly divided irnn t"Ompounc.b which t'lCc:11x: the! initial 
separation trcntmc.•nt. In 1>rnccuing cinders for ll~ 

gnta pttr(X>SC'S, annst 01x-rutors arc satislied if onJr the 
•tramp .. iron i.1 rcmnv«l b)• snhjccting the matmal to 
magnetic scpnmtion. Where n,lditional sc1,nmtory mca
ura arc tnkm it is surprising to note the volume of 
&nely dM<lcd iron com1,mmds which cun be ~ 
along with n portion of the fine t>articlcs of the cmdcn. 
To discard this vnlumc of ostensibly good matc.-rinl. col• 
lectcd over a du>•'s nan, mny seem A wnstt•ful practice. 
lnvesti~,,tion hns pro,·cd, however. tbnt such mnterial 
is fit only for the dmn(I- tr a m;:mufocturcr is rcnlly 
intwcstcd · in prnc.1ucin~ lmits ns £rec ,u possible from 
such stnin 1,r0tlut'ing dc.•ft-cts, time spent in tt"Sting the 
cinders will nmpl)' rt'\vnnl him for his trm1hla. 

11ac furtlnnd C,·mmt Assoclulion h11s donr. consider
able de,·clo1,rn<•nt work c:,n this subjC"C't uml publishes 
a pamphlet entitfod "Simple: ~i<-thod £or Dc.-tC'ding Sub
st:mct"S in Cinc.k•rs which ~fay C:i.use I'n('Ping :md 
Stainin~ in l\lm~unry Units. .. TI,is pamphl~t srts for~h 
in a clear nnd concise annnnc..-r the opcrataon:il dct,uls for conducting the t<'Sts. . 

( c) TamJ 11101.r. A. troublNOmc feature which mani• 
fosts itself tK?rioc.licnll>• is the 1,rcscncc of durk tarry 
spots which nppcnr on the surface or the units. Even 
when the units :ire brokC"n in testing. spots arc :also 
app;ircnt throughout the· internal stn,·cturc. · Whether 
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tliis comi1liu11 ii; produc.·l·d b~• some piiystt·al d1;1rac:tl'r• 
istic of ur 1h·r11111,:h the i111pro1wr l>urn111(! oi tl1t.: cn.d 
is not c:u1lv dl.·l~r111incd. Tlll'sc pockl't.~. howrv<>r. :-ire 
found onh: i11 11,c coke n·ml11c- f roin tltc c-rn11llllstio11 
proct•:.~. Ti,crn is 11ot 11111c:i1 tl,at can l>c clnnc i:t•[!ardi11l! 

this ohjc-ctionablc fc;1turc. EY<'n p.:iintin~ fails to liicle 
the dcfoc-ts _in the.· 11111ts. The logical course to pursue 
is to Sl'parnk t lie worst units nnd exercise ju<lp:mt•nt 
in thc-ir disposition. 

\\leathering tht: cinclt•rs is rrcom1n<indccl as :1 partial 
cure for some of tlwsc dctrinwutal fratmt's. !\!any 
rnan11i:u:t11rcrs i;tt>t·kptle liw t·iml1•1s ns d,c·r :irl! re• 
ccivcd, tl,cn ,tlluw tlll'lll tu wt•atl1cr. 

A better course woultl he to proct•ss the m;itcrial as 
soon as it is rc-ccivc•d and then stockpile the prcp:tr<'d 
aggregate. Wc.athcrin~ the sni:1Hcr particlt:s of ;i~gre• 
g,tte woul<l be more ntl-.·antn~cous. Jh·sidcs. in the event 
of unforeseen difficulti<.•:. ;irising in the crusltinc: plant, 
ncccssitatin~ n lc:ngthr shut down, block manufacture 
could proceed nt n normal r:1tc by drawing from the 
supply of processed cinders. 

Prcpru-:i.tion of Cinder Ai:STeg:itc-One ,:Hl-.·::i.ntnrze of 
cinders used as nn n~sregate in block manufacture is 
that all the cinder ma~s. trcnt,•d only by crushing, 
c;w be used. To obtain the nlilximum compressive 
strength, careful ~rnding of the aggregate is lll't.-essnry. 

Crndin1t of A ggrc~ntes-Grar.lin~ h)• scpariltion into 
the vilrious screcnin~i ancl rccomhirmtion of such 
scrf't'nings would l>c the ideal nwthod, were it fe,lSihle. 
·Since it is impossible satisfactorily to scpnr.ite clamp 
cinucrs on the screens which must he used for the 
~ri.ldin~- of a1;;gn:i;.itc suitilhle fur cinder units •. the fol
lowing course would seem to be the most logical one. 

To.process the cinders in their na~ural state to con
form. ns closelv ::is possible, to a grading developed 
unde:r lnuoratocy controlled conditions. Then to re
produce these findings \tnder actunl plant operation. 

fw funNt' 1tvdy Me-£, C1vi11•n..,.-.lew11al A.C.I .. Feb,. 1931. 

Rcc:ommcnclrd Cr.adings-Thc gradings si1~wn in Ta
ble JV developed from experiment and duplic:itcd in 
plAnt practice hn\'C prn,•cd s.,tisfoctnry. 

Waler Content of ltaw Cinders-The c.lctnils of proc• 
essing cinder nggrcgntc into hlocks is somcwhnt dif
f cnmt from thnt med for the m.anufoc:turr of ~mvrl-snnd 
;iggn-gi,tc units. U:mally hnlf or more of the ncccssnry 
mixing ,-.·.at<>r is 1>rcs.:nt in the cinders ns rccci..-ed from 
the original source. \ Vhcn cinders nro stockpiled, the 
moisture content will ,·ury considcrahly from time to 
time. Cinders have n strong affinity for wntl'r and dry 
cindc.-rs rspeciall )' so. Thus, if too dry n cinder is bcin~ 
proccssrd the ccincnt•wnter paste, inst<.'nd of ex<•rting 
its adhcsh•e ,1uaHtit-s on the surface of the pilrticlcs, 
may Ix: sucked into the interstices, ,-casing to serve as 

· a binder. 
In the Avcmgc cinder block plant too little attention 

is given tu the determination of the water content in 
the cinder just bdorc it is used. Onl)· tlmt ()<>rtion of 
tho water adJecl at the mixer is • measured und this 
gcncnally in a t>t•rfonctory mnnncr. Little thought is 
giYCD tn the anmunt of watc..-r nctually contained in 
the cinders. 

1-.:.Xpcrimre shows, th.it whc.•rc insuffici&.-nt water has 
'bot-n used in tho mix, the units will 1m.-sl'nt a dull 
gnay color mad dry lf.•xh1rnl nppcnrancc with incidcmtal 
Snw."CT cainprn.1i\'C strengths. Units 1>rc1,an.-d under 
propN" conditions as tu water contt•nt show n good 
•wulN' wd, imluCC'<l hy the dr.ig on the Ct"mcnt 1,.1stc 
during stripping. 

Much dct'k.mds. howC\·c.•r, on the trpc nf mnchinc 
on which llac units arc nmdc. Ccrtnin t)'p«..'S do nnt 
permit the use of "'wet" mi~CSi others do. It is best to 
carry a mix with tlm maximum nmount uf water. short 
of producing slumping 0£ the units :is they come from 
lbc mcchinc. • 

nae rcsulu 0£ experimental and achml 11font opera• 
tions c:om1iarm with each other woulJ indicate thnt nn 
.ablOl'bf.rd water cnntc.•nt ranging bctwren 11 and 15 
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lAIHI IV-UCOM.MEND(O GRAOlNGS FOR CJN0CI. 

=• =• ;; 14 
;;21 
;:41 
;; 100 
P•11 

AC.GRICATES 

· Ci,mvlali•• 
Gr,1111 •;, lfl'lcl 

0 Q 

746 24.6 
,472 47.2 
434 6:l.4 
76l 7&.:1 
au u..s 
920 ,2.0 

finen•n Modulwa 3.90 

c.,,,. .. 1.,; ... 
s,, .... c, ...... % ..... 

1'■" Q 0 
;;4 :us :u.s 
;:1 .,,, S6.I 
.;;t14 705 70.S 
#21 110 11.0 
#41 190 19.0 
~100 '34 U.4 
PM 
fi,,-Ha M ... vlut 4.U 

:IH,• MUoriel hl.aittetl 

C11MVletiwe 
Ser"" G,,..,.a %1tetd 
~ .. so s.o 
#4 2.so 35.0 

=• $30 n.o 
.!::14 4.:10 63.0 
.i;21 no 7:1.0 

=•• uo u.o 
:;100 950 9.5.0 , ... 
fmo11ns Mo•h•l111 4.09 

~{. .. , .. 
.. ,11 ,; .. 

Q 

24.6 
22., 
14.2 
12.t 
10.2 

.S..'$ 
1.0 

'I.Reta 
uckaiH 

0 
35.S 
20.6 
14.4 
10.S 
I.O 
4,4 

'" 

%1tetll1 
Hdl .;,. 

s.o 
:ao.o 
11.0 
1O.0 
1O.O 
12.0 
1O.a 
s.o 

% 
ru ...... 
100.0 

15.4 
52.1 
36.6 
:u, 
13.S 

8.0 

% 

'·"·" 100.0 
~.s 
42.9 
29.S 
lf.O 
u.o 

'" 

% , ...... 
H.O 
65.0 
47.0 
37.0 
27.0 
u.o 
s.o 

NOTE: If it 11 found deair•bl• to hne • p«tion of ~ ..... m.ateriel ift 
the e99re9•••• ira -• ~Id N lim;1ttef •• • -•~ ~I S ~ 
c-• for beat reavlra. A conlfflt of OVff S per ant of !1111 111• tefttll 
to prochice ,_ co.rN • 1u1tunt with ~111•1 r1d1aC1ioft ifl 11ret191h, 
d1.141 to brid9i"9 effec;t, • • , Good plMI P,Hlice deftlltf'ldl lhet the 
lo11911t 1ize •99re9•1• thovld not ••CHG onHhird the thicwaa of 
rite ~ b .. rinf IKfiOII of the unit p,oclwPtl. 

·pc."I' ct•nt hr w,·i~ht or tlr)' nt..,tt-ri.al is nl>out correct 
for the scm·rnl nm uf cind,•r ng~rcg:1tc. 

Proportioning Cin_ders 

The varinblc nnturc of cinders as nn :iggn-g-.ite pre• 
seots a problc.-m rclutl\·c to their proportioning. 

Bntching Uy Wcisht-Jf the aggrcgntc is to be mt".&S• 
ured by weight, two ,·nriables must be considered in 
order to obtain uniform concrete. 

1110 varinblc..-s ill\·olvcd :ire moisture content :and spc•. 
ci6c gra,·ity of the material, which must be corrected. 
If :ic:curatc quantities of uggrr.gilte :ire to be delivered 
to the mixer, the moisture content uf the cinders should 
be dctc.•rmincd pt.•riodic.1Uy. 

In order to snti5f)• the nnturnl nbsorptit,·c propcrtic.-s 
0£ the cinders, nn cnd<.'a\•or should be: made to maintain 
tho wnter content uf the material between 11 per cent 
and 15 per cent before dclh-ering to the mixer.' 

Tiio sp<.-cifie gr.n·ity or weight per unit volume varies 
considcrnl>l)• depending on the structure of the cinders. 
whcthl'I" pfl'(lomin11ntly coke or hard clinker. For tbis 
rnson, it may be nt"CCSSnry to ninkc frequent ch:mga 
in tbo l>~atch weights in order to obtain uniform qua• 
ity of product. 

Botching Uy Volume-In ,·olumc: batching, the fac
tor af specific ~r.a\·ity mrl)" he disrebr:tnlt.-d. 

Tests h.we shown that within && nmgr of from 10 J>('r 
cent to 30 pc.•r ccmt of moisture cmat'-'lll in the ciaadt-rs, 
tlio bulking factor rcm.iins rc:uonubly coustnnt at 25 
1>er cent. This ch.mtctcristic m:,y also be disregarded. 

Where the moisture content of the cinders falls below 
10 per cent, the bulking factor mny vary considcrabl)·, 
in which c.uc, the mix should thc.-n be cnlc:ulated on a 
dry volume bnsis mid making the nce<?ssary corrections. 

These observations with respect to batching by 
weight and by volume a.lso a1>1>ly to otl&er lightweight 
:1ggrc~.1tcs. 

Control o( Cn1sbing .Pl:tnt Through Screen Amuysas• 
-AU crushing. J>uh·cri:iiug. and screening equipment 
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!,:is .i point of. most d<·siralilc prod11ctio11. \\'licrc tl1c 
prod11d i.-. too co:irsc or too Cine it in:iy be l1&1!>at1sfac
tor)' fm use: nlso. wiwrc thr. proc..iuct 1s too tine the 
i1roduction output of both c:rnr.licr :mc.1 screens is re
duced. To mai11t,1i11 tlic mmt prnfitalilc production. 
f n:qm·nt sieve. tests shoulc.l lie mauc of the products 
of hoth crusi11:•r nn<l scn•c11s. · 

The performance of a crusher changes from clay to 
Jay. Sicvc analrscs mndc at regul.1r intervals will im• 
mediately show up any chan~cs which occur in the 
pcrfonn:mcc of the various phases of the crushing 
plant operation. 

!)1•ft11itc i11fnrmatw11 1·.11.11111 l,r ol1!.1111ccl hy k1·li11~ 
or ruhhin!,! th,~ malcri,1l bdWl'l'n the f1111.!crs; tile onh· 
<lc1>c.-ndahi,• w:ty is to make tests. - · 

Sieve nnalysc.-s provide :l pt:nmmcnt record: they 
tcill tlac sup<"rintl'nclcnt what his t.•q11ip1m.·nt and opcr
:itors arc doin~. Thl• j11clg11w11t of the operator may 
ch:mgc, or, ff tlwrc is a c.·hm1~c of op,:raturs. the new 
opr.rntor will h.\\'c no 111<.•,mi. of knowing whnt h,\S pre• 
,·iousl>· constitutt.-d a satisfactory pcrform:mcc of the 
pl:mt. Throu~h scrcc-n :malrsc:., accurate control is 
,1ssurccl, prc>\'icl&.'tl proprr sampling methods arc fol
lowoo. Poor s:unpling of the mntcrial can lend to chm• 
gerous conclusions. 

Tests 0£ the cmshcr m:itcrial h:i.vc shown tlmt it is 
prontabll' to inst:tll il scn.-cn ulu.-.u.1 of th,• cmslu:r. The 
'material, frd to the crusher usu:1llr cont.1ins n percent• 
a~c of fine nggrcgatc which docs not rcrinirc trci\tmc:nt. 
Jf this fine nrnterfal is passed into the crusher it :1cts 
:lS 11 c,~liion for the co;1n;c p.1rticlcs .uul interferes 
with the crushini:: :iction. Hcmov.tl of this flue m:\tcri.,l 
incrcasL'$ the out1mt of the pl.mt. 

If tl,e crusher·product is tuo co:irse :ind the necessary 
. Amount of fin~ matcrinl is not produced. the quality 
of the finMu:d product will uc affected. 

In the screening operation. only particles which nre 
smaller in size than the openings in the screen will 
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p.w. The m1glu nt which the screen is opcmtc.·d. the 
rntc: of flow of nmtcri.il over the scrct!n, the moisture 
cont&mt of the cinder, the ihnpc of the particlc.•s, nnd 
\·nrio"s other factors aff cct the screen p("rforammc:c. 
Variations in the fincnC'.SS of the proc."Csscd cinders mny 
cause undc.-sir.abJc properties in the subsequent proc• 
essinl( of the units. • 

Coke J\rcczc-Cokc brec1.c is a ccllul.ir product ob• 
tnincd by screening m<'tnUur~h:~I,. or household coke. 
It is composed cliic.•fl>• of c.-nmlmstible mutter with a 
smnll 1,crccntnsc of inorg;mic material known us Hsh. 

11ac use of str.ai~ht coke breeze ns an ag~rc:-gntc in 
concrete block is rather new in this country, hcnc:u not 
,·cry n,mch technical inComintion is n,·ail:Lhlt?. Coke 
brecao should be fo.-o £roin the Jdctcrious 1uhstanccs 
that mukc so many cindur nggrug11.tcs unsuitable. espc• 
dally from tbc: point or iron staining. 
. nae gradin,t or brcc..7.c varies, depending on tho lo
c:aJily fro,n which it comt.'I, but may be consid<'!rcd as 
tho finu scrcminp Croan cn1shcd coke whicla pnss a 
YI or ~-in. K.Tc.-cn opening. 

Ul't'IC'ZC obtuhwd fron, mctnllurgic:al coke is strongt~r 
than lm."CZC m.,dc for housclould fomnce usu. Units • 
m:adc from coke brc~ lul\'c about the snmc weight , 
u dueler units. • . .. . , 

Jf tbo use of coke hrcczc as n lightweight nggrc~ute 
is contl"mplatcd. units from trfal bntcb mixes should he 
thoroughly tMtcd fur ,·olmnc cbnngc chnr.ictcristics 
after rc:"1,catccl wetting and d11·ing t~ts bnvc been con
ducted. 1110 AmcriCim SocMy for Testing ~lntcrinls 
limits the: comhus,tiblo content of cinders to 35 per 
cent mnxianmn. Since coke brcczc contains from 75 to 
85 per cent combustible matter, it would seem ac.lvis• 
able. therefore, to :w:crtnin the fire rating of nmsonry 
units, made Crom this m::itcrinl, before proce<'ding with 
utc:nsi\-c m:mufacturc. 

Tho .acrious shortage, of cinders nnd slag nggr<'g:tte 
fn m:ln)• _ lnc:-alilics h:is ncce,Hit.atcd th~ prOC"Cssing of 
mnre r:mlr obtain:ihlc: rnw matcrfals, 1ucl1 ns dny nnd 
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~li:tl<' into 1..ilock 111;1~i11t! a-::-:;n•!'.!at,·s. Tl11.:sc rnalcrials 
:ire to he fn11ncl rp1i1c c:-.;tl'llSt,·ck in 111o~t rrt:"1nns. 

M:mufacturct.l :\:,.::,.:rcg:it<."'.'i-1.ii.:litwc-i~ht ;:-::crci;atc-:s 
m:tnut:tctmcri from n:ituraily ·occ11rr1n•.! 111:itrn:als m;n· 
he divided into two ~ro11ps: In the firs·t croup rciia11c~' 
is pbc<:cl on the fac:t th:it t'crtain clavs. shal<.·s or sl.ates 
Llo;1t or puff up \\'hC'n lll'atc<l to the· point of incipicn: 
f11siun. In the st.•cnml, lightnc:-s is oht:1i1wd primnril~· 
liy si11tcri11~ a gran11l.1r m:itt·rial in such a 111.lilncr that 
a solid strnc:l11rc is f uranc<l in whic:h thC' i11tcrstkcs :ir<' 
prcsL•n·ccl :is por,·s ur voids; thc ori~i11al solid m:.w 
bloat cluri11~ riri111.!, aml .1dd to till' n;ll ,~ vol um<'. · 

There :ir~ sc\'l'rnl llll'tho<ls l>y wliil:i, this type of 
aggrc:;atc m:iy l>c pro~lucc.-d. chid of which .ire lhc 
rotary kiln and the horizontal tr.an•ling gr:itc sintcring 
system_. 

The rotary kiln cnn "be fired b>· powdered co.ii, oil 
or natural i;as. Kilns nrc npproximatc:.-lr 50 ft. long, 6 
ft. to 6 ft. G in. in diameter :md linc.•cl wi:h 6 in. 
fire brick. Kiln spCl"tl can he vnri<-u o<•lwcca 1 :ind 
3r.p.m. 

The raw clay or shale: nf tcr prcliminury tr<".itmcnt. 
is k'tl into the kiln. The contents of the l.:iln :ire then 
rapicllr hc:itcd ton kmpcrah1rc which c:rnscs II certain 
degree of fusion of the mat'-':fal. 11,c ccllulnr structure 
of the product is produced by the e,·olution of gases 
during the hcntiu~ period. 
· Af tcr the clinker is disch:ir~ed (rotn the kiln it is 
crushed, sc:rccncJ and gr.1dcd · into the st.:imbrd com• 
merci.11 sb:.f:'s used in concrete block manufacture. 

The Dwight-Lloyd process of sintcring fine p.1rticlcs 
of ore on R flat grate, wliich hns been in use in the 
mctullurgical indu$try for m:my yt•,1rs, h.1s now been 
ndaptcd to the production of lightweight n~t"gate 
made l rom clay or shale. · 

TI1e sintcring process mny be likened to smoking a 
pipe. The raw material is lighted by a £lame from 
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above while 11 strenm of nir is drawn do\\11wimls. 
· nae rt-suit.mt prodm:t is n cake. 

n,c: Jlroct'SS inn,l\·('S mi~ing the fi\\V clay with pul
vcri7.C?CI t.-onl or cnkc, intim.ttd)• mixed with th1.• re-qui• 
situ amount of wntcr. The nmss is them fed onto a 
continuous scrit.-s of p.1115 tr.wc.•ling through a gas or 
oil fared ii;nition chmnb«..,.. 

1110 ,mus is h,•.,trd until the co;1l is ignitro, · :md 
inci1;il1nl fusion ccnmncmccs. Cases nnc.l stt.•a~n fri>an the 
bunain!t <.-0:11 puff UJ> the h,•.ikd d:1y l~.wing :i ccllul:u 
nl.lD. A fan furnb,hcs the down dr.1£t throullh wind 
boxes. The r~ultunt product from this buming opt-ru• 
tion is n fust..J c.:111)•• 

It Is during this 1x-riod of fusion thnt the Ube-rated 
occlmlc.-d ~,m"S nnd slcnm dc-tcnninc the h.-rc' nnd 
cxt<'l1t of the uloating of the 111.ltc:ri."ll. 

naeH> occluded gases are dcri\·cd from tl&e n:atural 
gas forming constituents. coupled \\itb the free carbon, 
carbonncc:-ous substanca, c:.irbonAtH, sulphur and its 
compounds, or any other compound which ~ill Uber• 
ata gns clircctly or through the intcr.iction bch,·tm the 
wrious c.·onstitucnls. 

n1e uasic re<1uirqmc,1t for the successful producllon 
of this tn,c of n~gn.-g;atc is that the incipimt fusioa 
point of the mntcrinl and the evolution of the ps be 
cpproxim.alt•ly coinciclcnt. 

IJghlwt•i~ht ag~rr.-gat<'S tmdt-r ,h.irious trndtt n:lmcs 
am b«?iug pmc.lnttd succcs$fully !roan m.iny •~-pcs of 
raw mntc.-rinls among which mny be mentioned: lfay• 
tlitc, l\nc:klitc, Lclite, Aglitc :md ncslitc nrc tn,ical 
of agsrrg:i.tcs pro<lua~ by the forr-mcntioncd ,,roc-
ascs. 

Hayditc A~$;fCgnte-JT.artlitc is 11n expanded :at?sn:
gatc m:idc from a wide ,·aricty of cln)'I and shales. 
The raw clay or sh.'llc after prclimin:iry treatmC'l'it, is 
fed into a rotM)' kiln. The contents of the kiln arc 
then r:ipidly hcntcd to a trmpcraturc which cauSC"I a 
C<'l'tAin degree o{ r usion of the m::itc-rw.L Tho «-llular 
structure of the procluc:t b produc~d by the C\'oJution 



of ~ascs duri111! tlit: lit•,1t1111! 1wnod. 
r\ftcr thL· di11kl·r 1s d1sc:lt;11L!t'd from the kd11 it is 

cruslwd. SC'Tl'l'nc·ci a11d cra1iL•d into tht: standard corn
m~rciat sizPs 11H·tl i11 t·ont·rc·w lilo<:k man11tac:t11rC'. 

Units of anr texture can II(' olitai1wd hy propc-r 
blendin~ of thr. :ic:i.:rcf.!atL'S. A 60 pPr cent coarse to 
40 pc-r cent tines ratio is .common. 

It is nclvisable to have at le.1st 75 pc-r ct·nt of the 
tot.ii rcquirt•d mixint: w.1tcr pn•sc-nt in tilt: :11;~rc-gatr. 
either in the i;toc:kpilc or in tl1e miXL·r bdor<' tile cc-
1111.-nt is :icl<lcc.l. 

Ha\·ditL• cm1t-rl.'ll' ~lurnld lai 111i:1.t·d 1111til Iii!' 111ass 

i~ uniform in 1.:ulor .imi 11011m~~•11t•m1s. Lc111~cr mixing 
of the c:oncrctc rt'ndL•rs it more workable. U11its maclc 
from H:1v<litc han: ,1 low hC'at condm:tivitv .ind lit.d1kr 
weight ti1.m cinder units. An 6 in. unit wt'i!,:hs !Jet~vren 
2,5 and 2S lbs. , 

The use of units maclc from mixes of ITayclite a!?grc
gatc nnc.l high alumina contt>nt cement, _such us Lum
nitc, Fondu or c.•quirnlt•nt make, h.is proved \'Cry uffoe
ti\'C for linin!,( the test cells for jt•t engine testing, 
where sound UC'atlt•nin!? and rcsistilncc to high tcmpt•r• 
.iturc: (,iround 2.000 <fogrccs f.} qualities ;1rc required. 
· •noel.lite Ai;:grc~ntc-This ••~grcgatc is produced 
from ii natural hluc shale deposit found ,\t V cntura 
.&nd N,tp,"l, California. 

Crushing .\nd prc-liminary sizing is done before the 
mntc.•rinl is e:q,;mdcd in the kiln. This asmrcs well 
rounded, ccllulnr particles having a smooth coated 
surface h.\rd enough to scratch glnss. Tl1c interior of 

. the pnrticlcs is a mnss of tiny cells. 
f3pcausc of this h,ud surface, and its consequently 

low nhsorptivc quality, Hod.lite concrete, if dt."sired, 
mny be mixed dry with the portla11d cement and the 
water added later. 

. lt is claimed, for concrete units made from Roeklite, 
that they are low in curing-shrinkage and volume 
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chungc from lhcrmul or moisture conditium;. Sl:mdard 
si:zo 6 x 8 x 16 inch units wt•i~h i\round 2,5 Jhs. 

Lclite A~grc~ntc-This li~hl\,·ci~ht 11~~rc.•~.1tc is ob
tainctl by r~p.mding or blo.ating nwtmnorphic c.1rbo
naccous shnlc mined in conjunction with nnthrncite 
coal aml pmct'Ssc+d in the ,·icinity of l .. ~nsford, P.a. 

Bloating of ,ho shale is done in especially clcsi~rnccl 
traveling grate fnmuccs, hc:i.tcd to a tcmpcmturc of 
uppro:ximatcl)' 2800 dcgn-cs F. The sinter emcrgl.~ 
from the fumac:c us u cilke or slab. The cuke is re• 
duccd in sl.7.c: by cn1shing nnd screening to specific 
sized gradings for its ,·nrious npplic.atiuns. 

Jt is anurkctcd in commc.-rcial sizt."S :,s conrsc, 3/ 4 
inch. weighing 40 lhs. per cu. ft.; intl•rmcdiate, 3/8 
inch, ,wighing -4.5 lbs. (k.'r cu. ft.; nnd fine wrighing 
60 lb. per cu. ft. 

A eombinntion of intermediate and fine si1.c nggrc
pte for block munuf :u:turc hns a weight of nppro:d
matcly f6 lbs. per cu. ft. Standard sized S x S x 16 
inch units rnngc in wright from 28 to 3:? lbs. Units 
n-..,dc from I.elite und Lumnite cement produce n con• 
cretc of high rcfmctnry qu:ility cn~ablc of withi.tnnding 
a tcmpcr.iturc up to 2000 cll'Etrt?t'S F. 

Aglitc :ind n,•slito Ag~rc~atl.'s arc produa'tl from 
cl:ay drposits at Marieltn, Ohio and Detroit, Michigan 
respccthTly. · 

D~itc AAArt~ntc-B,•~Jitc is the ·trndc nninc ~i,•cn 
to a type of lightwc:ight, CJ!llulur aggregate m.tdc hy 
sintc:rin~. Mudular 8 inc:h units made f rum this mate• 
.-W grack-d to a fincmc.~" modulus of 3.70 to •tOO hnve 
a wclghC-of appro:dm.atrl)' 26 lbs. 

In processing this, ns well ns all ntht•r lightweight 
agwcgatcs ha,·i11~ an affinity for water, cnrc must be 
t.lltcn. to sec that at least 75 per ccmt of the total 
amount of water rcquir«.-d in a b.atc:h of concrete i5 
mixed with the as;rc;ntc before the cement is nddcd 
to tho anix. 1 

E,u "·hen s;ind is substituted in. the mix t.o the 
n~ of!.~ (ll'r cc-nt bn·olu,ne. the ttJ\i~ w· 

(, . ' \' ~· . . . . ·. -. 

:.div wt'id1 ll'~s than 30 lbs. \\'lll'n ~:incl is subsrit11t,·d 
it ·is iill.port;n1t r,, rt'mcmhcr to c01n1wnsatc {nr tlie 
::1iiercncc III wcid1t of thu s:111ti a!i cornparrd with 
Ucslitc. !11 n 5tl cti. it. mixer tlic !iul1stitution of :!3 per 
cL·nt sand fur llc~litc woultl mean tli.1t l:!.5 cu. ft. of 
i:lnd wuidd n:pbc:e 12.5 cu. it. nf lh·slite. \Vhc-rc the 
sand wcit!hs :ipproximntC"ly 100 lhs. tH·r 'cu. ft. :rn<l the 
llcslitc wct!!hs GO lbs. per cu. it. l:!.SO lbs. of sanc.f 
woul<l bl.! s·uii,qitutL·d for 7.'50 11.,s. llc:slitt•. 

Thi;i; e111pli:1!>iz~is ti 1l' nt'c<l for brin(! very cardul in 
dctermininc: the: proportions of matL'rials when• :i~~rc• 
,~:1tcs nt tliff <'1T11t ,n·i'!lits p<.'r cu. ft. arc usL·tl. Tl,c 
prop111 tm11i1n~ is ba•dc.:.1llr in term:. of \'ol11anc but tlic 
volu111c mmt l,c tr,msposcd into w<.·ight per unit vol
ume so that the corr<.·ct nmount of C':lCh material is used. 

T:il.:ing into co11siclcration the fact th:it tht- more 
lightweight a~grt•ga.tc _used, the more cement \\ill be 
required to olltain the desired strt•ngth it m:i.y be 
found th.it n 30 lh. unit may cost from l to 2. cc.-nts 
less to produce than a 26 lb. unit. 

The cost of the unit is affected hr tho dilTcrtT1cc in 
cost bctwct•n s:md and prepared ilggrcgate, plus the 
clifforencc in tlic nmount of ccmt'nt ncccssary to pro• 
duce ,l required strt•ngth. 

Following :ire :11,proximate weights of units obtained 
from tlu: use of Hcslitc alone and also Ueslite with 
varying proportions of mixes of coarse und fine sand. 

t,,. el Mh, Wei,ltt ef Unit 

halite Only 26 lo, 
halite end 12.J'Y. Miual hnal 21 Ila, 
hdile HIii 25% Minli S•nli 30 At, 

Pumice Aggregate-Pumice :ind other volc.\nic rocks 
arc vesiculnr lavas in which the cells have been formed 
by the g:ues nc-.iping from the molten_ m.t~crfals. ~o~e 
grades of this material. because of thetr wide ,-an:i~ion 
in ph)•sic:11 and chemical char.lc:teristic~, arc. u~u1ted 
for concrete block manufacture. Dl.'pos,ts su1tab,o for 
concrete are found in California, Utah, Oregon and 
New Mexico. 

Pumice used ns nn uggrcg11tc in block manuf.1cture 
prll.!Sents definite probll'nlS, some clost'lr rdat«l to 
thosc- found in rc~ulnr n~i;regatcs. others peculiar to 
pumice alone. . 

Ulock manufacturers ha,·c overcome many of these 
cliffict1Itit'S br pt>rfocting their mixl"S, tightening down . 
on spccificntions for lightweight ngi:;rcgntcs and con• 
ducting pc-rioclic tests on .. their finislwc.1 proc.lucts. Otht•r 
t·hur.1cteri£ti,:s of 1mmi~ uggrcgutc urc the trndc-11(')' 
to 1egf\.'g1\tc during shipnll'nt, in the stod,pile ::as wdl 
us in the block milchinc. Tiais fc:uture is induced. up• 
pan-ntly due to its low specific gr.wit)'• J>umic.,: nlso 
p<>SScss~ vnriilhfo nbsorptivc prop<'rtit•s. 

Another feature of pumic.-c block is their tM1denc:y 
to\Yarc.ls l'.xc:essh·e shrinL:n~e. Howt"\~r. th,, usu of prop
erly cui:cd and dried block In conjunction with some 
form of n-inforcing, nr the inclusion of :ulcquate rontrol 
joints will tend to minimize crncking of units in w·.aU 
structures. 

Physic-al Properties-Pumice h:LS A fusion point of 
nppm:dmatd)• 2450 c.lcgrccs F. It poist'S.~c.s hi~h lac.'lt 
insuluting ,•nluc.-s, fire rt-sistant qualilit.'S nnd lightness of 
wright of the finislu.'tl units •. The Wl'i~ht of the con• 
vcntional 8 inch ,mit · ranges from .20 to !?5 lbs. 

Cr.adini:; of Aggrcgnre-Cradin" nf th,, aJ:1,trc1?;tte is 
an important foctnr. ·varring tcxtur<-S or block mny 
be pmduet'11 f mm either str.aight use• nr hl<.-nds of :at:gre
gate, based on American Society for Trsting )hatcri:als, 
Specific-.itinn Ql.'ll-S.:rr • 

1ne following rnnge for Pumice is pn.-smtcd merely 
as a guide for n combined aggregntc. 
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In p11micc as _wit la sa11d-1.!r:\\'C'I :ll!grq~ntc the nunm. 
~o. 48 ancJ No. 100 sieve fr:1ctions ~ccm to play nn 
important rnlC'. 

Grade ·A .. lo:id l1l•arinc: units of 1000 lb. per sq. in .. 
mny be obt.1inc<l with n lowC'r yil'id of units per sad 
of cement. ~li.'t proportions for load bearing units 
r::i.n~c from 1--s· to 1-7 mixes. 
. The cffl•ct of too much fine ii,atrrial in the nj.'!t;rcgatc 
tL·nds to ~um up tlic cc1m•11t. l'rL·mi:"<ing the p11m1cc 
:ip:grcgi\tc for ton Ion~ a pC'riotl can produce wh,1t 
:nayprovc tn hl• an 1111dl.'sirahk· im-rl•arn in tl1c anwunt 
of flue matni;1l. 111i1111s ~o. lOll to No. 200 nwsii. cl11l! 
to the rcsultinµ: c,,.cL•ssi\'c iLur.1sion of the .lf.!;!,;rcg:1tc. 
Removal of the fiuc m:1tcrial from the No. 2.S mesh 
sie\·e down, with substitution of sand to produce a 
fineness modulus of about 3.'i'0, mav be resorted to 
as :i · corrc:-cti\'C mc~m1re without aclti'in~ nmtcri:,llv to 
th~ weight or impairment of the uth~r qu.1i'itics of 
the unit. 

Proccssin~ A~1-:rcg:1te..:.For best results the a~gregntc 
should be b,1tchctl on a volume basis though delivered 
to the mixcr hy wci~ht. 

Tho moisture cont,•nt should he determined nnd com• 
pcns-.itcd for in order to h:i,·e ll uniform volume in 
e;:ach b:itch. 

Aggreg.itc if not .su_~c.i~ntly wet in the stock pile, 
should bo brou~ht to n pro1,cr state of snturntion in 
the mixer. Ample time shoulc.1 be nllowed for the satu• 
ration to t.11.c place before the cement is nc.lucd to 
the. mix. Hone cir)' pmnicc will ahsorb up to nbout 
onc-thirq il$ wci~ht of w.1tcr. 

The mix should be as wet ns possible, short of caus
ing slump of the units ns they come from the m11chine. 
Elcasivc i,tceding· from the block indicates the pres• 
enc~sof too mucli w.itcr. which should be reduced in 

-U~ A99,e9••• lnd'61t,y in Ortc.,on-0.pt. Geol119y &. Minefel 
lnclucittiet ,.,._, ;;21-R. G, Muon, 19S1 
~ht A99re9a1H f« Coftuete-1. T. ~- S. Burew ef 

MiMil Cifcvw 1a,s, 1u2 . 

quantity._ The maximum. possible vibration of the ma• 
china should be utili1.cd in. molding the unitJ. 

Curing Units-The time re<1uircd to stcnm cure 
pumice unitJ is greater th:i.n th.lt needed for snnd• 
gravel units. This is accounted for by the fact th.it 
lia;btwcight concrete geuernll)• hns a higher equilibrium 
tempcruturc; und canse<1ucntl)• a longer period nf time 
b required to m1ch this point. 

Blut fumncc Slng-Ulast funmce slag nggrcgntes in 
tho acvenal fumu at prcscmt m:id:ctcd oil'er an excel
lent an:1t&'litll for the 1mxlnction gf m:isonry units. 

Dcliufti~, of Sl:ag-AcconlinJ; to Amrricnn Society for 
Tcstin.i Makriuu, d,•5ignatinn Cl2.=i-48, blast furn.ice 
slag is ddncd ns .. the non-metallic product consistin~ 

· essc,ntilllly of silicntcs and uluminn-silicatcs of lime nnd 
otbeir bases, \\'hicb is dC'\·tlnpcd simult.1.ncously witb. 
hon In a blast furnace: 

Tna of Slag-Thrc-e g,'fleml types of slag aggre
pte arc )lffltlm:cd. n,c:sc t)-pcs &lrC known to tbe tmdc 
~i,·cl)• H air cook,J., gr.inulat«l and cx1l.1.ndt.-d. 
Eael, l)"J'C of 111-nduct is cb:1r·,1,Ctcrized by the manner 
in which tha sing is c:ool,-d. 

L The air coolc.-d t)llC is funned through slow cool
ing in dry pits, uftc-r which it is crushed nncl scrl'cnC'd. 
In the tnuk• it is tcnncd cn15h«oel and scrc«."11etl • Dir 
cooled al;ag. . 

I. Cnmulutnl sing is a cellular prndm:t produced 
wl.en moltl'I\ sl.&g is smltlc.-n1r chill(.'(1 hy ('(mtnct with a 
jct o{ watc.-r. In this 1m>e<.-SS. one or more high prrssurc 
jl"ts or w-.att>r impinge on u slrt'mn of moltc.'I\ slap;. The 
product of this o~•rntinn falls into u 1>it rontninini.t 
water. Cr.mulution li1lw1 pince partly in mi<l-nir nncl 

• p:utly fn the: w.1t<'tr pit. Fur marketing it is scrci•nnl 
_, ft'fflOVe oversize pit"Ct.-S. : 

· · S. Exp.,ndcd Slag is ii. li~htwcight product fonned . 
when molten slag is trc,at<.-d b~• .tpplying n cnntn,llc:d 
AmOUnt of water. 1·his l>'PC of product may he pro• 
duced by mcch.·mkal cl,•vic-C"S, nr b)• dirrct n1>plic:ation 
cal mratrolk·d amounts nf wnter to the mnlt1..-n slag by 

means nf w:1tcr jets, with m without tlic addition of 
coinprc!ist•d ::iir. The nm,mnt of wntcr nl'e<.icd is less 
than that rcq1mL>tl for l!ran11ia11011, co11seq11cntly, n re'.• 
ativcly dry Cl'llul;u l11111p is f ohncd pmscssing ,1 small 
cell structure. • 

The product of this operation is then crushed :ind 
screened to li'..d1twci~ht :lg(!n.·gatt! sizes, Lar~c amounts 
of expa11dL·d · ~la!.! .ire p~1;d11ccd hy the ,;it proct"ss. 
This form of lit!l1twci~ht .ig~rcgatc has become very 
popular. since th,• convc•ntinn:11 l'i~ht-inch units pru
d11c1•d f rn1n ti,1~ a•/!'.r<·~~at,· •· •·:"ii onlv ,.l,rmt :lo lbs. 
..::ompa1n! wilh tl1<! •Ill lh. wc1gl1t uf the; lwa\')' concn·tc 
11mts. 

Tr.adc Nnmc-s-Exp,mclc<l slat! is uwrkctcd umlt.•r such 
trade names as Cclocrctc, Suiwrnt'k. \V.1ylitC'. Enslite 
and other clc-sii:inntions. 

Rcmovni or' Iron-In rhc COTI\'(')'in~ system ma~nt-tic 
pulley scr.,mtors nrc nsr.d to rcmcwc the metallic iron. 
Gener.illy only \'t'ry sm.ill quantities of free iron urc 
preseont. Experience hu.'I .shown that under modem con
ditions nf sl.1g proccssiiig. this iron 1m·scnts no insupcr• 
ublc problems. 

Physical Properties-One nubtnnclin~ udvnntngc in 
using cxp.mdc."tl sl.1iz in concrete products is that bc
caiusc of its cellular stnicturc, it posn•ssc.-s a lower heat 
tr.ansmission cudficicnt und l\ grcutc.•r fire rmstanCf' 
quality thnn concrete mndc from hc.•a\·y n~~rcgntcs. 

\Vith mixes made from c~p:md,"'l sla~. it is most· 
desir.able to h:we the llggregutc 11rupcrly wcttr.d la•• 
fore the cement is addL"tl. It should be wcttc."tl with 
about 75 per cent of the tot;1l n:quircd mixing wnter, 
either in the stockpile or in the mixer before the ce
ment is .iddcd. After thoroughly mixing the nF:grcgnte, 
the cement nnd the b.'llance of the rc..-quircd wnter 
should be added and the mixing opcr.ition completed. 

Mixing Proccdurc-TI1e wet mixing period is espc
chilly desirable where c."Cp:mdcd sla~ is used. With 
this treatment the surface cells Arc filled with wntcr 
And when the cement is added it remains on the sur• 
face of the pnrticles where it is used to IJc.-st nd,·antage. 

A good rule to follow in all cnscs is to use the mui
mum amount of mixing \\r:itcr nccessnry to produce 
a •,wter web'" or "»been" on tho surfucu of the units 
without c~using the block to slump. 

Weight of Units-The weight and strength of con• 
crete unitJ ore influencc:d by the type nnd grading of 
the aggreg.,te ns well as the qunntity of wnter used .ind 
the cement content of tbc mix. 

nae weight of sing block made from the snmc aggrc,. 
gmte may vnry in different munufncturing plnnts. The 
factors whic-h inRucncc this condition Ul'{ll"1W on the 
type of machine U5cd, the volume of core space, &ind 
tho concrete tnix. . 

Tbc weight of 8 x 8 x 16 inch ,anits with A nominal 
WAil thickness of 1-1/4 inches and a core volume of 
approxinmtoly 45 per cmt, are gencrnlly within the 
following r.inge: 

._,_.., sr., ,. .n 
Gt ... tetl Sl•t-11.sMla 80•31 »~ sr., a.a 

Recmnmcmdutions.:.r,nr best results in processing slug 
block, the follnwing 110ints should be ol>scn·ed: 

L Shlg. bcC".ausc: of its 11hsoq,ti,•c qualities, should 
not be mixed dry with ccmmt for masonry unit mix• 
tures. 

2. Approximately 75 per cent of the required water 
for a batch of cnncn:tc should be mixc«.l with the dry 
aggrcgutc before the cement is added. 

3. Concrete mixtures should be ,nude u wet u 
·possible consistent with desired trxtuml fo:iturcs. 

<&. A Oneness modulus of Approxirnutc.:ly 3.40 to ·3.00 
is best for gcnc:ral 1mrposc units. Acousticnl units mny 
h:l\'\1 u hh!hcr fincnt>ss modulus. Tt'xh1rc is controlled 
h~· th,• raiiu nf fin<' to c:o;arsc a!,CJ,.Pf'c..~.ttc.~ ~n-d in the 
hlut•k mi\lurt•. 

S. l,1•11s:th of mi,iu..: time.• ii imt,c...C,mt .a• it afl',u, 



tlic strength uncl otlu:r pi1ysicul cl1;1rat'tL·ri~11cs oi tlic 
ti Ill IS, 

u. l11 i.:c11l'~,d. 1111its t'l11Cd for a {)l'nod n( twn l1m1rs 
i11 low prl'ssurc stl·,1111 r1·aciiin!!. n trmpc'1'al1irc ui l ,0 
dl•~rt:c:. F. um! fnllowt•d l>y a siow soaki11~ ,111d cool1111! 
1wriml i11 the da111p .11111osphL·re ni tltc ki111 wiil lic 
sati~foctorily_ curL·d., Tiu.: 11111ts shoultl be stockpilccl 
for dryin~ prior to 11sr. 

The folluwin~ typit·al ~ii.:vc ,11mh·s<'s of co;irse anc.1 
fine u~~rcgatcs ..ire hai.l·tl on :i study of ::ivcrac:c sieve 
an.1!yst.:S of F.xr:rncll·d S!.1~s f rorn nil sources in the 
U 11itL•d St,ttes. • 

Tllllle V COARSE ACCIUGATE 

s;..,,. , .. ,,. .. 1.,i •• 0,:, .. ,.;,. ... ,..,. ... , 
Si,ea "~'"'"' heh Sino P•n•d 

1/J ill. 0.0 a.a 100.0 

, .. "'· :n.o 22.0 78.0 

#4 90.0 u.o 10.0 

#1 94.0 4.0 ,.o 
F.M. ,.o, 

PINE AGGREGATE 

Sieve c .. -1., ... e "• lteteillod "•"e"' 
Siaea P'ernnt heh Sieve Pntell 

~- in. a.o 0.0 100.0 

#4 :a.o :a.o 97.0 

#I 19.0 16.0 11.0 

.;"14 :a,.o 20.0 61.0 

#21 '4.0 2.5.0 36.0 

#41 10.0 16.0 20.0 
#100 19.11 ,.o n.o 
J.M. 2.'4 

. For good block tcxltir.11 rcsulls, ni:~rc~ntc !-hould Le 
prnpor.tioned to nppro~imnt~ the Thcurctic;tl Crntlin~. 
with a fineness modulus of 3.70 as shown in T,1ble XI. 

• 1~picel Sieg AnelyMI Supplied by H. T. Willl.ma, $1•nd•rd Sieg 
Comp,My-Vou11911owft. 

ll'M &IHI fl.ornece $1•9-P,oduclian, Proce11in9, P'rop41rlitn end Uaea. 
IIIINNN of Moncta lvlle1i11 419. 

S'-9 Concrll• Muon,y Ul\i11-N11.-el Sieg A11ocit1ion, WeahinglCM'I, 
D.C. • 

n,o inc.•thod of c.Llc111i11intt n tlrsir<'tl F.:\f. from u 
known F.~I. is outlint•d on p;,gc 50. Fnr instnncc for n 
F.M. o{ 3.70 dc.'rh-c-d from n ,::rnding of n~gr<•~ntcs 
as shown above, tlic proportions ilrt' npproximnh•ly 25 
per cent coarse to 75 prr cent fine n~i,:rc~ntc. The 
C"nlcufatcd combinC"C1 n!!gn•gatc ;111.1lysis from these per• 
ccntage 11roportions is shown in 1'o1hlu \'I. 

hW.VI COMIINID ACiGUGATI 

si... ,.,....,,.,;,,e "' ....... ,_ .. , 
s;, .. ,.,. .. , hell 5;..,. , ...... 
~1' ... s.s s.s 94.S 
#4 24.S 19.0 75.S 
#I :iu 14.0 61.S 
#14 Sl.S 1S.O <46.S 
#'H 72.S 1'.0 27.S 
#41 14.1 12.0 H.S 
#HO t:1.0 7.1 ... ... . .. , ... a.11 

Sawdust A,:,:rc~nte-S,,wdust nlnnc: hn1 been trkd 
ont ns an U!!~rr~ntc: for ln,1d ht•.iring units h>· mnny 
c-xpc,riml'ntrn. 1'he .!ltrm~th r<-sults nn hlod:: ha\·c µc-n• 
crally IK'c.'11 so Jow as to preclude their use for this 
Pll'11ffllt'. 

lk-amsr. of the ,·nrird ph~"Sia,J chnrnctttristics of saw
d,-" nhtahwd frnm cliff l•rc.•nt t)~ nf wood. uniformity 
in stn.-n~th nf thr concrt'lc is difficult to nttain for 
thmc frasnns:· 

1. 1'ho uniform size nf th<' 1>-1rtidt•s. 
2. 11te l)l'('!K'llC'<' nf c-hips nr Jumps which foil to Jm5s 

A No. .C St.'TC'Cn, nnr should it ht' so fine th:,t it will 
all puss n No. 14 screen. 

3. Thu fact th.it, sn111c wood (cC'u.u for in~tancc) 
mA)' contain ns mnd1 .15 2~ tannin {tannic ncid} 
which is C'Onsidcrcd dC'trim<-111.aJ to concrete. · 

4. nw ,·ari.,blc h:ngth nF time of st•t of concrc.-tc 
c1'ix"lldin~ 011 Ila~ cnars,•nc-i;s or fincn<!Ss uf rhc snwdust. 

S. TIH• 11rc.'Jl'11cc of nppn-ciahlc nmounl~ uf hark in 
IIM" s:1wdu~t t•xrru n r<•t:mlin~ nnd wc.-akcning rtr <'Ct 
011 llac• c·onc·ra•h•, 
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S;llld as ;111 nddition tu a mi:1. of l'qu,d paru, liy 
volume-, of portln11cl c.·.,111c-nt. sand a11d fine wood saw
ci11st will pn11111cC'. aitcr n few d:w1,' c·11ri111!, a concrete 
~Iron~ <'t1UUl!i1 to hold nails, Sa;1u kmls to produce 
workabilit~· :rnd ~lrl'nt~th in the mix. 

E.xpausiun or contraction features must he coniid• 
crcd if the concrete is to he cxposc.•d tu weathering 
conditions. 

r n view of the v.iriablc bl'h:wior of the different 
kinds of sawdust it is aclvisahle to r~pcriment with 
the matcrinl before rrocrcc.iinc; with nnr lar~e scale use 
nf this type! c1i Mric·rrlc. 

Culcul;1ling Desired F.~(. from K11own F.M.-Whcn 
it is necessary to calculate the pcrcrnta~cs of fine and 
coarse ar.;grc.-gall'S of known fim•nc.•ss modulus required 
to produce a c:ombincd il~f;rC~atc of n desired fineness 
moduh1s, procc(•cl ns· foilows: 
Mctl,od I. The i:c.·nernl equation is: 

XF.:'.I., + ( 100 - X) F.:\I .• = 100 F.~I. 
WhMc X is the percentage of fine aggrcgrate. 11nd 
100 minus X is the pcrccntngc of co:trse aggregate. 
F.M.,, F.:\J.,. ,md F.:\f. .ire, respectively, the fineness 

moduli of fine, coarse, nnd combined n{:g-regntcs. 
Assume a fine nggrcgnti: of 3.15 F.M.; n coarse aggrc• 

gate of 5.55 F.M. 
Hc:quir~d, a combined .i~gregatc of 4.00 F.M. Then. 

applying the equation, 
X (3.15) + ( 100 - X) 5.55 = 100 (4.00) 
Or, 
3.15X + 555 - 5.55X = 400 
Clcnrin~ this equntion, it is found that 

]$ . 
X = 2AO == 64.6, which is the percent of fine aggre-

gate. Then,. 
100 - X = 100 - ~.6 = 35.4, which is the per• 

centage of coarse aggregate. 

A/cl/,0t/ 2. 

X = 100 · (~ ) A-C 
Where X is the desin"<I percentage: of fine nggn,;atc, 

A is thu ~.M. of the co."ln~ ni:~rcg;1tc (5.55), 
U is the l• .1\1. of the enmbincu nggrcgntc 

(4.00), nnu • 
C is tho F.~I. of the fine aggregate. TI1en, 

"' (5.5.5 - 4.00) ( IS'i) 
A = }OO 5.55 - 3.15 ::; JOO .2.4() 

= 64.6, or the percentage of fine · nggrcgnte. Then, 
100 - 64.G = 35.4, or the pcrcentngr. of co~usc aggre
gate. 

Soction 4-Sogrogacion of Aggregates 

8'-gr<-g.1Uan of the n~~r«-gatl"S is one e1£ the most 
trouhk•.somc pmhJrmic with whid1 th<' hind. m11m1• 
facturcr hns tn cnnt,•ud. EITc:cth·c.: C<>ntrol of SCJ.'l'Cg:&• 
lion mnkcs for t-ronnmy since it u~ a~gr<-gnb"S tn 
their best ndvnnlagc, thereby oh\inUn~ the need for 
atlditinnal cement. 111is is nccomplisbrd by mniutnining 
grndinJt which gi\'l"S the Jrnst surface arcn to be 
cootcd with cement pitstc. Without rontrol the amount 
n_f n particuJnr si1.c nggn•~:itc in n block will \-:ti')• con
:udc•r.ibl)•, The result will hci tno wide a v:uiation in 
lht• stn-i1r::1h of the finishc.'<I product, Usin~ propc:-r 
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controls. hid1 s'trcngth 
produc~ c.m· be proc.iu~c<l 
w,th a minimum of cement. 

.-\~~rc-gntc, · wlicn hl·ing 
tr:lmfcrrl'd to the litorns:e 
bin, :.l1011lcl UC hantlll·tl in 
such .i mnnncr ns to insure 
th:it the lari;cr p:irticlcs wiil 
not be separated from the 
~m:111,·r OllC'S. Thc.- material 
should Le cleli\'ercd to the 
ccntr.r o( the bin, and the 
Lin kept ns full as practi• 
cahlc nt all timt·s l,y mnin
tainin~ n l,nlancc of the in
comin(: · and out!;oing m:i• 

tcrfal. 
When matcrinl is ddiv-· 

ercd lo a !Jin 1,y conwror 
belt, the ,·ibr.ition of the 

• belt is likely to produce 
consicl<.•r:ihlc sr~rcgntion. 

,o "1 1 

,' I 1 

,P I I I 

J' I I I 

I I 

C I 

The farger pnrtides of the Fiwur• ,. G,•pt..c ... ,1.,...,.11 ., 

nggrcg:ttC remain On top Of how t•tr•W•tiH ef •vtr••••H 
the mnss. the finer n~~rc- ,,i.., 111u•.• 
gate tends to srttlc to the 
bottom anti whl'n dischnr~t.•d into a bin from a chute, 
still f urth~r Sl'\>ilr:ttion in the strt.•nm of incoming m:itc• 
rinl 't.1kcs pl:ice. 

Scgrcgntion occurs nlrnost cxcl11sh·cly in the co:irsc 
aggregate; ,vhcn co:irse n~i;regatc is clischnr~cd into 
a sqmuc bin hy mrnns of n bucket clcvntnr nnd c.lc
Jivcrcd at one corner of the bin onto n chute placed 
at an an'~Jc, tho coarser particles ns they hit the cbute 
tend to bounce to the outside of the delivery strenm, 
then in strcnms of ever lessening sized p:irticlcs. A 
point is reaclacc;I where the finest m:iterial slides down 

• I. L lobb. Rocli. Proclvcta. febn,.tty, 1947. 

th<" chute :ind falls in an nlmnst vcrticnl stn•am into 
the- Lin, thus .pmduciu~ furth<'r scgrt•,:;.1tion. 

n.c lnr~cr l',trlidrs huild up fastrr in the hin than 
the im:dll•r 011,•s and C\'Cntnally roll hnck on•r the 
srma~l,•r 1,:uticlrs, until lite latter cntch up with op• 
Cr.3hnn.'t. The rt"l'lult is un 111,:~r<'~te d<·tm~itc:-d in the: 
bin in h~rcrs. of irrt'l!ulurl)• graded si;,.cs. lhlfnc-s properly 
pl.aN.'d m !nns lm_,·c in snrnc inst.uu:cs provrd helpful 
in pru\·cmtmg rolhn~ nncl sC\gr<'s:tntion of the llp;,:trc~nte. 

M.any pl.ants m·rrcome · much of tho sr~rcg.aticm 
probJ<-n, thmngh the use of s,•p.irntc hins for the 
stoi:tzc of tlic rl'Sj'K~ti\·c iii,:('() nftgrc~:ltcs. 

Fane ll~~rc-gnte such ns smnl, which has ,lifTcr<."nt 
siu-d p.1rtidrs and which is more or lc•ss cl:unp nt all 
timc'I, dncs not se-grc,;ntc readily bcc:msc of the cff cct 
of the surf11c:c trnsion of the water cont&lincc.1 in the 
111nd. When dry t'nou~h to flnw freely, it is liable to 
s•c-gntc without n-idf'nC'C'I of scgrci:;ntion hr.ing too 
ob,-n1s. JC sud1 a condition exists, it mny he rc,ncdi
td by d1unpcnin~ the s:md, ~c:-cping in mind thnt cor
r<"Ctions rnusr oc macic for wnter content nnd bulkinf; 
factor. 

_n.c amount of moisture thnt cnn he hcJcl by sand 
":'•th rt•nsonahlr slnhility clrprncls nn. its ~rndin~. p:ar
bclc shat>e. surfoc-c tc.•xturt-, stnraJ:c mul drainn~o facili
ties "!"l L, u~uull~• bt!twc•,·n 3 nnd 6 (K'r C<'l;t, 

lnd1\itl1ml plilnt ml"t"lmnicnl dc-\·il't'S m:iy he dcvrl
opcd to. ()Yf'rt'OIIU'l <!ifficuhy or ~<.•,::rl'~ation. 

Builclin,:t a Stndqlll" of A~J.trt'J;ntc - Com-ct stock• 
pilin~ !'r ro:&D<' and fine :t~!-tn.,:att•s b an important 
factor m nny hlot>k plant nud one to which too littl«
attention is ~h·L•n. Uul,•u J>rOP<'f att,mtinn is prm·iclrd 
for, this phase of _opc!rntion mny provr tn I><! our. of 
the most i~nport:mt cm1sc.-s of \'.i.riiltinn in the stn•ni.tth 
of lhc _fimshcd product, due to scgrc:-,:nUon ,or con• 

· tnmin:abon of the :i~grc,:ntt'. 
C:fflmlll)•, the m:ttf!ri:11 to he strn:::J.:pilrd i:. laid di

rml)• on tlw ~und. Thcn!forc. c.i.re must be tukcn 
whc"ft rc•anm·inft the m:m~rinl :idjaccut to tho ground 
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s11rfacc to prcv<·nt contamin:ition I,'., the soil or ollll'r 
(ur~i~n m:it1•rial. Adj;1crnt pilrs of the dilfl'rl'nt si1.cd 
:l!,!~rep:atcs shoultl lie kept dl'fipitriy SC'p:t~;ttecl'. 

Another fa<.·tor which must lie ).!11:wdl·tl ;1~ainst is 
<lroppin~ coarse ag~rl'l.!ate from !,!r<'at liC'i~hL'i, since 
se~rc~:1tion or lir<'ab~c may rrsult. ln many inst:mces 
n crane nncl buc:kl:t is ust'd for stod:pili11~ :ii;:~rc~atc 
:incl also in rcmov111~ .till' matC'rial frnm tile stockpile. 
This mcthocl of h:mclli111! m:ltl'rial mav be ~ood or 
poor cl1•pc-ncli1H~ l.tr~t•ly 11pnn tilC' skili' of tl{c cr:mc 
operator. 

A cone shaped pile. resulting from clischar~in~ ma
terial over the <"ncl of a convC'yor lidt or hy pl.icing 
with a crnnr. h11c:kct dumping co11ti11111111si~· i11 n11c place, 
is not n correct way to build n stodq,ik•. D11mping 
from .i. tmck, nnc.J IL•tting the mntcrial roll clown nn 
incline is also productive of segrC"g,ltio11 of thl' a~re
gntcs. 

A stockpile should hC' built up in horhmnt.,I luyt=rs 
by dl'positing tlm ng~'l'ct;.ltc in sm.,11 adj:lcci1t piles. 
Them continue orwrations hy fillin~ in the depressions 
between the piles. This procedure is followed until 
the stockpile is of sufficient size. 

A cone shnpcd pile may cvcmtunlly result, :i.s the 
perimeter of the h,•d is r<.•duct•cl, hut tlw at:t:rr~ltc:, 
h:ivin!!: nchmlly h!!c-n placc.·d in flat lay<.•rs. will not be 
Sl'!,':rcr;:atL·d. (n dumpin,: frnm n truck, not n,·c-r :1 tmck
load should be deposited in n place in order to keep 
the surface ll'vcl. Figure 5 following illustrates these 
points. ·· 

Storai:c Bins - The style nnd si1.c of i;torni:c: bins 
nre governed by sc,·t.•ral factors - the purch:.i..,er's 6-
n:mces. the size nnd foyout of the pl.int, .i.nd the 
probable future business exp:insion which m:iy be ex• 
pccted in the loc:ility. 

Bins may be squnre, rcctungulnr or circulnr in sh:ipc. 
Squ~re bins nrc less expensive to construct, hut cylin• 
dric.il bins arc preferable for the stornge of mnterfals. 
Whatever form of bin is decided upon, one (()nnncm 

• 
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STOCK•PILING SCRECNCD AGGRi:GATE. 

factor applies to all ty{)C'S; that is. the horizontnl dintcn
sion should .ba as small as pmcticnblc in rcbtion to 
the hci~ht nf the bin. 

Bins ·shoulc.1 h.'l\'C n bottom slopin~ nt l<'3St 45 to 
50 dc.•g. f rum the boriwntal towards the ccnttt. with 
the oul k•t ut the n[>('X of the pynnnid or cone. n,o 
pyrnmicfaJ bottom of n squnro bin will somc.•timts cause 
dnm1> 11mtcrinl to '"lum~ .. in &he c:ontC"rs. Suda a con• 
dition nm)• 1nudut'C s~n.,tnlc."<.l dbtrilmtion of the ma• 
trrinl ns it i5 with<lrnwn f mm the bin. Hin sh.ipc and 
moMurn <.'Onhmt will nff,-ct thC' d,•grt'C nf Sl'f,tl't'~tion. 

Onll m,:th,KI or m·crroming the possihility of material 
•h:an~in~" is to fit into <"",u:h cqmcr a dinmuntl•shapc-d 
pl;itc .arr.mgcm<.·nt. Tlw tllntc.i a55<.•mhl>· t•xhmds upwards 
fmm tlu: di~chargt'. thus eliminating tin: shallow cnr• 
ncrs by giving the di5chnr~c S<'Ction un octn~om1I shape. 
nu•so u~sc:mblics may citht"r he bolted or wrlJrd onto 
the sides of the hin. ll is .:u.M.sablc to 611 lhu sp.,cn 
bctwrcn the bin sides nnd the ndclc.ad 11lntc-s with con• 
crctc to ~ivc support. The concrete mny be intrnduced 
through openings provided b)' rcmo,·ing the apex of 
each pl.ate. 
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\\'Jac.,1 it is n<-CCs5nry to di\'idc n bin, the di\'iding 
plata should he c:1rri,:d :ihm·c the rim to 11rc\·cnt the 
inh,,rminglin1,t c,f mutcriul. Bins for aggrcgnto should 
be loock•d in such a maimer ns to a\'oid coning of the 
matcrfal5, nnd should he kt•pt as full as 1m1cticable at 
i:all times. 

nae bin for bulk storn~c of cement should be gi\'c.•n 
spc."C'iul nlll'ntion. It should be wcatherti~ht, .md c<W• 
ered with a stet•I roof pro,·idcd with a mnnholc and 
air ,·cnt. All foirits shoulJ be pcriodic.alJ>· checked for 
wcatlwrti~htnrss. · 

11ac ho1111er slnpc."S should be stt nt not Jess th.in 
50 deg. hut 1m•fc:rnbl)• at 60 d,•g. nn(.ti<'S from thl' 
horizoutuf in orclc.•r to rc•mh:r. the bin sclf-cl«•nnins. IC 
diff <".rMtt hmnds of ccmt.•nt are used. the bin should 
be dMclcd, nnd ench Jm,md of ct-mcnt kc1>t sc.•parntt'. 

FormuLa for computing si1.l'S nf bins and tanks will 
ba lnuncl in S<'Ction 21 - Tt.-chnic.11 Notes. . 

Ddmninntion oE Contents of Sturngc: mns - He-
causa of tho J.irgc ,·ohunc of aggrt'g;1tcs used in con• 
cretc hJnck Jllants, it is :.lwa1~'S desirable to know the 
volume or ut,tgrcgntt" n\·nilablc in the storage bins. An 
c-ffcdh·c.• ,md sim1,lc ,ystcm bus lx.'<.'11 dc,·c:lopc.~I which 
r'1PJlm \·olmn<."I in hins quid.I)· nnd ncci1rntd)', 

nae principle: on which the S)'Stt.•m O()nr.ltl'S is b.tscd 
on the fact that prcuurc from the n~srcgnt<' in the bin 
will ac:tamtc un c:Jc.'dric switch. Such switchl'S can be 
act in· 1110 wall nf the: bin at ·prcdctc•rmiucd lcwJs. In 
butallalions now in use the switches \\'t!rc set at qamrtcr 
poinls in the hc.-ight or the bin. nacre \V('fC therefore, 
switcht-s ut the to1, of the bin, at the ¾ point, :it the 
¾I ancl the ~~ points. The srstcni is illuslrntcd in 
Figure 7. · 

Along du: edgc.-s of an ordim&r)' c-foctrical outlet box 
and ~tc.,uling :m inch out from the hox, strips of one 
inch by ¼ inch itecl :iro. wc.-lJ&.'f.l to form a t·ontinuous 
flilngc. Another fi:msc is formed frnm stri1>s of steel 
.a., inch hy ~ inch wcldt-d at the corners, rn:iliing an 
npt•nini:: of appru.:dniatcJy 5 ins. by 3\4 ins. The two 
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Fis- 1. Duice fer ,.9i111trift9 ltltl cNte11tt. 

lfangcs :ire drilled nt suitubfo points. A piece of rublM!-r 
inner tube is inserted bt•twrcm the fl:1m:l's, which whtin 
bolted together, pro,iclc.·s protection i'.!ainst dust and 
moisture affecting the opcr.iting nssl'~ibly which is 
mounted under the rubber dinphrngm. 

The operating assembly consists of An~· suit.iblc type 
of precision limit switch which will fit in the outlet 
box. The switch is mountc.-d in a section of comm~r
ciaUy a\'o1ilablc extrudc.-d aluminum ch.:innel, which in 
tum is mounted on an aluminum pJ;itc. The A!:Jminn:n 
pf.at<", npprn:dm:1trly 3~~ inch hy 2~, ind1 fits insic.l<- the 
li1> n( · the outlet box and is hold in pl.1cc br scn'\\·s. 
The switd, orm which •·xt<-nds thmmd1 this plate is 
operntt"d hy means or nnothcr SUitilblr hin~cd and 
;ulj1L~l•'<I pl:1tc 3 inches lw l \i inches. 

nae hingin~ urrnn~emcnt h construckd us { ollows: 
Jn this c.isu the: ch:mn<-1 is clMdcd inln two tl.lrl~ In 
the lowc•r portinn the switch is mount<-d. In th&.• upper 
portion hulc•s arc drilletl thrnu~h the 11:mt:t·s ,,ith 
suffich•nt pl.1)' to allow for a 5cetiun o( 3• inc:b round 
almnimnn hnr to he ~luNI thnmgh thr hnlt'S. 

The.• h:ar is cut Ion~ c.•unu~h to rxtc,ad hc•yoncl thl" 
fl.in~t'S :mtl allow for • the drilling and· threading of 
hole"! whida will be npprnxirnatcly *" int'h outside lhl" 
flnn~<'S of rht• cli.,n·neL 

Hui,-. s11Uicfontl)· lnrgc.- nnd in a!i~mmt \\ilh tl)OK" 
in the hnr urc: nJJiO drilled through thci 11luminum plates. 
Suitubl<" length screws nrc insi:rtt.-cl through the!' outrr 
plate nnd rC'iaching thrnn~h the bar. TJ11."Se' screws are 
hdd tight b)' rnt"'.ms o( nuts plac:Nl behind the front 
aluminum plate. 

Adjustuwnt i:c m.1dc hr turnin~ the scmi-s, tl1t.•n lock• 
in!,! th,• mO\·uhlc.o i,h,t«.' br liJ:htcning the.- nuts. 

nw pr,•~surc oE the.• material in the hin a~uinst th«.
ruhlwr ,tiuphmgrn rt•lurs tht• prC'SmR"" nt'Ct.".Wi,U")· to 
opcmtc the switch m.il.in~ ronluct with. th,~ cc:-ntral 
control 1>-md of sirmal li!:hts. 

TIICSe asicmblics arc C1lmN.'C-tt'<I hv suitable lenC?ths 
of i;i inch hc,1\'r mnduit pipe.•, They arc mnuntcd aiunl! 
on<' side or tin.• total lu:iv.,ht ol the wrtic:--.al sC'Ction nf 
thn bin. 

The.- switchL'S nrc c:c>nnc'C'tt:d by multi-conductor pl.ts• 
tic co,·ercd wire ns usc.'(l in rotary T.V. :intcnn:i con• 
trots to a light 1>mu:I instnllc."<I at a cnn,·t-nicnt point 
for eusy oh~cn·ution. n1is light panel _!s protected b)· 
u lnw \•nhagc tmnsfonn<"r of suffick•nt rakd nmpcr.1,::c 
to care for thr. numl,cr or lisht bulbs usc.-cJ in Che 
C'irc,lit. A n•rics of 6-,·olt r~dio pilot bulbs controlled 
hr :1 switch Mc in£tallc.-d in the p.,nd. A multi-,racion 
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rnt:lrV switch should lie mo11nted to h,·-p:iss the circuit 
to th~ bin switches so th:1t tlie l111ius in the p:111ci rnay 
he quicklr clu:ckc<l tn ddcrminc if they :ire 111 work• 
in~ ort.lcr. , 

Li!;hts on .the c:cntr:.tl c:011trol p:rnel become incan
descent and remain so until the level of the a~gre~;1te 
cc.1scs to c~ert forct• on thr 11ppc-r switc:lll's. The- vniume 
of the Lin cc.mtcnls is rc:itiil~ d,·termim•d h,· the n111n• 

bcr of inc:imlesccnt bulbs in the row of the control 
panel. . . . . 

Uc~1lim~ A!,!~rc~ntc 111 HIils - .\, a~l!rt'!,!:1tc l1111s arc• 
rnrclr iusnlatL·d it is not unusual for the co11tt.•nts of 
the hins to f n•c7.c in those scctinns of the country sub
ject to low tclll[lt'raturr-s. WhC'n f n.•t:1.i11~ takes place, 
clchi)'S nncl i11convt'nit•11cc:-s in tlac production schcc.lule 
mauifrst tbrmscl\'t'S. 

Sinc.-c gr:wcl-snnd a!:i.:r<'gatc uH•d in hlocl.: manufac
ture must he free from impuritil'S. it is customary to 
wash the a~~rcgate prl'vious to its trnm,fcr to the stor
age bin. Con.-.cquc-ntly, :1 substantial volume of wntcr 
mwt he dl•nlt with at all times. 

With li"'htwci~ht i\!?~rc!,!.ttcs it is .ulvisnhlc to hnve 
at lcni1t 50 percent cir more of thc total mb:ing water 
present hdore mixing. Under tht'sc circmnst:mc-cs when 
the tcmpc.•rutnrc drops ht.•low ;J:2 degrt-cs F. t·onditions 
may arise which will cause trouble unless the n~grc
_gnte is thawed out. B>• mnint:1inin~ the bin cm,tt•nts 
at a tcmt'K"mtnre aum·c :12 tlc.·grccs F. n more even 
finw of material is I\SSUl'ed. 

The culilumnry mc:thod of th.,wing ngi.:rcgatc is done 
by injecting live steam thron~h the mat,•rfal hy means 
of a, ·pipe c.-onncctcd to the stc.1111 supply. The opera• 
tion is conducted from the top of the bin where the 
pipe is inserted at variO\\$ points into the nggrcgnte. 
This is n time-consuming ;md wnstcf ul pr:icticc. since 
considerable hcilt is lost before it can warm the DF?~re• 
gate. The reason for this condition is thnt n consid<.'r• 
able volume of the injected stc:im is used to warm the 
air in the interstices of the uggrcgnte from which· it 
rises b)• con,•c."Ction be.fore it c~m e,•cn assist in hcntinR 
tlK' 1mrfac:c.-s of th<! nmtcrinl it p:1Dcs. Alsn wc.•t n~grc:-• 
Jr.tic pc:rmit• hc.•llt tn J'I.L'l.1 through murc freely than 
whm 1lw 111,t~r<•1tntc., i5 dry. Stc-mn hc-nt!'I the.: aµgrt.•~ilh.• 
ut the point of contm:t. hut tn heat the c-ntin1 contents 
o( the hin tak,·, time hc.•c,msc of the resistance of the 
dric.or AJ,!J,:rt"gntc tn the Row of heat and the speed ut 
whlc:b the uggrcgntc: is used. 

nw: 11d,lition of forge qmmtitics of wntc-r c;msed by 
tlM" c-nnd,•1untion of steam nmkcs it difficult to dctt!f• 

· · mine the.: e.iuu:t w.itrr content of tbc aggrc1tntc.. Be• 
sidus, there is no J1ss11r.&ncc .. tlmt the wntcr will be 
evenly distributed througl_, the entire mnss of ap;~e-
ptc. • 

A clmNI str.am coil system in which the steam is 
p:alRd through suitubl,: sb:t'C.I pipe arr.ingcd in the form 
of ~ii• is snmctimcs used. This s)-stcm is ndvnntnJtcoUS 
where hi;h pressure steam is the source of. heat, :dnco 
It tl'IKls lo bring about A more c,•en nmiiture content 
Jn tbc ag~tc. A com1,.,risnn of the degree of h,mt: 
Jng cffick•ucy bctwc.'ffl hi~h pressure s.tcam at 125 psi 
and a tcmtx'fflturc of npproximatdy 340 degrees F. 
and low prnttare steam with n temperature of 212 to 
2.20 dcgrC'<'S F. is readily np1>.1rent. Whatever method is 
used the uggrt"gatc should imt be hl"ntcd to a higher 
lmlpmature th.in about 125 dr1t. P'. 

The obj,•ctinmahlc fonhm: to this S)'Stcm of drying 
is, tla:&t in cml,-r to pro,·idc the lll"CCHnry ·heating sur
f~ to mninha.in n fiow nf unfro1.cn nggrl'gntc in pro• 
. portion to the \·ohunc of ng~rc~atc required to mnint.ain 
the production rate m:iy rt'5nlt in considerable dccrcnsc 
in the cnp.,eity of the bin. Also the coils may tend to 
Impair the flow of mntcri:11. , 

The following method ns outlined in Figtirc 8 is 
prNCntcd ns a guide in outlining tho basic fl·nturrs 
nf a systt"ffl which has pron"tl successful. 
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Various 111cdi11111s 
of heat trnnsic-r m:iy 
Le \ISCd dcpcmii11~ 
on the source ot 
l1t:at availaulc. 011 
no uccount shoul<l 
high prcssmc :-tL·:lm 
be used, nor should 
hi~h pressure lie nl
lowc.-<l to build up 
w1tl1in the j:1c:hets. 

The j.1ckcts :ire 
fabricated from steel 
pbtc of requisite 
thid:iwss depending 
on the pressure -
which mny he en• 
countcm:cl. The plate 
sl•ctions nrc welded 
at the scams and nrc 
set in such position 
as to olTer the mini-
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the fluw of materinl. 
Ste:im jnckct.s may :also be fitted to the sitlcs of the 
bin and the whole systc1n inter-connected by t>ipo. 

Sections of ripe of l 1h inch diameter nrc pl.aced in
side simil:1r sections of .2 inch dimncter pipe, which 
serve us protection for connC'cting the horiz.ontal steam 
lines. 

\Vlmtevcr heat csc.1pcs or is trnnsfcrrcd from the 
s)·stem to the surrounding nggrcgnte must go entirely 
through the material :md the heat lost is that wh~cb 
ftows to the surrounding ntmospherc from the outside 
of the bin. If the loss of heat appears substantial, it 
m:1y be retarded by nppl)•ing hwcrs of low cost in• 
subth1g bo.ml to the outside of the bin. . 

The bin c:ip::u:ity and the daily \'olume of mat,•nal 
required will go,·cm the hc:it rcquircmC'nts. sinc:-c: du• 

tramfcr of hl'ill varies with the matcrhl1 and lhc lt•m• 
pt'l'Uturr. clilTc.:rcnc.-c. 

11u: tC'inpC'mturc rise is considt.-n"tl ns the dt.•Jtn'N 
nc.."CCS.,nry to misc the tcmpcmaturc of the ston"ll ~m• 
tcri.al tu n conditipn nho,·e fn•C"t.ing. If thu out.,udc 
tcmpcmtnrc ill zero degrt.-rs 1,•. u 40 d,•..,~C'C'5 F •. rise is 
11c.'Ct'S$;1ry to bring the n~-g;1tu nhovo frtw7.tn1t. Jf 
the outside tcmpcr.zture is 32 dC"gn.'ff F. u temperature 
risu of 5 c:legrecs Ji'. may ho sufficiC"nt. 

The 111nmmt of hc.-nt U<'C.'C'S~II')' tn tlmw the aggtt"• 
g.itc is a function nf th,• SlX't'Hic hc:ut of lhe nggn-gat,• 
used, the nmount 0£ cntniincd moisture-, the: percent 
of moiiture pn-sc.•nt as n solid mul lic111id, the- t..-mpc-rn• 
lure rise d"•~irc."tl und tht• ,·olumo of ag!tr<"~iltC flow. 

When material ii willKlrawn its pbco .is taken by 
aggn-gntc which h:is been a.t tlao top of the bin. ~•is 
aggregate is warm and upon coining in contact with 
tho heat tr.1nsfcr surf ac:cs c.-nntinucs to lake on heat 
gr.adu.ally until limo of its discla:&~o. 

As the nggrcg11te appro:u:hcs tho discharge gntc. the 
intensity of the heat and ils shorter distance to travel 
insures its suitability for nil practical pul"[)OSCS. 

Cencrnl practice is sncb thnt the capncity of the 
bin is C!<Jllili tn nt ll"":5t a normal -& houn production. 
Jt Is po~siblc to Gil the bi.u nt night and b:ivc dry 
aggrc~'ltc ready fur u.~ in the morning. 

Considering the difficulties nttcnd:mt upon the de-
1ign and Jnyout of n hooting system of t>iplng and 
steam plnnt, it is ad\'is.,ble to have n competent con• 
sultant, familiar with the thermoclymunics of heat 
transfer conduct a. survey of tho requirements neca• 
ury • 
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Section 5-Tcsting of Concrete Aggregates 

S:1111pli11~ A:.:i.:rcJ.,:atL•-lrr1·spl'<.·tiv1• nf l111w t·arcf11llv 
,\ test is t·o11d11<.·t1•d, it will 11:wc faiil-d t11 s,·n·c its p11~
pni.t• 11111,·ss tltc tc-~t is 111adc 011 .1 .s:1111plt• -wl1id1 is 
trnly rq1n•sc11t,Ltivc1 nf thr: t.•ntirc s11pply. Sampll·~ 111ay 
be- takc11 from stockpilt•!i, f rn111 conveyor !)('Its or clt11tl'S, 
or from railroad cnrs. Tl1e mt'tf1ncl of t.1king s:1mpii•s 
\':trfos some-what in ,·ach of tlwsc ci1scs. 

S:implcs from Stud~pilcs-Thc nmo1111t of tlic mate• 
rial sdcckd frn111 till' stockpile shmdcl w1·itd1 from :2 
to 3 l.ilo~r.uns (•l.-1 to G.Ci lb.). Stockpile s;1111pil·s oi ~.llld 
should be t:tkcn while the material is dnmp, si11CC'. 
in thi~ cnmlitiou, the possihility of scgr<'gntio11 is re• 
cluC't.'(.l. 

.Snm1>lin~ Mctlaods•-Thc tube sampler corn,ists of n 
steel pipe nhout 2 in. iu <limnc-tcr and 6 ft. 1011g, point
ed at one end and h:Lvin~ n handle at the «lthC'r. A 
series of 01wnings is i,1111t·ht'd along th<.' pipe in 511ch 

a mnnncr tlL:1t .a lit!q of "cars" projects from one si<lr. 
of the nprnin~s. The tuhe is forced into tlrn n~~rc~;itc 
as for ns pos5ihlc. t11rnc.·cl until the cars h:l\'r. scooped 
eliou~h mah.•rinl into tlll~ tuhn for n sample. Tha tnhc 
is then withclrnwn, 1-rc•pin~ the. openings on top. 

Sand is C',1Sily smnplt.•d h}' means of n s:unpling tube 
clrivc.•n into the pile at dHTcrcnt points, r rom top to 
bottom. When smnplcs nrc t:tkc•n for moisture <lclL'r• 
minntinn, it is well tn ht'ar in mind thnt mnteri:ll taken 
froan the bnttnm nf the pile is likl•ly to contnin more 
watt'r th.ua ont> tnkcn from the.tor,. 

Whc-n snmplin~ coarse n~~rc~;Uc, the surface mate• 
rial shnukl be scrnped off to a depth or several inches 
at ~he selected points around the pile. 'By holding a 
short piece of board :ig.,inst the pile just above the 
point nf s,un11lini;, the inclusion of unwanted surface 

. material mny be avoided. Ciire must be exercised to 
avoid till.ing S<'grcgntcd mntcrial. 

S:amplC's from Udts or Chut~s-To ohtnin th,~ mn:.t 
rrtW'l'St-nt.ati,·c smntlln of n~~rc.•~utc from a lwlt nr 
chut&,, n cnmplt•tc c.-rms•st'ction or the strc-nm should he.• 
lilh-n o,•t-r shurt t')(.•rin<b o( timt-, rntlu-r than ;ust n 
portinn of the.• xtrt•nm rwc•r n Jm1~c.•r 1>criocl. Portions of 
the nu1tt"ri11I should· he tnkt'll nt rcgulnr intc.•n·nls until 
the "'hola sup11ly hns l>N'n snmplc..'tl. 1"hc uumht'r nnd 
size of lhc s.un1,les will ,h.•pcnd on tlu: qu:mtit)' mul 
nniformily of thc- U!,Z,;!:r<"~ntt". 

Sompll."s froan ltnilrond C:,rs-Sdc.-ctinn nf a rc-1m•• 
senb\th•r. smnple frnn1 n railroad cnr rt"quires · c.1rdul 
manipulation on thr 11art of the smnpl<'r. Surf.ice s:un• 
plc:s nmy he tnlwn from n mnnhrr of srlcctt:!d points. 
n.e si7.u of tho tntnl ,nm1,lc: dc,,fK•ncls on the cnpacit)· 
or1hccar. 

nae snmplc:r, startin~ nt nnc cnrnt'r nf the cnr, pm• 
c:ct"Cls in a niJs-c;:rnu foidaion O\'C'f the: surface of the 
•~:&tr. At the sc:lcctcd ()Ob\ts, the s::unplcr diAS 
down well 11nc.k"I' the snrfor:c mid sclttts n sufficit•nt 
amount nf mnt~rhd. Ac:cmnulntions rc.-aultin~ fmm rt•pc
titin11s nf this npC'mtinn nrc mixed an,l prc'lmrcd for 
tho m1uisito tNti. 

S:amplt'S mny nlsn be tnkcn whilt" cnrs nrl" hcing un• 
loocJc"I.. WIM-thc.•r c-.,rs "re unln,,dt'<l mmmnllr ur me• 
chaak-.,11)•, rt'flrt"SC:mtnth·c shovclsfol 1nny bu lnbn nt 
l'C!JCltlar inlcn".lls. . 

l'reparin,; Snmplcs for Tcst-Snnd ,nmpll'S mny be 
mlua"Cl for lt'St rithc•r h)· ( 1) <1mutc:ring or by (2) 
rifilo.l)'lM: splith•r nwthuc.ls. · · 

L Whc.,1 uJing tho c1u:uh.•ring m<'thn<l. the 11um11lc 
, sliould he thorm,~kl>• mixed un a fl.it surfot"r. nnd lhc.·n 

brou~ht iutn a ,c.-oni<.-nJ 11ilc.!. The pile is tht•n fl.attC'ncd 
out into a hayer S or ◄ in. drc1, b)• drawing the material 
outward fro1n the C<'ntcr. 11,e pile is then cut rough• 
I)· into four pic-shaJ"tC<l st,clions L)' a shm·,•l <lr trowl'I. 
T"'O O))(lOSitc: qunrtcrs arc clisc:udc.-d uf tc.•r cnrcfully 
incl11cling all the fi1ws nnd ch1,t with t•ach qm1rh•r, The 
rt'milininJt c1uar&crs .arc again thorou~hly mixt'<I, cnm.'tl, 
and lrf.':lit-cl as b~•fure. Thi., time.- the p3ir of opposite 
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cp1artcrs is uisc:anlC'll. Tli1.: pri11cq1IC' of ~l'lcctin~ Op· 
pn~itC' q11:Ht1•r~ :ilt,·111:1tt·ly is. to c:11111p1·11saw for any 
11m•q11:d tlistril111ti1111 111 the partic:lt·s. \\'111•11 tli1• s:unpl~ 
is s11tfic:ic·11tlv rL•d11l'l·tl i11 sizt· :md dric·cl. tl'/o,I~ arc cnn• 
d11ctl'cl for thc- n•spl·<.·ti,·c dl'll'rmi11atinns l'l'<filirt"<l. 

,.. 

fi9. t-Ou•rtett119 Methe.r •I ,,.,.,.,., i•mpltt 

2. \Vhcn employing tho riffic-type sample splitter, a 
special <lcvice is used. This consists of n hotlpt•r with the 

, bottom pcrforotC'd .in lon~itmli• 
~· nnl sections which ddi\'cr m.t• 
' .... .,r:--:-1' tt'rfa) into two rccl•i\'ing p,ms 

a (: .. ~ .. _.~~•·· through chutc.·s ;,ltt-rnatc-ly focc.-d 
r... f '.ir :1·\I in opposite directions. The s.,m

/;' · '! ·i -l ~ · · · pie introduced into the hup1.>Cr 
: · · :• ~ :.:k ~ · ! / · is dclivc.-rc:d in two equal por• 
•. : .. ~ l : ·;, ·, · ·, · tions, ~,ch purt rccei\'ing nn ll[)• 
~~J:z?:: proximately equal frnction of the 

•· • • .-:• m:itc.'linl from :ill points nf the 
·,i1 • 1O:..0,t1il1 ., rif. hopper are:i. The entire s;unplc.-
1• MMpl.r fer ,,.,..,. is passed through the spliu,-r. 
~! :~:."•••• ..... ,,., one-half is set :.side, :md the.• 

other lmlf i5 split iigain. The prOC('(lurc is rl•pc-t1t('(~ 
nntil the snmplc is rcc~ucccl to. the de:.irc..-c.l si1.l". 

C:rn\'rl "!?~r\!'gntc for block· 111am1focturc mny IH.' 
5.1mplcd mad pr<'t"Ktrt'<I ns nntlint>d in the c1mart-.'fin" 
mc..-thod. . 

Moisture in A~s;rcgntc-Thc moisture contc.•nt of ~n 
.1~,;n:l,:alc is vrry important. Most aggrt'gntcs usccl m 
uluck pl.mt pnac:Uco nmy cnntnin mnistt!rc in one: nr 
hoth nf twn forms. mmu•lr, surface mntsturc und/or 
uhsorlx•d moisture. · 

1'hc umonnt of moisture: ,·nric-s with ntmos11lwrie 
conditions, the nu,thod of productinn. unc.l tht' lc-nglh of 
tiano tho n~grc~ntc hns been in trnnsit nr in st~ra~<' .. 

Surf ,u:c: muislurc 11u1y he ,Mined as the mu11turc 
wlaiC'h ndhc•rcs to the outside of the p.·uticlcs. 

Absorhc..'ll moisture i, the: moisture contuinL-d within 
the ,uli,l 1,urtion uf the material Usdf nnd cannut be 
dctc.•c:kc.l h>· the nnl.«1 e)'t•. 

Jn the cnse of sand, tc..-sls show thnt the surface mois• 
lure contt.•nt mny r.mgo from one to 8 11c.-r a-nt. Titis 
f n~ or surfat.-e wntcr dilutt's the ccmcnt-wutrr p:isto 
an,l nlluwnnc:c should, thc.-rt"fnn•, be made.• for it in de
tcnnining the total wntc.•r rcc111irl'<I, in the mix. T!•ls 
surfoC'l' moisture ulso crc.-atcs a bulkmg 1,roblcan "·Inch 
must ha cun5i<lcrc.~d jn the.- tlt'Si~n of the mix. 

In hc.'11\")' alt~n-g;at,-s the small amount of alJ50rbc<l 
moisture is nm:ly nmw than one nr two per ~•t, and 
nt.'('(I nnl ho considtm"<I in th<' dc.-si!-,'11 nf tl1e max. IInw• 
C\'CI', in the c.,sc of cimlc.-nc. 1mx:c.•s.n•chla~. burnro day, 
or nthrr pornus nµgrcgatc.-s. the: nbsnrh,-c.l moisl11n• mny 
be: AS much ns 15 1wr ct-nt or nwr. 

Tiaoroughl>• dry porous a~!,:rt'S:lte h:t\'ing a stron~ 
affinity for water will absurh the et-mC'nt-water paste 
into thu porc."s wlwrc its· cementing qm,liti<'S will not 
be a,·nilnblc in producin1.,t strength. Such nsgrcgntcs 
)bould he wrttcd Lt-fore being proccsm:l, 

Since it is clinit>ult to ch•tcmninc tlm ~urracc mnish1n.• 
nf pnmns n~i,:rl"g.1tl"s, it is Ad\·isnbh: tn nscl•rtain &he 
lot.al mni~tnr,• c..·onl4•nt uncl inc:lmlc.• this nmnunt n( Wilh'f 
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in the total qu:mtit~• of water rcqmri-cJ in the mix. 
llot plate :m<i O\'CO drying are :uno11~ the scvcr:ii 

methods which m.iy hn m.cci for the <ic·trrmination ni 
moisture content. 1 

Hot Plate Method-Fm ail practical purposes, satis
factory rL·sults me outainc<l by the hot-plate method. 
The apparatus rt'quirct.l is: 

.1. A unhince sensitive to 1/::? gram or less. 
2. A small. shallow. p.111. 
3. A stirring rod or spoon. 
4. A hot plate or stove. 
A representative sampic of the n~~re!!ate (500 ~rnms 

for sand; 1,000 grams or more for gr.well is wt-i~hcd 
::ind sprcnd in n thin layer in the pnn. The snmple is, 
he.Ltc<l slowlr (nt n temperature not over 220• F.) 
and .stirred frcqncntlr. As the mntcrinl appro:lches a 
surface-dry condition, it ~hould ~c s,tirrl"tl continuously, 
using cdrcme care to .woi<l drivintt off more than the 
surface moisture as determined wl\l'n the smu.l will flow 
freely fro1n a spoon. When n s.itur.Lted. surface-dry con• 
dition is obtained, the snmplc is allowNI to cool to room 
temperature, nf ter which it is wei~hcd. The nmm~nt of 
surface moisture is computc-d by the formula: 

f . ,· ( A-B) 100 . h' h Sur ace:. motSture, 'i• = B in w ac 

A is the weight of the wet ng~rr.gatc tested nnd 
B is the sntur.itcd surface-dry weight of the ni;grc.•gntc 

. tested. 
Si.eve An:ilysis of A,::~rc~:itc-The value of :m nJZ~rc• 

g.,te, with rc:f t'renC'(' to its particle si,«;, may he tlctc.•r• 
mjnccl by means of sie,•c nnalysis. This anniysis con• 
sists of sifting n dry, weighed s:imple of the n,ntcrial 
through a series of nested sieves. From the results, 
recorded either in pcrccntnl?t: by wci~ht rct~1incd or 
passed by the individual screens, much informution 
may be derived relative to the nggregntc before it is 
processed. · '· 

Experiments have shown thnt the densest mixture is 
obtained with particles of graded sizes. nlso th:lt the 
1'.-ut dc-nsity occurs when ~mins :ire nil of similur sb:c. 
A coarse snnd has less tut.al groin surface in n unit of 
volume th:m a fine snnd, cvL•n wlacu the sands contnin 
the same proportions of solid material nnd void'$. Coarse 
A1Kls or fine sands alone urc inforior to grndcd snnds 
for block manufacture •. or tho two extremes. however. 
the c.-onrsc Simd is 1>rr.fe-r.al:>lc been.use its p:.uticlcs nre 
men: rc.-nclily coated with cement pnste. Fine s.mc.1 culls 
for more cement nnd w:i tcr in the mi:c tu produce u 
,trmgth l'C}Uivnlent to th,1t resulting from the use of a 
propcrly ~rnc.lcd n~!tro~i,tc.•. 

111C" idc-.al aggrcg.ttc i5 ·one which contnins ns n~uch 
COAnO mntmal, short nf producing harshness in the mix. 
u will produce nceeptnhlc comprcssi,·c strength o.nd 
IW'faco tt-Xturc. n"' foregoing conditions o.ru controlled 
by ahc 1tse of stan<lnrd mesh sieves in which the opening 
Ira ead, siC\"C is twice the size of the suC'CC'C(ling one. 
For an c:.11,lnnntion or this ref er to Table Vlt. 

tMll VII-SIIVII USID fOR SCHINING AGGIIGAH JOit 
CONCUYI llOCK 

..,,, 
I.Ill 
O.oH 
U46 
0.0132 
1.1116 
I.IOSI 

14/3 .. 
• 16 

H 
IO 

, 100 

IIZI NUMIH 
1-..v•f Tylw s,...,.,., s, ........ 

~- :llti• 
#4 #4 
t:a •• 
#it, #t4 
#H #)I 
#SO #41 
#100 #100 

~ aiC\·e-s arc armngt-<l in one nest,. the c.-onrsc.-st 
opening nt the top, fotlu,,·l"tl in St-'l1ucncc hy the others. 
A tight p:m is Rttcd to the buttnm of th<• lowest sie\·c 
Md a cover on the tor, or the hi~h<'st sieve. 

Several s.unplcs shoulcl he: pr&:p.m.'tl for du-ck tests 
if ~saf)", Tiiu s.&mpl~ contained in suitable sized 
pans arc subjt"Ctcd to o. temperature or .ipproxhnnt1.ilr 
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figvre 11 - Aua""""'•"' el ai•'"'• fer 
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220 de~. F. i11 order to drive ofI 
the surface mni.~t11rc-• 

,\ wri~ht l)f 1.000 ~rams (:2.20 
lh.) of tlrictl sample is pl.iced in 
the top sic\"c. Tlic whole nest 
of 5ievcs is thc11 given a prclim• 
inary shaking for two or three 
minute$. After shilkin,:t, each 
sic,·c, cosnmcucing with the 
coarsest, is shaken scpan.tcly to 

complete the separation. Mate• 
rial passing :lny individual. 
screen is transferred to the next 
smaller sizetl screen. 

The time required for shaking the sic,·«-s will ,·nry 
with the fineness of the sieve and the ch:ir:icter of the 
material to he sic\'cd. Where tt"sts arc macle for the 
purpose of comparison, a standard procedure should 
be adopted which will includo the weight of the smn• 
pies, the condition ns to the st.,tc of dryness. the 
method of sh;,king the sfo\'eS imd the time required 
to mnke the test. !\lore consistent results may he ob
tained by the use of a mcchanicnl slmL:cr. which ali,;o 
is ad\'antagcow ilS a time o.nd labor s.wcr. 

Method of Screening-The: method of scre«:ning, 
b.ist.•d on ASTM Dcsign.ition C 130-40, will scn·e as 
il guide to procedures. 

Tho screens are shaken l.,y means of a L'lteral and 
vertical motion, accompanied by a jarring action so :is 

tu keep the snmplc movins continuously. In no c:uc 
should fragments in the sample be turned or m:i.nipu• 
lated througb the sieve by the Jund. Sicvins is contin• 
ucu until not more thnn one l'K"r cent by w.•ight nf the 
residue pns.u•s any sic,.•c dnrin~ one minute. 

The weight of mntcri:al from each scn.."C11 1d1nuld be.• 
,1,:tcrmincd on a JCalc or bahmcc with a ca1lilcity of 
two·(2) kilograms, and st>nsiti,·c tu within 0.1 pnr cmt 
of the weight of the s.-.mt>lc hcing tested. 
· The weighing is to he cunmlntivn. ,tartin~ with the 
matc:riul rctuincd on thu No. 3/8-fn. sic,·c and contin• 

· uin!C in onlcr oC dccrt'Dsintt sC1'l"C11 si7.c until tlw matt'• 
rial in the p.m has bl't'II wci~hcd. Tiae ,vci~hiu~ is tn 
be mmle to the: nro1rt.."l't ~rnm. Tn 11rc,·cnt spillin~. thu 
matcrfa( on each .scrrcn should he: 1xnir'ftl into an 
anxilinr~• 1>an of sullicicnt si~"" (or onto a p;apcr) ,md 
then tr.msforrt'tl tn tlK• baluncc pan. 

Component Wc:-iglats-11,c W<'ighiug 01'K.-nation is con
d11ctt"tl in the: follc,winR 1mmncr: Any muturial rcmain
in~ on the 3/8 in. siU\-c f5 wclgbc.-d und the Wcf Rht 
recortlccl. Tn any mutcrilll nn tlttt sculu pan, -sac.Id that 
rminc.•d on the No. 4 sicvo antl rcconl the cumulative 
wclght or hnth 1>nrtion1. Tho No. 8 slcn-c m:atC'mll ls 
Ad,lc..'C.1 tn the pan content And the cumnlntl,-c tot.ii 
Wl"i,:tht of ,,II thrc-c portim11 i., n'!Ctlrclc-d. The 1>rocc.u is 

• rc,wutc-d in like nmmlCf with lhc other sil"Vt"S, and the 
cumufati\•,, ,wiidibl rc-cnnl,-c1 in L-uch in!lbtnC<'. 

Com1n1h1tion oC Unults-l. 11K.• cmnuluti,•c 1x...-r cent 
rct.-ihwcl is clc.-ri,·Nl from thtt cunueli,lh'C.! wt.•iid1ls trans
post.>tl ln r,1.·rcc:'11b,gt•, II. Tiaa J'K"rt'l'lltilgc o( t".lch 1i:r.e 
rt!t.&im'C.l is the Jiff,•r1.•ncc bctwt'C'!1l tht• cunml.divc fJCr 
cent n•taincd nn that sil.'\'f' nml the ,,,muhati\·c (K'I' cent 
of the lll'l'et'<lin~ si,~·o. 111. TI1c: fK"" cc-nt p.-.ssing Any 
particulnr siM·t• is the di(fowncc bl'lwren the cumub,- . 
th-c per «-nt nr the material n·tninc:'d on that si&."\'C and 
100 p<•r cent. ,, 

A typical c~amplc of sic.;·e;, ar.;ly:i: is contained in 
Table- vm. . , 

Dcfiniliun of Finnu"ss Moclulw-TI1c fincnrss modn• 
Jus is au imlcx numlx'I' which is roughl>· nrn110rtion11I 
to the .l.\'L"rur,c size of the purticlt?S in a given n~r.ite; 
thu~, the courser the 1~grc1t11tc the hii;hor the fineness 
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n'&Odulus will be. • 
Finenc.1s modulus 1s compub .. -cl by :idding the cumula

tive pcrccnt:igcs c:u.mcr titan r:u:h of the following 
specific st.1ml.ml sir.wll: 3/8 in.,_ 4, 8, 14, 28, •IS nnd 
100 and clMdin~ th,! :mm hy JOO. · 

Jr 100 IK'r c:t•nt •ill rt•taim"CI on may si,iVt!, ~·ad, !'Ill~• 

t'C!t'llin,t sic·,•,• hc·ini.t im,alli•r wnultl 1u-,·1•ss:ml~• rt'lam 
JOO l>l'r t'l•nt of mah•rial. I h•1tl'\'. WO 1wr c.1·11t 11111st he 
ntlck•d for c•nch nf tlw small,•r sit·,·cs used. 

Although it clo,-s imt distinguish bC'hvct•n n 5in~lc
siza A~grr~utc :md n J:rmlt•d ng~rcg:,te h:wi_ng the snmc 
11,•cra~c si,:c, it is usdul in connection. with normally 
gmd,~l ag~rr.gatc. lt nmy he u~C'd for S<"tling fn~th 
11lC'Cilicutinns, for rc:cnnl purJ'IOSCS, nnd for controllmg 
gradiu~ nnd unifonnit)', 

D\-lc-tc:rious Mntcrfals-ln order thnt the cement mny 
~lacrc to the gr.iins nf sand nm1 pnrtidl•s o( coarse 
aggrt'gnto, cncb grnin or particle of matcri:11 must b~ 
f rcc from any co;1tins which prC\·rnts n proper bond 
between the cc.-mt-nt nnd the aggrcg:it<-s. Frccdoq1 from 
conbuninntion nf the nggrognte, 1,nrticulnrly the fine · 
matcrinl, is ,·cry importnnt. Sand in its nnturnl stntc is 
moro lil;,•Jy to contain nn excess oC impurity th:m the 

grAYC'J. . . I f · ·t· (:i) Cln )' nnd silt arc t 1c • 1nnllt r('(1ucnt unpun at-s 
lu s,an<l :md ~nwt'I. ThC'~c contnminntinns r1..-sult from 
the dcc.·ompnsition of vnrious tnx"S n£ nnturnl rock. 

A ro\lgh nu~hocl of clc:h•rminin1t this impnril)' is tn 
n,h a smnli nmmmt or 1hu fim.• ~,~gn•i.tah.• in thr palm 
of t1m hand uml not<' whrthc-r it c.uu,?S u dark stain 
or sp,t. S11<'11 a stnin imlici,tc•s the.• prt•s<'ncc a( silt. 

A more C?xnc-t mcthnd is to tnkc n qtmrt fruit j.tr :md 
acld. to a depth of 2 iu., a rcpresc.•ntuti\'u sumplc of the 
sand lo he tt"Stt"C.l. Adel watl'r until tlic jnr is 3/-1 run. 
Sere\'! on the c,~jl :md ~!mkc vi~orousl;• for one minut<", 
the last fc,v shakes to ht' made in such a mmm<-r ns 
to Jc,.·cl off the snnd. Allow the jnr and contents to stand 
for on,, hour, by which lime the clay rontc.•nt will he dr.
positro in a layer on top of the sand. The line of d<"-
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'--------
·m:ircation bctwt>t•n the day and the s:md is dcarl,-· 
indicated by the difference in color .ind fint'Dess. A cl ... ~· 
la>•er of more thai, 1 '8 in. in thickness indiotes that tf-.e 
sand is unsatisfac:torv for use unless it is subjt'ctcd 
to wn!ihinct. ' 

In the cit•c:mt:llion method, a represcnbtin~ s.1mp1~ 
slight!>• in excess of .500 grnms (1.10 lo.) is tr:insfcm-d 
to a suitnblc sized baking p:i.n (9 in. x 5 io. x 3 in.i.. 
The sample is then clriecl to const,mt weight at a tern• 
pcraturc not o\'cr .2:?0 deg. F.; nf ter which foe p3!1 and 
contents arc nllnwC'u to cool. 

A sample o( 500 gr:uns of the dried s:md is wci~hcd 
nnc.l rctumcd to the p:m after it hns bt.'<'n hrushcd nut. 
Sufficient wntrr is added to co,·t.•r the snmplc which 
is agitated \'igoroush• for 10 seconds, then :illowcd tr:, 
settle for 15 s"'cconds: The water nnd ,·cry fine material 
is gently decanted, care being t:.i.kcn not to pour of: 
any s:md. The operation is repeated till the w.ish water 
iscl~L . 

The washed sample of sand is ngnin dried to con• 
st ant weight, cooled, transferred to the scale- pan ~n~ 
weighed. The diil't.•rcncc in weight between the ongi
nal dry s:ample nnd the dry sam1>le after w;isbing is t~e 
amount of clay nnd silt. It is customarv to express this 
q'"unntity ns a llCr cent by weight of the origuw dry 
snmplc. Tho m:u:inmm contc-nt of this impurity should 
be limited to 3 per ct'nt. 
P1..,.ccntn~c = 100 X 
Original 'dry wc-i~ht-dry weight after w.:ishin; 

· Original dry weight 
(b) Organic mntter is readily dc

tc.-mlincd by n culnromctric test. A 
,·cry small amn1111t of this impurity 
in the fine n~t;rt'~ntc m::ay srcntly 
reduce the strength nnd soundness 
o( the concrete units. rt is thC'rcforc 
importnnt to dl•lcnnine the prcst."11cc 
o( organic mnttc-r in the nggregntc. 
Silt (earthy mnttcr) is Unblc to con•_ 
lain or~nic matter, and fine aggre
gate with a higher contmt thnn 3 
ptt cent of silt should not bc·uscd 
without first testing for organic mnt
tcr. • 

In makin~ the t~st, a 12-nz. ~l.w 
prescription bottle is filled to the 
4•1/2-oz. m:irk with the sand to be 

..,._~~~1•J· 

..,.......,,.....-ic~_"! .. ,., 

::}! ~½•'• 

~~:;~:::~:::._~ 
,-.,..,. ll-Ovtwo 
min.._ ct#.,,. , ............ . ...... 

tcstm. A 3-pcr cent solution of sodium hydroxide: is 
· ndcll'<l until tho ,·olumc of the sand nncl soJutiM. after 
gmtl,~ :igitnticm. rcnch<'S the 7-oz. m.,rk. A rubb"I' slop-
1x-r is in...,<'rtrd in the bottle and the cont<.-nts slmkm 
viRorously, tl1rn nllow('(l to· stand for ~.f hours. 

'11,c d«.•pth nf color <1f the solution imlit"ntt'S the c;-,:. 
knt to which orgilnie mnttt"r is prrst'nt. A r.t.ngo of 
color from denr or c:ulorl<'ss to R dark nrnlx-r nuy r<'• 
suit, Any solution dnrkt'r tli.in. a. stnl\Y color shoulJ be 
considered :is a wnrning thnt tho s:md is tms.,tisfacto,:>•. 
an<l should not he us('(l until the orgnnic m.attcr 1s • 

rr.duCl'tl. Sodium lu·droxidc solution is m:adc by dissoh•• 
ing one ounce of ~mastic soda in A quart nf distillc.-d 
water. The solution is kept in a bottle with a tight 
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rubber stopper nnd should not be used if more th:tn 
three rnonths old. Caution must be used in handling 
this solution on :i.ccount of its corrosi\'e properties. 

Dctcnninntion of Voids ill A,:~rcg:itcs-Thu percent
.age of voids in nn nggrcgatc · may be <lctcrmincd ns 
followli: 

filJ a 500 cc cylindricnl gradunte ns shown in Figure 
14 to the 200 cc mark with water ;\nd another 500 cc 

· cylinder to the 300 cc mark with the agi;rcgnte to 
be tested. Pour the 300 cc of aggrcg:1tc slowly into the 
water. The combinntion of the 2.00 cc of wntcr and the 
300 cc of aggregate will gi,·e a mixture which is less 
than 500 cc in volume. 

TI,is volume subtmctcd from SOO·cc is cqui,'tllent to 
the nun1IK'f of cc of voids in the origin.ii 300 cc of 
ar,gtq;atc. The pcrccnta~c of. voids i~ the original 
•~nte is dctcnninl"d hy the CoJlowmg Copnula. 
500 cc - ·cc volume of mixture X 100 = percent Voids 

300cc 
Thb mcthntl :ipplit"S to sund nnd pebble nm;rc~atcs. 

Where lightwf.'!it;ht' ni:tsrc:~tcs arc used this method 
of dc:tr.rmining ,·nids must be modified hrcnuse of the 
\1lrying spc:-cinc grn,·itics of the different ;'izcd particles. 
Sec A.S.T.M. S1,ccific;1tion Cl0-37. 

Section 6-Grading ond Proportioning A99re9ate 

Determination of Economical Mix-Expcrfoncc tlcm• 
onstnatcs the fact that the dem,cst concrete mix is ob
taiDNI from a,tgrcgntc contnining Wt"ll•grndcd particles. 
while k-nst density results from aggregate in which 
the p."lrtick-s arc nf a uuiforin size. 

For the dcvl"lopmmt nf strength in concrete block, 
tho best mixture of cm,no and 6nc aggrcgntc should 
bo so grndtttl in particle size thnt. the {K,"rccntn~c of 
,"Otds or hollow spaces in the finished unit is reduced 
to a minimum. · · 

Since cc.•mmt is the most c:<pcnsh·c mntc.-riill con• 
taiard in the concrclo mix, iti use merely ns n void 
filler is c,:pc.-,1sivc and w,i.'\tt•Cul. In orck-r to eliminate 
such a condition nnd produce a stron~ c:oncrt"tc with 
a mininmm of ttmcmt, it is ncccssnr,v to use an nggrc
ptc in which · the v;irious si7.c.-S of the mntcrinl nrc 
PIOIJrrly proportioned in order to fill nil tho interstices 
or voids in tho mix. 

1110 proportions of enc:h of the vnrious si:r.cd partick!$ 
of the coanc and fine aggrc~ntc shoulc.l l,a present in • 
su.llidcnt amount to 611' the spaa:s bch,·ron the 1>ar• 
Iida of the next farg<T size. Thus s.'\tisfnctory gradin~ 

iS r.rmlirr!! a11cl I'ropnrlio11i11!! A~:.:re{!_a_tc ___ _ 

is obtained which results in :i concrete mice of such 
density that a 111i11imum of v11ids is prt·scnt. Tlu:n 
the function of the cement is simply to co:it the p:ir
ticles acijacc-nt to cac:n ot.her. rcrnltint! in the most 
cco11omic:1l mix producing max1111u111 strength concrete 
with the lcmt nmount of cement. 

A strong t'conomic.11 concrete c:umot l,c produce-cl 
from ::i mix co11taini11g nn cxccss of fine m:itL•rinl be
cause the smalli.:r the particles in :i given volume: of 
:ig~regatc, the ~rcatcr will be thr surface an•:i to he 
coatt'd with cc-mcnt pastc:-, :md consequent!~• more cc
ml.'nt will lie: required to bind the mass. 

Thus hr cnn·ful nttc11tion to the ~r;u!inc: of the ::i~

grcgatc a concrete of C'riuul or grcatrr strr.n~th mny 
be produced from a smalll•r amount of cemrnt th:in one 
from ·n richr.r mix, in which the a~gregatcs :ire im
properly ~mdc:-d. 

\Yh('rc Jightwcight nggrcgntc is used it m:iy be nec
essary to sacrifice some of the unit strength in ord"r 
to obtnin lighter weight nnd better tcxtur.iJ. :Lroustical 
and insulating qunHtics. This is :iecomplisbccl by re• 
clucing the density of the a~grcgntc coanbin:i.tion 
through a reduction of the pcrccntngc of fine mntmnl. 

If an nggrcgntc is ponrly gr:ulrd. it mc:&ns chat it 
either contnini. too much coarse mntc.-rinl nr an o,·cr 
nbundnnce of fines. A cnnrse ~rnded ng~~te has 
Jess tot:il particle surface pr.r unit volume than a well• 
graded nggrc~illt\ Conrse p,atc-rfal, while: 11rcscnting 
less surface :irea, introduces britlp;in~. which tends to 
Jessen the rcsultnnt strct11Zth of -thr. units. Units pro• 
duced from nggrcgntc contuiniug an cxcessi,·e amount 
of fines require more c:.ucful hmu.llins through all 
phases of operation to c-liminnte undue breakage be
cause of the reduction of strength of the units. 

It is advisnble thnt the m:mufacturcr install the nec
essary equipment to test thoroughly the. aggrqate_ for 
its suitability, remembering that ap;gregnte rC'C'C."l\"Nl 
from diff ercnt sources is likely to v:iry considcnbJ~•· lt 
may <.ven pay a block manufacturer to use a nlfltt 
rxpcnsi,·c, but better gr:ulc.'ll nftgrc1,'.ltc. 

A record should be kept of the screen annlyses of 
the ,si;n-g;,tcs rccc:ivcd at the pfant, nnd data per• 
tnining to the mixes. From such iuformntion the op<-r• 
ator ,,;ill be in a position to nttuljust quickly his mix 
proportions ns cundiUuns tlcma.nd. 

Fib'llrc 1,5 outlines n form for recording the nCff:S• 
snry Jntn frnm whic.:h lhc most rconomic.il combina• 
tio11 of mntcri:ils mny he determined. ChanltL'S ta 111cct 
tho indivilluul needs mny be introduced. 

A 1ystcm:1tic method of u.,1·11't'lsing the <1uantilies 
used should be cm11lnycd, i( comparisons nrc to be 
mnde. It is usunl to cxprC'Ss the proportions :is ,-olumcs 
of dry mnterinls with c.-cancnt AS a bnsis. The amount 
of mixing wntcr is gcnendly expressed in gallons per 
94 lb. aru:k of cement. 

For rt"gular production puryw,s<'f proportions sbouk1 
he computed on a u:11d1 of dry matcrinl hy weight. 
One advantage of weight proportioning is tho cao 
of making proper allownncc for the moisture content 
of the aggregate. lJO\\"C."\'er, whether mc-nsuremmt by 
wright or volume is used, ft is important thnt opera
tions arc conducted with maximum ac:a,rncy. 

Trial bntchcs, prnclnc:cd un~lcr npmttin~ conditions. 
should be made on ,•uryin~ combin."ltions of a~tc 
and ccmmt. These will Indicate to the produt'ff wllt\t 
combination of materinls is best suitrd tn his rcquin:
mffltl. 

An outline of suggested ranges of tri.11 mbes for 
various t)'[l<--S 'nf nggrcgntcs and their proportions in 
rclutionshitl of cement to total aggrcgntc follows. ...... , 

MJ■H ,-a-=-r.u 
11-6 - l•I 
14- ,., 
,., _ 1-12 
1-4 - , .. 
M-1•7 
1-a- 1-12 
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A direct mcthnd of lt'Sl which reproduces nctun.l 
cnndilions is alwnri prcf c.-r:1blc to ;m inclircct t<•st hnscd 
on assum1>tiom1 which mil)' he subject to vul'i:,tion. • 
Tho rt-Sult dNircd in pn>portinning concrete is n mix• 
turo of mnximmn dcmsitr: tha most direct mrami tn 
this end is the testing of trial mixtures. 

·n1e appc-nrnnc:a of the units us they come from the 
mAChino will ~in• 1111 indic;1tinn .of the suitahilitv of 
the Ag~rcgnla c.•mnhinntion proportions. lf the up1;c.ir-
1ncc uf the surfoc:c .ond cdg,~s is :mtisfactory nnd thn 
t1nits c;m be lmudlcd casil)· :md quickly without hrokc-n 
webs nnd comrn thl" mixtur.c is probably suitahl,•. 

Witb tho conrsc ?~b'rC~lte (pea gravel) grnd",J fa-om 
1(.C tea. 3/8 IA. nn~I ull fino ng~rcgntc.-s 1,nssin,c the 
Na,..4' sacwe the: ma:imnum proportion nf co:arsc mntrrinl 
that can bo iuh·nnta~cuusl)• used is about 50 1wr cent 
of the totnl n~grc.•g.,to mn.'tl in the: mix. Cuncr.illv not 
more thm, 40. pc~ ct-nt n~ coursu n~gn•g11tc ~i\'~ the.• 
clcsircc.1 cnmh1m1hnn, whale undrr ccrtnin cnmlil inns 
25 p,r a.-nt or C"nnrsc nJ:gmg:,tc will pnxlucu n unit 
wltid1 11.11 the greatest strength for A given amount of 
cement. 

Worknbility or Mix-Worlmhi1ity muy he drfi1mc.l ns 
the c-nso with which n Jti\'cn ,•arict)' c,f matcrinls in 
CC!ltuin l',mportinns c:nn Ix- mixf<I inln ronc:-rc•tt, nml 
JUmt'f(IH'ntlr lamu.U,·d. 

Its C"OnlJUl ,l,1x•1,d:c upon the 1x:rsnnal jmlgmc.•nt of 
.tt~ mixc•r a1,cn1ti~r, since lht•rtt is no gr1u.•rnll\· rt•t-o~e 
nizc:d Conn of h-st for tht• tlctcrmim,tinn of tl~is dmr• 
o.ctl"ristic. 1.'hc i,rinci1l.1l fac:tors ~•lfc:-cting wnrlmhility 
in block nux<-s un•: (J) Tho crmc.'nt factor: (2) Char
ac:t,-.utics of th~ crm,•nt (portlund cements ,·.uy in 
their wab"I' rc.•qmr«?mrnls nnd ln•nc:c in tht"ir inllncncc 
on wc,rkahilit)•) (:3) · Chamctrri5tk-s :is rcg:mls surface 
and shape: of the n,::i;rct::itr: [)ilrticlcs (4) Cmdation 
of the A1tJ;rc;-gatcs (5) Com,i-.ac-ncy of the mix. 

Design of Concrclc nlock Mixes"- A vital probJc.·m 
~ concrete block industry today is lhc de-sign nnd 

•tN C:. Hf\Mflo Pit I. O.,auy, f•b. 19.C9, 
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control of the conc:rctc mix. ~l:mv block manufacturc.-rs 
woulcl rc:1iizc a L~rc:ncr yid<l ~f block per s.ick of 
L·cment bv the prupcr selection an<l µroportinnin~ of 
the various sizcc.l :ig~rc;,.:atts . 

The fact tho.t a partic:ul.1r grading range will produce 
::i. sale:ihle product in one locality is no g11:1r:mtce th:i.t 
it will <lo so i11 ,mother loca.lity. Variations in the m:i.n• 
ufocturing rrocc~scs• :incl the curing tccl111ic1uc, will 
;~(foct tlic t.lc:11sit~·. ulisorpti\'e, nn<l textural qu.1Htics 
.ulll ultim:1tc s:n~n;th . 

The opcr.1tor must l!Cllcr:tlly utilize tlic :i~~rcJ:atcs 
at hand, rathrr th.in coutru<l with the ac.ltlcd expense 
of importin~ from a distance 11 specially graded mate• 
ri,\l. Under thcsc cu11tlitions the manufacturer can nc\·cr 
rcacb the ideal g~adation. He can, however. obt.tin 
the maximum results from the p:uticulnr materi.ils he 
must use by following certain f~mdamentals. 

Theoretically, nm:timmn density is the point tn work 
to. That is a combination of particles which gives the 
most weight in a gi\'cn ,•olumc. 

Suppose 1 cu. ft. of conr~c dry rodded nggr~.ite 
(1/4 in. to 3/6 in. sie\·cs) weighs 92.0 lb. A ccrtnin 
percenhlge of this volume is air uue to the ,-oids crcat• 
cd by contact of the parliclCl. The. ijddition o( a finer 
nggrcg,lte (No. 2S to 1/4 in. iicvcs) can he rode.led 
into the 1 cu. Ct. \'Olume to fill the ,·oitls of the lnr~t-r 
particles. The 1 cu. ft. \·olumc is still rct,,incd. hut· 
the weight is n9w incrC'ascd to 100 lb. The finer n~~rc
gnte creates 111:my more voids thnn the C."O:'Lrsc m:itcrial 
contained. but they · nrc much :mmllcr. The uddition 
of a finer m.itt~riill (minus No: 100 to No. 2S sie\'CS) 
rodded into the same volume will incrc.isc the unit 
weight still further, s.,y to 105 lb~ 111is procedure con• 
stitutcs 11 complete test, using ccrt:,in percentages of 
the three sizes of .aggregate. 

Tests should be repeated cxh."\wtively using v:irious 
percentages until a maimum weight ,is obtained. 

N._ I. p.,, .. , ... A-1 weitht-·- .......... 0 10 20 ~o ,o so ,o· 10 , ....... .,. .. ,--.a.t-................ .., 100 to 80 70 ,o so 40 :ao. 
U...ewei,llt•I "'i•t11••"A" 

.... 2 hnHt•t• lt1 _,,hi •f 
Miatwe "A" ti.,i,,.9 
9,eatnt w•ithl O· 10 20 ~o '° so 60 70 

hrc••••t• ltf wetthl 
''" 1111,.,ial 100 ,0 10 70 60 so 40 io 

U•lt ••itht el mi■t11r• , .... 

l,lol the rc.mhs of No. 2 with per cent of Mixture 
.. A.. as ah5ciiin (hnri7.onti1I line) and unit wei~ht of 
Mixture "'Jr' us ordinutc (1>crpcndicular line) nnd draw 
a rcprc.-scntnti\•c C\lf\'C through tho plotted points as 
shown in Figure 16. . · 

The pcrccnt;igc of Midurc .. A., gMng the hi!,thcst 
weight will be re.idily apparent, :ind the sba1,c of the 
curve will indicate whether the ~rccntn~c is critical. 
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Iunm.·m·c of Cr;1<lin~ of A~~rcg::itc on Strcn~tii of 
Concrete-An extensive series of conrrollc-cl lalmrator\' 
exJ>Crimcnts invoivi~g a suitable numhcr or tc!its ::ind 
nllxcs w;1s .m.1dc to dctcrmmc ( l) a good gr;1din~ for 
gcner:il plant practice, (2) to nsccrt:iin the inlh;L'nce 
of fine s:ind :alclitions on the various mixes. (:J) to <le
tcnninc :it whnt point the fine san<l commenced to 

. lihow wcilkcuin~ effect on the concrctl'. 
, ~pccfal ~tlcntio~1 w;1.s gi.,.cn to water .idditions, pl:u

t1c1ty of mix. m1x111g t11ne. tlinro11ghnc:-ss of mi~int! 11
1
1: 

mntcrials. 111.1m1c-r of fillilit\ 1lu: cyliml1'.r ll·:-.t 
1
;wld.-. 

am.l tho lc-11~th uf time uf ,·ihrutiou ncriornll'J 0
11 

a 
spccinlly designed, srntron-controllcd · il[lp.·untus. • 

Compression tests were macle .it 28 cl.1vs after cur
ing in water for 21 dars .mcl drying to eo11~tant w<.>i\!l1t. 
Tiu: testing m:ichinc wns adjusted to a capilcity of 
30,000 lbs. After the compression tests the broken 
specimens were stuc.lit.'tl tn determine by ohscrvatinn 
the dfo•c:t of ,·aryins .\mounts of fine matcrinl in the 
mi~. 

The gr.iding nnd fineness modulus of the niz~regnte 
used throughout the series is indic:llted in Tuble IX. 

TI1e Amount of cement used was in the ratio of 1 
P.,'\rt liigb early strmgth ·ct•ment to 10.5 parts :lt!~rcgatc 
or the cqui,·aJt•nt of 300 Jhs. cement to !.H:;O lh·s. mixed 
Atn,rrcp;atc, ns in plnnt practice. 
' ln these e:<perimC"nts the conrsc nggrcg:ite nml slmrp 
sand were kept in hafance to c.,ch other with the line 
s:md content '1S the vnri:iblc component of the mixes. 
The totnl .&mount of s.:incl in cnch mix was increased 
by the ndclition of fine sand in increments of rn parts 
or 5 per cent, while the grnvcl nnc.l sh-'rtl sand con
tents were dcc:renscd b)• 25 parts or 2.5 per cent e:ic:h. 

A ltudy of Table X shows that the coarser mixes 
produce the grentcr strength concrete. However. since 
they also produce a range of .rough tcxturt.-d concrct'-', 
it is neccssu.ry to have a c~rtain amount of fine · snnd . 

1AILI IX-5QIIN ANALYIIS Of AGGREGATE
IUlllMiNl Al. THTS 

~• 10 1.1 1.0 H.O 
#4 700 70A 6'.0 :JO.O 
#I 950 tU 25.0 S.O 
.,. ' tilt 91.t :U , .. 

#21 "' 99.S U .S ,:q ' . ttt tt.l .:a .2 
.,.. 1000 100.8 .2 G ... ···································;····················· 
,_..... jA...a.. ......••••••• S,6,4 ........................... . 

~ %1111111 ,C. 
,..._ .... %1111111 ....... , ...... 

1"1· I • O O 100.8 
... 10 I.I 'I.I " .. 
#a 120 12.8 'II.All H.I 
,:14 ua u.a 21.1 u.1 
•21 ... 61.0 •27.l ff.O. .... ... .... ... . .. 
#IN . t70 97.e U I.I ... . ...................................... , ............... . 
,......, M.41u&wt .•....••.••• . 2.96 ..................•.. · • • • · · · 

c ........... 
..... %111ffll 

¥,:• o O I 100.0 
~ :a ~ ~ ~ 
#I 6 .& .3 HA 
#14 IS U .t tU 
#21 100 IU U 90.8 
#41 OJ •42.1 :au H.J 
alt\llll no H.I 49.J 7A 

·- ·······································7JJ ............. . 
,......._ M~ •......•••••• 1.At .••..••••••••.•••••••••••••• 
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T.A.P>ll X-HHCT o, GRACING ANO rao,oauoNINC, OH \lUNCTH 
Of MOl0ED .CONC:HTE 

,,, 
HHt ''"' , !A,., ,u u.,, '••• 

,,, .. ,,., ....... .,, (11 tut ,1,,,. $,nf , ... .. .... C.ru,1 \ua ~--· JI~::' ICIUI l11U ty 1111.. Dry . "· ice. ••ruu ti h1.1,1 L.:o ,.s.1. 
500 soo 0 ,.:io 50.00 $,0 00 0 u., l«O ,0.S 47S 50 4.U, 47.SO •'1.lO S 00 ,. ' llU 
.C50 uo 100 4 01 45.00 0 00 10 o:, 244 :>-io, .cu "'15 1.50 :JU 41.SO '150 1:1.00 H4 :un •oo .coo 200 l.74 40.00 ,:, 00 '20.00 21.l lll.5 

6 l7S l7S 250 l S9 ::J7.50 l7JO '25.00 Hl '2U4 
7 :, so :ISO lOO 3.44 lS.00 lS 00 l:)OO 'll.l '2180 n5 :i,~ :150 l JO :>2.so j1.50 :)SC;,) 21.l l 058 
9 :1:)0 JOO .-00 l.16 :J0.0Q 30 00 •o.o:, l:l.2 1SlS 

10 17.S 27S ,so l.02 27.50 l7JQ .U.00 nt ll91 

pr<..-scnt to smooth out the texture. 
Visual examination of the specimens after compres

sion tests rcve:ilcd these facts: 
T~st No. 1. Dccitlt'dly coarse textured concrete. 
Tests Nos. 2 :ind ;J. Good mi.,:cs, slightly finer in 

texture than Test No. 1. 
Test No. 4. Very satisfactory in all respects. la sever

al instances mixes of this type ha\'c bce-n rccommmdc.-d 
for plant operation. Th,; results obtained h:l\·e bl•cn 
satisfactory as to texture ancl. cnmpressh·c strmgth of 
unitl. 

T~t No. S, in which the mix proportions were '40 
per cent grnvd, 40 per cent sh:1rp snnd and 20 pc.-r 
cent fine s.mcl, produced ll good strcn~th nnd nt:arkct• 
able product. The incr<.>nse of lCJtal snnd cpntent cnu• 
pied with the additional fine s:md causes the latter 
to show itli presence in the conerl"t<.'. If a ·:oou· :ippcar
ing block is tlcsin-d. this mix would h<' s.1tisfacto~· from 
strength and textural stnndpoints. A feature of Test 
No. 5 shows thnt this is the hid, limit of fine sand 
from which good compressive str~ngth and texture cnn 
be obtained. 

Tests Nos. 6-10. ll>• the 11.ddiliqn of more fine sand in 
increments of 50 pnrt.s or 5 per C't'nt, with corrnpond
ini reductions of the othor constituents of' the mi:it up 

to a tot.'\I of ◄5 Jll"r cc.•nt. a marked dL-crc;i.sc in strcmµth 
nf tilt" ronc:rc.-tc is nnted notil ,at ,4:; t>l'r cent finl" sand 
ac.klition, the amcn•h• showed a Jtrcm~th of nnl~· 139,, 
p.s.i. 11au~ when ton much fine sand iJ· used, str,'nt=th."I 
a.re dccrc~I consid(.'t.lhl)' nnd CC'I\U'nt is wastro. n~c 
dUl'crcncc in stn·•nglh bctw~ ·r csts No. 9 and S as 
ipproxim:itely 50 i,c-r cent. 

While an cxnct -,0-:0-20 mix is not easily obt:iincd 
in pr.u:ticc, :iplnonchin~ it as closely 11s pnactta,hlc 
will impro,·e the qna.lity and strcn~th of product. 

1no suCCC'SSh·e cfocm&SC shown in the c.,omprt>Ssion 
stren~ths of tho ,·urions mi~cs can be attributtd en• 
tin,ly to the incn.-asing 11sc of fine wid. Thcrcfort'. the 
pc:rcentn~c of fine sand should be kept as low . as 
possible. If used in "CNS it will.lower the compttSS1vo 
strmgth of tho units. • 

Ono point mi.1st be stressed, 1,owC\-cr, with rcfer
\.'IICC to the gnu.ling af the wnbi:c:d n~gn-1p1te; that is. 
a c::crt11in amount nf fine m:itcriul (11pproxi1n.1tdy· 5 
per cent p.issing the !\'o. 100 siC\'f and· 15 per cent 
p:a.ssing the No. 48 siC\'4") is needed · 

From the rt'sults · of tho ,-arious trsts AS compiled in 
Tublc X, it would st-em·. that by usin!t thn-c srpamtc 
nmtcrinls. such ns COUl'SC' a~grt'~nte (p.-u gm,-cl). coarse 
sand 11nd fine s.md, a rombinntion nf '11,t~c,r-ltt"S may 
ho ohtninc.'<l which will sh•c 'satisfactnry strc-ngth ton• 
ett.tc nt" minimum cost. 

It Is intcn-sting to C'Omparc tlu: actual combined 
gmdinJt nf TNt No. S (3.73 F."1.) with . a pro~l 
tbc.-orctic.11 ,true.ling (3.iO F.M.) ns shown an. Table X[ 
in wllich 25 tK"r cent of the aggre;;.1tc re-ma.ms on the 
No. 4' sic."\·c and 15 l)\'f ct"nt remnins on the next four 
si1a or sic.'\·cs. There wouJd be &S per cent on the 
No. 4S sieve end on tlic No. 100 sie,·e there would be 
95 per c•~nt of llM., ngsn•i;.1tc with 5 tlM' CC'nt through 
tbc No. 100 sieve. 



lAH( lll-AC1UAL COMalNlO ANO THEORETICAL GRAOINC Of 
ACClllGAlH ........ , , ............ ,,opo1•tl 

G,ad,.,9 lu1 No,$ Theo,att<.tl G,.d,no 

Sine Cwm11l,1ive a.-1.a,ned Cwnu,l•tive 
s;, .. pttetft, •''" ,teve P•u1119 ptn•"' 

:: .. J.S.l :s~ 71.l n.0 
:: • 42.t J.1(.4 H.1 ,0.0 
:: 14 Sl.O I 0.1 ·u.0 55.0 =,. h.l l J.l JJ.8 70.0 
:: ... as.o 18.I 15.0 u.o 
:100 97.4 "·" J .e. ,S.0 
f.M. ~-7:I no 

The tl1L·ordic.:al i..:radinl! of :1.70 
F.~I. is li,lKd c,11 · tt·sts 111.1liti hr 
A.C.I. Committee ilO. nnd re-port
ed in A.C.J. Journnl (HJ::iG). 

Fi~urc li show:; the pl'rccntat:cs 
·of n~grt'~:i.tc retained on the scp• 
arntc sic.•,·cs as outlin<'d in the Pro
posed Throrctical Crnc.\ing Table 
XI. 

Experience has.dcmnnstrntc·cl thnt 
a VCf)' fine or \'cry coarse s.md or 
_aggregate, h:wing eilhc.•r a l:i.r~c de
ficiency or excess of any si7.c is 
gc.-ncrally untlc:;irahlc nnd that ag
gre~te h:wing a smooth gmding 
will produce more satisfactory ron• 
crcte. 

In order to comtlarc the compres
sive strcntzth of T<:st No. 5 concrete 
with specimens m:ule from ll mix: 
as outlined u ndcr theoretic:d gr;1d
ing, a ~cries of cylinder tests was 
conducted in which :tll conditions 
'of mixing and mole.ling closely np• 
proxhnatcd those of the cxpcrimen
tul series. 

The a,·cragc compressi\•c strength 

rmahs follow: 

Aww..-ef 

Aeu,,.od 

e,ch ••••• ,,,,i,., 
:.5.0 7 $.0 
15.0 60.0 
lS.0 ◄ 5.0 
15.0 J0.0 
15.0 l 5.0 
10.0 5.0 

flHENEH MODULUS 

Fig•r• 17-,erc•"'' 
.,.. el a9or•1••• 
••taiAeil • •" e.ch 
ti•-

12 Jpec.,...... :aua ,.; :a21s ,11 

Requirements for Ag;rc~ntcs-From these cxpcri• 
ments come two conclusions: 

l. A range nf finrncJS modulus from 2..SO lo 2.90 
for the mi,;c•d sands ma~· be success£ ully processed in 
conjunction with coarse nggrcg:ltt! ranging from 5.00 
to 5.50 flnc•1u:ss modulus. 

2. For the (.-oml,incd nf_!grcsatc, n range of 3.50 to 
3.70 finenrss motlnlus is rc-commc.·ntll'd, Some mnnufoc
turcn h:n·c found it more economic:nl, lmwcvcr. to 
use A comhinC'd ng~rr~ntc r.lnging from 3.70 to 4.00 
6nmc.-ss nmc._lulus, . 

nae pruhlc.•m confronting thf." indMdunl manufacturer 
fs to pn,cluC'C n unifnnn product from thu JoCill nEtgrc- · 
pta at the lowr.st opc-mtin~ cost. 111is factor may be 
sol~l by c,nc.-ful study o{ thC' u~grt'ga.tcs nnd testing· 
units from tri.11 l>.'\tclK"S made under plant conditions. 

Proportionin,; Aggrr,;ntc-Thc mt•thnd uf propnrtion
ing agw&.•~nlt' in concrete hlncl. is dc.·tcnnincd l,y choice 
or n~it)', Jt m.iy he done .t•ith<-r liy ,·olumc or by 
wci~1t. ha nil. c.11C'S, how~·cr, the rift-ct nf moisture 
in the mnh•rinls must he- tak('n into consideration. 

In pn,pnrtioning-by ,·olumc, it is an csta.ulishcd foct 
~l1:1t serious rrror nli\)' 1,c intmc:luc."C.'tl intn the mcusnrc
mcmt of the- ngt:N"J:-.itc.-s if the hulkin~ of lhc mnll"fials 
ts di$rcgurdt-c.l. For ronrs<' ntzgrcgatc, this factor is nc~li• 
giblc, 1ml fur s,mtl or other fine 1nntc-rfal it bccomc-s 
an imr10rt,mr c:misidt.•rnticm. 

Effect of Crndin~ on Yield Pl•r Snck of CA.•mcnt
nW!'A dnt.1, r<'si1hing from scvcrnl wries of tests mncJc 
under actual plant 11mcticc arc prcsc-ntL'<l to 'show how 
unifonnity nf · strc-ngth and other c1ualitir.s nf mnsonry 
units mar be produt'Cd from wcll-grnclcd and wcll
pmportionrd :-ig~rc~atcs. 

These d:itn nlso show the comp.,rison in )'icld pc-r 
13Ck of cc.-mcnt when usiu;; rr(;ulnr and hi~b early 

stn:n~Lh l'cincnts. Tlwsl' rt·~11its 111ust 11ot lu: tal..t·11 ns 
rcprc:.cutativc of st1c.:h CL·111c:11ts iu : .. ill p.1rls Cl{ the 
country bt.:causc of tlic.: vnnat1on in d1.ar.1c.:ll·rislics of 
cements. . 

:\notlll'r fac:tor which. 11\llSt lie c:onsidvrc-d is the 
v:iriation in sta:n~th of \111its man11f,1ctmcd at diffort•nt 
seasons uf the re;1r. TL·sts h:t\'t• shown 1li:1t wi,ll: vari.i
tions nn: ohtninL·<l even with the same n~~rt•~atcs and 
ccmcut, primarily dut• to dilrl·rcncL'S in IL'IIIPl'raturc 
<luring the manuf .icturit1~ n11d c.:uri11C! 1wriods. 

C::irc was given to tl1c wci~hin~ uf the sc-parntc 
agr,r<'~:tres. the• <lch'rn1111.ltio11 of tlw a11101111t uf surface 
111oist11n·, ll11i voiu111c ;1:al <tu;liil)' of the 111i.,in~ watl'r 

(which was metered) and the mixiu~ ti1m•, ll>J.!l'lhc-r 
with carcf ully controllcd curi11l',! cont.litions. 

The 6 inch. 3-con.: modular 1111its with l iuch thick 
foce. shells :incl 1:1/·1 i11ch cc11tcr wd,s wt•i~hc.·d 36 
lb. The rclafr,·c ndv;tntilges of regular nncl hi~h early 
strength cements were .compared. It was fouml th::it 
strengths rcsultin~ from tho use of ~00 lh. rL•~1lnr cc• 
mcnt could be achieved with 305 lh. high e.irly strt'ngth 
cement. 

The cost of 30S lh. high l',\rly strcn~th cemc.-nt in 
this particular nren (Detroit) wns sli~htl)' lc.·ss than 
the co:;t of '100 lb. regul.1r ccmc.•nt. In atluiticm to th.: 
savings in direct cost there w;1s also ;1 saving in th:it 
less cem<:>nt is handled wht'n using l1igh c.irlr strcnEtth 
cement thnn when rc~uhu· ccmt'nt is u'sc.·ll. 

Figuring the yield per s,tck of ct•mc.•nt in tl~c tests 
under consic.lcr,Ltion it was fnnnc.l th:,t ;1p11roxunatdr 
•30 htock wt•re obtained per suck of rc.-g:ul:u cement and 
40 block per snck of high early stren~th cc-mcnt. 

These yields mn)' seem much highL·r than is ubt.1incd 
in the mnjority of plunts. Compatisons by the s.-imc 
plant mnnngcment with results obtnincd in former y~rs 
where control of grnding anci curing was not poSStblc, 
prove thnt the yiclc.ls obtained were due primarily to 
more accur11tc control of the grading and also of the 
curing. 

It must he.• pointc.'<1 out nlsn, that the nu"'mg time 
USC.."C.l in the sc-rit•S or tuits is ;, tut.al or s minutc.•s and 
that the maximum sh•mnin'1: tem1wraturr. was 100 dl·~. 
F. Tl1c com1ncssivu strc.·11~rh o( the hind, obtained 
u,·crnsc.~d sli~htl)' mun• tlmn lUOO psi at 7 days. It sh~uld 
be, noted that th&.• stn•n~th of units 1mulc.: during wmt&.•r 

· months WilS lowl•r th:m that ol.t.iim-c.l in s1mm1t•r 111ulc-r 
similnr pl.mt" conditions. 

Th4: mi~ prul'1urtiuns Wl•n•: 
2,;10 lhs. 11,•.1 Gnl\'<'l 
17JU lhn. Sharp S:md 
603 lbs. l•'inl' Sanc.l 

Thu mix wus dc.•si~ncc.l to gi,·c . n fineness modulus 
.• ,s dos.c to 3.70 as possible but nut c.-xccL'<lin~ •1.00. 
A. mix of this grading will prOlluc.'t' tlac m:1ximm11 num• 
b,•r· of m:1rk&.•tuhlc block lat\\'iui:g the rt.'<Juirc.-c.l strength 
fur a i:i\'l"fl umount mul lflK' nr cement. · . • 

Since the <1mmtity nf sand, like other mntcrmls m 
tho c:oucrclc.•, is either 1m•1>orlion('cl lw mlnmo or b)' 
weight, the umount or water in thu Silml bcc:umc.-s nn 
im1,nrt,mt foctor. A moii1t snml containing 5 pc.·r ct•nt 
or wak-r will occ.·u1w 11houl !?.5 tu 30 pt•r C<"nt more 
mlumc tlmn tlm s.ia~w snnd wlwn uir clry. When nir 
dry, the gnains of sund 1>.1<:k c:lnsdy tu~t•tlu .. •r. Con~'<'l'SC• 
ly, whc."11 . tl_,o s,pul is dnm11, tht• dmplt-lli of w.,tt~ he.:· 
twc-c-.a the grains push th,• ~r.1ins nf smad up:irt. 11us 
cnnclition cuusc.-s lmlkin1t nr the i.aml. 

E(f-.'d of Moisture on Sund-~luislun• ,•xt•rts a con• 
si<lt.-ruhl&.• dfrct on the fK.'r ,~•nl uf voi,ls in suml. When 
wut~r surrounds a grain of :mml it o<.'(.'Ulli~s spncc m~d 
scp1r.1tcs this grain frmn ihc gmins ndj;\t't':it to :t. 
Since 6nf! smut lins o. forger mnnht-r of gri1mS for a 
1pecihc \·olmnu it is more nff t'C.'h,1 th:m u co:irsc s.ind. 
If wnt,!r is mhlt"<l to di)• s:md and the rc-sultant m:w 
is mo,·c."C.I the mixture: witl lw fmmcl to incr~.uu con• 
sid&.-nul)·' in ,·olmnc und wc.•igh h.•ss per cu. ft. A m:uri• 

• mum ,,·olumr will h,• oht:1im,.l with th<• acl,lition u( 
from approxinmh·lr 5 lo 7 . .50 pt•r c,•nl hy ,,•t•isht: J.ur,-:• 
,·r pc•r,"1•nt:1~1"S of wult•r will ,:in• " cl,"t·n•;1M' m ,·ol• 
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umc 111111I at the pomt wllC'r<' tlic s:111d is tllllrn11ciily 
i111111datt:d it will h:i\'L' a ..,·ol11111c sii~l1tly less than 
tlic ori~inal vol111uc. 

Bulkin~ of sand is p·articul:1rl~• important wlwn volu
metric mcasurc111c-11t of :ii.;l!rc~alc is use-cl. Unless this 
factor is L;iVL'II stri,:t attL•11tio11, 1111satisfactory results will 
be proclun·tl. Bc.:liidl's more cement th:1.n nccclc-cl will 
be used in the mix. 

Hulking vn!ucs vnry uepcnclin~ upon the i;r:icling 
of the s:md, the p<'rcrntact• oi free moisture :md the 
mc-thocl nf dl'tcrmin:tticm. ( :11:.it,·r li11lki11l! oc.·c:urs with 
fine s:u1d th:in witil co:irse s.111d. Comcqucntly br~c 

. changt•s in the voids in. the s::mc.l occur with hulking. 
These conditions arc shown in the accompnnying fig
ure 16. 
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When damp s:md with :i. 21 per cent bulking factor· 
is used. a compcns:ition must be m:i.dc by incrcnsing 

•0t...,. eMI COftlr-' of C~r••• Miua-r.C.A. 

thf' •,·ulumc of the s,mcl comp:utmcnt 25 per cent. 
11ais ,·oJmnc of dnnap mat1.•ri:al if d1·icd would be cqui\'U• 
lent tn thr. volume of drr sand ns cst.,hlishcd in the 
dcsittncd mix. Similarlr, when proportioning is clone 
by wuight, the moisture content nf the material must 
be consitlc.•rt-d :ind l,c compc.•ns:att'«.l for. 

Since the JK'rccnt.,i;e of moisture in the si.md fluc
tuates from cl.1)' to d:ay :md sometimes from lo:,d to 
load, it iJ difficult, without nn nctual test. lo dctcmninc 
tho amount of dr)' s:11111 in a ·spe<.-ific: qn:mtit)• of wc•t 
saaed. 'rim \'.ariatiun in tin: walc·r c.1t11h•ul of llm x:uul 
may IK! l":IU,U'CI hy llm prn,·nl,·u\.'t' or lll>Sf'U('f! or r;,ins. 
'nau s.ind :it llm lmsn uf tla.· sl11c.:kpilu is likdy tu c.1m• 
lain anon: watc.•r tlmn thnt l.ll tlic top. 

Tho following tnl,lc shows wla.it ,·olmnc change takes 
place due tn ,,u-intion in water content in snncls. He
cause of this ,·ulumc dmng:c, corrections rnnst he m:ule · 
In tho proportionate amounts of pea gravel, coarse 
and &nc sand in u concrete mix to be sure thnt the 
solid ,·oluml'S of c:icla aggrc-gntc arc the s.imc for ea.ch 
b:&tcla. . . 

A study nf the tnb)c shows ~h:it the nctunl solid 
amount of s:ind in n cubic foot contnining 5 to 7.5 
per t'Cnt of moisture:· is only 60 per cent of the uctual 
amotmt of n smul c:ontaining l pc.•r cent moisture. 

R1mKC or Moisture Cont,·nt in S.:mcl-Snnd mn)' be 
In four sti,tc.•s ns shown in Figure 10. 

1. Oven dry-no moisture on the surface or in the 
Interior of the purticlcs. 

l. Air dry-dry at the surface but containing somc 
interior moisture, ll'ss than the amount r~uircd to 
utumtc the 1~rtidc:. 

3. &turntcd and surf ace dry-di")• at the surfocc bul 
• wet in tho inside. · 

(. Dam,, or wet-wet on the surface as well as wet 
in &he inside. 

Control or Mnleri:ils-Afr<·r thr. malcrfals h:wr ht-« 
lll•ic."C.it-d and tlH.'ir rd:ati\·c proportions determined 
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their use 1hould bu c-.in.•foll)• controlled. ~fuch of tbo 
potential ,·uluu 0£ wt'll•sraclcd miitcriuls nntl gnod pro• 
portionin~ is frequently lost throua;h inC'fficicnt batch• 
ing. 

ltro\>0rlionin:; Agltf'Cgata hy Volume-This ayst~ 
while: nut considcn-d as up to. elate as the wcltchmg 
method. iii still cxtcswvely uSNl. It is capnhle of pro
·ducln~ gnotl rc.-snlts pro\·.idc.-d ccrt:iin fum.lmn('fltnl prin• 
ciplcs arc ,:th·c.·n attention. 

11m n1,tgrc1,tlltu pmpnrtions or GO J.)C'r cent coarse •~· 
~re~atc and 010 J>er ct.-nt ·mb;r.d sands n!li us~ in lhc 
followin~ c:xmn1,Jc ar~ tilkt.-a1 r mm act uni t>hmt 1n:1c• 
ticc •. While.• thu block is of a slightl)• coars&.'I' texture 
than usu.ii, it 'L" famrcd tn c1uitc nn extent h;- tbe 

· buikling inc.lnfilry. 
Thu c.~mrsc- ng~rcgntc.• hns n fincm~s modulus of 5.26. 

while thnt of the mixt!tl sands shows n 2.50 F~I. nu: 
,·ompmilih·c stn-n~ths on 8 incl, units r.mgc.-s from 
1,200 to 1,100 psi. using 2 sncks higb early strcsigth 
C<"mcnt p.t•r h:,ti:b or 15.S.1 cu. ft. of coarse: ug__q~tc 
:u\CI 13.20 t9\t. ft. of mix<'d :w1tls. • 

. Tl.e 81.1tc:hc:r-J::igurc .20 slK•ws ,·nrious b:1tc:hcr dianM1• 
~ions nnd is sclt"Ctrd with a ,·imv to riarif)'ing the 
f 111Nb11w11t.1ls as m,·nliuuc."<1. It will b<1 nutnl lla.,t a 
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reserve scc.:tion is shown at the extreme li.:ft. Tl1is h:is 
been clom• i11 11rd1.·r to ill11stratc a L.ictor to Lie prescntcc..l 
later. 1'1ic di,·idi11~ plates should lie :mangc.:ci so ils to 
;illow their being mon>tl toward either c.:nd of the 
b.1tchcc. ·Thts p~rmits· ch:m~t'S bci11~ made in the vol
ume uf the co111part111ents to accommocfatc any <lcsirccl 
combination oi the aggrcg:itc. 

A method of calcul:iting the cuhicnl content of the 
· batcher, cros5•scctiun:tl area follows: 

1. Top scction--3G in. wide x li 
in. hi~h ................... equals . mi sq. in. 

2. Middfo scctio-n-36 in. top 
width plus 2·1 in. bottom width 
equ:ils €0 in. clividc.-d hy 2 
cqnnls 30 in. a\'crngc width 
then 30 in. avg. width times 

. . 16 in., thc h<.'ight • , ... , ••• • • equals 480 sq. in. 
3. Arc section-* x 24 in. x 3 in. 48 sq. in. 

Total cross section: 1.140 sq. in. 
it. 1.140 sq. in. x 48 in. (length). equals 54,720 cu. in. 

S-1.,720 dividC'd by 1,728 cu. in. 
( 1 cu. ft.) .......... equals 31.60 c:u. ft. 

Total cnpncity of batcher 
is. then, 31.GS cu. ft. 

The conrsc aggrcgntc compnrtmcnt occupyin~ :>. 
length of 24 in. or 1/2 the length of the entire b:itchcr 

will h:ivc a cnpnc:ity nf l/2 the total cap:icity of the 
batcher, or 31.0G di,.-idcd by 2 cqunls 15.S.'l cu. ft. 

Simil:uly, the mixed s;md comp:utmC'nt, having ": 
lcn~th of JG in. or 1/3 the length of the cnlir~ batcher, 
will have " cat,.'lcity or 1/3 the total capacaty of tho 
b.'ltchcr or 31.riO divided by 3 equals 10.56 cu. ft. 

The reserve 11pnCf!, 8 in. long. will h:\\'c a cap.-icity 
of 31.60 dMdetl by 6 nr 5.28 cu. ft. . 

The cffoct of moisture nnd bulking lm\'ing been 
cliscusst>d, the problem then is to npply these princi• 
plc-s to this c:.,sc. Jn plant practice, the s:in<~ is more 
or k'Ss wet nt all times. lncidcntt,11)', the bulkmg factor 
will v:uy. for example, nssume tlie damp sand has a 
bulking factor of 2.'5 [)C.'r cent. Since the conrso a~gre• 
ptc dO<.'S not bulk to nnr Ol)[lrt'Ciahlc .<'~h.mt. due: to 
surf M"C moisture, consider at ru; dry nmtcrml. Tlus leaves 
only the bulking o{ the sand to be considered. . 

Since tho bulking foctor is tnkt.'11 us 25 per cent or 
ono-lourth more in ,·olume for dmnp s.md, it follows 
th:it one-fourth more volume o[ bull.rd sand must he 
added to gi.,·c the cq11h.1lcnt volume of dry sand. 
TJICR"f ort",. onc,fourtb of 10.56 cu. ft. or 2.04 cu. ft. 
is the cxtr:>. ,·olume of sand measured in n damp hulked 
c:nndilion ncccssnry to pro<luc;e t~,c cqni,.·alent volume 
of dry sand. 

As the length of the .mixed sand compartment was 
origin.illy 10 in. the length must be incmiscd 25 per 
cent of lG in., or 4 in. thus ch:mging the l<'ngth to 
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:':O in. Thi~ incrc.uc in. total lcnQ'th lo ~{l in. c:h:im.tt•s 
tlir \'(1!111111" oi tlic cqn1par111wnt ·f rum lU.3G cu. { t. 10 
l,'J,20 Cl!. it. 

Tlie l1.·11!;th of 1hr. rcsl·n·c compartmC'nt is consc-• 
q11<'ntly rc·ducC'<.I liy-' inchc-s. 

·Tltc .icljustmcnrs of tl1c Late-her nrc shown in fiµurc 
21. 

In most pl.111ts tlu• liatd1l'r is opC'rall'd at its full' 
holclint'( cap:ic1t~· and, tl1l'rt·f1111•. d,11•~ not :illow for :inf 
rc•st•rn• ~p.a:c. L'11dl·r th<"'sc- c1rc-11111st,111cc-s. :,n ,dtcrn.ilf" 
course Ill.I)' he t.1kc11 to .iccommoJatc the ntr:t volume
of clnmp s:md require-ti. 

This consists of wddin~ the nc-ct'ssnry hC'i~ht of con
tnincr 011to thc,s:lnd cmnp:1rt11wnt. 

Increasing the l1ei;ht of tht' sand comp:1rtntt'nt 9 in. 
will accommodate the 2.G I cu. ft. of sand rcr111ir<"Ci 
for adjustment. 

The mi.'< which was ori(:!innllr lmst"cl on a 60 y,c:-r 
cent co:irsc :i~grcgnte to ~0 p<'r cent (drr) silnd 11.u 
been changed in its proportions. It now becomes a 
54.5 per cent coarse nggrcgalc to ~-5.5 p<.'r c-c-nt (damp; 
sand Cl')mbin:1tion. The n-lationship between tl1is c:om
hinntion nntl the orii;innl mix nre t'::rnctly the s.amc ns 
reg.uds \'olumc content of dry mntL•rinls. The \·ohame 
of cement used is still 2 cu. ft. (lSS lb.) frum which 
tl.c up,:,,n\tor is dt•rh·i1a~ th<'sl' beuC'fits: 

l. l:rnlt'r this- adju.stt'd sc:h,·me of proporcionin~ nf 
tht! n~:;r~si1tcs, the ori;_;i1ml d,·si~nl!tl mix is maintaint'<i. 
JJcnC'L', lt·ss CL'111c.•nt is ll~<•d in propnrtion to the ;1c.·t11al 
anwunt of tbmp ni;:~rc~ilt&? than in the c:isc wht'rc the 
bulking factor is not c.-onsidt•r<•d. 

2. If the bulking o( the sand is not t:11.t"n into con• 
~iderntion. tlicre wnuld be nn excess of co3rse ni;:grc• 
gntc in the mix. which would produce too ro3rse ii 
texture. 11,c extrn nmount of t·cmcnt in rcJ3tion to the 
con1hincd asttrt'f:t;lte would gi\'e n greater strength. 
but stn•n1:th which is not needed. 

3. With the nc.klition of 2.64 cu. ft. of damp s.·md. 
tho texture of the units would be smoothed out to th..• 
a1>a•ruximntc texture outilincd in the ori~inal dl'signcd 
mix of dry· mntcriills. The strength would be rc<luccd 
slightl)', hut still rf.'mnin high enough to mt'ct rt-quire• 
rnonts. 

4. The greatest nc.h·::mtnge to hc gained hr the ad• 
justmcnt in the pr.oportinning would he the production 
or more unils, nppro:dmntcly four 8-in. units morr J>Cr 
b:itcherful of nggrcg;ate. Jt would seem thc:-n th.it such 
inc:rr.nsr.d production, nt ·smiiU extra «."Ost, would be de• 
sirnhlc. 

Thc-sc a<lvantn~cs, however, art' predicated on the 
fact thnt well-grad<'d a~grcgntes nre being processed, 
cou1>ll-d witb prnp<"r curing of the units. 

If a producer i1 ic.ttis&-d with the hlt•ml of a~~egntc 
ho is using but w,mts greater yil"ld of block from the 
\"Olumo of cC'mcnt used, he may mnint:iin his c:o:u-sc 
aggregate and combined sand in the snme proportions, 
but incre-.ase the totol amount of nggrc,;nte to the 
\'Olumc nr cem~nt usc.-d, l,y adjusting the cap::acity of 
both compnrbnenls, 

Where a blend of mi~cd oggrcgnte is used. the 
\'Olmnc of a,zgrC'gnt<" shcmlcl be inerc.•ru;oo EU:idually by 
rnnking tri:lJ min-s oncl tC'.sting the units so produced 
until thu minimum strength rcquirc;-mc.-nt decided upon 

• f s obtuim."<I. 
Proportioning As.o:rc:,::itc lw Wc:i~ht-ln pl:mts wb<'f'C 

pmportinnin~ is done hy wc.-ighing the, scparnte mate• 
riab, the op,.-r.1linnnl prohlt•ms nrc grc-.atlr minimized. 
Whc.-rc consc.•n·:,tiun of c,•mcnt nnd 1m1ximum prtKluc
tion nf units rirc dt•sirro, it is cssrntial th:it moisture 
tests be nm nn tlu, si·1,:1ratc n~grcgnt,:s. 

I.Jkcwisc, the sm.•ccss of O[l«!rations is predicated up
on the use of wcU-gr:idcd and wcll•1>roportioncd ag
grcg;att's. 

Since wet s.:incl cont.:ih1s more walrr than wet co.inc 
.a~grt'itntt, :and whrn {ixrd wc.•ighrs of cement and wet 
iaud rind C0.11'$C A{;J.(ft'1.t.1tc: arc Ming used, A ch:m,tct 
from dry sand tn ":c:r .. .ww will ""1•!; in, ~'lf'I' per-·.,_ 



in the. c·o.ir:w aci:r~·ga.tt• will IH>t lit• alfl•c:k<l- to ;iuv 
apprc.•csalill· t·x1c11t. l l11s c:k111~!C may Ii,: hroucht alHJll.t 
s11<ldc.•11lr I,:" n ii!'avy ra111, i11 w11ich case a·n undrr
sanclcd, liar:d, 1111x. cu111a111i11~ loo mm:h coarse :l!!~rc
ga~,: may rcs11lt, If tlic saud is wet. tlic ,,·c,dic-tl l,,~tc.:h 
,~ul bt: sl1nr~ hy llit: \\'t•igiit of tliu wale~ includccl. 
Smee tlw ,,·c1~ht of c1.·nwnt doc•s not chance tire hatc.:h 
w~ll uc ri:·l.,cr, tli:it is tlw wc.:ii;tht of ccmt·;lt• per batch 
will be gn·,1t1.·r than required. 

A regular plant mix b.1s<'d 011 the use cf drv mate• 
· rials con~istin~ of l,i50 lh. of coarse n~i;rr.g:\tc to l,2.50 

II,,. of m1xl•cl sands, .iml 300 IL. of cement. show,; a 
rat!O of 01\<' r:lff ('ClllCflt to 10 l),ll'tS aggrq'.:lll' tl'.I° 
weight. 

1~hc term "drr m:itcr!:il" rcft:rs to .1~r;rc~ntc in a 
moJSturc-frcc or nvt•n dried condition. lt is nut expect
ed, of course, that nµi;n•~atcs in this ideal ,ondition 
w.ould ac~unlly occur in the b.itt:h, h11t it st'rv<.•s nicciy, 
as a bns1s for currcctm~ Wl'ight of matcri.11 due to 
varying moisture contents. 

For cxmnplc, it'is assumed that the coarse nggrcgnte 
h3S 2 per cent surface . wnter while the mixc<l. ~nd 
h3S 6 pt'r cent of surface water. It is evident that if 
the weights of the 01isinnl chnrgc were used there 
would be a shortn~c of n~grcgntc for n sprcific nmount 
of cemcmt. Corrections :ire as follows: 

Cenected Wei9lll1 
Or19NI Pry Melttv,e fer Da"'I' 

!J•itJhts - lb, hoev Matel'i.l• - Lb. 
C..,..A99re1a1e 1,7.U X 1.02 = 1,715--
M.I .. II h1ul1 1,'UD X 1,06 = 1,325 
T.etlll Weitht 'i:ooi 'i7iii 
c.-, ioo ioo 

In figuring the nmount of w::atcr nccessnrv for n b.itch 
tho.surfoce wntcr in the aggregnte should be taken into 
consideration. This amount of surface water figured 
in gallons should Le subtrnctcd from the totnl number 
of gallons that would be used if surface dry aggregates 
were used. 

t"rnm llw~c hat<:h figurC"s it will he sc.'t"n that if no 
canskl,-r.1tion i5 git-1.'11 to the mnlstun• in the ·nggn•~;ttc, 
the' ch:ir~c of d11• u~~-regntc weigbcc.l in a damp conc.li
tion is ;actually 110 lb. short on nccouiat of the surface 
moisture of the n~wcs:itt'. 11,is shortngr. is· rquivulcnt 
to a Joss in yield of three block per 300 lb. of cement, 
or pnactic:-.&11)• one l,loek per s.,ck of cement. 

An im1>0rtnnt factor, which unfortun:itt-lv, is too frt'• 
qucntly o,·e:rlonkt'd. is the pro{K'r cnrc of the wei~hing 
scale. 1101,pcr scnlcs, though rugµcclly t"Onstructcd. must 
bet considered ns a llr<"cision instrum«.'nt. 11,c· normnl 
working conditions undrr which a ~cnlc IT!ust operate 
ara ntrcmt"ly b:ul. The ,·nlnmc.- or dust and high lm
mklity' contmt or the :i,·cmgc 1,lnnt atmnsplK•rc can 
in. lime cnnsc conditions conduch·c to wriµhing errors. 
Reasosu,hle cum o( the wcighing mcclutni!im can do 
nmda · lo o,·crcomu thC"Sc 1mturully uufovorublc c:undi• 
tiaat. 'I1u, following factors an, im1,nrtant: (1) J::N:p 
tho IC'Alc on 1.cro hnl11ncc. (2) Scale should be· ·set and 
kept lC\~l, (3) Satlo should be l:C'pt clean nnd dry ns 
poaibJo. (4) Scale should be ncljustcd nt pc-riodic 
intervals by a qualified rcr,:lir1n.,n, (5) Scala should 
not be O\'t"rloatlcd or abused. 

Rcmcml>L-r the scale is nn importnnt factor in the 
pra6t and loss nccount. It should h,wc reasonable care 
eacbd.ay. . , 

All ltc-sn of block production whi;h c.locs not rcc:ch·c 
sufficient attention is in the mm-infocturc or 8 in. and 
l! In. units. Most opC'r-.&tors dccic.lc on n clc.-nnitc mix 
and OflCfllta on this bnsis, rc1?nrdlc.'Ss. Thu foct that 
11 In. units enclosr. npproxim;tcl)' 52 [)(?r cc•nt more 
area. with the bcnring arcn incrcnsud hy np1>rnximatcly 
2-'i to 30 J>Cr cent, introduces factors not met with in 
tho production uf 6 in. block. 

In lC'Sting the c:urnpN"Ssh·c strength uf a block thC'! 
cabalntion is gan•rnlly nmde on the ~ross arc.a iustt-nd 
of the nc.-t area. I foncu the unit strc..'llgth of n 12 iu. 
block is (.'Unsic.l<"r.thly lt-ss thnn thi,t of nn 8 in. block. 
11le higher attendant h:1ndling loss und the fact that 

.· 

12 in. 111111s an• s11lijt'l'll·d 1t1 ~n•att·r lnatls i11 at·tu.:i 
field const1 uc:tiun wmiid i11di1.·atv tlw lollowi111~ l.'t 111 rst•. 

Tl1c prmiucl·r siio11ld 1kll·rn1im· what sln•111!th 11 f 
12 in. u111ts 1s mllst l.'C-u11ot11ic;d for his pmd111.·tio11 n·
ciuircments, ~l'l'(llll~ i11 111i11d' c:udc s1w<.·ilit-ntiu11s. If a 11 v • 
cement sa\·111~ 1s to lic 1i1adl· it si1011ltl be dune l,~, 
;1djusti11;! the S in. ulock mis ratlicr th:rn at the <'xprns~ 
of the 12 in. block mix. IIm,·c,·L'r, test sample's should 
be taken from proJuction rn11s to confirm• these factors. 

Section 7-Admixtures to Concrete Mi"c' 

The mldition of various 111att·rial.s as .ulmid11n·s- for 
use in nwss c.:1111c:rctl• has bL•t•n ,•111ployl·d with ,·aryin~ 
dc~rces of suc.·ccsi; for many )'L'ars. Their ndditinn dm·s 
not entuil n11r rc,;·olntionar~• pr.1ctic.:c in chu ni;c nf 
portlmlCI cL·mcnt. lmt arc ncldl·d primnrily ns n mt•ans 
of obt~1i11i11t; bcttl·r cnncrctt• under nn·rngc conditions 
of production. · 

Thu prnctict• of usin~ ndmixturl':i. in <.'t>ncrC'tc hlock 
mixes h,\s h~cn ~.,i11i11~ nm11w11t11m, nntl block mama• 
facturcrs ,11·c• cunfrontt•d hy prohlL•mi; in the sd<'<:tion 
of such nrntcri.als hf.'cnui.c of c.:laims such us ~rcntc•r 
plnsticity in the mix. ncc:,•k·rat<'tl curiu~ time, impmvC'tl 
wntc.-r rcsist,mL-c and ~n•ntcr str1.·11~th. 

A numbt.•r of new du.:mical ph1slici~iug mul wcttin~ 
~g<,nt preparations in solid nnd lictuid fonns urc.• now 
on the nmrkrt. T,:sts lm,·c.• shown th.at :.nm1• of th,~c.• 
1,rctl.lrntions prndncc ht•ncficiul results hut the lw1wfits 
uhtaincd c.m unly b<.• nsccrtni1wd hy nc:taml plant c.•x• 
1wrimc.•nt. 

\\!hero the., use of .ulmixtun-5 or s11hstitut1.• matc-riuls 
is conlc1n1,lut,'ll, tlw~• ichuultl he• in\·t.•sti~ntc.'ll imlh·id-
1mil)• to dctc:rmin~ wht."th,•r tlwy un: uppli<".&hlc• tn tlu• 
1mrticul.n .ig~n•~utc.• m1t.J, uaul ul~o '"·lu.•thC"I' th,.,• 1wr• 
funn si\tisfaclorily nuder imlividn.ll t1l:mt condilinns. 
It should nut he assum«!d tlmt the s:unc nclmi,-111n•, 
lm'tl with diffc.•rcnt aggrc.•1,t.&tt•, curing c.·ondition5, and 
nthc."I' 111,muf:aC'turin~ tcc.:hni<1ul' will p1.·rform «.'xm:tl\' 
the.- suml." in all cus1.-s. · · 

n,c.-rc SCl'UL'C to he diffC'r<"ncc or 01,inion &\nlClll~ block 
1mmufoc.·turcrs ns to thr nwr!ls.of ;ulmi~hm"S in ~t"lu-rnl. 
.md pureicul.lrly in rcspcct tu dilrrrc.•nl tnx-s .me.I pm• 
prictnry hrmuls. 

llc.-sc.•nrch nn the use o( admixtun-5 in bloc:k mmm• 
fact1m• hm; ht-c.-.1 nrgk-ctcd. m,d thc- rt'Sults ~i\'CII h)' 
.1dmi.~turr m:mufactnrc.•n in thc.-ir uc.lwrtisinft litcmturc.• 
ilflply mostly tu plutic concrc.-tc ,·urc.'tl· undc.•r unrmul 
conditions. For that·r<'UMHl it is doubtful i{ thc.T rrimlts 
aw npplicuhl,, to the rdnth·c.-lv dry mixC'S aan.,I ut 
hi~h lCll1\'k-r.1t11rt•. . ' • 

Frum the n-snlL" of un ~xt1.•n<lt.'tl srric-s of tc-sts maJ,, 
undrr pl.mt conditions on both solid .md lic1ukl m.l• 
mixhm-s. it was foun,l in some etlM!I that bmrGL"iul 
c•ffc.'Cls \\'t'rt" ohtninc.-d in conc:mtc block mixt"S. 

l,lc)Wt-vc.•r, whc.-re only sli1ehtly l(rcnt,•r cnmprnsi\'C!' 
strc:Hfllhs wc.•ru obtaim.-d o\·cr thnsc of 1,luin cunc:rc:(e, 
nn t.'C(Uh,•ulc.-nt inc~ in atrongth rt."Sultrd CnHn the 
addition or c.•xtrn ci•mcnt in r,hu:o of the ,ulanixtura 
at Al>0ut the sumc: cmt. 

It Is A prm,"t'II fact that n(tm the lx•1K-60 daimcd 
for thu UM• nf nc.l,nixturns for bJnc:k coucm.•tc c-.an bo 
ohtnim'<l hy simply ~Mng more nllc'11tiun tn the: ~r.td• 
int,t nnd p11>lll»rtionin1t uf the PAAn.•~nh.• IK'in~ USt'tl. 

1-"1 .. \" ASH-The- ,u.e of Hy ash u an ndmi,dun.- to 
niascmr)' unit c.·0tK.TL-t1.• has nrousc.'tl A r.&1,idly ~mwin" 

· intNC:St in tlai,; 11111!1.-ri.al in rt'<.."Cnt y,-.an1. ~hm)' lly u,h,-s 
hu\·c h<.~·n £ennui to ht.• hi~hly 1,01,.nluni1.•, th.at is. whil1.• 
they nrc not (.'('11u-a1t1 hy thM11Jil•l,-.-s, tlw~· h.a,·&1 tin• 
pro1>erty or combining with th,• h)•dratl'd lianc rd,-.1st.'ti 
«lnrin~ the h)ilrntinn or the C.1."IIWllt tu fonn in5oluhk• 
,.,,,1t-a1titio115 comtMHmdN. 11u, p01.7.ulanic ;ac.•ti,·it~• of 
1liUtor1.•ut fly .ishc."5 ,·aril-5 ~rt"l~ily, hut ull' h.,l\'c.1 tht• 11Un1<.•: 
,·h:,m1.·h•rislic:s, nmnc.•ly. that nt unnn.il uhtut5ph,-rk· 
t~•1111x•r;1hm• tlu.- rc.•.1cliun tak,-s plac.'t' slowly hut ron
hmNN1t1ly fur n hm,: 1wrin,I. 
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The propcrlil'S oi ;\11 i11tliviclu:il n,• ;1~1i arc Ltn.:d,· 
,IL·tcrmmcd liy tla· t~·pe of t·oal lH1rnC'd. tlil' p11lvt•ri11nc 
equipment, Ilic ntai-r a11d trpc oi lioill·r. tlir. :iir-iud 
r:,lio nml tin.: type• of l·oliPc:tors ll~l'd. 1'l1l'rdort•. lly 
ash ma)' he ddim·,~ a:; tliat pm tmn of tlic fi1wly divided 
h'Sidu<' (:11,h) rcsultim! irom the lrnrnint: of p11l\'l·rizr<l 
co,11. normally carm•d in suspcmion i11 thc flue ga!i nntl 
culll·clt·d hr prccipitators. It is comprised lar~cly of 
ncnrir sphcricallr sliarw<l. smooth. cla:.sy parliclt•s. Tl1c 
fi11t'lll'~S :ind partially spht•rical sh:qwd p:1r1icl<'s of 
which n;,uw llv :1slws an: cnmposC'd c·n11111h11tc- to rn• 
creased wo~bl>ility ;111ll t·uhcsin·ncss of the fresh co11-

crete. 
Fly nsh should havt~ :l foll'ncss C(lllnl to or fin<'r th:in 

porll:mcl cement. The coior rnn~cs from <l:irk gray to 
light 1tr:1y or t:m. 

· Fly nsh varies in chcmicnl nncl · physical properties 
which dl•tcrminc whether :\ particular Hy ash will be 
suitnblc for n ~pcc:ific purpose. 

No lurgc sc:i.lc use of fly nsh should be undcrtnkcn 
without n laharntory check 011 lhc p;aticulilr mnt<'rinl 
a.\'nilablc, ns to definite evidence of its uniformil)'. Tl,is 
dors not mt'nn that cvc.-11• fly nsh which mt'cts the AST~t 
spccific.\tions will have a. similar effect in n concrete 
products plant. . 

Some · ily ash like some poor cinders, may prove 
of little ,·nluo nml mav even he lmrmful to the con
crete. Stokrr Ry nsh s'tioulcl not he used bccm1se of 
its lai~h c:1rbnn content. uimnll~· around 50 1wr cent, 
·and ~'Cause of its coarse 1?r.1dinJZ. 

:\STM tcnt.1tive specification for fiy nsh ns nn ad
mixture for use in portland cement coticrctc. C 1150-54 
T,. d,.-signntcs 12 per cent as the maximum loss on 
ignition (carbon content). LC$$ than 6 per cent is 
considcroo :1dvisablc. A fineness of approximntcly 
SO per cent 1mssing the 325 mesh sieve is ncceptnblc. Its 
finent"S~ is 11robably une uf i~ moi.t im1l0rt11nt dmr
acteristics. 

Following are shown the minimum and maximum 
pcrcmlagu r.t~J_:C."5 of the ,·arious chcmic~l constituc:-nts 
fuund in siun1,k-s of fiy iuh from d1ficrcnt phmts 
throughout tho countf)': 

c:,...,...., c..,,,;,,, ... ,. 
~~~~ ... 
Al:0,1 - '-""'"'"• ••"'-·~ - ,.me .. .. , •• - ,.1c ... ··-
"'•· - "'·•'"' ...... ··"'· SO.a - ,..,._ 1rie11We ......... ....... ,,..,.,_ - c.,.,_ 
letNlletl " :l2S -• '"'" 

~ ,.,. .... ,. 
. U.61 

11.12 
t.S7 
us 
0,20 ... , 
o.i4 
1.79 

11.IO 

fir •Ille hith ill SiO:: Ht! Al~:s ••"'•"' is ,.., • ..,. •• 

. , ......... . 
o1t.:a7 
2UU 
27,16 

7.SS . ;::~ 
2.2s 

29.17 
27.IO 

In vfow of nil the pus~ihlc variations which can 
affect tho chl--.nical :&ml ph)~irol propcrlit-s of n fly ash, 
Sy nsbc.-s should he co~sidcrccl 11s imJi.,·idual matcri~ls 
rallM'r th.in bc.•ing a clnss of mntrrinls whose; pmparhes 
arc 1imilur. 

L:tbonatory nml plunt c:..pcrimt'11ts lm\'c d<-inonstrat• 
ed tli:1t the order and mnnncr in which the materials nf the charge nrc p1ixt-d h:wc a dc.oeidt"C.1 df t-c:l nn the 
strcn~tb and texture of the block. 

With s.ind-~nwc•I n~grrg.ttc it is n.•c.-ommcmdcd that 
. the fly nsh he ml,k-d gr.ulually tn thu ordimaril)· dmnp 
11:,~te a)rc.-;ady in tlal'! mi."Cl"! nnd tlm muss mixc:d 
for one minute. 11,c tt•mc.•ut is lhcn ;ultl1.•d nlsn in a 
gradual stn--.im .unl mixhig cnntinuc.>tl for anotht-r 1nin• 
ute. N,-xt tlic.: prc.-d,•tt•m,inro upprnximnlc totnl ,·olumc 
of mixint,t wntl•r is mkfod in ~, finl' !iprny 11ml mhiu1,t 
continued for nn ndllitiomal six minuh•s. n total mixing 
lime nf l"i~ht minutc.-s 1x·r lmtch. 11u.• ,·<1lunm uf finish• 
Ing wah~r shunlJ be h,•IJ tn" minimum. 

With porous or li~hh\'t·i~ht ag~rl"~at,•. the n1,proxi• 
m:ate total \·olumc of mixing wntcr should he incorpo
natcd with the: nggr~:itc before tlic addition of fl>• 
uh or cement is m:ufo. Thr. precautions ns outlined 
abo\'t'I should be obimrvcd. Sc:c Section 8, Mixing and 
Processing Concrete. · · 

nae economy of using fly nsb is f;rrntctt when it 
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l';lll lw p1ir,i1as1·d ;1111I lia11dl1·d i11 l11dL: rath,•r tlia11 
l,v till' sack. 

. Hl•s1&its with /l\' asli l'itlll'r .l!i an ;11lditi1111 to or as :I 

p:irt,;il rc•pi,1t.·1·111~·11t ol t.·1·1iw_11t ,·.ny til'pt·1Hi111~ 011 the 
qualities oi tli,• Hr ash. tnw of ,11..:l!n').!atc, e11ri11~ tt·m-
1wratmc. h-11~th of c:11ri11~ C:)'dt• mid on thl• lyp<' of 
l'l'llH'llt, l\i-:,.idl'S ll~· ash has lll't'II f1111111l p.1rl1t·ul;1rlr, 
l>l·ndic:ial wlwrr. Ilic cunc:rctl• is lacki11~ in fi,ws. It is 
thL•rcforc :td\'isahl,~ for tlw hlm:k prod11c:rr to conduct 
tests bc . .-furt• ck·cidin!! wltcthcr or not lly ash may he 
u:,.L•d to mlv,111ta~<.• in his opl'ration. 

\Vlwn a ~ood ~radli uf fly :1sh is .1\'a1lal1li•. its spL'cial 
clmrnctcristics ~lmuld he takc.•n mlvnnl.1~<.· of fur bt.'ltl•r• 
mt•nt of prnclm:t. 

These mh·,111ta~cs, umk•r propc.-r plant u1wration i.lrc: 
improvc11w11t in sfrl•tlgth, surface h·.Xlllrl', worl..nbility 
of mix mid rL·tlucL•tl cracking .m~I lm•.1ki11g of units in 
handli11~. Oth~·r fl•aturt•s urc, lcs5 tl•mlt·ncr uf c-nncrctc 
to stick to palh•ts ;11ul mollls bl·~idc.-s u H'tluctinn in 
nlm1sion of mold hoxcs, mix1.·r linc.·ri. uml bh1LIL'S wht'n 
nhrnsivc :u.:~rcg;1tc is ust'<.I. 

Flv nsh m;1v nlsn h,• ust>tl to rrplacc.• 111nd,-mtt' per• 
C:L·nt.'1~t•5 of p;,.-tland cc-mcnt. No gt.•m•rnl rule can In
set forth for un l'Stahlislwd mno11nt of fir ;1sh to he 
usc,l in ;1II bind, tllnnt t1mcrl"tt.• mi:,t•5. \';iri.ltions in 
the tnm .md grmlin~ of tlm u~gn•$!atr :uul uth,·r fac
tors nlso thti fl\• nsh itsdf nmkc it lll't.'l•si.a.-v tn a:r.ccrto1in 
th<• 'ummmt of llv ash whi<..·h will i,:iw ti;,. most ~•ti.Ii• 
foetorr n•sults. · -

111c urnal nwtlu,d is 111 rt-tll•sig11 tlu• mi., hr int.·lmlin~ 
fly m;h tn n•pl.1<.'t' up to 2.5 p1•r t'l'llt nf tlit• c:,·mt•ut. 
Such n•pht<:cnwnt is usm,11,-• on II pouutl for t>mmd 
ha.'tili thuu~h 5omc Ot>f'rutors u1c.• 1-1/-1 to 1-1/2 lbs. to 
rcplucc 1 th. et:nu:nt. 11w \Wi~ht pl'r t.·11. ft. for fir :\Sh 
i:. ap1,ro:dmntclr i5 lbs,.. for cenumt 0-& lhs. 

Thu stn•ngth .nu.I rntc.: of stn."l,gth g,1in of tht" con• 
crctc is l.ugcl)' dt.•pcndt..•nt on the anoi1tur~ prt"St-nt and 
the lc.-mpcrature nndc.•r whicb the rt-i\ction is promotc-d 
and the fl".\Ctivity or the fly ush bcin~ llSl'tl. 

The kmpc.•rnturl• nt whic:h hlud, ,m• C.'l1rt'1.I hm1. nn 
importu11t iullm"llt'<' 011 tht• mnom,t of II~· a~h. wlnda 
m11y hu ll!lt"tl in n mix withm1t mlwrsl'ly uffoc:lmlt the., 
stren~th or tht• hlock. 
• Sh;,-c low tc.•m1,c.•nat11n.-, slow clown thl• h.irdM1in~ . 
rnto uf tht• t1mcn•lt• it iic imt'M>rtnnt tlmt hlud, manu• 
fa,-turt'f5 using II>· ush should lt•st thl'ir pro(lut·h& frt•~ 
qucntly during tht., wintc.•r months. Tlti); is ll.&rtk·ulurl)0 

tm~ wht•rc: lii~~h curl)' C."l•m,-.,t i1 nsc.'d • 
11m suh:ditutinn ·~' nr .ud1 for hi~h l'ilrl~• stn-n(:th 

<:t"mt•nt will ha,·c u ~l'l'ilhT slowing l•ff t'l't un lht• n1tl• 
of lmrdc.•ninit during th,• c:oltlt·r mouths than durins th<' 
wnrnwr months. 

At nornml ll•mrK•nihtR'S lh,, l'MlZ:t.olanic: action of R>• 
nib is ~l•nt•rnll)• :dnwtt than that of the t'l•nwut h)~lni• 
tinn, hut t.'tmlim1t-s for a lungc."I' tinw. 11,·nc.'t" a WL't~ht 
for wc.•islit 511hstilution uf , ... ·,•11 11 !imull amount n£ R)• 
n:da for portlmul Cl'nu-.11 nm)' n•imlt in lnwtt t"ilrl)• 
stn-n~l hs uncl,·r normal ;o clc.•~. f. c.11rin1;: · l<'mfl(-mture. 
I fow,•,·t•r. ut tc•mtK-rnhm'll or up1>mximntd)· rnn to Ult) . 
c.1,•R• - ♦-. nmn,mtK of fir nsh riln~iu~ up to ;JO pM' C.'t"lll 
of the.• cc:.-ant•nt c.1>1llc•nl amw bu usc.-d, ut'(."'.111$0 thr 110z.• 
1.nhmic nc:tiun is grc.•ntl~· U<"-~•lc.•ruh:d. . 

With u st~-.uning ll'llll'K'Filhlrc ,,r 190 de.-~ F .. C'C'ft;\tn 
prc.-cnulinn!i must hc• nh:mrn>tl (Sc.,• St•ctiun 10. Curin~ 
CmK.-rt•tt• U11ib). ha ~<"ltt•ml pnu:lic.'t• st,-.un is ,Mi\·rrrcl 
in A dn· s:tturatt"tl c.-c,nditim,. As thl• h.•mrK·r.tturt' uf thr 
nir rb.t.;_ nho\·c.· lht• t'<tnilihrium tmn1x·mt11n• of tlw kiln. 
Sll\' lo HJ() cl,•g. F".. this wcml<l C. .. lllst• a llillL°'\fc.•r ur 
m~,ishm• r rom tht• hlcwk lo th,• uir. It is thC'rt•foro mac• 
ns:tr)' tn imp11I~• .uhlilinnnl mnishm• lo lht• ~iln nhnns• 
pb<-n-. <•itlwr hr fo~ ~,,r.w or otht•r m,•;ms III onl,.,_ to 
il\'<tid dr;1wing moisturt• rt-ctuin.·d for protK'1' Ctirm~ 
£mm the.• lalot·k. 

Whc.•r,• hil:h tm-ssnrc.- sh•mn Ctirin~ i~ uict'<I, tlu• nc• 
comp.mrin~ ll'mp<•rnhm-s .m: grm-rnllr in t'XC.'MiS of 

• ~,oo d«•J!, F •• \l thc.•n• c.-ll'\'Ul&'<I tr1111x•rnt11rc.-, (in s.,t~m•t• 
c:d :i.tt•:i;n) th,• 1,c11.1.ulm1ic rruction hc.•tw,•,11 fir ilsh .mJ 
c:c-.tH"l'II is Curtht'I' .1c.·c."1·lc.'fut<'<I, In some high ll""'-"""' 
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cur in~ pl:i.nts fly nsh .lml cement :ire used on :i fifty
fifty has is. 

Therdorc. the temperature uf cmin~ block h:.s an 
important i11'1ucncc 011 the :imount ot flv o.sh which 
mny bu used in :i mi:<, These factors c:111 b~ determined 
by experiment for the individual pl:rnt. 

. . 11\'DUA ~ED Lli\lE-Wl~cn ad<lcd :is a plasticizer 
m block m1:,;cs,. hydrated ltmc produces optimum re
sulU when the we,!;iit of the quo.ntity :ici<lcd is limited 
to 5 prr cent nf th<i W<'i!,!ht of the pnrtland cement 
content. \\'hl'n this qua11Lit\' c,i li:nc is l'Xl'l'cdcd, thL! 
result will be n decrease in strength oi the finished 
product. lifdr:ited lime is n diluent :ind must not re• 
place any p.irt of the cement content. 

'NATURAL CE:\IENTS-Natu~l cements were pro• 
duccd for many years prior to the development of 
portfond cement. 

These cements arc produced from natural "cement 
rock" which h.u a composition simil:u tu th:it of the 
portl~nd cement mw mi.'t. The cementing properties 
of this type of rock nrc developed bv burning a.t a 
tcmpC>rature slightly below th:it use<l for the produc• 
tio11 of porthind cement. 

_111.C propcrtit•s of n:iturnl cements, howc\·er, ,·.uy 
widely among themselves, but gencmHv, when used as 
nn admixture to block concrete mi.,;c;, they produce 
cobesh•cn1.-ss or fattiness nnd incrc.ue the factor of 
wori:::ibilit)' Qf Jmrsh<'r mixes. 
· Their disad\·ant.1g'cs nrc slower scttin~ nnd harden• 
ing · prurcrties, lower strength results ·~rnd 11 hi~hcr 
water r<"quircmcnt for a ~i\'cn cnnsistencv. · · 

,Plant experiments using n:itur.il cemc~t as a replace• 
meat up to 20 per cent of the portiand cement in 
the mix, produce good tciturcd units without material
ly impairing the compressive strength. 

CALCIUM CHLOIUDE-Thc addition of. c:1lcium 
chloride to portland cement docs not ch:mge the gen• 
era1 process of hyd~tion. It pcnnits an earlier start 
of the hydration process pro,-ided there is an ndcquatc 

moisture supply. 
fl.a iadditinn of calcium chloride reduces Joss of mnis• 

turc durintt the early· hyclralion by rdensing the normnl 
heat of hyJration nt an earlier period thereby ncc:dc.:r• 
ating the hydration. This rcnction develops a grenter 
strc.ngtb th:m normal during the early hnrdt.-ning period. 
and may be used in conjunction with stt""Jm or outdoor 
curing. . . · 

nM.'I reactions between calciuin chloride and cement 
are given ns follows: 

•Calcium chloride usc:d as an admixture in concrete 
b absorbed l,y the cement grains nnd is pnrtly used 
up in tlt.C h)·dration of the cement. Whnt prnbnbly 
happens is A chcinicnl combination of calcium ch1oridc 
and the td-calcium alumin.,tc tn fonn calcium chloro
aluminatc. nae addition of c.,lcium chloride incrc:nscs 
tho heat contributml by di-aalchun silicutc and tctra
caldum aJumino-forritc. It decreases the beat from 
biolci11m uluminatc, . but has little or no efi'cct on 
the heat contributed by tri-cnlcium silicate. 

Too much d,•pendcncc should not be placed on cnl
dum chloride as a freezing prc,·cntativc. Jt is not an 

, adcqu:ilu imti-!rcezc agent in any concentration per• 
· mlssiblo Jn. the concrete mix. · Its- use should be con• 
sidaecl rnthcr iis an u~crntor tn hnslcn lmrdcning. 

\Via, usnl in tho dry form it is prdt-rnhly uddcd 
. dlrecely lo the n~gn-gate rnthc:r than to the cement. 

Calc:hm, chloride is IJcst intnxlm.'1.-d into the mix in 
1 a liquid Corm ns part of the mixing wntcr. 

A convmic.-nt strength solution is obtained by dissolv
ing 100 IL,. fi.ikc c:ilcium cliloriclc in ~ gal. or 100 
quuts of watt>r. 1'his produces a solution containing 
ono pound of the salt to one quart of solution. The 
salt 1bould be added h, successive quantities to the 
water for best results. . 

For avcra~c conditions u!'.ing two quarts :~f this 
~n per sncl. of cement will gh·c the 1,m(K'r pro-

•1n.c, _, c.1ci-, Chle,lde e11 ~•ior c~. ., Portl.ftfll c •. 
--~ £1.-. UN•_.eitf', lult>tllll •61, 
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porlicm. l)11ri11):? fn•l•zing ll·1nrn·rat11n•s a11d with cold 
,1.l'.~rt·~all'!'i, a1111111nts 11p to (11~ir pounds 111a~· he usro 1 
with saf ctv. · 

Wlwn ~1H·<l citlll'r ;1s • flake or in a conccntrat("(i 
~~lntinn care should he _l.ikrn to avoid ils co111iul! in 
dm•ct c:nntnct with the Ct'lnl'llt: otlwrwist• 11.1.sh • S4.·t 
mar occur with that portion of the CL'1m·11t with which 
it is iu contact. 

Contuct with air for :\II nppredahll• time will causc
c:ilciutn chloride In takl• up moisture.• and I..H'comc
l11m1w. I .nn1py c:ilt:111111 diimidl· .~ho11ld 1H1l lw \ISL'tl 

othl·r lli.111 i11 solu1io11 for 11sc 111 co11cn·lr. 
c~ilcium chloride 11i.1y iic satisfactorilv IIS('(l in con

junction with the ,·arious typt•s of cc;nent nonn;1lh· 
IISl'tl in bind, manufa,·tiu·L•. · 

J)lA TO.\lACEOUS E.\HTII-Thc cffoct of this in
ert siHc,•ous matcri:ll ,ts nn mlmhtun.• to :u-mi•dn• con• 
erctc mixt>s hns been d1.·mnnstr.it~d ll\' l.1hnr.1to~· and 
plant t<.·sti11;r. It is .a {inc:I~ di\'idccl lid1hwit!h: n;iiwr ... l 
powdt.•r sold under !IL'VL•ral trade ~mm"S. • Thou~h it 
dot>S not possess nnr cc1nt>nting qm1liti<'s of its own. 
ret in comhin:1ticm with du.• frt•c lime of thf' ccnumt 
1t accomplishes its c.l,•sirt'tl purpnsC' of mldinu strcncth 
nnd worknbilitr to the h.1rslu-r n~~rc:c,1tcs · with thf" 
attend.mt uc.h·unt.&~t'S of unifonn °<listrihutinn of thll' 
ccmt•nt, ~iving nn C\'l'n co:,ting of the matm: .me.I thus 
pruducL•s :\ uniformly homogc.•ncons nnd d,"11sc cnn• 
c:n:tc. The luurit~.ating nctinn C.UISt'S the p.trtic.·ll-s o: 
a~grcg:ttl• to arr.an~l" thcmscln·s so as to produce." 
maximum dem,it~• tl1115 t•limim,tintt honC',·mmhint! nr 
hrid~in~. I ts .1c.h·.mt.1gcs .,s .in .1d111ixturu · nu· bc.-st· ob
tained w.hcn ust"d in qmmtitics of 3 to ~ pc.1' ttnl b,· 
weight of the ccml"nt content. · 

SAND-Though s,md is one of the basic ronstitue-nts 
of concrct«: it m:iy undC'J' certain conditions be con
sidered as an :idmixture when used in ("O:)junctim1 
with lightweight a~grC>gatcs. S.md .iddition 1ti,·n "" 
stronger and more workable concrete :ind tcn<ii to pn•• 
vent • segregation of the co:irsl.' .and fine .at:~n.,:ah">. 

l.ikc•wist• Ila&• 5.mc.l comhim.":' with the• Cl'nu,,t tn form ., 
rm,n, pln5tic nmtri~ whid, 1,,imt5 nnd hin,r. lhc.• ,,.,,m,,• 
ug~ntc.- to~c.•tlwr. 

Unlil.t• Jightwc.•i1;ht n~~rcgatl" fines. the ~nd tc-nd.s 
to hold w:ttl•r in snspt"llsinn whc.-n• it mn "l'omhinc• 
Ired,· with th..- ccmc.•nt partidt•s. A· ch.ar~tc.-ristic ni 
~.111e.l-cia~dc•r or oth<"I' lightwci~ht n~grc,;ntc ccnacrctC" 
IS dwt 1li cnusistt•nc·y is clim.-rc.•nt from thnl nf ~imifar 
concn•tc without tht• udditiun of smul. The J.&nd 1,ro
ducn worlrnhilit:t,· mul ,ll-nsil)' in the.• mix anJ tlm11d1 
sand incr..-n~l'J the' \\'l'ight uf the.• unit O\'ff tho1t oi 
,,_lain c:on~rl't\• ,m,d.: from similar n~~rei;:itc-s. its judi• 
c1ou1 use 1i hcnc.•fici.ll. . 

Wh,•n 1.-cmc.-rcte with sand adJition is to be.- uM."d.. 
it t. ach·isnhh.• to h,we the mix in as wd a ccmsistcnc:,· 
u th<" machine C'An bundle but short of pnxlucin~ 
sh11u1, nr tht> Gnishm units. ' 

Admal pl.mt C.-X{X'ric.'l1cc indicatc.-s thut ApPffiimRtf'-
1y a 20 JX"r c:,.•ut hy ,-olumc nddition of sand ""ill in• 
crcusC' th,• strl'ngth of the: units c.1m~i,lt•mhf,·. while" 
the Wl'iJ;ht will be im:rc-~c.'U t1pprnximulcly s pounds 
in the C.'Cl11,·rntio11ul 8 x S x 10 int'h unit. 

A well gradc.'tl· m<'llium c:narsf' sand r.mgini: in Rnc• 
nt"SS modulus f ro111 2.50 tn 2.70 is rt>ronu1K"1u!1.cd. 
• An c.•xc,'l"llin1,d}· fin<' smul should nut be us1.'C.l sina.-
1t will n.1111irc: ronJi<lc.-rubly mnrt• ttmc.•nt than a cmlrH"r 
sand In oht.lin &1 similar inc.·n ... .asc.• in strcm~th • 

Aclmixturt' mattti.als m,n· ht• da$$ilit'f.l in ,·arinus 
gt'Ollll!I n{ .it:t'lll5, which ia; 5011H," C.lSl'S O\'C'ri.11, each 
other ns follow,;: 

Ac:a.-lcrntnrs, c.•mmtitious, plastich,jng_ pozzolnnic.. 
\\"alcrproo(in~ nnd otl1C>r int•rt JlC>\\'<lers. 

Acttlcrnlur1-C.alciu1n c::hlnridC'. hccmisc: it is ttnnom• 
k:.11 and C"'.lSil>· pn,c,1rcd. i:i the mu,-t ,vi<l..-1~· ns,~I 
m:ttt'ffal. which i5 typicnl of thfs s:roup. ~fan~· lic1uid 
prq>.1r.itmns sole.I ns inh·1,.'nll la.mk,u.·ni und, ... srll'Ci:tl 
br .. md mmu'$ an• t~5l'lllialf r ..-.dc.iuni d1Joridr sniutinn,. 

C-.c:'ammtitiuu~-Sud1 as n.ihmal c:,•uwut mul h,,lr.m• 
lit• limr re',al.'t wilh \\';11,•r tu form ,,·uwulitious l;>·dr.at-
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,:J comp111111ds. l lrdr:rni1c li111t• 1s 111orc or i1·s~ 1in1111rc 
liinc witit.:li Ii.ts hccn S111>1l'C(l'U 10 hi1.d1t·r hurnin~ t<:m• 
pt·r.tturc tha11 ior onii11ary li111c. l'mc ii,m· is not liy• 
dr • .111lic, l.HH foils i11 tl1c d:iss oi in<.:rl ad1111x111n·s. Tlil'ir 
use is \llll'C'Oncllnical ccrnm:ncJ with :idd1tin11ai L'l'1111:11t. 

l'l;isticizcrs-Lilflc i11fo~maticm 1s to bc fut111d 011 these 
mate-rial~· Such materials :ire sold under trade names 
withou.t disclosure of their contrnls. Ccnr.rall\', tlicv 
:ire prott•cti\'c culloicls or smf:1cc tL·nsion r~·dllcing 
a~cnts. 

·. l'ozzol:ms-:\rc <·it.her of 11:itm;il or :1rtifici:1l orit!in 
::nd ;in: i1it:l1ir sil;1..•co11s lllatcri.ds. Tl,,:r :Hl' 11nt ('l'• 

mcntitious in tiit·111sdn·s. li11t liavc the pmp1!rt)' of 
cn01lii11in~ with lime 1i11 the pn·scncc of watt·r .it nor
mal tcmpc:r.aturci frN·tl hy the hydrntion of the Cl'tncnt 
to contribute strcni;:th to the concrete. Tl1cn•forc any 
siliceous matcri:t.l h:\\'ini; this pnipcrty may he IL•rmcd, 
po1.:wh111ic. l'o~:zohmic :11.lmixtun•s react in the same 
rn:mncr ns the finclr cli\'idctl powdl.'rs. Fly ni;h is an 
artifici;1l por..r.ol.m. Dia.tomm:cous silica. sold under 
sc,·c1·.1l tr.it.le names, is n material of naturnl ori~in. • 

\V:itcrproof crs-ThL·sc prcpar:itions nrc csscntfolly 
rn:uln from stcnric nci<l in emulsion or other form com
bined with calcium, sodium or other salts. Cheaper 
prcp:untion~ ntil)' cont.iin fatty ncid compounds. 

lncrt Matcrials-Fim·h· dh·icll.'d materials of natural 
ori~in such .1s Diatomnc~ous silica, lI)'dratcd Lime and 
Jlcntunitc in small pcrccnlngcs of the weight of the 
cement h:we hecn rccommcndcc.l for the impro..-ement 
of phuticily and· workabil'ity of concrete. 

•St• CerMftl Oi1r>enion I, Admi·a1vre1-E. W. ~riphnt, Jr, h1urch 
l'•!lff #JS-MHIH 6vildllft Comp,1ny, 

:•dion 8-Mixing ond Processing Concrete 

Mixing Concrete-All concn•te should he mix<"d thor
ou1thl)' until the compont•nts of the mix nrc uniformly 
distributed. Siucc thorough mixing mlds to the worka
bility :as wc•ll ns to the strength of the concrete, suffi
cient time for this operation should .1lwn)•s be pro• 
vided. 

The rcl.,tivcl)' dry mi.,:cs used in the manufacture 
of concr<>te units require longt.•r time than is ncccssnry 
with cmlin:uy c..'Onc:rete for monolithic work. Since the 
units ;m., stripped immt'<li.ttc:ly ah1.•r hcing mohil'<I, the 
concrctu nmst Ii.we no slump. llowe,·<"r, the ·wntt.-1·-cc
mmt•r:itio law still npplic.-s ·and ,;u.leq,mtc strcn~th can 
bo obtilinnl only if the mixing time is suflicicntly 
long to ro.lt c.-.u::h particle of n~grcgate with ccmcnt 
pas le. . . .. .. 

Where the nggrcgntcs nre pro1,crly pmportioncd nncl 
the minimum nmount of cl."tnl"nt is used, the amount 
of WHh•r uenlnl to mnkc good block is such ns to 
gi\-C the grrntcst strcn~lh. for the amount of cement. 

Sum an amount· of \\~.it,-r . will make n <."Oncrcte 
\\·hich will show .n water wr.b mark cm the finished 
block and still will not cause: sltuntl. 

Batch nnd continuous typN of mixl'rs nrc u~cd in 
the IJl.'llll&focturc: of c:om:rctc prouucu. n,c h.,tch mix
er is the more ropul.ir. Since the function of the 
mixin~ opC'r.,tinn is tD obtain n thorough blending of 
the nmtcrinls, nny of the mixers produ~ed by sc\:cral 
of the rcputnl,lc manufacturers will t;ivc sntisfnctu1·y 
results and ~ond Sf'rvice. lln~g<"d construction in n 
mixer is most dt.-sirnblc nml this feature should be 
kept in mind when purc~sing n unit. Th!s qunlity 
will Insure n minimum of maintcn;mcc nnd loss of time 
due lo shut down. · 

• Uatc:h mixc-rs nmr be obtain,·d in n wide r~n~t? of 
siu-s and with ,·nrious comhim1ticms of incdmnic:ni kn
tuft"S, A ,.,.,y im1,c>rt.mt point in orwr.,tin~ .a rnix,•r 
ls to adlH•rr slric:ll)• to thr mamafot•lurt•rs' r,•cnmmc•n• 

d.1ti1111s rt·t.:ard111~ l·;qi:wit\' ·a11CI 1qll'1:d. (h-l'rl11adi11c: or 
i11L'l'l';I\IIIL! !Ill' s111•1•1i .111.1\' t·;1IISl' Sl"rtOIIS ,Li,naL!C to li1t• 
rnac:l1111c. · · • 

\\'ith c.·n11t1111u111s 1111:H·rs. tht• mall•rials .in• intrnd11cl·d 
from a f11c.•.d poi11t into tlK• 111ixi11t.: tro1i~li. wi11•n• nm:
inl.! l!IH'S 011 L·11nti1111m1~ly d11ri11~ the pass:q!l' of tlw 
111:itl•riab thro111!11 tin· 111aclii1H'. 

Tl1t• clf t•cfi\'(;nrss of tlw 111i.xi11).! :\l'ti1111 of :111y mixl·r 
ck•pcnds 011 tltl' sliap,• a11d arra11gc111l'11t of till• hlaclL•s 
nnd the: 11w1iiod of c:h.,r!.!ill!! the 1natt•rials. lf the c:011-
sist<'m·y of tht• c1111t·n·11• pr;1d11ct·d in .i ~pc•c:ilic: 111ixi11!.! 
ti1111· i~ 11111 n•:i,;1111abh· 11111111n11 tl1r1111cl10111 tlw mas ... 
it m,t\' h,! tltal the 1;1,1d,·s arc worn: or thl· manm·r 
in wl;ic:h tlic cmwrcte matl•rials am ch.trl!l>tl m:w re.•• 
quire clt:1111,!ill!,!. - · 

Allowi11i.:. h.mk·.m·,l co11cn•tc tn huild up on the 
hlmk•s m· Ill the ittm~ smfoc·t• of till' drum will aCh•d 
the mixi111.: uction. Such ac.·c11m11latiuns slio111d. hL•· rr.• 
mm·t•d ilt ·f rt•qm.-nt iutl'r\'ills aml dispnsL·d of ;1s wnstc. 
Bladc.s which arL' worn below the man11foch1rc•rs rc.•c
omnwmlccl 111i11iin111n stanclnrd should not I,<' used. 

lf :, dt•lar is l'Xpcril'lll'C.•d lwtwct.•n tlw mixin~ .m<l 
muldin~ opt•rations, the conerctc .nmr he imfdy 11st"<l 
without su{forin~ a )ui,-s in slrt.•ngth, pro,·id<•tl it rc.•tain$ 
the worlmhilih· m·ccss:&rv to :illow its imtisfoc..·lorv t'Cltn• 

p:tction in the· machine. Tlii!i is nn important point. for 
ff the cnnc:rcte st,mds for !'iO lrm~ n 1wri1KI that rcmixin~ 
will not rL•storc its plasticit)', it should hL• n•jL'Clt-<l. 
Timin~ tlcvi<.-c·s should hl• iustnll,·cl nt th,• mix,•r sn tilt• 
opcrutnr dm.•s not ha\'t' to ~m•ss lmw long th<' concretl' 
is bcin~ mixt•cl. ns tit,• tc.-ndt•ncy is to under-mix rnthl-r 
than O\'l'r-mix the cl,:in:e. 

Where it is dcsirc•ti to k,·,•p closer control on the 
mixiug time opcmtions, an olfic..-c install.,tion nmr be set 
up as follows: 

A General Electric Recording Ammct<'r. type CD-3 
with n chart spcc.-d of 4 in. per hour is wirl'd to a 
C.E. type J KR-.'3 Current Tr.insformer connected to nnc 
leg of the mixer motor supply line. 

A clnmpl•ni11~ dt•\'if."1.• is inst;11lt•tl l>l'lWl'l·n tht.• nm• 
mett"r nml tmnsfornwr tn prr\·t•ut dmm,~c to tht., nm• 
meter whtm st.,rtin~ the miu•r. · 

11,c rrror«lings mml<' on tht• chart show thcs1• foctnrs: 
1. It cli111im1tt.•s criticism of thu c.·onsc:icutium; mix,•r 

man who is L•ml,•zl\'C>ring to ,lo u pro~r juh. 
2. It satiidics the ow,wr th.at his iustrm:tiun!i un mix• 

in~ time ;1rt• curril-<l out. ht-:.id,•s prm·itling il lK-r• 
mnnt•ut rc:cord to which lw ma)' n·fc.-r. 

Batch Mixiu~ Conc.·rc.-lc-ln hatch mixin~ t.tmcn·tc! 
n suffic..-i,•11t mixing til~u? as particul:1rly d~•sir.1hh, in 
ortlcr to product• .a hnmo~t•11n11s mixture. This time 
should hl• mt•,1s11n'<i ufh•r 11II m:1lt.•rinls nn• in the' mix,•r. 
Adt'<Jllnt,, i;tn•n!,(th c.-.m Im ohhii1wd only if the mixiu~ 
time is suUicit.•ntl)· 1011g to cont t•nch nJts.:rc.•~atl' particle 
with c..•nwut 1~.stc•. Consid,•r.1bh• dilrl•n•nce of opinkm 
cxi."Ctl ns to t~1c lt•ngth of mixing time.- ncc«.auary to • 
thorou1;thly coat the partidl-S, Some ot>c.-ratnrs UW'\"C 

th.at the incrl"ilSC in strength for mixing ht1'0ncl 0 
minutl1£ is nut suUic:il•nt to be C'f..'Cmomicall~· ju11lifmblc. 

For concn•tc• of semi-dry ronsii;trncy mndc fro,n· siind• 
gr.1\'l1I or othl"r dL"lU<' ni:grri,t11tc!, it is \'t'I')" important 
tn dr~• mix. thl" e1•m<•nt nnd th,• fine :md co.nsc: u~~n:
gnt<."S for .at least 2 minut,., to insun.• unifonn disa,cr• 
sion of the.• C'<'m,•nt through the■ hntc.:b. The- n<'<.'<"Ss;ary 
mnmmt of mixin~ \\".ltc"I' shuuhl th<•n be nddl'd nnJ the 
concr,•tc mixt'<I for thu hnlmwc: of the time required 
tu pnxlut"<' n unifonn mix. 

\Vith J><1m11s or li~hh\'c•i~ht llf:grcJ;ntc- thC'rC is no 
i,rdiminarr dry mixing. All or the wut<•r is m.ltlc.'<l tu 
the a1~grl."gah.' nt the hc.•ginuing of the mixintt C)·c:le nnd 
thl' C(.>ntl"nts mix«'<I for one mim1tc- or more.•. The u~~'TC-
gittc hc.•cnmt~ suturut,~ nnd th<.• porous p:irtidc•s fillt'<I 
with wut,•r. ,· 

If fty ash is to he a componrnt of the mix it should 
be nddrcl ill thii time and mix,'<l for one minute nr 
mon-.•Tht' c..-cmt•nt i5 thl"n ,uhlc-<I mid mixin~ continu<"<l 
for 1111 o,·,-r-nll lntal time• nf ll minuh·s. 

JC nur .ulditicmal mixinc \\',ah•r is n~:l'tlc-d tn OOlilin 
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the propt•r work.tliility it should he :Htdl·cl at least 2 
minutes hrfurt• the mi:'l.cr is emptied . 

.-\ cumprtc11t mi.xcr man can n·adily dc:tcrminc the 
:imount of iniidng wntor nce<lc-<l f rum 0Gscrv::i11on of 
the first tlaily 1i:1tcl1tis. After this observation it will 
gencrall~• he fo1111d that the water cuntL•nt of the n!!~rc• 
f!:ltc will n:mnin rensonnbly uniform throughout the 
tlay. 

If the cement is mi:(cd with onlin:lrily tlry ai:;grcl,!atc 
a portion of the cement may enter the porous par
tidc-s wlicrr it will lost: its rfft•ctin·1H·ss, Thrn 11pon 
,u.ldition uf mi.xiug w.ill:r n f 11rth<'r portion o! the · 
ccincnt-\\'alcr. paste may he sucked into the pores hc
e::msc .of the ahsorphvc properties of the n~grc~ntc. 
Due to these factors, the ultimate strrngth of the 
units mny l,e seriously affected unlc.•ss enre is tnhn 
to sec th:it the mixin~ water is usc.-d nt the right time. 

Expcriment.1l tests hnve been run using regular plant 
mix in the proportions of 50 per cent co.1rsc a ggrcg:itc, 
34 per cent shnrp snnd and 16 per cent fine s.1nd. with 
a nncncss modulus of 3.83 for the combined mix. The 
mixes were m:ide in a 50-cu. ft. fully charged batch 
mixer. The water :ic.lditions were controlled by meter• 
ing while the timing wus. done by means of n stop 
watch. 

Two distinct series of tests were conducted ns shnwn 
in ·Table XlU, Series l and 2. 

Series l was run to determine the e:lfoct on strcn~th 
uf vnr)'ing the time of mixing the concrete. (The 
::i~i;rei,;;ttes :mcl cement were mixed £or 2 minutes be
fore adqing the wnter.) 

Series 2 was designed to show the eff cct of mixing 
;,ction uy·,"llt}'in~ the time of dry and wet mixing. 

l\csulls of Tests-Series l indicates nn · increase in 
the strc11gth of the concrete as the.length of time of 
mixing is increased. Ho\\-c,·er, the strength of the con• 
cretc is not directly proportion:>.l to tbc line of mixing 
so that there is ne>t much to be g:iincd by mixing for 
too long a time. The size of the mixer and the number 

tAIII Xllh SHIH 1-lfflCT OF MIXING !IMIE ON STHNGTH 

SAUa.t.1 
lit, Pet ltl, lad1 
2 D•vs 7 Dayo 
Ill HO 
IOI 940 
7N 96:1 ,.._.iii iii' 

&e-.tll ef Mi•"'• 1-. 
lOMloitufH 

• lit. I• S11. lft,h 
2 D•Yi 7 D•YI 
1011 1\tS 
933 1163 
... 11:10 

iiii' iiii 

IS~ ,.,_,., , ... , ..... 
2 D.,... 7 Days 

1oa2 1:no 
lffl 1295 
IOSS 1275 

iiii 'im 

1AIII XIII: SHIH 2-IXl'HIMEHIS TO DETHMINI 
' .. ncrs OF MIXING IIMI AND ACIION ... 

1iae f•II Ne, I 
DfT OMill. 
w .. · IMie. 

2 D..,. 1 D•y• 
,.... p,aJ. 
Ht 11st 
m nst 
tN 1131 

,. ... iii im 

hat Ne.2 
2 Ma.. 
IMM. 

2 Dayt 1 D•yt 
,.... p.u. 
1031 11:11 
1066 12$4 
'" 1141' 

'iooi 'i'iii 

.. t. ...... , 
4Mia. ....... 

2 Dayt 1 D•yo 
p,aJ. ,.,J. 
161 104S 
9:12 IOIS 
H2 HS 
iu 'ioii 

i. ...... , 
• Mill. 
2 Mila. 

2 D•ra 7 D1yt 
.... J. p.aJ. 
,21 nn 
us 1097 
112 Ht 
iii 'ioii 

of block per minute will usually control the mixing time 
of thcnaix. 

A total lime or ,lry and wet mixing o( 8 minutes per 
b:ltch is t'COnomic-.ll and adequate. Two minutes dry 
and six minutes wet mb:fog. gave hMt results. 1£ th~ 
nw:binc takes t'Olln"t•te .1t il rate which docs not permit 
of an eight minuta.-s mixing time, the machine should 
be 1l0Wt-d down, or n mixer of larger cnp.u:ity bu in• 
st.1lk'C.l. 

IJc,-lorn usin(,t a ,nixing timu shorter th:m the 2 min• 
utrs dry and 6 mim1tc.-s wet, it wnuM hr mlvisnhlc for 
tho smanuEucttm:r to mnkc tc-sts using hill p.,rticular 
aggregate aud fncilitics with attrntinu being gi,•cn to 
the da.-nsity nml comprcuivc strength of the units. In 

.· making such tests all conditions except mixing time 
should be kept u L-Onstant ns posr.ihlc.•, :Ke.'C.'ping the 
mxhinc in proper adjustment nnd c:hcd:ing the units 
for proper dimensions urc important factors. Oisc-.1rd
ia11( \\'Orn mold boxl'S, and kcC'ping tl.1Jlcts de.in. arc 
anwmi: thg,o 1te.•1,s n~ary for clficicmt operation. 
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Contin11011s ~li . ..:in~-C1111ti11111111s m1n·rs wt·rt• q111tl' 
pop11l.1r i11 tl1r hlod, i11d11str~· ~rnm• ~·•·ar-. .icu. Tlll'ir 
USl?, liowc:..-1:r, w:1.~ fur n wiiilli inatl•riallv t·11ruil1.:tl wlll·u 
rl'q11irenu.•11ts Jc111a11din!! 11111n• a<.·1.·11rn·1,• prnpor11011m!! 
of the rnatt'rials bt•c;111ai ll<'Cl'ssarv, and when• th<"rr 
W.lS frl'C'Jlll'lll cli:mge from c11w t~·pc uf .t!,!~rt·~ah.• to 
:lnother. 

Another ohjl•ctim1 to tlwir mor<' t•xt1.•mll·d use was 
the lcnl!th of lro11l!h controllinl! the mixin~ time of tht" 
eoncn·tc. I lm\'l'vt'r, wlwrc tlic:-e 1111xcrs Ii.we Ul•t•n 
rquippt•d with trm11~l1,; of 11 n•at,•r knl!th (10 ft. or 
111or1.!) th11s t•:-.1,•11d111i~ tlw 111i:-.i11~ timl', t·xc-l·ik·nt ms11lts 
have lic,•n oi,laim·ll. 

The mh·m1la\!C'S clainwd for this ~,·strm n( 111ixin~ 
COl\Crl'tC. folio,,:: ( l) cc:ni1nmy in initial ,·mt; (:2) Im~· 
consumption of t•lcctridty; (:l) minimum of 01wr.tti11~ 
manpower: :md (·') sm.tllcr spare n·quirt'tl for the 
inst.Lllation or tliti complc:te t•<t11ipnwnt. 

Hl-siclcs tlu•sc nd\'ant.tt!C.$ is the foct that onl,-· it 

small portion of the mix is contai1wd in the hn11pcr 
al>O\"C the m.ichine nt any timt", Thus if the U{l("rntor 
dctt.'Cts nnythin~ wrong with tht" c.·tmcrctc mix ~s it 
comes throuuh the nmchim\ he t'l\ll call for com.-cth·c.
changcs whi~h ma)' he nc..-cmn11lishc.•cl q11icLlr, 

The smnt: ,princi11lc.·s found in ,·nl11111c hatching :&rt" 
:ipplicabJc in this c:isc. Adjui1tmcmt of the d1:lh·t"I). l\l)• 

erturcs of the stock bins to compt•nsuh• fur the: flow 
mte of the nmt<-,·inls uaadcr ,·nn·in~ c.-omlitinns m11:1,t 
be.- consiclcn:d. The up,mings m{1.lit ·1>l' sc.•t til tlc:li\·t"r 
)pccific :1111ount.s uf 1m1tt•fi:ll per unit of time, or a 
rate :it which the hln<:I.: nmcl1im.• c.m hamll,· th<.' con
crct~. Continuous mixing machinc.•ry prnp<.•rly dl'~ii:1u..J. 
:md opc:rntcd olf~•rs u 11atisfnctor>' m,•thnd nf mwn~ 
C'CJncnm.~ fur block m:mufacturt'. 
. l1rc:m1n: Ikducing Vulvcs-Sincc the cc:mcut-w·.itcr 
pn5le iii the binding u\c.'<limn of the cnncrcte, nnd 
since c.ad~ mi~ r<·ctnirc.~ .1 definite nmount of \l.btl." 

for hc11t rc:.ulu, it follows tl-..Lt in the continunus miiGin~ 
i,ruccu. it ii very c-sscntial to h::i,·<" ::i sup1>lr of w.1tc-r 
d,•Ji\·t-n'tl ~,t u uniform Jlrl"l'St1rt• nt nll tinws. 

It is am c.•:.ti\hli,-hc:d · fact th;,t it c.-ontinnous Row of 
"-ater dc.•1iv1.•n"C.l r rmn a gh·, .. , i.iz.L'<l .uu1.7.lc:. undc.•r c&.-r
tuin sc.•t cundiliuns, is cntin•ly " £unction of tht' pres• 
sure bl"laind th&.- 1107.zle. Tinu thu Jlrl1ss11rn of ti"• wntc-r. 
unless contmllt-<I b)' u 1m,"S:curc n•tlucinf:! \'al,·,•• will 
vury ,wc.•r " widt• range drr>ending on tht• dt•,mmd for 
wutc.-r nt othc.-r points in the pkmt ut nny timt', 

lnRucmce uf Ai;grc-gntcs on Wader Cunlc:nt-Thc ,;md
ing of the ;1ggn.·gate plays ;in import.mt role i~ fixin~ 
the ccmL'llt und wntc:r ,rcc1uirc-mt•uti of the nm.. TI,c 
finer tht~ n~f:t?CJ;:llt(.', the.• greater thu pruporticm of cc
mc-nt-pm;tc tu..'t'<""-''-tr)' to produce mmdmnm stm1gtle for 
tl11-st" n•u,-ons: (l) Since the tntul $urfocc .area of a 
fine :i~g,,tc is grc."l.ltt"r tli:an the totul surfac.~ Art'& 
nt the same qmmtity (b)• ,·olumt.!) n( u course 11~ 

g.atc:o, it follows th.at n,orc CC.'111L'llt•r,asto will be required 
to cout nU the.• aurtnct"I o( the fine gr.1ins. (:!) More 
w.atf.-r must be uc.lc.1&.-d to the 6nc u~rcgntc because 
,,r the.- grt'alCr anrr m .. ,. nrea tn be CO\'ffl-d. therefor!• 
mum t.-cn,t"nt-1,;u;tc.- is nt•ct•ssnry. lf nn mnn: C'C'.rtK"flt as 
Atklt-t1 t,, th<' mix rind the.- f.•xtra p.lSlC is obtuncd b~• 
a,lding wutcr only, _lb<" c:<'11\C"nt•plstc will be more dilute 
and c:un5c.-c1m,mtly wcv.akt'f. As tbc surfaL-c nrc-a incn'S1HS 
with Oner ug1,tn.•1tnlt-s more wnk-r is n:quirc.-d to wet 
nil the surfncc:-s nf the groins, bc.•ncc• more C'f.'1lll'llt must 
ht• adc.kd to kt"C.•p the C'CUM ... ll•poHlc fron, hn.-oming 
uilutc.-c.1 nnd \\0,•nkc•n1.'tl, thl"ft•fort'. ii rich,-r mix r is R.'

quirt"<l whrn nn t·.XC.'1.'SS or Rm·r ng~rc>g.llC is pn.-smt 
in the mix. 

11..,. nst• of wdl ~rud1.'<I sund cunt;iining snfficlt"nt 
6nn lms il mull-rial dft'<'t un tl1<.• wmk.ahilit>' nf theo 
mi~. Not nnh• i,i tht• grmlin~ nf the c.•0;1nc and fine 
u~~n•~nlt•s in~porlanl hut ~1¥o thu c-mnhin.,tim~ uf thi
two. An t•xcL~si\·4..• nmmmt nf .in\' 11:1rticulnr s1u- or a 
hi~h pc:rct•nli\~c.• of ,·oid.i in th<' ~omhi1wd grmlin~ will 
h·nd to pmdnL-c h.u~haw.ss. l.il.cwi,;c surface dumictc:r• 
islic."' mad tlu• ¥h.a\K' mad size nf tlu: &&J:!,;1'(1;:ttc: ma)• 
pru,lm"f.• und,-,;irnhh• ,1u.ditirs in the: mix. 
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Tests should lie- 111adc 10 dctL·r111inc tliL· a11H11111t of 
w:1tcr ncccss;H)' p1•r li:itd1 to t:!"'e the d1•s1rcd strl't1~d1 
:i11d workability, :111d f mthcr oc.:casimiai IL'sts slmul<l 
bC' maJc to inrnrc that tl,is c:u11sisll'IICY 1s 111ai11tai11c-<l. 

Q1mntity of ~lixi11~ \\':itt·r-t:ac:h cuncrctc mix re
quires n ccrt::iin ammmt of water in order tu obtain 
maximum str.cn~th. 1

1
lic proper amount of water is 

clcr,cndc11t on the length of 111ixi11g time :rnJ 011 the 
thoruugitncss oi mixing opcr.1tio11s. 

Pcculimitics i11 the.: i>loc:k m:umfact11ri1t!!; processes 
do no't nlw.1rs pc.:nnit the u~c of the :in11111nt of ,vatcr 
wliich produces ma\111111111 scrcm_:th in tl1c concrL'lC' 
mix. Good pr:1ctic:c, howcvt•r, calls for the use of that 
::imount of water necessary to producl' plasticity in the 
mix, Jhort of causin~ sag in the frl'shlr molded units. 

The web markin~s 011 the units as they ·come from 
the machine gi,·c n good i11cJic.1tion whether the propL·r 
::imount of watL'r is lwiug usccl in th<." mix. The volume 
of w.ah.·r n.·quirc.•<l fnr it mix is dctcrmiur:d to an cxtc.•nt 
b)• the tn>c of machine on which the units arc pro• 
duccJ. The t<"ndcncv is to use too little water on 
tamt>in,: m;1chint·~. L::xr,1.•ricnccd opcm1tors arc able to 
judge the consislcnC)' of the mix u~· squcc:;dng :i. hand
ful of it. The following ·1.1.1llin~( tc-st will gi\'c n good 
indicntion uf the rnix consistcncv. 

•nalling" n smnplc of cunc;ctc in the hand should 
wet the hand slightly, ancl the b:tll should hol<l to• 
gethcr. If the ball wtits the- h:md considerably, there 
is ob,·iously too much wutt.·r in the mi:t: anti iF the 
b::ill foils apart, there is ton much fine sand present. 

Whntever ,·olume of wntcr is decided upon as nee:• 
essar)' for the mix, it shoul<l be numsnrcd us cnrcfully 
as the cement. Some form of easil)• adjustable measur• 
ing dc:,·icc should be installed if a unitonn consistency 
of mix is desired. lt is important to check w:iter meas• 
uring devices frequently for leaky pipes or valves. 

Determining the proi,c-r omount of mixing water ncc
essal'}• for gr.wel-s;md concrete docs nc,t prt"scnt :my 
spcci;ll diUk.'\1lty. Better contrnl may be m.tinluinrd if 

tho surface: wall•r nf the a~~cg~,tc is known. \Vith 
n:aturnr or rn:mufo.c:tur<.'<1 lightweight aggrcg:atcs, the 
situatinn is more com1,lcx, for th<"Sc rcnsons: 

1. Jt is morr. difficult to oLtaip a mix of the proper 
plusticily. 

2. A~r<-sntcs nmy or ma,• not h:we hi~hty nhsorp• 
ti,"C' 1>ro11ertics. Thus, for n given n~grcgntc and 
A given mix, the amount of mixing water required 
depends largely nn the character of tho nggrcg!ltc. 

3. nae absorbed moisture content must be closely 
wntch«-J iince ;1ll porous mntcrinls must he suffi• 
cicntly wet before ht'ing mixed with the cement .. 

Consider the \\'.&ter rc-qniremcnts of cinders from 
powtt pl.tnt ccncration ns a t)·picnl c:mmplc. Ccnerally, 
half or more of the nL'<'C.'55.11}' 'mixing wntcr is pl't'Scnt 
in the c-indcn u rcceivc;-d f roan the source of produc• 
lion. Jt wonlc1 seem, thcn•forc.-, that in the mnnufo.c• 
luring npc...-atiun the moisture content of the cindcn 
shnaald be clc.•tcm,incd in illl instilnccs under phmt con• 
ditious. 'foo little nttcntion is giwm to the control of 
tho wntcr cnntcnt when processing cindC'rs, Oulv thnt 
portion of the water adclt-cl lo the mixer is mc~urcd 
and this.is 1:wncr.111)' done in n most perfunctory 1mm: 
ncr. No thought is gi\'cn to how much moi.c;turc is 
;actuall)• conte1inccl in the cinders. 

When cindcn nrc in a dr)' condition, their tendency 
lo absorb watc•r mny cause trouble in proC'f's5ing. Dry 
cindc:rs in the coursn of proC<'Ssing will tend to absorb 
Iha cc·m,-nt-w,,tcr pn,;tc into the por<.-s whrre its bond
it1" quality serves no rni:dul purpose. At times, the 
cinder :i~~rc~ntc mny be sufficiently wet, in which 
case ma ud,litionnl watC'r is n.·quirc<l in the mixer. Other 
!hncs, the ,uldilion of water may be ncccss:iry in vary• 
ang ,uoounts. 

1-•or best rc.-sults, the absorhccl w:itcr in the cinclt-rs 
should r.msc from 11 to 15 1x-r cent by weight of the 
dry c.-i1Klrrs. • 

lxic.-nninin,-t 1'otul Watl'r-Followin~ is an c-x.,mplc 
uf r.11,·ul.,&ion for c<uwrrling 11ercc-ntn~c to gaJJons of 

watl'r p<'r k1tl'11. A~•ttmc a rni:t .o[ :22..3 lh. ct'rnc-nt to 
1,720 111. nf d:i,np c111dl'rs, wl1ich rNp11r1.•s :i total co11-
trnt of 1S pl'T l'l'nt o{ waler L:t!il'd on a Jrv cintil.'r 
contc-11t. · 

:\ moisture ddt'rmination • llladc rn1 the cinders 
showed :t cont,•nt CJf 13.9 per cent on a dry C'iucil·r b:t5is. 

~hus, tl1e 1.i!!O 111. of <lamp cindl.'rs. when dried, 
wc1~h onl~• 1.510 II,. Othcrwisc csprcssl·cl. t!ic 1.7~0 lh. 
of damp cirnh.•rs l'011lai11 210 lb. of watt•r. wl1ic:h is 
part of the 1S pt'r cent of the totnl w,1t1.·r 11C'C'1.•ss:tn· for 
the mix. · 

Tlic Tl'~t· of till' IS p,·r Cl'llt (If H·quin.·cl wakr (1S 
minus 1:3.9) must hl· adth·d to thl: dr~· l'indl·rs. TI1crc• 
fore-, \~·ater aclck•d. nt the mixc.•r w1il be •t l per cc-nt 
(18 mums 1:3.0) t1mrs the 1,510 lh .• or 6:? lh. 

The number of gallons of wakr c-unt:\in,_.d in the 
moist cinder$ is, llit"rt<for.e. outainC'<l by di\·i<linc: .210 · 
b}' 6.3:3 (wl'ight of one gallon of wakr) or :?..5.21. 
Similarlr, the nmount of wat~r tlmt is to l'K' :iddcd to 
mnl:c up the 18 1wr cc•nt is 7.•U 1!JI. (62 diviclcJ by 
8.3-j), Total rcquirt"d mixing watC"r, then is J2..6'i gal. 
Jf the cement in the c·hargc is \·,1riL-d, more or less 
wntcr will hav~ to he .ac.Jdcd to obtain the propcT ce• 
ment pnstc c:ons1stcncy. 

~ese same principles !l'g11rcling absorhc.·d w.itc-r .tp• 
ply an the use of proccs£eJ i1g~rcgates such .lS tho:;e 
producl.'c.l from fom,acc slag, cfays and sh.Lies and in 
the use of nalurnl a~grcg.itcs of hi!!h w,,tcr absorptive 
chnrnctt>ristic:s. 

Qualit)' of ~(ixing Watcr-W.1tcr us1.·d for mixint?: ron
c:rctc- should he of n 'lu:ilit)' purt- c.•n.Ju~h for tlrlnkin~ 
purpo~cs. \V.1tc:r .contiliuing \'C'gctnblc m:1ttt•r. :1cid. ai
kali or other injurious substanct"s should not be used 
without first ascertaining its effects upon the concrete 
to be 11rod11cc.'tl, 

Should the water he.: suspcctc-d of c.111sint! trouble.• 
due. to the eficct of impurities on the strength :tnd 
sctUns qunlitics of the cement, this factor can be c!~ter• 
mined hr direct test u1,on trinl b.\tch mix .. -s, or the 
water mny be ,ubjt>ctcd to chemical :inalysis. 

Section 9-Construction of ~ilns 

n,o t~nstnactinn of a unnk of l;ilns rcprt>Sl'DtS n 
si7.c.-RblC' im·cstmcmt. Since mnn~• )'C'ars nf scn·ic:-c.- c:m 
be ('X[>«."C't1.•d from such an im,t:illation, c;irrful study 
o( the import.int phaies h,l\'ing a nmtt•rinl l\i:'arin!{ on 
thu succ:cuful opc.•mtion 0£ the plm,t is ,,·arrant("(l. It 
is an unfor&unatc circmnst,mcc th.it mun,· of the 
curinJ,t sr,;tt•ms throughout tho imhast~· 11rc tc~fay npt-r• 
nting far hclow thc:ir poh.-.1tiul cap.u:itic..,_ This silwa• 
tion ii. brought nhout through cc,nstruetic,n nnd other 
im[)C"ff t"Ctions which nre rithcr too difficult or too costly 
to remcuf. 

nu:: n,·,•rngt" block mmmfocturcr . is seldom a tech• 
nicull)• tr.ainc.-J or tt.•dmic:ally mimfod pt'rsun nnd in the 
pnst lms hc.'l'tl contc:nt to follow and n•1,roc.lucc the 
mistakes mnl faults of nthcrs in the construction of 
his kilns. Udom proceeding with his cc,nstn1ction pbm 
ho shouM c.•nlist the.•. St'f\'i<.'<'S nf a cnrnpctcnt ,•n1tin1.'ff 
to ~i,ct l,im in the soluliun of theo man>· prohlc-ms 
with which he;- is ,urc to• lw confmntt.'tl. Th1.-sc 11rob
k1m if not prufK"l'l>·. lumulc.·d mny f'\'f'ltlunlly 1n0\-c 
to hr cnstl\' mislukrs. 

The rngiawc:r should l,c thomu~hlr ron,•C'f!C:mt with 
~e11m1l pl.11,t larnut, cnn5tmctinn, c-urin~ kc:lmiquc. 
·nnd st,•.am' ·huilc•r 01wrntion. Tia~ rt•sult of hi!i ,uMcc 
nnd fahurs should hC' a pl.mt capnblc of opcrnting at 
a high state of cfficic.•ncy. 

Factors which should he.- considc-r""I nrr.: (l) pfant 
hi)-nut; (2) pro:i.imit)' of ~ilns tn block mac-hint': (3) 
sla.111c., 111ul sii.<' of kil11s; (-1) matcrinls m1tl mt-thods of 
conllitnic:tinn; (5) 1i1.c of r,u:ks; (G) number C1f units 
pt•r rue.•!,: nnd 1x-r kiln; (7) prnductiun rate of Mock 



machiuc; t',~) capacity of lift trud.:: (9) boilL·r c:1.p:ic
ity; .and (10) !luw and distriln_11ion of the stc;im for 
curin~. 

Auothc-r important ikm ~c-ncrnlly overlooked in most 
pbnh; is safi·guardinc: the hL·alth of the operators. It 
is .&d\'isablt! tu pro\'idc an r:d1aust system in the kilns 
.for tlic dual purpose of c-liminating noxious f umcs 
from g:isulinc lift trucks nn<l for t'.Xhausli11g the steam 
and drvin~ the units after curinq. 

Kih; ,S(1r:.-..:il11s should he no liml!l'r, hir.hl·r nor 
wider tli.m 11ct·dcd. The-re is no adv:mt."1ge iu o,·crs17.c<l 
kilns. 

The con!\Cnims amonr; m:inufacturers seems to favor 
tlit: -m1.,li11m-~i~1:c.l kiln with a holding capacity from 
900 to 1500 units per ch:ugc. One factor in favor of 
the rncdium-sizccl kiln is tht? shorter period of time per 
unit required for ch:irging. :\ good practic:il st:mdarcl 
for the <lctermination of the size · of the kiln is that 
the Jo.,ding lime shoulJ. not c:cceed the stcnming time; 
about two hours when units of one type only uc 
charged. 

Table XIV indic:itcs \'ari:ltions in climcnsions with 
com.-s[>Onding block c,1p:icitics of kilns which may be 
considered in the medium-sized cl.us. Computation of 
the kiln c:ip:icily is basC'd on rilcks holding 72 eight 
inch units, with r:icks 6-& inches long :ind 3S inches 
wide. 

lAllll XIV-KllN SIZts AND UNlf CAPACITY 

w .. 11 .. w .. 11 N.,;._.,_,_, ww.a. Le111d1 .,.,111 , .. , ... ,,. '"· C.titacity hckt 

4 • " .. I 164 l2 
I 0 .. I 1721 24 
I 0 IS • . 2160 20 

" " :at 0 ,oao IS 
u ' 40 4 1512 21 

Tho llcight of the kiln is a •.ariablc dimension rang• 
ing from 7 (L 4 in. to 7 ft. 8 in.., and clcpends upon 
the l)"PC of liCt tnick being used in any i,;uticulnr 
plant. 1'u minimize thc pu~sihilitr nf hrcak"gc while 
loading the ldln with frcshlr made hlock, the kiln di• 
mcnsinns ,hown 1nu,·idt.• :, .a in. dcilmncc nround the 
rncks, in addition to a 4 in. curb protc-etinn on each 
side. 

Knn Conitruction-A concrete curing kiln normnlly 
rcq11in.-s only sufficient roof strength to suppnrt n snow 
load and n wnll strength sufficit'nt to su11port the: roof. 
It should l,c of the: lishtcst tn,a of constnu:tion with 
tha highcst dcgrt"C or insulnUnn. It must be "·:atcrtiE'ht 
from &he inside and oubidr. n,c mnterinls must be 
conosion proof nnd nC'id ,•;apor pn'Klf. 

In l\1<• l'tm:ctm,-tion 0£ ., -.·min~ Liln tlw imt"'''m,,·,• 
ol insubatitn1 o( tlk: c.'11clusini; ;mr.as c:.mnot bu u\'cr• 
1f.mllcd. llc.'1lt is lost from the kiln continuously during 
tho heating u1> nnd curing C)-cln. lhc loss incrcnscs as 
tho tc.,np:r-.iturc uf the block rises. In the final stngcs 
of tho he.ating 111> period difficulty mny be cncountc.•rcd 
m misinf; the t-nd tC11lpcr.,ture nucl holding it. · Wl1cn 
hlgl, winds and cold outsidtt tc.-mpcraturc prcvnils. heat• 
Ing the block and IM~lding them at bigb heat during 
tl1a time they are in the kiln can present '1 pmblc.-m. 

1no following figure 22 shows a. front clcvntion of 
tl1a footings:. th<1 exterior and interinr kiln walls; nnd 
tho conslnu:tion of the roof. Figure 2:l shows n side 
t'lc\i:&tion of dnor jamb nnd drain s~-stem. The illustra• 
tiom Arc prt-Scntcd nwrdy ns guidc.-s in outlining the 
basic: points of nc-n•phabfo cnnstrnctiou. Olht"f maturinls 
and ideas nl.'1)' ho uSNl to :id,·.nnt:isc. Tf1crc arc, how• 
ewrr, ttrtain furu.lmnc.-ntals which must be ubscrv~ 
and when inc:or1,or.alcd fn an>9 size of kiln. will insure 
aatis!actC'Jry rnnlls. 

Footings Constructfon-Footinrzs .should he c-.1rl'i<'Cl 
to a depth of 6 in. below thl" frost line for the loc.ility 
In which the kilns arc being ercctC"d. In Figure• 22 . 
ahc footing;s arc shuwn to a depth fif 3 Ct. G in. bdow 
pound lc.*\-cl. A f,,oting width of' 1 ft. 6 in. for the 
cmtsidt• w~U$ und l ft. .a in. for tlac di"iding walls 
sbnuld pru,·c: ~tM:acturr, unlc.•ss 1x>0r soil conditions 

Co11structin11 of Ki[II.'; 
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ncccssitnte wider footings. TI1e footings shuulJ be car• 
rit-d to .1 laL'ight of 1 ft. 4 in. nbo~·e the fionr level of 
the kiln. The willls nre set bnck n distnncc of 4 in. 
from the edge of the footings, thereby p~ovicling a s~b
stanti."\l curb. This c\arb nffords protection to the_ \a~n 
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· . ., 1 • f n ~-ntact with the· walls ngmust uamagu rcsu ling roi .... 
racks or fru,n other causes. f 

Woll Conslnaction-l.:X1,crit•ncc shows. th;it ~ oran 
of double or ca,-it)' wull construction an winch the 



Co11slrnct1tm of Kil11., ----------
w a H s :ire, H'\Klr:ltl'd Ii~· a co11ti11111111~ air ~n:icc nnrl 
Sl'Curciy tied to,:ctliL·r witlt 11011-corrndi11t.! ,;,ctal tics 
cmbt•cldccl in tlic mortar joints nlfords tl1l' 111ax1m11m 
in i11sul.1ti11g v;iiuc from tl1e use of hollow niasourv 
units. During cnnstr.11ctio11 I lie cavity is b·pt dc;in b~• 
l:lri11~ n l x 2. in. \1oard :'IL'rcm, n level of wall tics t~ 
catch the· 1nort;\r droppi11gs. The hoard is rai~ed, c!c:incd 
::mcl 1:tid in the wall nt the n·sp~ctivc tie lrvcls ns 
work progrl's~cs. \\'l'qi lwk•s nrc formc-cl hr placin~ 
wcll-1,m:nscd sash cord or nibliL•r t11hin~ i11 the hori
z.ont:il mort:lr joints and p11llin~ them 011t after tli~ 
rnortar lias.ltardf1tt.·LI. 

,\n :iltcrnntivc 11wtl1nd of C'<>nstrnctio11 is tn lay up 
thr. 4 in. inner wnll sl.'c:tion to tlw r1•q11in•d 111:it.!ht. 
The wall tic£ arc c-mhccld,·d in their pnsitions .~·ith 
rcsocct to the heic;:lit of the courses of tit(• 8 in. outer 
wall. This mcthocl prrmits trt";1ting the outer face of 
the inner w:tll with n lirush coat of hi~h tc.•111pt•rnt11re 
asplmhmn p;aint or other scnl,:r to prO\•iclc.• n v,q,or bar• 
ricr. The use of n vnpc:,r barrier to rC'ncler the kiln 
impcn•inus tn tlm SC'C'On~e of moisture throu~h the 
w;ills anti roof should be !.,!i,·cn consideration. A good 
vapor-tight kiln is csscnti:\I in order to maintain the 
Oect".$."nry :mturntcd atmosphere required <.luring the 
curing C:)'clc. 

A single course of 8 in. hollow units serves as the 
divhlin~ walls of the kilns. · 

If additiunnl lii.tht is clcsiri:d in the kiln. it mnv he 
obtninrd throu~h ~,·imlows of :mfficicnt size coii~tn;c-tccl 
of trnnslm:cnt glass l>lock l>uilt into c11cJ walls nnd 
scnlcd wilh m:astic. 

Kilns arc frt'f!UC'ntlv huilt with opc.mini;?s nt hoth cuds. 
1"his arrangement. when considered with rcspc-ct to 
tho. O\'er-:ill plant layout. offers mnny nd\'nntn~cs, pnr• 
tic'ularly in plants hnvin~ more thnn one mnchine. The 
movement of racks into ancl out o( the kilns creates 
a great d<'nl of traffic in plants or hil!h production. 
ln 1ucb plants it is frequently c.fosirnhlc · tu fill thl• 
l.;ln from one opcming nnd empty it from thr otht•r. 

With tcmp<rrnturc ch:mgcs in the kilns, norrnnl con
traction :md cxp.&nsion mny be expected in nll llircc• 
ti«J1as. The 1,ossil>ility of wnlls cracking may h~ held to 
a minimum throush the use of one of the s1.•,·crnl typ~s 
of metal rt"inforcing. 

Kiln W.nll Jnsulntion-Since hc:,t is one or the prime 
ess&.-altiuls for tho ·curing of· Llcx.:k. the production nnd 
retention of heat within the kiln <luring lh<' curing 
cycle is \'cry importnnt, both from the Ol)crnting and 
economic stnnc.lpoints. J Jent Jost through the walls nnd 
rnol of the kiln may be held to n minimum h>· selec
tion and pro1w.•r \ll'>C of the nmtl'riabi of construction. 
Propt"r insulatiun dol'S not nt"Cesimrily mc.-m, mnssivc 
construction of the kiln. 

I ll'avy construction slowJ down the hl•ating of the 
b)oc:k 1im."C bent pcnctrntcs thu wulls, roof nnd floor 
as wt-II ns the block, mcks und p;,Jlcts. 

Appro:drnutdy onC'•hnlf of the hr.tt from the steam · 
injected intu the kiln is utilized in bringing u11 the 
tetnpcro1turc of th~ block, racks nnd 1mllcls to n prc
detcrminccl point, while the lmhm<."C is absorbed by 
the Interior walls, roof mul floor slabs. Some heat cvcm• 
tually 1,:,sscs through tlm wnlls nncJ ronf slab to the 
.outJi<lu atmos1>hcrc ut \'.tr>·ing mtcs of speed dcpt•nding 
on the t,n>C of 111:itc•rinl us,,J iu c."Om,trucUon. This 
heat rcprNtmls a definite loss nnd .may nmount to 50 
per cmt of the stcmm injc.•clc.id into the kiln. 

nae '11\'ity wnll s~tr.m as pre,·iously outlined offers 
I gnod medium of in.ual.,ticm nml costs lc.•ss thnn a 
sin!(fc unit t)·pe of wnll with insuh,tiun added. 

nus mc-thocl or construction utilizl'S the scientific 
princl11lr, th~t a .. c.ll•nd" nir sp.ac-t" offers nnc of the best 

. ffll"'llns of sluwin!: down the pass:lgc uf hl•nt. 'flu.• corr..s 
of I «mC'ff'tr unit s,·n·,, n siinililr purpo5t' as un in• 
1111.a&cw. ~ullain,: is j;:,1iawcl hr filling till' t·orc-s of. the 
1mit "'ith ,uui·ra•ec•. 

11u• e11h.a11t.c~1•, n( h,l\iua: lil11~ ,-u '"•ui.lrm•trd ;as to • 
J.,.a.1 111•.al lo\,1•1 lu .a t1um11u1111, i, u·ll,·1·h-.l ••••I unh• 
HI ,,,l,11&1,I fue·I • 11111ttt11(tf1uu. l111t 1111:lwr lt-rnp,•1,11111;. 

f rotn n il'ssrr nnir111111 oi ~ll'alll, IH·tlc•r lw;1t clistrih11tion 
tliro11l!i1011t tlic ~il11 a11d a sluwc•r tt·1npcraturc drop 
durint.! the ~oaki11c pl'nod. 

lns11laticu1· appill'd on tlic <Hllsidr. of tlic kilns ii; nf 
little practi<.::ll \"al11l', It 'lloc>s cut down iiL·at transnus
siou loss<.:s hut the sa\'i11c; is m•tdic:ihk·. 

Door J:imo Coustmction-Door jami,s and top front 
pl,1tc-s sltnuld l.,c g1\"L'll careful comidL·ratiou bdorc the 
kilns _.1r<.: h11ilt •. otlwrwi.~c it mny prove costly to rt•ctify 
an~• 11nperf(•ctwn.~ 1111<.:c the facings nrr in position. 
Door jamlis slio11lcl be incorporntc-d into the kiln struc• 
lmc>. !'>~,·d c:lia1111ds of r,:rt:11s1te di1m•m,ic111s :ind to 
wliicl1 ;111cliors :arc :11tadu:d arc usc<l as facing for the 
protc-ctiun of kil11 w;dls. Fi!;ure :2:3 shows linw the 
sti:cl frame is Sl'curc-1}' :111churcd to tlic w:111 by stnppin~ 
off the masonry nnd toothing it a s11lfic:il•nt distm1cc 
u:ic:k, then filling~thc ~pace between the ch.mncl .an<l 
the masonry with co11crctc. 

Utmost care should he taken in scttinl.! -the sh.·cl 
facing perpendicularly. Such precautions \\:ill l1elt1 in• 
sure light cont.act hctwcc:n the door mid the focin~. 
Bc:1i<lcs, n frnmc constructed in this fast1inn should he 
able to withstand considC'rublc shock nnd rough treat
ment. 

A steel angle lintl'l running the length of the face 
of the kiln, .i;cr,·cs not only to support tlic door but 
.ilso contaius the strain ht•ndrr pipe from which the 
injector pipe is tak<'II off intn the to1> of the kiln. 
When the stl'c-1 mcmh,,rs ha,·e h<'t•n plac<"<I, they should 
he wcldL•d .it their points of c:ont.act. 

Injector Pipe-The inj,•t•tor pipl' nf 1m.•tlrtcr111i1wd 
climen£iun may vnry fr,,m 3/4 to 2-1/2 inchc:-s in 
diameter. The: si&e Qf the injcctor pipe is n function of 
the steam pressure at the noz-,Jc, the physic-.&I dimcn• 
sions, matcrh,lic of c.-onstntc:tion nncl tlie arrangement 
of the kiln it£clf. The physicill luild of the kiln. such 
as r&icks, pnllcts, the block being cured togcthcr with 
their water content, nnd leakage from nnd into the: 
kiln must he considered. In other words. it is a simple 
problem in thcrmo-<lrnnmk-s. 

Stearn .Lines-The steam line from the boiler to the.: 
kilns shoul<l ho as short nnd <lircct ns possiult'. If the 
line is too long the stt"am may become WC"t, thM't:'h)' 
impniring its hNting ,-nlm:. · · 

The line should be wt•JI insulated and he trapped 
in ordt•r to clrain off nrt)' condensate formc:d during 
fK'l'ioc.ls nf steam flow. 

Thu line must be of ample diameter to prcwnt loss 
of pressure nnd insure a uniform nozzle prrssurc dis• 
ciuargc uioug the line irrrspccth·e of the kiln ,Hshmcc 
from 'the boiler. The stcnming o( two nr tlm.-c kilns 
simultnm•nusly should cause no appreciable ch:i.n~c in 
pressure at the c.lischurgc. no7.zlcs. 

If tlm diumctcr of the: line: i5 insufGcicnt, a lo~ of 
pressure may result which in tum cuts down tho 
amount of steam entering the kiln. This will nccnsitatc 
a longer stc::i.ming lX!riod in order to pro1>erly cure the 
block. . 

If the pressure in the stc.un line tends to be emtic, 
a thcrmcutnticnlly controllc.-cl autunu,tic or other l)•pe 
,,alvu in the steam line <•ntcring t'nch kiln may be 
used to nc.h•untasc.•. n,is t)'llC o( ,·nh·c: tl1ruttl~ the 
st<'llm .and holds the tcmi,c:•r.ahm.• at tlac desired point 
until thu slcmn is ,i,l ofl'. 

lloor Conslruction-l>rc.-casf slnhs suitably rcinforct-d 
to CAO')' a pn.•dctrrmim"l loac.l mnkc-5 a 5:1tis£aciary 
fonn of roof <'Onslruc:tion. Titt' slabs arc c;ast from ◄ 
to O iucht'S thic-k and of a ll•ngtb and width which 
will p<'rmit of cnsy li.mdling. 1'1m slubs ma)" be c:ut 
with \'nriuu:c forms of joint. The butt joint is th,, ca,ii:st 
to ca.st hut hm; sc:\·c-rnl disad\·antugc:s . 

A b'OO<l fonn or joint is th~ so-c-e1llu<l Ju1, jnint. mold. 
ed to leave An t•x1,;m5ion s11.1cc l><•twt'C'll thC' tongue and 
gr'OO\'C. All t"<lgc.'!l should he trc.•ntc:d with a coating of 
as11htdlum or uthC'r materials to insure a good \·npor 
h:irricr nnc.l to prcvc,,ut stcnm lrnks. When the sl:1bs 
arc prn1K'rl)• Slit. this form of joint pro,·idcs for ex• 
ll.\nsion throughout the roof st!ction. 
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Tltc slabs .1rc s1·t rn LIi.it they proj1•ct m·1·r tiiP. out
side w.dl for a d1~tancc oi ~ or 3 irn:hcs. \\'l,c-rc the 
~la!., c11cis nliut C':tcla ptl1cr on the inside kiln wails. 
:-. 1/2 in. scmi-ricid cxp:msion ioi11t sl11111lcl he pi:i.cl'<l 

· bctwcL·n the sc.:clmns for the foll lc11t~lh of the kiln. 
A double layer of roo!ini,: iclt is lai<l ·over tlic entire 
roof s,cction, each ply being mopped with asni1:iltum 
to act ns :i bnrricr protcctin;! the insulatinc: ;n:itcri:il 
frum lhc 1wuetration of moisture from l>l'lO\~. I nsulnt
ing tmttcrini of any t)"pc must be kept drr if it is to 

. func:-tion rfficicntl\'. . 
Sections of :2 x ·I i1wh h1111i>1.'r .m· phc:cd nmi 11aili:<l 

securely nlons.: the cdµli oi the roof for th1.: full c.list;mcc 
of the kiln structmc. Tl1is proi::cdure scrvt's n uouulc 
purpose: (1) as a ha~c to ,,·hich 4 inch gutters mav 
he all.ichcu; and (2) ,\S a protection for the edge's 
of the insulating matcri,'1 co\'crin~ the roof. 

S,1\•ernl forms of insul:lting matcrinl may l,c usc<l. 
llc~msc of its hi~h dfic.·ic-11c>' fonn, ghlss is Vl'r>• satis
foctury ,md is ohtainauh: in con\'cnicnt sizt•d sections, 
2 ft. ,vie.le by 4 · ft. long nnr.l 2 in. thick. Wh<'n the 
insulutiug hfankct is in place, it is cov<'rcd with '1 

four 1>ly compoJition roof with sr:wci toppiuµ which 
ext<-nds ewer the woodc-i1 mt•mh,•rs along the eel gc to 
protect th,~in from the c:lh:<:ts of the: wcathc-r. 
, The face of the slab suhjc-ctcd to the dfocts of the 
steam may be ,,•ell tnrrccl ur roofing papt•r. t;\rred onlv 
in s114?t~ may· be 11pplicJ tu the surface. This J>c.•rmits 
the ruof slah_s to cxi,:md without bn·nkiug the paper 
used to provide n \',lpnr scul. At the points of contact 
between the wnils '1nd the roof, nn a11plicatiun of hi~h 
tcm1lCmturo m.lstic shnukl be ,1:.1.!tl to seal thu joints. 

The speed nncl simplicity of construction which ·is 
obtained from the use of one of several forms of pre• 
fabricated pfank is well worth considering. Irrespective 
of the l)•pc of roof construc:tion used, the roof should 
never be tied in with the wnlls, but should he free 
to move with temperature or moisture eh;mgcs. 

Floor Slnb Construction-The kiln floors nrc construct• 
cd of 2,500 psi concrete, not lc.-ss than 6 inches thick 
and rr.inforc-cd with win• m<'Sh. TI1c concn:to should 
be plaC'f."C.I in st'Ction1 15 tn 20 rt. long, depending on 
the fongth or thu kiln. 1~:-.:l,:msion joints sliuulc.l he in• · 
serteod tr.ins\'crscly bc.•twc.•cn the slabs nnd b1.·hvcen 
t~ _wnUs ~nd the. slnh sections, thus reducing. to a 
m1n1m11m ucstmct1vc mo.,·rmcnt due to tcmr,crnturc 
chan~cs. A gradient of · l inch in 20 ft. which slopes 
toward &he npt.-n end of the kiln will t.,kc c:ue of the 
moistma resulting from th~ c:ondcnsation of the steam. 

Dn1u1 Systc,n Conslruc:tiqn-Formcrly n system of 
watcr-scalccl drninngc, which hnd many disnc.lvnntagcs, 
was Gt'ncrJIJy instull,-d .1t the rcnr nf the kiln. Mnnv 
of lha trouhk-s arising from such a system muy h~ 
eUmlnahicl hy l1a,·ing the: dr:iinngc system ont:dde the 
kiln u 1hown in Figure 2:3. · 
· 11,o drain is situatw in front of and extends the 

full lcn1tb of tho bank of kilns. 11•csc drains nre 15 
Jndac, wide by S inchc.-s dce1> and have a 1,itch of 
1 Inda in C\'cry 20 ft. TI,e open clmin is covcr<.'tl with 
a JN:tionnl steel grating of sufficient strc-ngth to sus• 
tiim tbc wt-ight of a loaclrd Jif t truck. At the lower 
end of Iha clnain is a sump 30 Inches in di.unctt'T, con• 
structc-<) to colh.-ct the cJr:iinu~e from C"nch bnnk of 
lilns.. •nu, sun11,, cunncctiilg the sewer, is funlishcd 
with a calc.•b hnsin to t>re\·ent debris from doAAing 
tho IC\Vl'I' line. · · · · 

Door Cunstruc:lion-TI,c st•lt'Ction of tl,c tnm of door 
for the kiln is i;cnern!I~· one of the I.isl ilcms of con• 
struction tn r&.'Ct'i\'tt consid\·ratinn. 

naa ll)·le :mu t)llC of door to ho instnltC'd :shnulcl 
be wlc-ctNI wl'il in atknncc. 11\c door shoul<I fit lightly 
around the foll 1wrinwt,•r uf the o,,ening aml he sum
clcndy tight to pm·cnt rxccssivdy rnpid he.it lnss. 
Jf tho door foils to t•ITccti\•rly cover, srnl and insulate 
tho Oi'K"lling it will aUuw ste.im to rsc:npc nnd cold .. 
air to enter the kiln. 11,e absence of insulating qunli• 
tics rt-suits in fack nf nnifornt quality of hJock. 

Many of the failures of which hiock manufacturers 

131 C:011.l'trru:tin11 of Ki/11,t ------- ----··-----------
c.omplain c:rn lil· atlrih11t<·d din•c·tl~· to d1·fl'cts in the 
~il11 doori.. Tlu:rl'fnn-. u111form' c1111d11i1111,; so <''i'-t•ntial 
to ~11ali_ly prmi11ct11111 <.·,11inot lie :1c·liicn·d ,,·,th in,pmpvr 
fitt111!! ooors. s111c·c t1·111pt•r:1t11rc and \'apor dl·11sitv w,il 
lie n·dm:ctl tll'ar tli,: 0111.•uings. TlH• rac·ks all(i <.'0;1tl•11ts 
11~ar th11 door wiil tlu.·rdorc bl• i111prupt•rly cured. 

Vario11!i matvrials such as ca11\'as. liuilt·1· plate sh.-1..'I, 
wood, wood fra111i11g with sttici plate am! ~.ilnmi;,.cd 
nwt.1I me- usl•d. Th1.·:.c materials arc uusatisfacturv from 
the standpoint of iusulators. this is csp1.•c.·iall)' tru·c with 
'ilt•cl cloors tli11111\•.h \\'liic.·h li1.:;1t p,1~Sl'S t·1111tin11omiv. 

l.-.1bric,1L1.:d ;d11111i1111m metal doors arc li1.•,:mnim; ~c:ry 
populur .u,d 11/T t•r many adv:mtai.:t.·s 111.•c,Lusc uf their 
lightweight and i11s11)atin)! qualities. The smaJI nt.ldi
tiunnl cost uf i11st;dling a1uminum doors is offsc.'l through 
reduction in fud costs- and bL·ttcr curiu~ results. 

Wlwrc door butts or hinges me to he ui.,·d spcci;1I 
nltention should he givc-n to their sclt•ctinn. Th1.•se butts 
or hinl!CS should he of c~tm llC.':&\'V cnnstmc.·tion und 
h1.! of lmmzc, st:1inlcss steel or other nwt:,l which docs 
not mst. 

Kiln Tcmpcrnturc ~fcnsurc.-mcnt-ln orc.lt•r to opcr.ite 
the kilm nt thl'ir maximum c.111acit~• pro\'ision should 
be made for the instullution of 1,rop<.•r tcmpc.-r-.1turc 
indicating or rct"Onlinl,t instruant•nti. wliid1 will show 
the conditions at nil lim,•s, within tlw kilns. 

The importnncc of knowing the kiln tcmp,•rnturc will 
be rc:ulily unck•rstood by the opL•rntur wlao cJL.-sircs 
to make u c.m:ful stml)• of g<'ncrnl curing c.·onditiuns, 
nnd wnys nnd means of improving them. This is .in 
all too f rcqu1.•11tly rwglcctctl function in the produc• 
tiun of block. 

In the Ji\'c st~am curing of mi\Sonry proc:lucts many 
plant O[lcr.itors hnvc 1,rbitmrily assumed :i straming 
time of n pr,-dctermined period for their phmts without 
realizinp; th:it from day to dny tcmpcr.1turu conditinns 
in the kiln may ,•nry o,·cr a considerable r.m,~, thus 
aCl'ecting curing results. It thus lx.-cnmcs 1.·x1,Mli,•nt In 
'keep a close check on the tcanpcrnturc ch.m,:,•i. This 
c.m be nc.'COmplisht..J throu~h the use of \·nrious typn 
of hc.,t rec..-ortling iustn1mcnts nmong which lilTC the 
foJluwin~: . · 

(l) The c.li.11 thcnnonwtcr which bi ;1ctm1tl."<I cith<-r 
through a tlll'rmncouplc or by ,·npor 1m"ll1mrt.•. TI," dial 
sc..'Ction of the :usc.•mhl,· ii. loe11h-c.l cmtshl,• mad .ihow 
the chnr~ing cloor ,,•liilc- the nwclmni~m c:ontrollin~ 
tho instrnment 1s lo~;t:-d im,idt• the kiln. Oh~c ... ,·ations 
of gM1t•rnl t1.•m1'K'rnturc- cc>mlitinns within the kiln m.a)" 
be mmlc ,m~·timc durin~ the curin~ c)·clc. 

With this svstc.•1n of instnllntion the in5tnuucnt is 
suhjc."Ct to sl~ks nnd j.lfs which frN111c-ntl)' cmaJC tht" 
pointer mm•t•mcnt to hrenk c.lown. F'or this rc-.um, the 
c.liuls should he checked f n.-qur.ntly for .u:cur.iC')•, 

(2) Tian remote t)·r,c of inc.licatur, or tcmtK"nlture 
Jnc.Ucutor controller whic:b si1enals the orK~r.ator ,,·lam 
the 1>rooa•tcnnin'1<1 curing tcmr,cmturc is rc. .. .achNI, nuay 
bo C'illt<."I' of the ,·isual l)'llC or contmU,,J hy an alarm 
bell or Ji~ht.. 

(3) The 1mtc11tio1nctrr, n hi~h ~r.ulc 11nd cxpcnsh•e 
instn,mL•nt, can ha had in cilhn the imlic.,tor type nr 
rc.-c:ording t)•p~. If of the rt'COn.ling tn>e. it will ~,·e 
a continuous and 1x•rmmu."t1t rt'fflrd of nil pla;15CS c.Jur• 
ing the curing eydc. I lo\\"C\'...r, to be of i,rnctic-.il, n-t-ry 
du,• ,asc, it rc.'<1nin-s the cc.mst.&nt uth"lttion or so1ne 
pc'1'Son lo cnmr,nrt" tht• rt-cordings with the.• re-suits ob
tuialC."(l. Its 11SC, is iawnlm,hlc.• in t-spcnmc-ntnl work. 

(4) Armon'l) thc-nnmn~tt?rs for those who prd'M' 
glun thcnnonu•h•rs nf th,• mmdanum r<.'t'Clrdin~ tnx- nrc 
satisf .u.:tnr>•· Tiu.• nwlnl point rml · 0£ th1., n:.5cmhly in;ay 
be inscrh!<l into tlm bind, ""d the tcmpt•r.iturc: n .. .acl 
on the glass scale. The- gl.,ss th,-nnomc-te.-r is tot&illy . 
prottttrd hy the nu•tnl slu.•nth. . 

Thormomctcrs nf this ty{>C h,we a wide.• application: 
in the curing nC block. A scric.-s of thermometers pl.lced 
at strutc[:ic points thrnuE;hout the: kiln or c.•mbcclcfoc.l in 
the.• block itself, will gi'"e un indic:11Uon of the unifom,ity 
nf the it,·am trmpcraturc ui$trfbntion throughout the 
l.iln. 
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Exli:'IUsli.11(! ~1c•:11n from titc ~il1is-Otlc111111! the kil11 

doors :imi :illowi11t! d,·11sc- voi1111ws n{ ~lt':im v;inor to 
pt·rincatc tiic- work a1 L·a 1s ul111•ctio11al,ll• 111 tile· opcr
illOrs a11d dc:trimt•ntal In the 111aci1:1wrv. 

It is tlwrdon\ dl'siralilc to 111:1kc· srct·tal prnvision 
for cxh:i11sti11µ tlit• stc·:im vapor, am! at the same time 
coolin~ .11:d partially drvim! the hlotk. tliro11ch an 
op~niug either in• tl1c rooi or the _b:i.ck wall of the kiln. 
TIIC opcnm~ is normal!~• clost•d tii::htly hr 111cans of n 
m:mu::dly opcr..11cd d;1111pcr which is otwncd during the 
time Ilic kiln is ht•inc; cxli:1ustcd. 

Tlic luc-;1tion of tlil: 1•,i1.1mt111!! 10<'l.."fl,mis111 dq1t•1uls 
on the numiH•r of doors 111lo tl1c kil11. \\"1tli a ~ill\!ic 
lloor the vent is usuailf pl;,ced at the opposite end of 
tlac kiln. For n two door kiln the vent should be placed 
in the crutL·r of the roof. 

.1-:ach kiln cxh;mst. duct of :1dl·c1uate <li111c11sions. at 
lC':ist 2·1 h)' 2-1 iuc.:hc-s. is conncctC'cl by sheet mrtnl 
ducts to n ccntrnll>· locat,•d exhaust fan located on 
the roof. 

ln c>.ham,ling the stram \'npor and partinlly cooling 
and dl'}·ing thc hlod. the door is opened to n hei~ht 
of 8 inchC's. The hi~h velocity of nir procluc:cd by a 
com11.ir:iti\'clr small opening will rcmow c,;ccss mois
ture bc.:tt,:r th;m with n slow mo-.·i11g current of air 
produced when the door is wide open. 

Since c.tch plant presents its own proolcms these 
C.'Ul ix-st he soh·cd by the cn~inccr. 

Syilcan for Exhnu5lin~ Stc.im from Curin~ Kilns
An incxpensi-.·e nml practical S)'Stcm for exhausting 
stcnm from ·curin~ kilns anti fatcr used as n medium 
for drying block 1;~1S been used ,5ucc:cssfully for sevcr:il 
)'C,lrs :it the lfaycon Tile Compnny, Dctroi't, ~Hchignn. 

The 1ystem is readily adaptable to existing plants 
where no air dr)•ing is now hcing used. Its adoption 
climimitcs the costlv installation of metal ducts. One 
exhausting unit wili sef\•icc a b:mk of sc\'cn kilns o( 
approximately 1,4-l0 8-inch units Q{l:>.city c-.ich. 

A truck tire rim embedded to sufficient depth and 
projrcting ni,proximntc.•ly 10 inc:hc5 nbovc the kiln roof 
is dw. 1111 .. 'tlium ui'--d to make tlic nc,-cssary contact 
bct\\'t"l'n tho cxhuuslcr .iml the kiln. 

A circular opcming :1cvcrnl inches largt•r tlian the 
rim is cut in the roof at tlu.: rear of the J.:iln. Culling 
is c:onlinurd throu~h the n•mnining st•c:lion of c:om,-rcte 
in a dimcnsiun snHicicnt to pru,·idc n lip of 2 iuchcs 
· on which the rim evcnttially rests. 

Mortar is s1nl'lld around the 2 inch ll'1.1gc 01110 which 
the rim is pln«"tl. The space hctw'--cn the rim :md the 
conc-rl"lt! is fallud with mortar, thus out1,ining n ~ood 
senl, whilc tlni un<le:r side of thr. concrete opl:nin~ 'is 
smoothrd up. A watt.-r ti~ht joint bctwt.'t.'n tlm concrt-lc 
surfure aml the rim is ol,t:aint·d by menus of a :;c.•.iling 
compound. 

Into the 1cmi-cin.·ular cnvity of the rim a section 
of hose or other sc.-nliug material is placed. 1110 opt.~n• 
ing is co,·m."Cl with a · scclion of 1/2 inch stcd pl,,te 
wbk:h wb,?U resting on the hose pro,·itlcs a seal during 
tho curing C)•clc. When it is Jcsircd to cxlmust the 
stmm frnm the kiln, the stt-cl plate is rcmo,·e-tl from the 
rim of the kiln tn be cxhm,stc.-d nml the rxhaust fan · 
aucmol)· luwNc.•cl. into pl.tee. ' 

nae rxb.au.stc.'I' usu"111hly consists of a section of steel 
pipe ap1>rnxinmtt•I)• 2:j inchc."S in diameter, nnd 30 
inclK'S high. 1:11111\;<.'S :ire ,whled on top 11ml hottnm 

, of the 1•i1K: which insurrs n tii;hf joint wlwn the ex
lumslcr n-sts on the srui t•mlwddrc.l in the rim. 

• A ~-bfadc bl'lt dri,-cn, 2-l in. dinmcter si,rcm.l duct 
fiiu with l,1.ufos 1-1/2 in. wide.• with u St'K'l'ti" of li50 
r.p.m. and a f r<'C air c.1p;1cit~• nf 9,200 c.f .m. is mounted 
in I.he iukriur or the strt•l 11ipc. Tu the outside of the 
pipo is secured nn •un we:.thcr tight" l)'llC molor of 
1 h.p. ~(>.'lcity with a spcc.od of 17.S0 r.p.m. This nr
rangcmmt opc.'r.lt<.·d on kilns 7 x 7 x 60 fct~t 1wrmits 
of S changes of nir per minute. After steam is ex• 
haustcc.l, units ore subjc-ctcJ to a drying cydc mnging 
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: ~nm JO lo ,J.=j 111i1111t1·s aftl:r which 111111~ slum• an :11)· 
· ;:1ux1111ati.: :!.O Jll'r t·1·11t m11istun• c-1111tl·11t. 

:\ mm111-r:11i ~Crnd11n: 1111 wi1id1 the L'.\i1;111:.ter tr:wc:ls 
is cnw,truc:t,.:d f ro111 111;1ll·rials casli:,, prnt·11n·d. Tiu.! rail 
:nay consist of :1 .J i11<.:h j1111ior l l1L•;1111 or i;diricatt·J 
fro111 :.?. Sl'Ctmns of a11dl! iron wL·ldl'd tOL!l·tl,cr. The 
rail should cxtL·nd for till! total h·nl!th of th~ kil11s licint! 
Sl:rvcd. Stops to !)1'1!\"C'nt the trolicy f rorn coming oif 
should l.,c wcidctl tu the cuds. Six rail s11srw11s10n mem• 
l1crs of nn[!lc iron npproximatcly 2-1/•t x 1-3/-1 x 1/4 
i11c.:h .ac c11t to a li.:11glil nbout 74 i11chl·s for the up-
1i:.:lc1s arnl ,"i-1 iuclw:; lur lhc cm.<;s 111cmh<'r!i, Tlic ,,;cc
:illl1s ui angle inm arl! tlll·n welded tocl·tlicr as slinwn 
in the ill11stratiu11. Stec-I plates arc wcldL·<l to till! L·nds 
of thc upright sccdon5. Tlic struc:turc mar lie holktl to 
the roof i£ desired, liut the wchi:ht in itself is .s11llicicnt 
to keep it in place. -

A trollc>· amm~t.•mcnt, c:nnsistin~ of 2 pullc~·s laclcl 
in placc hy suitahlc me.ms, runs ttlong the fl;m~l'S of 
the rail. From this trolley the c:dmustcr is suspL•ndccl 
by means of n c.:k1in uim:.ler which is usC'u for r.iising 
or lowering. The finer adjustment for c:lost•r contact 
with the tire rim is obtuincd by means of a turn-lmclde. 

When it is desired tu exhaust stc.un from n kiln, the 
door is opc11c<l sufficiently to allow n hric:k In he placed 
under it and air is exlmustccl thrnush thc kiln for the 
m .. 'Ccs:;ary period of time after which in this c.·asc the 
kiln <loors ::ire removed nnd the contl'nts of the kiln 
suhjectccl to the drying nction of the ntmosplacrc drawn 
through the kiln. 

After nn n<lcquatc 11crio<l the block are rr.mo\'cd 
from the kiln in a sumcicntly dry state lo meet gen• 
c:r;tl stam.hu-d requirements for moisture content as 
low ns :?.O per cent. 

Surface kiln-dl'ying of units must be determined for 
each plant. Jt is recommended that face velocity should 
riot exceed 100 foct per minute. 

To rcmo,·c moisture naturally and efficiently from a 
masonry unit the vapor pressure and o{ the moisture in 

the block must be higher th.in the vn1'1Clr prcs:;urc 
of the surrounding uir. Jn other words, tlic rclal i,·e Im• 
midity of the nir must be sufficiently lo\\· to cxtr.:u:t 
~vater from the surface of the unit. An cxct"$.Sivc ,·rloc• ., 
•!Y of the nir stream, may c:msc tno rnpid nn climin¥ 
hon of the surface moisture. which causes n hnnlc:""'°~ · 
surface to form nn the block. This linrdcnrd surface 
n-t:anls the flow of moisture froai the interior In the 
sur~e1co _of the Llock, thereby tending to incrc:uc the 
dr)'mR tune. 
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Section 1 O-Curin9 Concrete Units 

The term <.:uri111~ :is .ipplil·d to concrete 11nits mav uc 
consid,.'rc<l :is tlic period lic:twc.~cn tiw moldinl! oprr.~tlon 
nml the time when the umts nre stmn~ cnou~h to he 
usc;.-d. • 

llydrntion or harc.lcniniz of ccmcmt takes pince 
throu~h chcmicnl rr:tctio11 bl•twct•n the ccmt·nt :inc.l 
w;1tcr. lf wntcr is 1111t pn:~<.·nt in s11ltidt·11t 1p1a11tity. tlic 
h:trd<.•nin~ n•action is impt•dctl. S111fic:i1.·11t moisture must 
1.>c present durin~ tl11.· t•11tire pl:riotl .nlt1·r multlin~ until 
the n•quin.•<l sln:11;!lh is ;\llai1wd. 

l~.'l:l)Cri~·nce :incl lc:.ts have demonstrated thnt the 
minimum .i11101111t of ,vatcr 11<.•ccssary to dft•ct hvdrntio11 
of the norm,,1 t'Ompounds in portlaml Ct'ml'nt is in the 
tatin of 0.44 by wci~ht of cement. otht·rwisc l':'<prcsscd, 
.ip1no:cimatcly 5 i;al. of wntcr per s,ick of ct'mt'nt. 

Sin(."C the water content of ;1 concrete !,lock mix ~l'll• 

er.,Hy runs between 3 to 4 ~,l. per sack of crnll'nt. 
which is below the minimum ,,,;1tcr0 ccmcnt ratio re• 
quired for hydmtiou. it follows. that whatc,•cr method 
of e11rin~ is ndnptcd, nt lcnst the wutcr incorporated in 
the concrete during mixin~ he retained. 

Ill the cnrl)' )'C.·ars of hlock mnnufocturt-♦ the units 
were usually pfocl'd in yard stnm~c whc.•rc they were 

, subjc.-ctcd to n pcrfunctnry wc.•ttin~. In most cnst"s, hnw
cvur, the n1,plicatinn of the moi5hare so nt"<.'C.·:m1.rv for 
hrc.lrnt.iun uf the cruwnt wn.1 left to clmncr. dcpc.•a;ding 
on weather conditiom;. · 

ln~tVO\·cmcnts in the nwtho,l-. of curin~ imlicntt-tl 
thnt if unit,. w<.•ru subj<'ctcc.l to the dfocts of low pres• 
sun: snturntl..'d stcmn nr tn n 1~•stt•m prmluc.in~ n foJ,t of 
atomi7:cd wntcr in n lu·nh:d ntmn:1plu•re. satisfactory 
comi,rc:csivc streni;ths were obt:iincd. From these be• 
ginningi the prcwnt dny methods of acccler.ited curing 
have \x..·1:n developed. 11,c ever-increasing demand for 
masonry units hns rcsultc.-d in the c.levclo\>mcnt of 
acculcrated curing to its present state o( efficiency. 

TI,ough with present dny forms of curing, n product 
capable 0£ meeting strength spcci6c.ition requirements 

can be proclueccl nnd cured within :a period of twc.•nty• 
four houn, units shnuld he ynrd-storcd· for further cur• 

· ing 1mc.l drring to minimize crncking when. th<"y nre 
placed in the: wnll. 

lrttS~th·c of !he nrc cxercl~t.-d in the sck-ction of 
awc-gntl'S, the nmount of cement used, and the pro• 
ccssing of these mntcrinls, the rcsultnnt product mny 
not n:ncli its maximum strength due to im1>ropcr curing 
oC the unils. Since phmts differ in kiln shnpc, si~c. boilt.-r 

• tnpacity, hlock per rnck nnd·· per kiln. production rate, 
type of Ct"mmt, nnd aggrcgntc nlong with other details 
incidental to lh·e st(.•,un a1ring, the subject must. there• 
lore-. he trc.-ntcd inn \•cry gcneml manner. 

Willa oil methods of . curing block three c:-ssenth1l 
fDCtors arc i1woh•,-d; numcly, time. tcmpcrnture nnd 
moisture. In sclc:c:tin!:( the method or curing, the impor• 
tant c:ousic.lcratinn is tu maintnin the concn-tc in a moist 
condition until the cement has properly hydr.1tcd or 
hardened. · 

Masonry units mny Ix: cured in ono of sc.-,·c:rnl wn)'s, 
such AS hy natural curin~. hcut. with fn~ sr,rny, high 
presRtrc stc-am nr hi1,th tcmp<.•mturc l'tunm. 

Natuml Curing-Natun,l curing means the curing that 
tnka 11lacc wltt-n units arc 5ubjc"(..-tcd tn the atmospheric 

· conditions existing lit the tirnt? the units nrc made with
out apt'Ci:tl bruting nr w,~uing. 

IC naluml curin~ i.'C used, Wt'nthc:-r t-onditinns rmu;t be 
twn into con~idcrntion during the.: tliffort•nt l'iC.lSOll.'C, 

dcpcmlin~ on the.: 5('(.1inn nr the c."l,m1trr in which the 
plmat is locat&"tl. In 1my c::nsc, 1>rovision should be mndc 
for an ,-ncmsccl stomg" mnm in whicb units mn\" be 
p1K'ed for ll {l.lrt of tlic.-ir curing time. or until tht•v nt
tain suUicirnt h.·mlnc.'ls, nhc:r which tlu .. -,, •~~c--
mcwcd to yard storage. • 

In those locnlitfos nr tlm conutn• whnc n '"'-;mn moist 
atmosphere prcvuils, nlang with ~-;ionul showl'rs, nnd 
and when: h."11111eraturc.-s do not drop much below 50 
J~c:cs F., units upon attaining suffidcnt strungth mn~• 
ho )'imk•d. J lowcwr, they· should he protcctc.'f.l from 
Jrying winds And sun, since these tend to remove moi.s• 
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ture which is so essential f £'.)r · the proper h:m:icning of 
the units. 

After y:udmc. the piles of lmits should he kept 
tliorouclily welted clown for :\ fow d::i.,·s, either IJ..
mc:ms of a hosr. or U)' a sprinklin!! sy!itt.>~n. Grc mus·t 
be to.ken to sec that ail units i11 tl:c pile are thoroughly 
wcttt"c.l. 

Outdoor curi11~ in southcm cli1n:1tcs eliminates the 
necessity for stc:1111 curing .ind will prove just :u crf cc
tive provided the units arc kept continuously wet for 
at least fortv-c.•i!.!11t hours nitc-r the•.- :ire m:tdc. 

111 colder ·1ocnlilil•s, freshly m:tC!~ units should not be 
pln.cc<l in all l111lwated enclosurr, sin<.·e either frost or 
exccssi\·e colc.l prc-vt"nts the pror~r h:udcnicg of the 
concrete. Cold Jrnfls mny also b<.' h:mnful, since these 
tend to dry out the surface of the units and produce: 
brittleness. 

U ndcr such conditions the use of on nddition of from 
two tn three per cent of cnlcium chloritlc hy w-r:ight of 
the cement will help to accclcr:t:c h:1.rdcniug of the 
concrete. 

Frozen nggrc!;ates should not be used until thor• 
oughly defrosted. Where provi,-ions for heating the 
prcJiminnry curing room :ire l:icking:. hc:it m:iy be 
applied to the units by mc:ins of s~1lam:mdc-rs over 
which p:ms of ,vuter nrc set. The obfccth·c is to produce 
n wnm1 moisture laden ntmospheri! while hrdr.ition is 
taking pince. H::q,id <lrring out of :he units, no En:lttcr 
how induced, i;houl,l b~ n,•oidL•d .. -\ drr hc:it \\ill prove 
to be detrimental h)' producin~ n brittk•ncss of the units. 

Heat ";th Fog Spr.t~·-With this form of curing the 
heat nnd moiiiturc necessary to m.untain :i. proper kiln 
ntmosphcrc ntil)' be produced :is follows. 

I. By passing low pressure steam through a ,cries 
of coils of pipe placed Adjncent to the walls And slightly 
above the floor level of the kiln. 

11. By burning gas. in a. specially designed bW"Der 
located within the kiln and to which a blower is at• 
tached. Thus all of the heat of combustion is a,·aibblc 
for raising the tcm1>t-r.1ture of the.- l.iln. The pro<lucts 
of combustion nro cul,on dio:dclc. water ,·n1,or, and 
nitrogen, all of which m'C'Omc :i part nf the kiln atanoa:
phere. In the prOC<.'SS of combustion the OX'ft:t'-'n of the 
air combines with the c:.trbon of thf' fuel to form carbon 
dio.xic.lc. TI,e mn.-dmun1 amount of cnrbon di~idc by 
volume ,·i:uin .-c;:on.Ung to the trrc of fuel us.NI; for 
n:ilnrnl gas 12 percent. fuel oil 15.5 percent and bi
tuminous coal 18.2 pcrct"nt. 

When cnrbon din~ide from the combustion of the fuel 
bca>mc.-s n 11nrt of the kiln atanosphcre. und wlk-n this 
atmosph<.-rc becomes highly snturntcd wilh c.-arbon di• 
oxide the results. under certain conditions. ma,· prove 
dc..-trimc.•utal to the concrt"tc units. 

Carbonntion or the concrete is a cht'mical reac:tion in 
which the carbon dioxide c:ombint-s with tho c::ucium 
hydroxide f rnd fmm tht' cnlcinm silic.1tcs and dumi• 
natcs in the cement during h)·drntion. In the pttscrK"'O 
of carhon dioxide tbo calcium h,·,lmxide combinn with 
tho cnlcium portion of these compounds to form c::ucium 
cnrbon:itc. · 

nw moisture ncccssnn,• to keep the kiln atmospbcre 
in a anturatc.'ll condition is produced tw forciutt \\"atcr 
through II sprn)· 11ouJu. 1110 noz.zlr is lm:::1tcd in front 
of tbo burner and con,..,.rts the water iulo a G~ r og. 
Where city \\'ult"f' pr"5Snn, ii 11nt a,'ililahlc nr i, too low 
lo produce n fOjt. air 1,rrssurc mny he usc.-cl to fol't'C lbc 
water thrnn~h the nor..dc. 

Since it is difficult to ol,tnin tho maximum (100 pc.-r• 
cent) humiJitr by this mt'lhod of surpl)•ing moisture, 
c,-cry prc.-mution shonkl be t:&l.cn co insure tll!lt the . 
hun,idity of the- kiln atmmphtte is annintnincd at a ·. 
1,oint as hhd1 ns possihl<.-. Wlum tlwreo is a dc6c:i~·~ 
moisture, the water in the 110res of the.• units is nbs,orbed 
into tho kiln ahnmphcrc. resulting in drying out the 
surface nf tbc units. ~-

Jf the surface or the unit.1 hccomc."S dr)•, due to low 
humidity content o( the kiln atmo.,.pht'l"c tho r.1tc of 
c:arhnnntion is accelerated. Wlicrc-as in a moisture 
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saturatl'd r011di1io11. :i :.L111 nf ('alt·111111 c:1ri1rn1:ite· is 
fornwd Oil the \\'l'l rnri:,cc nf tllL' hlod.: \\'hid, prL'\'C'lltS 
pt·1wtratio11 l,y (·:11111111 1i111\id1•. Eitlwr ni11~ 11( tl1l'Sl' t·o11-
ditions c:i11 lw dl'lri11u·11:.ii or lil'1H·lil'ial lo 1111: u111ts. 

lf carbonation occms iidrm.! tlir C'l'lllC'llt livdratio11 
compn11nds .m.! fnnnr:d :md the CL'llH:nt ~d is in :m 
unst:1hlc · co11ciitio11, tliL' rl'sults wiil lw ck·trimC'ntal. 
\Vhilc the strc11~lli of th~ block may be rnf'ficiL·11tly lii~li, 
the surface ancl c:onwr~ iwi11~ lirittlc m:w cause exc:cs-
si\·e brr:ll:t~c in h:111<lli11!.! tile units. · 

· If carbo1~atio11 occ-11rs inllowin!! h,·<h.1tio11. and the 
grl is iu a stable ,·omliti:m. titc rc·suit.c:a11 lw lll'11dicial. · 
The units will ha\'c a mo~h surfaCL' and possl·ss ~ood 
stn.•n1,tth C]llalitics. 111 viL'W of the C'ffl'ct~ of carlmnation 
duri11µ hrdrntiu11 uf t!w cL·1nt•11t, ca11tio11 slmulJ he oli
SCl'\'L"tl in :i1:lcdi11µ; the curing method dL•v,•loping the. 
hc:it nnd moisture. ' 

C:irhnn monoxide 1!:lS may hC" prochict•d, undC"r ccr• 
t.,in conc.litions. tlmin~ cnmhustion of tlit? fuel. This ~ns 
is dt'lrimcntal to the ·ht:;1lth of ,myonc suhjl•ct<·d to· its 
effects. Accordin~ the th!! U. S. Bureau of Industrial 
llr,:~il•nc, n concentration nf 100 parts of carbon mon
oxide per rnillinn parts of :dr mny pro\'e lethal. It is 
thcrdnrc \'<'I)' important th:it the kiln hti 11ircd out be
fore allowin!( nnron<? to r•ntL·r. 

Autod:t\'C Curin~•-Tlic- principl,•s of hi~h prc.-ssurc
hi~h tcmpcrntnrc stc:im :1rc ill\'oh·ctl in this mt'thod of 
curin~ unit5. ~(.11mfo(.·turc:rs min~ ,\lltncluvc curing 
cfaim the followin~ :\Cl\':rnt.1~t•s for the srstem: 

J. Units nl'c mnru stul,lc :incl lc.•ss suhj,-ct to the cHccts 
· o( cxp:msion nmJ contrnction due tn 111nist11n• ~:iin or 
loss limn those produced hy other methods. 

ll. liigb pressure curing hlc~tchcs the nilturnl color 

,£fr.eta or C•tbotl Dioaid• on Hydt•tttd C•ment end Concreie-S. L 
~,-Rock Producu, J.n. 1949, 

Ufecta of Cuboft Dioaide on frHh Conetete-lCeultf & ,,.,., __ 

A.c.&. o,c. 1955., 

--:;:: JH~IOII & Church 8ulll'lin on Hi9h Prtnvre Curin9, Siome Notti 
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of thC' pnKiucb to nu almost white color. 
HI. D,mtzt"r from ,·aricms ,lisrunth·c force:; riuc tn 

imp.1ritil."5 in the n~grcsatc nrc rliminntcd <luring the 
cnrin~ period. • . 

I\'. Suhstanlinlly clric;,r products nrc ohtnincd upon 
·rcmm,-al from the• )din, comp:m.•d with the moist cured 
or Air ("llft.'CI product. . 

V. Crcatt'I' c•rononw nf t·m·intt, sine~ l<'mwr mixes for 
the S.'\mc ,trrn~th ma·r iil• med. 

Vi. Smniic.•r rnrd spa(.,! n·quircmt·ni$, since units ca~ 
be dt•li,·C're<l ,in n shortrr timr. 

lli~h 111·ns11rc curin,.: l:il11s nn• cylimlric:nl slrt•l drums 
c:a1xablr. nf withst:uulin!.! lii,.da pn•i.sun.-5. Tlau cylinclc-rs 
,-ary from 6 rt. 0 in. to ,'i ft,. in di.um.-h•r nnd from 50 to 
over 100 ft. Jn lc.•n~lh. Th,•y mn~· haw nt.'C'C.-si clnor open• 
inp at nnc or hoth rndll. 11,c.·y nrc fitted with prcs~ure 
ti~ht doon, either nf the quick locking typ,, or bolled 
t)-pc. 

11lC C'ltring.c.,•clc is from 12 lo 16 houu, with 8 hours 
stramin~ at mnximrnn trmt)('rnturc :mc:l pn'!".oeurc. A 
hMlting up 1-.crind of 3 to 5 hours is rcquin"tl to bring 
tlK" erlimlM' mad t'Ontc:-nt-. u1, to nmximnm tl•m1,r.rnturc.•, 
and n rC'n1m1nhlc, nmrnmt c1f time should hr. nllowcd for 
mine-in~ 1m-ssure nml cnoling the <:)·line.for hcforc it is 
o~ •.. 

~lmm he intmducc.."<1 intn the c~;lindc-r nl a l<'mpc.•rntnrc 
of a1,pmximntt•h• :l.50 dc•t.;rt'<'S F. with a t.-orr~pnndiu~ 
sat11ntlt.'<I slt-nm tm?Ssun• or npproximatdy 12.:; p.s.i. 

nlnc-1.i n1rc"<l lw tht• a11tod:w1.• m,·thcxl n•nc.·h n lait:h 
Slmtt,tlh ,111id,lr, ~llll ~,•m'•rallr c;m ,~ us,~l nl thr: ,.;,d 
of H hours, Jlu,,·t"\'t•r, the.• <:ost n11cl instalh,tinn of 
q•lindl-rs and the 1u•t·t•ssnrr hnil,•r t·quipmt'nt hm·t? up 
to lhc prcs,•nt time ln-un c.·oni.itlcr.:ll c-~pcnsive, in com
pariwu with low prci;sml• l'<1uip11\l'nt. 

111e mnnufoc:lun•r thi11Lin~ in tc•rnu or prOflncinc,:,:,.:,' 
unit nf et»m1>nmti\•rly lnw moisturr. t.·matc.•nt, should (.;,n. . 
sidC'I' tlu: C'USt of hi~la-prc·m1rc strmn curin~ ns cum
p:&rcd .with co,•,•rcd stcmn:c or spt•cinl Jrring rocnni. for 
ohtRining n unit of luw 111CJisturc contt·nt. 

HG C11ri11!! Co11crctc U11it,; -------
.-\11tocl:ivc cunm: is donn under 11n•ssmt·s of 1:20 to 

!.iO psi or in :l l('lll!H'l'.ttlll'l' r:lllce nl .l.'iO lo :w:; llt•I!, F. 
L111dL'r tl,csc c:011d11io11s oi tc111per:it11rc and prcs~11rc. 
the rate of c-llt'111ic·.d rc;1ctto11 of tl,c C'l'll\C'llt clifkrs 
widely from tli:it iu a tc111pcr.1ture r:111i.:c of l•IO to !GO 
Ji:~. F. 

111 curing u11dcr prcss11rc, time nnd t1·111pcrature arc 
of ,·itnl impnrtann•. If the curim: cyc:k• is :icccler.itL•u 
above the s;ifo limit, tlit! purpose' for wlii<:11 n11tocla,·in~ 
was i11st:1.llc<l m:ir lie d,.:fcatcd. n:tnll'iv that of sccuri11~ 
a liloc:k in which the hvdr.itinu oi tl1e Cl'llll'llt gd is 
u1111pldc. !11 a11tod;1\·111~ as lil..cwisc in 111,! hi~li tc;npcr
aturc cmim; method it i~ mandatory that the hind: he 
allowed to att:iin its i11itial Sl·t i>l•forc the ntlplicntion of 
heat nn<l moisture. If steam 11mlcr prc~urc is nllowc<l 
to cuter the autocl:u·e_ too soon, or the pressure is 
brought up too fast thc.-mnl shock may n•sult. This in 
tum can cnuse cr.izin~ or cracking of the surface, 
distortion of shnt>e, or the production of brittle units. 

The tempcr.iture in the nntoclnvc is n function of the 
pressure in the vessel onl)• if the vessel has \Jccn com• 
pk:tely purged of :iir. The relationship between temper• 
a turc nnd pressure is not o. direct function, that is, if the 
prc:£surc of steam is doubled, the tcmpcro.turc is not 
doubled but only increased sli~htly. 

For cxnmnlc consider the followin~ tnhlc showing the 
properties of d11• saturated stenm only. 

cenn,,.,111in1 , . ...., .. .,,. 
0 lb,. 212.00 tl•t• F, 

20 ..... 227,96 ... ,. f, .co..... 267,.25 ... ,. ,. ,o ..... 292.71 ..... ,. 
10 ..... 312.U ..... ,. 

100 Ila&. 327.11 tlet, f, 
120 ..... 341.15 .i.,. ,. 
14011ta. UU2 dle9,f. 

These rcl::i.tionships do not hold true of WC't or super• 
hciltcd sle:im or with air in tJic \·esscl. With ony of these 
conditions existing an entirely dill'crcnt _set of thcnno-

d)"nnrnie pro(X'ftics may he prc..-scnt within the Vl.'SSCL 
High Tcmpcrnturc Stcnm Curing-In hi~h lcmpcn:a• 

hare itram curin~. snturnlcd stcnm is ui.,-d to produce an 
equilibrium trmpcrntnra rnni:;in~ froin l-10 tn npprnxi• 
mntdy 170 deg. F. It is not cnnu~b for n hhx.·k mnma• 
foctun?r tn use Ji,·c sll•nm curin~, he must Jmow how 
the li,·e stcnm nff ccts tho mnsonr)' units. Frc.'f1ucntly it 
is nssmnl.'<l that nil thnt is ncccssnry is to tnrn lh·c.: stc:am 
into tlia kiln nnd continue to inj<'Ct stt'nm till it is tiano 
io c.•mpi)' the kiin. Only ihl"n i11 tht" stt'am tumce.l off. 

Careful studr of lh•ti stcnan curing indiC'alc:s thnt 
cxcclltmt results cnn he olttninC?<l ccnnomic-nlly if the 
prnducls mnnufocturor uudt'rst:mds whnt is liappcming 
ia the kiln. 

Mruay pfant operators h:ivc arbitrarily :xssumcd a 
steaming time of n prcdctt'm1inro pcnoc.l for their pl:mt.s 
without t:tMng due considcr:ition to the fnct thnt from 
day to tin)• conditions mny \'1\r)' m'C'I' a considcnibla 
r:mge dc1)('1,1t1in,;t on tho scnson of the )'C:&r. 

For fn5hmcc, a steaming lime of two hours will in one 
cnse rni5n the lt•mpcrntnre or the kiln to lGO tlc1t- F., · 
while in ;mother instance in the 5:tme length of time 
tho kiln tcmpt•rnturc mny reach 100 d,-g. i-~. With such 
conditio11s, n ccmt"nt which will gi,•e satisfnctarr curing 
results nt the lowt'I' tcmpcrnture may be cuh-crscJy 
nfT«-tcd nt the hight'I' tcmJ'K'rnture. 

Such ,·nryin~ conditions of curing m:iy, in n numsure, 
be rcs1,onsihlc for the diff crmccs in com1>rmi\-C 
strcn~ths ohlnincd under what mn)' sC'Cm to l,c uniform 
pl:int prnc:ticc. 

An importnnt factor is tho ,-nrintion in the chnr.ictcr
Mics of difTc.·n.mt hrnncls of <.'C.'mrnt. n,iic is ,luc to the 
fact that the rnw tn:atcrials usrd b)• the Cl'lll<'nt cmn
pnnius v:111· in the chcmicnl nml pbrsic.il makt'np nf the 
eonstitucnls cnt,•ring into ct"mmt nmnnfacturc. which 
h:i.s a bearing on rates of ccmr.nt scttin~ :mcl hardening. 

11,is point is frcqncutly 1o.d sigbt of h)' the prndn«"f' 
who must tlirou~h ncccsi.il)' use sc,•crnl br:inds of 
c:<'mcut in his operations. Thc;,n:£orc, for best results. 
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the producer sl11111ld st11dv tltr. prc11li:iri1i1·s of each. 
brnml of CL'lll<'llt and c,.-olvc the must s11italilc ty[lc oi 
curit1t! lcclmici 11c. 

l11 mnnv instam'L'S tlit• m:11111fnct11rrr is tl'llli.~s i11 11ot 
providi11c:.himsl•lf with tl1c prnpcr t~·1ws (If i11Strn11w11t~ 
for the mc:uurcnlC'llt of t<'mpcraturc w1thin the kiln 
tlurin~ the curint! cycle. Tl1is loose practice may he 
corn'l·tl·d tl,rouch tlw IISC uf some form of visu.il or 

• :rntlil,lc indic.·ati;,i.: or n.:l'ordin!-! tL'lllpt•raturc tk·vict•. 
St,•;un lloilcr-Tlll· sl'l,:t:tic:>.n of the boil,~.- fur a li\'c 

stc:mi <:min~ systrm is of pri1111• importance•. Tl1c size nf 
the hoilc·r is cl1•pl'11dt•11I 11p1111 tliv ln:1tl TL't\t1i1<:111cms ni 
tho kil11~. the 111111\hcr of kil11s to he stt•an11:d siinul
t:mcousl~•. :incl the pl.mt load other than stc.un needed 
for curin~. 

The l~ilcr cnpncity sho11ld he sufficient to hri111: the 
block up to maximum tcmpr.rnture in npproximntclr the 
time required to lond the kiln. ·A l,oi\cr in cxcci;s of 
requirement~ is mh·isnhlc since the cfTicicncy is im
flr0Vl'1.l when not np<>rntc-d nt maximum lond. BcsidC'S, 
thn cxtm n\•nilable sleam may he used to n<lvant.u~e for 
othC'r purpns~s throu~hout the plnnt. Tho cost of excess 
boilC'r cnp.icity per horse \')()Wcr is hut n fraction of what 
an :ultlitinnnl hoilcr would cost. 

1·he l:ir~cr the wntcr cnpncity nml hcnting surface of 
th<- boik-r. the less will he the concentration of the scnle 
fnm1in1Z clements nnd tbc thinni;:r the scnle dt•i,osit for 
n gi\"l!n period of time. Alm. the hr:it trnnsmi:.sion loss 
throu~h the tuhcs will be k-ss. rc:.ulting in n higher rate 
of boiler cfficic.nc\', 

1>rac..1icnlly nil ~f the hoiler foccl wntcr is m~ to 
develop· li,•c stt':1111 and enters the boill•r nt an nvern~c 
temperature of 50 dciz. F'. The amount of hoill•r mnke• 
up Witter mny vnry over a r:mge from 000 to 000 g:il. 
per nour. 

As I prccautionnry mcnsure when <lcterminin~ the: 
size of tbe wntcr mnin necessary to feed the boiler, it is 
well to consider other wntl"t requirements for the 11lnnt, 
and to instnll adcq11nte sized mains for nll purpnirs. 
F11tura ex(K'l1~ nnd dclny m;y he nvnidcc\ if the hourly 
rcquin.•mc-nts of. wntc...-. wh,•thcr drawn Fron, n central 
source or from n wc:ll, nro nccnrntcly cstnblislu.·<1 •. 

Stcam-Mnttcr exists in one 0£ three forms: sulid, Ji. 
quid aml ~nscous. Under normal atmospheric condi
tions, snustnnccs C':<ist in :uw one of the5c tlm..-c states. 
and wJwn thu outside <:onclilious :arc \-nricd they m:i)• 
c:h:m~c ·from one state to nnolhcr. . 

Waltt under average conditions c:dstll in liquid form. 
Wlieli a vc!mn0 of wntcr is h('ntcc.l h\' mcnns of some 
extcmnl mcclium, the tcmp<~nturc o{ the wntcr rises. 
Addiliom'&I beat c:mscs the· wntC?r to hoil. rclensing 
bubhfos of gl\S (Stc.·un) which ri5C to the surface. This 
condition is cle?scribctl as boiling. 

11ac amount nf bent nCC'C'Ssnry to rnisc the tcm1x-r• 
aturc of the water is e.-.:prcsscd in British Thermal Units 
(B.T.U.) where a ll.T.U. is the qnnntity of hcnt required 
to raise the tempcr11ture of l lb. 0£ ,vntor 1 d<'g, F. (00 to 
Gl~t•.). 

"I1IO amount of heat necessary to misc tho temper• 
atun, of 1 lb. of wntcr from 32 de~. F. (frt'(.'7.in~ tXlint) 
to 112 deg. li'. (boiling tXlint) i!I 180.l n.T.U. 11,is 
qwuatily nf bc:at is calk-d sensible hcnt. ln orcler to 
change lhc liqui,l intn a vapor nt ntmn5r»hM"ie prCMurc 
(14.'1 lu. J>CT · sq. iri. nhsolulc), 9i0.•l · U.T.U. must be 
added to t"itch lb. oC watc.-r nhcr the tc.•mr,crnturc of 2i.g 
dtie- i,•, is n.-achcd. J)urin,:t this tr:i·nsition period the 
tcmpc.-rntnrc remains const.mt. 11,e :ulclcd quantity of 
lat is enllt"d the lntr.nt heal of cvn1mmUnn. ConM:
quc11tly the totn1 heat of llic vn1mr fnrmc.•tl when wntt"r 
botls nt atmospheric rm-s."iurc, iic the sum of tho two 

· qtsantilics JS0.1 Jl.T.U. ,mc.l 970.4 n.1·.u .. or 1150.5 
Jl.T.U. per pound.' 

When wntcr is heated in n dosed vcssl'l. not com• 
plctc)y fiUc.-d, the 1>rc:"$surc will rise :if tcr the stc:im 
beRim to fonn aiccom1>:micd l,y nn incrc:asc in temper• 
aturc. 

SAturatcd Scnm-Snhmatccl stcnm is stt'.lm in contnct 
~itb liquid water from which it wns gencrntcJ, at a 

l5U l,llrlll~ ~.011crcrr. llltlU --------
tcmpcrnt11rc which is the hoilinl! p0111t of w;1tcr :md the 
condcnsim: point of the ~ll•:im. It m:w he either drv or 
wet, dc:pcndi11~ upon the ~t:llL'r:tt1111..: L"t111tli1ions. · , 

1. Dry saturated stc::im 1s steam wl1ich is free from 
mcch:rnicall~• 111ixL·d w;itcr particles. S:i111r:1ted stc:1m nt 
any pressure hns a ddinitc temperature. 

2. \Vet saturated steam. on the other h:mcl, cont:tius 
wntcr p::irticles in suspcusion. 

Supc.-rlicalctl Stc:un-Supcrhc:itcd stc:im is steam at 
::iny ~ivcn pressure which is heated lo :i. tcmpcrnturc 
hi1..dwr th.:m th<' tl'mprrnturc of s:i.tur:tll·d st<.•nrn nt th:it 
pr<.·ssllll', \ Valer l·.11mol exist in the prcscucc o{ supcr
iu:alt!d steam. 

Capacity of Boiler-From calculations m:1<.lc of plants 
usiu~ heavy .is well as lightwci~ht :i~grc~atc-s :md hav
ing cli!Tcrcnt kiln sii.cs nnd constmctions nn a\'era~e 
value of 15 Btu's per !,lock has bcc-n nrri\'cd :it :1s the 
factor to determine the horsepower rc-quircmcnts for 
curing. 111is value. coupled with the desired temper• 
aturc rise per hour. is used in the followini:t formula. 

Multiplr the factor 15 by the number of kilns to be 
cured simultaneously. then hy the numl,cr of rncks pe-r 
kiln nnd the number of hlock per rnck. 111is proc..luct 
should be multiplied hy the number of dc~rccs of 
temperature rise desired per hour to hrin~ the kiln up to 
optimum st<-:nn tcm111cr:iture. Divide this end product 
by the number o{ Btu's per l>0iler horsepower. Then 
divide the result h}' O.S6, which is the factor to he used 
to determine horsepower when the temperature of the 
water entering the boiler is 50 de~. F. 

The 15 Iltu factor wns deteriitincd nftcr considcrin~ 
many vnrinblcs. among which :ire: (i) rack :md pallet 
weight per kiln; (2) total weight of units., including 
water content; (3) kiln surface heated; (4) air volume in 
loaded kiln; (5) radiation loss; nnd (6) heat of h)'dration 
0£ cement.• 

---=-;:; ... , fot calNl.1'"9 hHt requit.,,,..,,,. wiU be fovl'ICII WI "'T~ 
NC'f81• SccttOR. 

lie-al 1\c<1nircmcnls-A hlock manufacturer has kilns 
wilb a c·npacity of 1,440 8-in. units Jl('r kiln nnd dcsirC'S 
to stcmn thrc-c kiln!! shnuh.mrousl}', · 

11u: heat rcc1uirc-d in lltu's for curinJ,: is 15 x 3 x 1,4-to x 
60 (dcgn•C's tcm1x-r.1turc ri$C per hour)= 3.SS0,000 Utn. 

One hoil('r horsc.'pOw<'r is clrfincd ns the hci,t ll'tlttirc.-il 
lo cvnpomtc 31.5 lb. of water frnm and nt 21!? deg. F. 
(ntnmsphcric pre?~surc} nnd ~quals 33,,17S Utu's. If the. 
mnJm-up wntcr wns at 21!? clr.g, 1: .. the bent required 
would be a c,:rtnin nmonnt (lntt.•nt hcnt of cv.iporution). 
Additinnnl hcnt is re-quired to rnise the water from 50 
d&.-g., 1•·. lo 212 de~. F. Assume make-up wnt.cr at a 
tcmpcm1t11rc or 50 c.lcg. F. 

I.:atcnt hcnt 0£ evnpornlinn (heat rL'<lnircd tn c\·n1>0-
ratc 1 lh. of waler from nncl nt 212 d,·~. r•. :i.t atmo,. 
phttic prc.'Uure) t"qunls 970.4 lltn'a. I lent requittd to 
raise 1 lb. of wutcr from SO de((, Ji". to 21:? dc.-g. r·. equals 
162.0 Utu's. The totnl heal rc,1uircd to ch,,nt:c 1 lb. of 
watc-r fruan 50 deg. F. to 1tcnn1 at 212 dcff. F. ls tho 
sum of thr.u, n,-o (970.4 t>lus 102.0) or 1,J3U Jllu"s. 

The foctor to use in dutunnining horsrpo"-cr when 
using 50 d,~!:t- 1•', l'ntcring waler in."itcud of w:i.tcr nt 212 
dt"g. 1.-. is found by c.lh-iding the lntt.-nt bc;it of cvapo
r,dion (070.4 l\tu's) b)• 1,13!?.4. This is O.&,. For pmcti• 
cal purpose's this factor is considered lo be 0.80. 

11,c hm·5c.•1,owcr rt•quirc.-il will then be n fraction in , 
which the numcr.ilor will he., the lotnl lu.•at required to cum the units tmclcr ·. the conditions ~iven above 
(3,SSO,OUO J\lu's) and in which the denominator will be 
the product of the nmount of heat rc.-<tnirc-d to produce 
l boiler horsc1>owcr (3.'l,-178 Utu"s) aml tlm factor' used 
when 50 deg. F. c11lcri11g w;:,.tcr is n.ssumcd (0.66). 

:l,880,000 
Expms~cd as the fmction this is 3,3,.(

78 
X 0.8G = 135. 

or the number of horsepower required to steam ~Ince 

~lpl,,t Und1tt~ tho Ste- Curinf of Conctttt •• A,-,,flfflc 
rrn,ure-by A, G. A. Hui, Mt911ine of Concn•e lle.a..-d\ (Eftgllftd) 
Mowat.19.51. I 
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kilns si11111ha11co11siv, caci1 kiln holdin~ 1,140 cm1ivaicnt 
S XS X l<i-i11. u11'ils. . . . 

U1icl1.•r a,·,·r:11.:c conditions tl1c nhnvr. formula c:rn lie 
simplified lir n1111l>iniru:: the fi1:urcs which usually <lo 
not van·, as inllow~: 

. 15 x 60 ...J. 'JOO _ ----·- - --. - = 0.0312.'.l 
33,478 x O.fiG :2S.7U l 

The hoili:-r hnrst·powt'r rrcp1ircrncnts will therefore 
c'lnnl the number of hlock tn lie cured simult:mcousiy 
muhiplird by the factor 0.011!!.'3. 

u.au XV-NH HORSEPOWER lOAO REOUIR[MENTS OF BOllCR 

Kil" H.f. H.P. H.P. 
C•pHilJ .......... Rt .... ;, •• ,., ...... ;, .. ,., 

8◄11. for 2 1Cil111 3 Kil111 
Unifi 11Ci111 Sim11h•n•o111I., 5im•h•11••111ly 

164, 30 40 90 
1010 :lS 70 105 
1200 40 10 120 
1440 4S ,o 1:IS 
1728 ss 110 us 
2U0 70 140 ,10 

For example: 
3 kilns ench with a cnp:icity of 1,4-t0 block = 4,320 

block. 
then 4.320 times 0.0.'3125 = 135, horsepower requirt>d. 
Sleam Applicntion-Thcrc is n ~rent dilTcrc-ncc of 

opinion ,unon~ opcmtors on the best method of intro
ducing steam to the kiln. Some ad-.·ocntc introducing the 
steam nt the ceiling nt one c:-nd of the kiln, others. for 
iritroducin~ it nt the floor level, while some contend thnt 
thc·lmst mc:-thocl is lo introduce it throu!.!h orifices in 
continuous t>illt:S running the fon~th of ·the kiln nnd 
situated sli~htl)' nl>o,·e the floor level. 

Steam introduced nt the ceiling lc\'cJ, from a single 
large 'pipe, being hcnvicr th:in :i.ir, will tend to settle 
011 the uuits :LS it c.lesccnds to the floor. 

Stc:am injected nt or near the floor level through a 
series of sm:i.11 orifices ~ a high moisture condcnsatioq 
factor. niis cond..:ns:ition reduc!!S the moisture which 
· sboulcl 1,c dc1l0,;itrd on the units. 

Slcam J)Mrihulion-ln order to cur~ hlock successful
ly, it is nc.'t.-essnry to know the proper volume, \'clocity 
and qunlity of the slt:am hcin~ ddh·crcd to the kiln. 
11ac volume of tho steam must he known in order to 
obt1dn the recommended temperature rise not to ex• 
ceetl 60 d~ F. Jlrr. hnur in the kiln. 

The ,·clocitr of the stcnm must be such thnt it will 
result in the ck-sirrd action or turbulence to mix thor• 
cm;bly the nir in the kiln in order to distribute hent 
and moisture uniformlr. · 

Different d,•~rc..'C'S nf heal nnd moisture throughout 
the kiln will r<-imlt in difT<-rent dt.•~n:cs 0£ curing be• 
twt'C1l units sihmlt.'tl in front ,u1d h:\ck nf kiln ns well 
as &01, nnd lK>llmn c,£ the s.unc;· -

Turbt,lmco within the kiln is obtained Crom the 
pmpcr prr.uuro al the lL'nninnl o( the stt'nm nozzle. 
11•11 prmurc must not he confused with hailer pressure 
since there is A drop in pressure of the stc:am bctwt'Cn 
tho boilrr and the I.Un. . 

11ais clro1, in pressure depcmds nn the ph)•sicnl length 
of pipe.• bctwl't'n the boiler nnd kiln, munht'r of fittinlts 
In the stt'.1m lint", dimnl!h:r 0£ stcnm line nnd the pounds 
of stcm,n hci111,t usc.'<l. 

A good prnctiCill nssumptinn. ,lc:-tcmninN-1 from 
~•co follnw1: . nw ,• ... lclcit)' of the- stt.•am injt.~-tcd ~hnultl ,·nry from 
750 to J,000 (t•<i tk.•r minule pc.•r lim•ar fool of kiln. 

Qualily of Slc.'nm-Tlm quality of the 5ll'nm must be 
sucl, tlml no cmtr.ainn.l w.1h•r is carri<-d nlong with it 
when lc.-.1Vin1t thc 110:,3.k•. This is to }lrt'\'t.'nt O\'l'l'•\\'c.•tting 

• tho hlod,:; mnl tu l·liminnlc.• tin: pos:,.ihility of washing 
the inrfoc:c of the.- hloc:k. The impnrtnU<.'f! of kc.'<.'pinJ: thr. 
:tama in as drr nnd s:itumkd :t condition ilS posidhlc: i!'. 
do.,,onstrnted h)' tlm fact thnt stl•mn Cilrr)•in~ J 1><•r cent 
of moiiturc at tho 1101.1.Jc will still l,c slightl)' suprr• 
heated. antl will tlwrt'f n:·e contnin 110 l•ntrninrd watt'r, 
whcre:is the 1uklitio11 uC another l per cent (2 per cent 
tot&al) will result in .stcum that. <'ntrains •l:J lb. of wntrr. 

15-1 C11rinl! Cr111crrtr: U11ils 

Stc-am ti1;1t 1.·:nrt<'S 5 pn Cl'11t 111n1sturc at thC' no1.2lc will 
l'rltrain 15.1 Iii. of watl'r. Tlw,c c-;ticulatinns :irc- h.'Hrd on 
:l :2-i11. 11oak·. JO psi ~:1c:c pn•ss,~rl' at tl1c nozzle. am.I a. 
disc!t:in:c oi •l.:3(XJ lh. 1A st<';1111 JH'r hn11r. 

EIT(•cl of \'c-lm:ity of Stt·:u11-Tlic vc-locitv of the st<.•:tm 
cntcrini~ till' kil11 may lie a dl'cidin!.! fact~r 011 the uni• 
fomiitr of the r!'s11lts ohtainc<l. If the vi:-iocit\· is too 
grrnt. t Ill· ~t1•,11n will impinge dirt•ctl~· on tr-u.' bac.kwall of 
the kiln. i11J11ci11~ condensation of tlii: wnte: \';-ipnr. Sut·h 
a condition wn11l<l rrlcase p;-irt of the tnt:il ht>at a\·,1il.:ihle 
into st•m1lilc hL·nt. thm raisin~ tl\C' di:y bulb tC'mpcraturc 
of tlit.! air i11 1i11: l.iln :rncl rL·du,:m!-! th.: alisolute hurmdity 
and. \'itpor pn:ssurc of the nir in the kiln. 

\\'hen too low a sti:-nm \'clocit}' is ust.-<l. tl1e trmpcr• 
nture grac.lic•nt of the air in the kiln will v::i.rv consic.ler
al.,]y from top to bottom nnd from front to rc-~r. 

' The distribution nnd ,·c1ocit~• of the ·steam is dt>pcnd-
ent on the ph)·sicnl climcusinns nnc.1 the intt>mni lo:.d of 
the kiln; the \'rlucitics for \·arious sh.,pcs of kihis range 
from 10,000 to G0,000 Ct. :ind upwnrc.ls per minute. 

Since there is ::i. limit to the \'Clocity of the stc::i.m 
~upplictl to the kiln, the dimcni;ions arc of prim:ny 
11nportnncc. Too long a kiln will not permit unifonn 
distribution of the stc:im throughout its entire 1.:ngtb 
unless spccinl piping arr:mgcmcnts nre mndc. 

The cntr.i.incd water in the form of solic.1 p:,.rticles 
when cnrricd nlong with the stc:nn, tnwc.•lin~ :it a 
velocit~• in cxcc.,;s of 60.000 ft. p<-r minute, c-:.m do con
sicfomhlc d:unngc tn the units hdng cured. It is t'SSt>ntinl 
th::i.t pipe lines :mcl insulation be dcsi!.(ncd :ulcl imtnlled 
so thnt the ste;1m lca\'<"S the nozzle i~ n dr\· s::itur.it,:d 
or slightlr sup~•rh<-::ttcd condition. · · • 

Steam nt a hi~hcr nozzle pressure thnn the c.x.:sting 
kiln prc~sure, m,\)' produce, when entering tl1e kiln, a 
temporary condition of sudden cxpnnsion of the s:atu• 
rated vapor, in which the steam c.'Onti:iucs to exp:ind in 
a superhc:ite.?d condition, without an\' condensation tak-
ing t>lacc. · 

Superheated ,team of this nature is not stnblc and 
dissip.,tC's through condensation of p3rt of the ,-;pnr. 
The tcm1pc-r.\turc of the m;us in tht- kiln is r.liJcd br the 
Jatmt ht.•nt ~i\'en off during the conchm~.ttion. until the 
tbennal equilibrium is restored. TI1is c:om.lens::i.tion t.ikcs 
place throughout the kiln bccnusc of tha ,·clocity of the 
steam rmplo)'rcl. Moisture is therefore: deposited on all 
units lll't.•scnt in tho kiln. 

'11ac solution of these steam problems c:w best be 
undertnkcn h>• a 1>roccssing engineer, wdl ,·cnC'c.l in the 
thcnnodru;;nnic pro{K"rlil"s of stenm nml air. Ther are 
best c.lctcrmined onlr af tcr a thorough sun·~• oC the 
propost-d plant la)'out. 

Steam 1..cnks-Fcw operators give sufficient. attention 
to the cffc:cts of stc:un lt·ilks in their l,oilt.•r plant and 
&ittcndunt piping. Ll•aks ff not prom1,tlr attended to can 
amount .to quite a sizeable Joss of fuel o,·er a period of 
lime. 

Suppose a l,oiJ~ operating at 15 lbs. pressure with M 
ac:cumuJntc..-d steam Jcakasc area of 0.10 sq. in. and 
opcmtin~ for 4,000 hours o,·er a pc.-riod of l:? months, 
the 1pprmdnmtc loss is 30 tons nf coal or 5,•100 ;:illnns of 
fuel oil. With a pres:mre of 125 lhs •. and for a similu 
wabgc nr<•a, the n1,pro.~im."lte loss can amount to 140 
tons of couJ or 25,500 ,tnllons of fuel oil. 1£ tbc lt.-nbge 
arra is ~nmtcr th.m 0.10 sq. in. the Jnss will be in direct 
relation to tha nrcu. With nn nrca of 0.50 sci, in. the loss 
c;in amount to fi,·c timl'S that from on nrc-.i of 0.10 sq. in. 

nacnnodruamics of Curin!:-IIi~h l<-mpc.•niturc curing 
ht dm past has b\!<'11 conllhil•rcd mnrt' frum n. hc.'ilting 
:md humidity st.mdpoiut rather thnu a processing prolr 
1cm. 

As the dry hulb kmpcrnturc increases, the greater 
will be lhu nmnhur of grains of moisture required per 
llOtm<l of dry air lo maint.tin a condition of 100 _per ~nt 
rclati,·c lmmidit)". 

Tabla XVI $howi the rc:-1:,tivc na;munts of moi5ture 
required to umintnin 100 per cent rdnth'c humidity, for 
v.uious dt'grcc-s of temperature. 
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ncl:lth·c Humitlit~·-ln str,1m curinc: lilnck it is impor
lant lo 111:-ii11tai11 as i,il!ii a 11H11st11rc t·rn1t<'nt (r,·bli\'l! 
humidit~·) us pnssiilll' i11 the kiln ntmosphere. A~ the 
tempcr.iturn i11 lhc l.:iln rises, the nir in the kiln is 
rendered cnp:,hlc of holdin!,! more moisture, hence more 
cvnporat<'d water (skam) must he introduce<l to hrin~ 
'the kiln ntmosplwrC' to n snturnte<l condition (100 per 
cent rcl:lti-.·e humidity). 

Hclative l lumidil\' is d~Cinc<l hv Webster ns "the ratio · 
of the quantity of v~por actually.prcst•nt to the grcntest 
amount possible nt the J:ivcn temp<'rnture." 

Hclalivc J lmnidity is dc-tcrmincd by the use of two 
thcnnomctcrs. One thc-nnonu:•tcr known as the "dry 
bulb .. thcrmomC'tcr J,:i~ it.s hull, exposed to the air. the 
other known ns the .. wet hulh" thcnnomctcr has its bulb 

. CO\'crc.-tl with wickin~ or muslin, the end of which is 
immersed in n suitaliic- <:ontniner of distilled wnwr. 

11irou~h capillary nttrnction of the wick, the lmll> 
is k<'(lt constnnll>• moilit aud ns the water cvnporates the 
hulb is cooled. The drier the nir, the faster the water 
c\'aporntc.-s, accomp:mic.•tl hy n lowcrin~ of the "wc-t 
bl11b· lhcrmom~tcr n•.1<.Jing. The dHfcrcnce in the read• 
ings of the •dr)' bull>" nn<l "wet bull, .. thermometers is 
,a measure c,£ the relative humidity nncl this cnn be 
dct<:rmincd from l,\hlcs prcpi\rcd for this purpose. 
When the .lir is 1iatur:1tc<l (100 per cent rcb.tivc hu-
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midity) hoth lh<'ranom<.-tc.•rs ,viii rend the, s:unc. 
'l11CSC instrunu•nt.,; nrc lmown ns hy~romctcrs. 

1. With a dry bulb lc-mpt•rnhirc of 120 dci,t. F. nncl 
a wet hulh t<•m1x•rnturt! or 120 de~. F. the 1·csult 
woukl h<' 100 per cc:nt rd:tli\•t? humidit>•· This 
almnspht'l'ic c:ontlilion would rC'quirC' 567 ~rains 
or 0.081 lh. muistur.c per pound of dr)' nir. 

II. Jf the dry lmlh lcmt><'rnturc be mhwd to 160 
u~ F. withnut nnr incrrnic in ~mime of moisture 
par pouncl uf drr nir, the wt•t hull, thcrmmnr.tcr 
wiii indic-.1t<: n ti:•mpcruturc of 13.5.5 d«~, F. with 
a rcs11hm1l rdi,ti\'<.- humidity of 20.7 1x•r cent. In 
orck-r to ohtniu 1()() t'K"r c...·nt n•lati\•c lmmitlity ot 
ISO d,•~. the nlmo:;plu.•ric mnisluru co11ll'llt would 
havu to he nc.ljnsh•~.l to •t,00-& grnins or U.658 lh. of 
moisture for t•ach pound of Ur)' nir. 

UL lf the curing t<'mpcratnrc were elc."Y'lltcd so thnt 
tbc dry bulb n:,::istcrcd n temt>Crnturc of 200 

· deg. J.•. without incrcrusc c,( moistun, the rc.-snltant 
rt'lbtivc humidity would be rccluccd lo 19.3 per 
cent. Jn order to obtnin 100 per cc.int rclati\·e 
bumitlit)• in this c:u."c, the u.lmusphcrc would 
require a cont<.-nt 0£ lG.00.5 1-(mins nr 2..295 lb. of 
moisture f m: cucb pound or dry nir. 

From this data it c.m n-adil)' be S<'CII how nccessnf)' 
lt is to si11>1>ly moi~turc to the atmosphere in tho kiln 
in C)l'Utt to ,woi<l drnwing moisture from the block. 

V~por l1rcssurc-An imporbmt factor which must be 
considcrt'\1 is the satnnstion pressure nf tho moisture in 
the kiln nhnos1,lll'rc. This is comnmnl)' known ns ,-npor 
pn::uure and is the 11rL-ssure c:.:crtt"<l by the moisture in 
tbc forin of vapor. · • 

lt \\'ill he noll'tl frnm Tuhle XVI Column "C'" th.it. 
witb a n·lnti\'C Jmmidity of 100 f.)('f cent, at, 

170 dt•g. f. the force: is 3'n limes ns grcnt as the 
force at 120 d~~. F. · 

180 deg. F. the force is 4~ times as great ;s the 
forte at 120 de~. F. 

200 deg. F. t.he force is npproximn.tcly 7 times as 

~rrnt :is the for.:-c nr . -·· , h·~. F. 
Vapor JlrC');Slll<" is <:xert<·d witlii11 tliC' b/11 at all timC's 

during the c11rn1L! l")'dc:. It is liil!llt'r 1n,;11lt~ than outside 
the kilu. Tlll~Sl'. two conditions an• nnt in equilibrium, 
tl111~ moist1_1r~ wiil l>c forcl·ci _to the outside :-itmospl~<.•rc. 

1 he vo,us III co11crctc arc pr.lct1cnlly filll'<l with water 
or moisture :H the tillll.! bind: nrc madt?. If no moi~turc 
is .1<l<led to the air of I he kiln. tlw sntm,Hl'd block hcµins 
:o lose 1~oisturc liy cvaporntiou to the smro1111di111,; ilir 
in the kiln, thl! cll'grcc of moisture n·1110\·al l>cin~ de
pendent upon tli\! tt·lllp(?r.iturc of the cur111~ illntos
p!wrc. :incl tl,c h•n~th of time the u11its nrt' ml,jcctcd to 
-.i1c:.:l1 lt·mp<'l'aturcs and cJiffvrt•11tials iu ~.1turalion prcs-
-.t,rcs. 

Hl'intivc humidity mca!';urcsncnts of the kiln :i.tmos
phcrc, wi,cn mnclc uml<.•r these conclitions m:iv lc:i.d to 
fab,e conciusions. · 

Su~h measurements cnn indicate 100 \)CJ' cent rcl:itive 
humidity in the kiln' ntmosphcrc, when actu:i.lly the 
cl1cmicnlly combined watt~r is being n•movcd from the 
units. 

Moisture becomes n pnrt of the kiln atmosphere nnd 
while indicatin~ idcnl curing conditions, the binding 
in!!rcdicnt, portJand cement, is lwin~ c.h1mnge<l through 
lack of moisture so nc.-ccss:ny for its hydr.ition. 

Mc:isurcmcnt of IIc:i.t-The steam curing process is a 
technical nnd scicutif ic one. For succc.-ssful results cer
tain t>rccautions must l.,c observed in order to mnintnin 
uniformity of qm11ity in the finidu?<l product. 

Temperature is one of the importimt essentials in the 
process of curing. yet it is a. factor to which too little 
nttcntion is given. 

·A study of hcut clislrihution to stcnm curing kilns 
shows th,'\t part of the. hca.t nppliccl goes into the block, 
p::illcts and racks, the other portion goes into the roof, 
sidewalls and floor. One of tho rcnsons it tnkcs so much 
stenm nnd time to bent the block is that the roof and 
other sections of the kiln absorbs heat nt tho same time 
as the block is being hcnted. 

n,c in5tnllation of proper tcmp<.-r:iture indic:iting and 
recording cquipnwnt ·will show the kiln ronditions at nil 
times nnd permit the opcr.,tor to mnkc cli.·mgcs nca:s• 
sary to improve operation. · 

Another rcnsnn for the use of thcnnomctcrs is that 
makers do not fully npprt-efalc the importance of a 
dc.6nitcly controll«:d prncC$Sin~ cycle. In munr instances 
the block arc either not hcatc.-d enough or hcatal for too 
long a period. IC hcnt comes up too 5lnwl)• it may be 
<luc to insufficient stc.-um prcs.~uro or qm,lil)", or due ta 
Jc.ilmgc in the kiln. 

No -phase of pfont practice ,·nrir.s as ,,,ii.Joly a:c it doc! 
with respect to curing. Tiiis condition rctlccts the con• 
trov<?rsi;1I nature of the entire suhji~t of curing. 

Curing c,·clc-The C\1ring cycle is m.'lde \lfl of scvernl 
phucs: 

I, TI10 kiln is filled o.nd closed. 
I1 Prcscttin~ Pc.-riod- A presetting period ol one to 

four hours or longer, depending on the tn,c pf DfQ;l'C
gatc, lhe tn>e of cement used and the ,c.mson of the 
)'car. It is during this r,criml thnt the initinl rmction of 
the ccmc:nt-water pa.sto takes pince. If this rc.-actkln is 
intcrfcrccr with by the sudden application nr heat, A 

brittlc.-n'-'" may he 111'b<luccd in the units alnn1 with 
the formntinn of h:dr cmcb. Low initi:ll hlock and 
kiln kmpt"l'atnrcs during the winter st•ason can Wl\'G fl 

ddrimc:-ntnl c·ffoct on lhe u.llimate strength of the units. 
nu:•rcforc, preheating the kiln before ;1nc.l <luring ch:ug .. 
in~ to a minimum tempcrnturc bc.i\\'C'C'II 70 to 100 deg. 

· F. is recommended. 
Outdoor tcmpcrilturc . in wint,~r lime mnst be con• 

sidrrctl in :mticipnlinJ,t strength of units at v.1riou1 ages. 
Strengths should he dC'\·c.-lopc .. -d during the curing cycle. 
A wide diffcrcnc.-c in rl'sults can exist fx,.twccn summer 
nnd winter opcrntions c,•m though procedures are the 
"1mC. . t' 

JU Stenming Period-The stc:uning period is the 
length of time the stc.:.,.m is introduced inlo the kiln. 
TI,is J>eriod is best determined for each individual pfant 
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l,v 11sc,·rtai11i111.! tltc ti111c rt·1111m·d to hri111.! till' 11n11s· :llld 
tl;~ kil11 '.1ir 111 1•q11al tt•111iH'ra1urt•. l'ln1pkd ,1·11i'1 tl,c 
poi11t al wluc.:h tltl• lilo,:k ceas1! tn i11crc-a.,e 111 w1•1L:lit. 
Tliis is lC'rull'd tlw prn11t of 1·q11ililiri11111. Tlie prncc-dmc 
for d<'lc-nni11i11~ the.• t·q111lilH i11111 11•111pc·rat11re iollows: 

Throu~h n s111iall liolc, drilll·d at a <:rn1vC'nic11t point 
in the l;iln roof. a c:liaiu is passc-d. Tlw 11pp<.•r c11d of the 
ch:tin is :iltacl1cd to :m :1rr:i11~c.•nw11t rl'sti11l! 011 the plat
fonn of thi.: scale wliicli is loc.1tt•d alrnn· tltc.: roof. It is 
important to sec- that tl1e appar.1t11s f1111c.·ti1111s pro1wriy. 
'The scale should l,c aceuralc to U.01 Iii. t\t tlw lower 
c-ml of the.· cha111 a pailc.-t c.·1111t;111li1t~ ti:rec 11111ts is sus
pcndc:J 111itlwa~• IH.:twc.•,·n tiw c.:ciii11~ a11li the floor of 
tho kiln. B\' nw:im; of tliis nrr:m!,(<'llll'llt the i11cn•nsc in 
wci~ht of the units clurin~ sic-am.in~ 1s dctcnnint'd from 
rc.idin~s m:alci nt intervnls of fiftCC'II mi11ntci.. 11i1til such· 

· lime ns the block docs not show further increase in 
weight. · 

Dirt'Ct tcmpcr:iturc nmdinµs arc ohtnined f rum n sc
rit-s of thcrmocouplt.·s inserted in th<." shells of thu units 
on the p:tllct nnd also in units loc:\h.'d on difTcrcnl tiers 
of a rnd: ndjnccnt to the suspcndt'<l p:allL·t. The Jcatli. of 

. the rouplcs nrc cnnnc-ctt.•,1 to n potc11tiomC'tcr fillc-d with 
a c1uick ch;.m~c switch which n:cor<ls ,lirectly in dcgrees 
of t,-.npcrnturc within St.'<:onds of c.'ach other. 

\\'hc.'11 dry s:ituratcd steam enters the kiln nt hi~h 
velocity it cnuscs n rt1pid tcmpcrnturc rise. Since the 
tcmpcrnturo rise of the hlock lags behind tho temper• 
ature of the kiln nir, this difference in tcm1wmturc 
cau11rs moisture to deposit on the surfaces of the hlod:, 
with the result thnt moisture is nr.Idccl to the concrete. 
The block will continue to take on moisture ns long as 
they rcmniu nt or hclow the dew point tcmperntur~ of 
the l:iln air. · 
' When the tcmpcr:1turc of the units and the kiln nir 
are cqu:d the units will commence losing water and will 
continue to do so as long as the steam remains on, 

Tho loss o( moisture will be accelcrnted as the block 
temperature incre2$CS a.bovc the l:il.u air tempcr.ature. 

1MUI lVII-ICflN CONDITIONS OUIIING A CUlllNG CYCLI' 

Netcha119• 
#I #2 #3 #4 .,,. #' A, ... 1, ,., tlHk 

l:IIA.M. 72 " " 97 12 7' 117.'2 Ila. 
10:N t7 ,, 11 " 17 11 117.SO Ila. -o.04 
10:IS 114 IOt n, 12S 122 122 111.n 11a. + o.:a2 
10-.)0 uo 121 U4 1:t7 1:t4 us 119.:t4lla. + O.J7 
IO;U , 142 1,2 144 u, 147 U7 119.75 Ila. + 0.71 
1h00 us 154 156. Ut U7 U7 190.:11 Ila. +o.n ,,,u '" 164 165 161 167 167 190.17 Ila. + J.01 
ll1H 170 170 '" 171 170 170 191.01 n.. + 1.1, 
11121 161 "' us 16-4 16::t 153 191.01 Ila. + t.01 
11;30 , .. 166 UI 144 162 147 190.Hlla. + 1,04 
12:00 162 162 136 161 •· 157 132 190.7S Ila. + l.04 
12i,ctf.M. I.St u, U2 157 154 125 1t0.7S n.. + 1.04 

-••· ISi IS:1 127 154 ISO 122 190.7SIIJ. + U14 
li.:19 '" ISO 127 152 141 llt 190.71 •• +l.04 ,. IM 147 127 Ul 147 11, 190.75 •• + l.04 
4:» 146 ,,, 111 143 140 111 1t0.7Sllt. +1.04 

. Jf tbc temperature: o( the :Lir in the kiln is nllowcu to 
rise above the cquilihrimn t<.-n11x.•rnturc, the: \'npor pres• 
1urc of the block is gn-ntcr limn the \'itpur prr.ssura of 
tho kiln atmosphere, thcrchr C'lmsiug transfer of moi,;. 
turc Crom the hluck to the.• air, 11,is moisture,contains "°"'" nln .. .icly chrmimil)' cornhhwd with lhc cement. 
th<'fl•I-,• retarding tht• lmrdc:ning oC the ccmcnt•wnlcr 
paste. . 

11ais indicatt-s the importance of <lctcm1ining the 
point at which tl1c. stc-:un shonl<l he :.hut off. 

111e cquilihrium h•m1X>mhIrc may \'itrY ccu15idt.•rnbl)· 
with the lind uf hlock, the si1.t" of the kiln nncl otht•r 
far:tms, hut i, 5otnt'\\'ht•rc hl.'lW<'<'ll lCiO nml 180 dcJ:t. F. 

11au cquilihriu'm lrmpt.•rnlurc of <'.tch kiln though of 
similar ronstmction, ,·uritis with the l)'llC of nf!~rc~atc 
bcintt <.·uretl, the c.i1p:1city of the kiln, or unless th~ ~'On• 
ditions Arc ch.,ngcd due tu crncks, brokl'n wnlls or other 
circuinstanccs t':lusing i:tcnm lcab. 

Once the ~uililJrium tcmpcrnturc nf a kiln is c~tnb
• lislaed, it uccd not be clu'<"kt-<l unless tlm type of n~E;rc-

lfi:2 C11ri11!.! Ca11r.rrtc Units 

~ate is c.·ii:in~cd. Tli;,t is. the sarnC' i.:il11 usL:d 1·0 cure 
11111ts of two dilkn·11t types oi al!grt•i,:atc will have 
dilf erc1it L"quilil1ri11111 tcrnp~raturi.:s. 

T,LUI<.: X\'II• L:iv,·s an c..x:11nnii.: of kiln tc111pc-ratt1rt'S in 
d1it.:. F. durin~· n cmint.: cy,:le until n l<·mpi.-ratmc of 
170 dcl-!;. F. w;s rc:ic.:licd wlwn sll'am w:i.s turnt•<l off. 

Tlic;mocouplcs Wl·re locntc-d as follows: No. 1, in the 
~11vll of :i hl11ck 1111 tl1c top p:dh·t; No. 2. in thn shell of 
;L !Jlod.: u11 the fourth pallet: No. 3, i11 the shL·ll of a 
l1lock 011 the sixth Ol" bottom pallet; No. 4, kiln .iir :>.t 
('l'ili11!.!; ~o. 5, kiln air midway between the c.:cilin~ nntl 
:l,c rluor: i\o. G, l-.il11 air at the lioor. 

IV Sonkin~ l'criod-Thn soakin!,! period is as impor• 
tant ns the stcamin~ tiuw. lt is usually ~ovcrncd by the 
number of kilns nva1lal>IH, kcC'ping in mind the fact tl1nt 
thelon~c1· the unjts nre allowed to sonk the better will 
be the finnl results. ~ 

As the kilu air tcmpcrnt11rc dccrcnses. the humiclity 
condition then becomes .i factor. since the contc.•11U of 
the kiln nrc thoroughly snturated ,,:ith moisture •• -\s 
Ion~ as the nir in the kiln is not disturhc<l U)' ch:m~ing, 
the humic.Jity of the kiln iuercnses as the tcmpcri!,ture 
<lt'crea~es hecnuse the moisture content is rch,tivch• 
constnnt. An nccclcrntt.'d curing condition is mnintnincd 
in the kiln during tho entire time the tcmpcrnture is 
falling to 70 dt'g. 1-'. Therefore, the lunger the sonking 
period is extcmclcd, the better will be the ultimntc 
product. 

The temperature drop in :1 wdl constnictcd kiln will 
be approximately 4 t.n 7 dC'~. F. pct· hour. 

V Drying l'criod-A clrriug period c:1n be n<l<lcd to 
follow the soaking period to reduce the moisture con• 
tent of the units to acccpt:iblc stuu<lards. · 

Figure 25 outlines curing conditions of the ,·arious 
phnses of the cycle. 

Kiln-Curing of nloc'k-An extensive series of curing 
tests was conducted to a.sccrt:iin the e[cctivc:ncss of 

• COftCIIII• froduch feb. 1947 -··-----;;....--------------, 

diicrcnt curing q•clt-s on hcn,,•wcighl aggregate block 
' produced under nctuul plnnL · conditions during the 

months of June: and J),:ccmhcr. 
Tho \'nrintiuns studit-il in the curin~ q•clc wtte: 
1. Tcmpcrnturu nf l:iln nt lime of charging. 
2. Lcn~th of holding 1wriod. 
3. Muximnm slc.un lcm1x-raturc. 
4. ~u~lh of 5h:umin~ time nt maximum temperature. 
5. J..c-n~th or srn1kin~ time. 
Evt!ry ~•{fort wu, 11st~l to krep the ,·ari:thlC'S in m:mn• 

fac:turc to a minimum. All hluck tested in the Juno 
series, cx,:cpt the hi~h cnrl)• str<."flgth cumcnt specimens, 
c.imc from n single hatch. 111is was also true for block 
tested iu the Dccc.-mber series. 

11,o scp.1r.1tc nggrc.-g.atcs ,-onsisting of pCA grn_\-cl, 
sharp nud fine sands were bi,•nued in such proportions 
to produro n fineness modulus a( npproxin1.,tt•l)' 3.7~ as. 
recommcmlccl in Taulc: XI. unc.lt-r Propo,cd n,corctacal 
Grading. 



C11ri11!! Cn11r.retc Units 

Air c11trni11ii'1:.: ;rnti liiuli rariv 11tn·11cth Cl'll\C'llt~ we-re 
11scd for C'1t111pan~o11 with «•ai:li utlwr. for strc•111.!til re
sults nml yil'id 11( i1l11d~ \ll'r i1ati:li. S11rf acc 11101sturc and 
w •. ,t~r ::it!dc<l ~wr hatch w1•rc c:m·fully gagL·\I. A ll1ral 
nuxm~ time o.t 8 mim,tcs 1:2 mi11t1tl·s dry nml 6 minutes 
wet) was dccitk•d on ns <l,;tcrminetl from <'Xpcrinwntal 
results outlirwcl in Tal,lc XI 11, 5t"rics 2, st•c:tion 6. 

The results indicate that wt•:ithcr l'o11ditions h:wc an 
imr,ort:mt h<",1rn1l,! on the strcn~th of llic units n11d that 
curin~ is of muc·h ~renter import:mcc d11rin~ the winf<'r 
months th;m d11n11~ till' warnwr ~,mimt-r 1111111l1 1s. 

The results of t l 1c summer scr 1cs of h:sts showt·d \Tl\' 
sliE;ht dilforcnccs in. ~trcngth c1r·cn with the ,·ariatioi{s 
of curin~ techniqut•s adopted, r:111!,!i11g from f.10 to 1S0 
de~rccs .F. . 

In winter, hecaurn of tho rclnti\'clv low outdoor 
tcmpernture the block clo not gain strL•t~p;th nftcr being 
slacked outside. 

It is, therefore, ucccss:iry during the winter to <lc
\'clop as much strcnµth n:. possible in the curing room. 

The ol>jccti\'e of the m:mufocturer i~ tl1c economical 
production of n uniform quality uuit throu~hout the 
yc:ar. 111i~ rcquin•mt•nt n<.•c<.-:.sitatcs n st11<ly of the scn
soa~i curing ronc.litions couph•d with the judicious 
11d1,utm,•ut of the cc1m·11t factor in :u:.·cordnncc with the 
outdoor temperature nmf also with the size nn<l tvpe of 
the 11nit l>dug protluc:cd. · 
, n,c test results inc.lic.1tc that the curini;c room tcm
pcrnturc slaoulcl be hrou~ht up close to 100 de~. F. 
before. ~he blocks arc pl:,ccc.l in the curing room. Tests 
l1ave proved th;\t a low. initial concrete tcmpernturc 
illung with ll low curing room tempcmturu during . the 
charging nnd holding periods in winter time hnve dctri
mcntnl effects on the strcn~th of the units. 

ln gcneml; the ho!c.ling time shoulc.l not be less than 
two hours after the kiln doors Dre closed. In some in
stuces A hold~ng time of four houll will be required. 

1no conclus1ons drawn from the test results indicate 
that an hour or two extra holdinr; time nt the begin-
ning of the curing cycle is more procluclive of ~ood 
results than the s;,mc amount of time in the soaking 
pc.-rio<L . . 

Whore hcaV}'\\'Cip:ht a~grcgntc is used, n mn.~inmm 
curing tempcmturc of 100 to 165 deg. F. will usually 
be sufficient. With la~htwcight nggrr.g.i&u a mnximum 
temperature o{ .ap1noximntcly 170 dc1;;. F •. will be am• 
pie. 

\Vith well insnlntc.:d curing rooms. the stcnm can be 
shut oil immcdiutr.ly nf trr the m:.u:imum temperature 
h:u been nmchcd, i( the velocity of the steam is suffi• 
cicnt to )'icltl n unifonn maximum tern11crnturc through 
tbc kiln. · 

nae stcum should be cxhmastcd nt tho end of the 
IOU;lftR pcriocl of n1>1>roximutcly 12 hours, nt which 
limo the h .. -mpcrnturl', in a well constructed kiln, will 
have dro1>pcd to nppro:d,m,td)• 120 deg. Jt. 

After exhamting the stcnm from the J.iln, it is ngnin 
cbNl tit:;htly. TI1e block should 1Kt held AS long AS 

' pnuiblc in the kiln lH.-fnre ynrding. 
' An outline of the dc..-tnils of this series of tr.sts nnd 
compression results made hy the nuthor is . to be found 
in Report #30, ls1mcd January 13, U).5.'l and .Report 
#41, Issued May 28, 1051 by the ~fationaJ Concrete 
Masonry A.Jsoci.-.tinn. 

Section .11-Drying and Storage of Concrete Block 

It bus l>C'ffl found by test tlmt shrinlmµc of concrete 
umts is one of the major a,uscs of ernc.:kin~ in block 
walls and that imch shrinkni:te of units d<.•1,cmls to a 
peaat extent on th<.• moisture contc:ut.. 

ThQ ever incrt':\sing dl"lnimd for concrete block with 
a low moisture content ( •10 pl'1' c-<. .. ,t or less of its total 
a1.orptivc cnp.,cit)' h is c:lusi11~ block manufacturers to 
-~ more thought to the 11roblc:m of ~athafoctorily dry• 
fng the units aud to 11ro,idc the facilities for the re• 
moval of r:lCCSS moislurc. 

ICG !);:.in!! n11d Stnrn!!C of Concrete Block 

At the end of Ilic stc:im C'urinc: eye-II! the block arc 
satur:J~l'd with 111oi~turc In nppro,\;ifll,\lclr j'Q pc-r C~"llt 1 

of tll<'1r lot:-il mn1~turc cnpa<:H~·. It is from this cor.Ji
tio~ th:11 the: )ilock must be dril·d to ITlL"ct. :i spccitcd 
mo1stmc rcq111rL·m<.'nt. 

Spc-cHic:1tim1s of the Fc-cl1.·ral Govcrnmmt nntl t!1e 
American Socict~• for Tcstin~ ~latcrials lirr.it the mci.s
turc content nt time of deli\'c:ry to -W per cent 0£ the 
tot.11 nlmirptivc cap:icity of tl1c units. Tlie Li, S. Co~s 
?f En~incrrs nsks for ~J~rt~cr reduction to ;l() per cc:-

0

:,t 
111 mn,sturc c,· 1n11•11l. r l,1s ,s :i c:nn~id<·rabl\· stiller rc-
quir<·ml'nl tlia11 titat of the Federal Gov~mcnt and 
A.S.T.~I. s1><.·c1iic,11ions. 

To meet lhl• 30 11er cent or k·ss moisture requirement 
some manufacturers m:ty hqve lo introduct' new t<.-ch
niques and <'q uip111t'nt. to nC'C'Omplish this end. Sor:ic · .. 
now produc.:c block of this trpe with the cquipmt-nt 
they ha~·e. Some l!U c't·cn less th.m the 30 ~ cent co::,
tent. lt 1s n matter of propl"r procedure 2nd equipment 
to do the job. · 

Most m:rnufocturrrs will ha\'c to ndd some :addition.ii 
steps to those tht')' now hake. It mar mc-nn some addi
tional equipment ,ind extrn hnn<llin~ of the block. Co,·
crcd s~or:igc _ar<.•.ts m::iy ha,·c !o he pro,·idrd. cspccfal!y 
for umts which :ire to he dcl1,·rrcd to a job where the 
more rigid spcc:ific.ition is hcin~ enforced. 

T.irp:iulin protection shoultl- he usC'C.l du.ring truck 
delivery and also on the job in wet ,,·c.it.hcr. As the 
units drr from 100 per cent absorption to tquilibrium 
with normal nir humidit)', the units shorten. It is ap
parent th:i.t ::t block hns only shrunk .:i sm.ill fraction 

. of its p~tcntinl total shrink:1.ge when dried to a ,&Q ('K"r 
cent moisture content. 

When a unit has dried to 40 per cent. thtte is still 
considerable drying 11nd shrinkage which r:iay occur 
before the block meets cc1uiHbrium ";th. the air At ,.S 
per cent rebtive humidity. Thu represents a 20 per 
cent . moisture content. In order to re:,.ch equilibrium 

·- with SO per cent rt'btive humidity. -:onsidcr.bly more 
shrinkage occurs. TI1is latter is a humiditr condition 
which is likely to r.xist in wnrm hc.1tc<l buildings. From 
these obscn•i1tions ft ap11cnrs that c,·en less than ~O 
per cent moisture m.t)' be necessary lo obtilin ~t 
results. 

There nre se,·crnl methods o( trcntmcmt used to re
move moisture from cured units. 

l. Drying is commenced imme<lintdr following cur• 
ing while the: block nrc still in the kiln. 

2. The units after curing nrc rl'mn,·cd fro:n the kiln 
and subjected to A period 0£ normal :i.ir-auing and 
drying i11 the ynrd, prdcr.1bly um.lc.-r c:cn'tt. 

3. 11,c units n(lcr a normal nir•c.lrring p1,.•riod may be 
returned to dry, hcnted kilns for forlher acccler• 
atcd drying at elevated tcmpcmh.m.-s. 

4. nae units a(tcr normal Air-dr)ing may be sub
jected to accelerated dryin~ either in cubo lorm 
or in 1toclq>iJcs, in tho y111d or at the job. 

At plants when, at"CCICr.lted dr}ing bas b«n adopted 
in order thnt block \\ill comply \\ith dryness require
ment J(,ccific-.i.lions, the technique of such procc:dures 
lau bcc.-n set up into what mny be termed a 2 or 3 step · 
curing-dl'}ing opmation. · 

In thu !? SlL'f> opcrntinn the units ore cured :and df)·ing 
is commr.ncL•d innnt'dintuly following while tho block 
are still in the \:iln. 

n,c 3 step 011M"11tion consists of ( l ) rcg111.lr curing 
technique follnw<.-cl br · (!) a period c,f normal air• 
curing and c.lr)·ins in the ,,ml, prdcr.ibl>· unc!cr CO\"Cr, 

with a ( 3) final ncccl<.-rntcd cl['}ing 1,crind .it 11n ele
vated tcmpm,turn n111,licd c-ithrr in dry, lu•.ited kilns 
to which the hlock ha,·c hc.•c.m retumr.J for the purpose 
or in stockpiles, or cube form. 

Where units Arc dried hcforc rcmO\•al Crom thcs kilns 
sever.al imporlnJlt factors mmt ht- considcrc,d. 

1. n,c units must ha,'C attained sufficient strength 
during thr. steaming and so:iking periods si:lc:c little 
i;ain is Jikdy to OCMtr nftcr df)ing. Exposing i:npro.()Cf• 
ly cured block to the effects of dry ~t {or an appre-
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ci:ihle kn~lii of li111c may rrdm:c 1hr. co1nprC'sSiVt! 
1lr1:n:,:tli l..,c-~id,·s i111rud11c111t! other lia1111iul clfl·cts. 

2. L'nkss certain prl'c.:a1111011s arc tak<•n during the 
<lrrin~ pt·rind. the umts 1n~1r be damac<•d. 

Theory of Kiln•})ryin~ l;nits-Tl1Li mc·tho<i in\'olve<l 
in the successful kil11-drvi11!:! of 1111its 11111st be dC'tc·r
mim·d for c;H.:h plant. I,; tlu.: d1..•siL:11 of a drying s;-s
tcm, the tl11.•rnlour1m1111c propL•rties of moi1;t air must 
Le consi,k·rcd. 

'To rr.1110-.·c moisture.' 11:1t11r:dlv :.ncl cffickntlv from a 
m:i:m11rr \lllll tlu: ,·apt1r pn·:.s11r~\ of tli,• 11101•.111~c in tlir. 
roucrclc must uc l1i1.d1cr than till' \'apnr pr,:ssurc oi 
the surroundin~ · air. 1 n othc-r words, the relative hu
miditv of thL' nir must he.: suH1cic11tl\' low to t'Xtract 
w::itc; from tlac surface of the unit by c,·.ipnrution. 
· Tl11.'0ret1c:;11ly, wlicn .iir is pnsliCU n,·t•r n saturated' 

· 1:1nit, c,·.ipomtion of the surface wntL•r t.il.:t•s place. The 
rcmo,•,il of the surface \\",ltcr will continue nt a con
st.mt rntc, so Ion~ us thu w.1tcr in tlic unit comes to the 
surface rnpidl~• c-nough to h·C'p the surface of the unit 
thorough!}' wet, 

The const.mt r.1te 1wrio<l t·ontinucs until the mois
tun~ c<'ai;cs lo come to the smface ns fast as it is evapo
rated. This point is tcnm·d th<' critical moisture <.-ontent 
iu lhc dryiu~ process. JJ11rin~ the ronstnnt r.itc period, 
the ,·clucitv of the nir ·stn•.un must be nt such n rntc of 
flow lli.lt the surface moisture will not be rt•movcd at 
n ~rc-.ih:r r:itc than the 111m·c111C'nt of the wnt<?r from 
within the unit to its surface. 

As the process conti1111c-s, the surface of the unit 
grnd'imllr dr)'S out. thus the rule of moisture n·movcd 
dt.'(.'1'Cnscs ill a uniform!~· foiling rnte, ns the wet sur
face U<.-crcas<.-s in nrca. 
'As the surface U«:la>IUI.'~ thoroughly dry, the wntcr in 

the interior of the unit is tmni;formed into n va1,or and 
co~ to the surface in tlmt form. 

The drying continues until the vapor pressure in lhe 
block cquali; the VllllOr ·ptcnm·e in the nir. This is the 
point of equilibrium nt which point tlrying ceases for a 
specific kiln condition. 

Un.isin~ the tcmp<-rnturc nf the p:tssin~ nir will clc
crnsc lh<' ,·iscosit)' of the wntcr and incrt'm'iC the dry
in" mh:. lnc.-rrosing the dryin~_trmpcr.1turc nho\'e 2.21 
,lc,t. F. will cnnsc n los!ll oC clu•mit-;1lly comhined wnter, 
which in turn will be detriment.ti tn the units.' 

11ac 11.'le of c:1:ccssiv<'I)" hc-:ltc-d ;lir, or nn r.xccssive 
vclnc,,it>• of the nir slrrnm, or both, may c:msc too rnpid 
an C'liminntinn of tha surface moi!i1tur<-'. whkh cnui.c.'I n 
hnrclcm"<l surface to form on the block. Thi!ll harclcmcd 
sur(ac.-c n•t:mls the flow nf moisture Crom the interior 
lo the surface of tht? blu1,;k. thcrt.>by tr.ndin~ fo increase 
the dr)•in,: tim<-. . . 

N:aturnl Dr,-ing-Whcn units arc rt-moved from the 
kiln fn a dump condition for drying out-of-doon, with 
or withnut co,·cr-. n sufficient curing-drying pcrind 
shnul<l he ~Jlowed. 11,is c.lrying p~riod ran~ini;t from 14 
to 28 c:lnys or lnngt'f, will gcncrnlly, undc'f fo\·nmblo 
nbnosphcric conditions hrin~ the units to a 40 per cent 
moisture spccili<":ition. 

Such dr)·ing out-of -doors will n11o,v the unils to rn.i.ch 
a higher strength tlmn wnnld hnvc hC<'n pos.~ihle, had 
the units been dried in the kiln inunc.•c.lialcl>• nftcr the 
st,-nm c:urin~ crdc. S11d1 slow curin~-dr)·ing tends to 
brinR tlic units lo nn <;--qt1ilihrimn with the atmollplaerc. 

Figures 26 & 27 sho,"· the nmtn~<'11lcnt £or stock
pilh1tt unit~ in ordc.'1' to nhlain n finC! effect. 

Jn kx."itlilit•s which <'xpcrit•nct" he:\\'')' rnin or snow 
romhinnl with fr<'t•1.i11~ ll'm1wratnrc it i5 :ulvi:mhlc lo 
pmtrci tlm hlm:k .1~.1in~t frc:<-~inf.t. 111is can he ncrom
p'islwd in scvcs;nl wn)'S with ,•:irying tk•~rct-s of suc
cess cll'llt.'lldin,z u1xn1 the cxtt•nt to which the plant 
opumtor wishes to (':\rry the 1,rot:."Ction. 

If lhc Mod: nrc 11il,:d in the 01>l-n il is nclvis.ible. to 
tum the h>t> l.&)'c.'r of hind.: sidewise so lhnt the cc:11s 
Aro horfrnnt:il. Wood strips should he used tu SC'paratc 
lhc lor, l:1)'t?rs. This nrrnn~cmcnt 1wm1ils or a free cir
c-ublion u( nir throughout lhe pilC'. As :i. (urthcr precau
tion it is :i.d .. ·is:il,lc lo CC!vcr the lop of the' pile of block 
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with hcavv roniim~ paper or tarp:111li11. 
Pili11~ block in ;111 orderly and prc-dl'l1·rmi1H'cl fosliion 

will result in l,·~s ti1111: lll'inc l'l·quircd f11r drri11!;. 
Accelerated Stud.pile Dr1i11i,:-t\cc:dc:ratcd tlryin~ in 

the slockpil~ i11\'oln•s tilt.• use o{ some form of portaulc 
k·:ilcr :rn<l :, c·:11was covC'r. 

Tlicrc ::ire sc\'c-ral forms of port:,lilc l1c:1tcrs on the 
rn:irkct which will pruduc.:c satisfoctor)' results. 
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Pit- 21, A 1¥91flN~ MellM-' fer Drylltt Ca:t&tele 6led1. 

Fignrc 2S illustrntc-s the funclamcntnls of a drying 
systc-rn for block.• • . 

The block arc slnckcd with the cr.rc-s ln1cl hon7.ontnlly 
in front of the h,•atrr, thus permitting the wnnn air to 
circnlillo frcclv throu~h the pile. 

nae l,lock murst'S arc SC'pnmted by l X !? in. wood 
slri1>s laid hnrizontull)• h<'lwl'Cll the l:lr~- The vertical 
tic.-rs oC hlcK·ks arc spn<.'l"<I 1 in. ap.'lrt to pc-mlit of the ' 
free circulalion of nir nround cnch unit. 

As a trial 5c•t till, n Jhtck of 4 Mock wide, G courses 
high nncl 16 Ct. lun~ ii su~~t'5t<'tl. 1·1i~ stack of_ units is 
t.•nclost-<l in n Crmnc work Gin. hi~hcr, 12 in. wader nnd 
ns km~ ns the Jh1ck it~<'lf plus the lcn~th _or the hcnt':'· 
The Crnmc work is thrn c.-n,•tt(.'(I h>• n h~ht tarp::iuhn 
which conccntrnt<'S tbc direction or Row of the hc:itcd 
air. 

n,is method of cln·in~ is adaptable: to indoor or out• 
door u; ... nnd mn)' r~·cn l>c used cm the job site. After 
d11in:z, the units wht•n stor(.'(l on the, job site should he: 
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protcctc-d from r:-ii11 or snow. 
IIandlinq, :mtl Storai:c of lf11its-Tl1c method of h:m

<lliu~ nml ~lor:1~~ of hind: i!'i l!Ovcrncd by ::i number oi 
factors :imone?; which arc tlil! followin~: 

1. l::c:ouomic <:onsidcr.itiuns or the :ibiiitv of n com
p:my to finnnci::· an itw~st11w11t in bbor s~v111g equip
ment ::iml modt•rn stor.i~l! facilities. 

·2. I..:ihor market. 
3. Climntic conditions. 
4. Type of Cmiut? :lduptcd. 
5. Adherence to spccili,·;1liom r1·i.,tivc to 1111,i~lmc 

content of block :is <.k'li\'crcd. 
It is c,·idcnt thnt pnvcd stor:t~c yards or runways 

will c~-pcditc the s.ifc h_nmllin~ of concrete block i11 all 
sc.asous of the year. Covered stora~c is :iiso dcsiraulc, 
parlici1l:ul>• in sections of the countrr were much rain 
or snow prev.tils. · 

L'lbor snviug <lcviccs such .ts air hoists, lift trucks, 
and cubing equipment nre :ii!'cmly an intc~ral part of 
many modern ,-oocrctc product plnnts. . 

fit.,. :at, MellMHI of cwltitlw 4-f.,., ltlo,k. ·:ao4 ""ita. 

Cubin~ Cuncrt'lo Units-During the past few yc:us, 
the use o{ lift lrud.s. has sprcn.d tn the hlock mnmafoc
turin~ industry where the m.ichincs afford n very effi• 
dent mt.-ans of lumdling n mnnhc~r of hlnck at one time. 
1110 11s.m1I 1dm1x1 of the 5lm~kcd hluck to be liftt'd i5 in 
tho fnrn1 nf n -I ft. (:Uh~. Such II cuhc m.w contnin as 
mun)' :is 2<ll 4-iu·., 10:? 8-in. or 00 12-in. hlock. Figurcs 
29-30-31 show t)'pical cubes of 4-ilL, 8-in. nnd 1!?-in. 
block. 

nae ori~innl lift trut"ks were pro\·iucd with fingers or 
tines which t•ntc.-rc.><l thu cores of the bottom row of 
block. 

Block mannfoctnrcrs soon .l<'arned thnt besides re• 
quirin~ con~i,l,m,hlc time tn lino up the cores of the 
block with the linftcn of the lirt trud:, there wns the 
pouihility of damnging the interior webs of the bottom 
TOW of ltlock. 

M a result 0£ this experience lift tnick manufacturers 
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c.lc,•(•loped a mi:tl,o<l of c:urrin~ tl1l! loa<l in ll1c form of 
;1ir c-xp:rndinC! forks. · 

E:ac:h fork has pneumatic t11hcs on both sidL·S of the 
forks. Tl11:sc tubes me C'.'.:\l:ind~•d · hy comprrs"·d nir 
supplirtl by n comprc-ssor on tlic lift truck. Treads 011 
the cxpandin~ tubes ciTcc.:ti\'cly grip the :uljaccnt l1lock 
by side pressure. 

When tlic nir cxp:mdinl! fnrk is used. either two or 
three rows of block cnn lie ust•d as n base for tlw c:Hl>c. 

When !WI') rows of hloc:k .1ni 11~rd. the l!i-in. biJ:?,th 
d tlH: hl11d: is laid at rnd1l .1111.!i1•s :o tlic lc111!th of the 
forks and when three rows oi l1lock me used. tlic 8•in. 
<lim<•nsion is lai<l ::it right ;mglcs to the length of the 
forks. 

The originn} tn,c of lift truck produces :i cuhe wl,ich 
greatly restricts the moycmcnt of nir through it, be
cause the bottom layer of bloc:k. laid with the cclls
horizontnl prcvt'nts ndequntc flue cff ect. 

With the exp:mding fork type of lift truck n venti
lated cube with continuous flue nction for nir movement 
through the cores of the block is obtained. Types of 

fit- ii. Meti..., ef •W.. 12.i,.. llle,lr. H 111flih. 

c11bcs arc shown in Figure 32. 
It b n Iundnmcntnl requirement in drying block 

Non-Venfilafed Cv/:Je.r. Venfi/areo Cuhe.s 
8" Hollow 9/ock s·lfo/Jo1r.,,• 6lock 

Front £/ev. 
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either bv n;ilural or :irtilic-ial m,·ti1uds tl1at a m:n:i11111m 
surface ~·rc:i he l'~nmcd to an acil'q11:itc air movement 
i11 order lo ui1t:iin ·lH·st n·rnits, otlit~rwi~c clryin~ of the 
block will he c.,tn•meiv slow. 

\'cntilalccl cuLes pc-r~1it of air movc-mcnt thro111'.!li tlic 
<.-ores of e.:ich st;1cl:, tl1u!i h:istcning the interior drying 
::iction .. · 

\\'ith 11on-VC'11tilatccl cubes the air is more or less 
stai:n.:int, thc-n•fun•, its capacity for carrying oH mois• 
lure is ncp;lip;ible. 

· The stncks of Cllhl"s should be• SC'par:itt·cl fnr :i dis
tance of S to 12 i11t:i1l'S fl!lm t.·at'i1 11tl1t•1. Tl.is pern11ts 
of nir movc1rn:nt :i.rouncl t.·ach stack. thus hastcnm~ 
the drying nction which is impcdc<l if the cubes nrc 
piled ti~ht i\~ninst · each other. The lcn;th of time re
quired to bring the moisture content of the units down 
to •10 per cc.-nt or less of the total absorption is _greatly 
C'XtC'l\OeO. 

The c:npacity of moving nir to cnrry nwny moisture 
is n wl:ll cstnhlishctl fact. The drier the :i.ir :md the 
grcl\tcr its volume nnd vr;-locity, tlic more dfocti\'e it is. 

The drying rntc ,,,.-ill be ~n·ntcr when the temperature 
of the nir nncl concrl'te is high nn<l the relative humidity 
of the nir is low. -

Some block mnnufocturcrs use palh.'ts of wood on 
which to lny the cuhcs hut there .lrc sc,·t•rul vulid ob
jections to their use. such us cost of mnint<-n::mce and 
h:mdlin~ of pallds t() mul from the joh. 

Whether or not to cuho in n concrete block plnnt will 
d<-1,cnd on the pl.mt layout nnd also un the type 'of 
delivery c-quipmcnt nncl method of unlonding. Where 
l~tgc loads nrc used, euhin~ is provin~ to he cconom
icru. On long hnuls it !ms been founcl dC"sirnblc to lnsh 
the cubes to the truck so as to prevent shifting of the 

' lo.,cl. . 
Where new phmts hnvc been dc:si~ncd to tnke ad

,•antagc of the sa,ings derived from cubing. it h:is 
bccn found desirable to cnl:irgc the spncc in front or in. 
\,ac:k of the block machine to m:ikc room for n cubing 
area. Jn such cnscs, the cured Llock nrc brought di-
1cctly to the cubin~ nrl."tl nnd the empt)' rncks nre then 
located dose to the block machine. In mt>ch.·mi7.ing a 
bloc;:k pl:mt, cuhint,t or palletizing should he given s~ri
ous considcrntion ht•cnuse 

1. lt cJianinnt~J ,;xccssive h:rn<lling of the rncks. 
·2. lt minimizt'S lift truck movement. 
3. IL speeds ynrdiug of the units. 
4. Jt snvcs yard sp.1cc. 
5. It speeds lo.1ding. 
Dlock Drying Kilns-The gro"iniz emphasis by archi

tC'Cts, engint't"rs nnd city Building Dcp:utmcnts on the 
limitation of moisture conlc.•nt in concrete block, has 
nt&K.•d m~ny 11lnnufach1r,•rs lo st-rinu~lr consider mcth• 
ods of r,'<1uc:ing the n1nisturc content of masonry units 
as clclin-rcd to the jllb. 

11acsc methods ure usuully cowred storage or block 
drying kilns. Cov<'ft'<l stornsc has been used with suc
cess for mnn)• ye11rs to bring block down to 40 per cent 
o{ tohil absorption when wrathcr conditions are !nvor
ablc. 

If 1pccific;itions c.ill for 11 moisture content lower 
than 40 [l('\r cent, spccinl drying kilns shouhl l,e serious
ly considcrect 

Soctlon 12-Cracks In nlock Walls 

Wilh the incn•:tsrd usu uf concrete units in forge as 
well as small buildings, the mnnr nt.lvuntat,:c.is poSSl-Sscd 
by this l)·pc uf mn~unry ~nstnict..ion nru sometimes 
offw.t by the 'ch.irm:-tcristics inht•rl•nt in cont.Tetu. 

nM:t occurcnc.,;: of unsightly crncks in walls is thu ron• 
ccm of cnch indh-idunl mm1ufacturcr, ~swell as the in
dustry nt huge:. 

•fhat this ,-undilimi warrants cnrcfol considcrntion 
is iattcstcd by the fact thut scvcrnl nnlionnl t<..-clmic11l 
organiz.itions h:wc tnkcn cogni1 .. ,ucc of the situation 
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:rnd lt:wc :tciuot1•d stan<lard s11ec:11ications £or 11,illo•,,.· 
Load lkaritH! '.\!asomv C11its. ·i·lit·sc stx-ctficitiuns li11:it 
the ma;(i11H11n 111u1\t11~c co11tL·11t tu ~iJ pcrc--ent of tl,c 
total .ilisurption at the time the units are ciclivcrc<l 
to the job. 

Progressive ma1111factun'rs also rc.i.lize the serious
ness of the situation nnc.i nre rnc.Jcavonng to ovcrcomc
the prol>lcm by mC,\11.$ whic-h will not i:;rt':.tly chan'.-!e 
present m:i.nufacturin~ methods or increase the cost 
of concrete bloc:\.: cnnstniction. 

~lost of th~ ca11~l·S for cracks in walls nre bevond the 
rC'spoll\il1di; v 11i 1!1<' l,J. ,ck 111an11L1<·t11r..'r; t-:tc~·pt imo• 
far us his t>rmlud is propt.•rlr cured an<l drit:d, .mu is 
of sufficient strcn'.,:th to m1:t•t :'Ill sta11da.rd rcquil'e1m.•11t.s. 

Concrete masonry structures 111:i.rrl.'d by crad:ing in
dicate thnt there ;ire \'~1rious c.iust'S which mav l,c rt.~ 

· sponsiblo for' the condition.· Crnd;~ m:iy be p~oduced 
by any one or n combination of the fol!owin; factors. 

( l} Une,·cn settlement of the founc.Ltioru: ( 2) poor 
workmnnship hr the m::isnn: ( J) construction cnrrie<l 
on under unfa\"Or:iblc wcnthcr conditions: ( 4) back 
611ing too soon; (5) overloading the structure before 
the mortar in the wnll:i has hardeoe-d properly; (6: 
improper clt•si~n nt opcnin~s :md points of conccntr.ltcd 
load; ( 7) \'olumc change due to tt'mpc.:r.iturc nnd 
moisture. 

If masonry units :ire laid up in n wall before they 
are npproxim.ltclr air dried tensile strcs~ will dt.'

\"elop wherc,·er the wall is rcstrnincc.l from $hriuking 
and crnckin~ m:1~· be cxpcctcc.l. 

Durin~ the production C)•cle, the \'olnme 0£ a mason
ry \lllit clmngc:s. lt cxp;inds durin~ the stc:u::un~ l,)C'rio<l 
.ind contracts while it is drying. Therefor~. the \mit 
c:lnnnt be considered a finished product until the moi:i• 
lure content is rcducc..-d to meet the <lcsind s1,eci6c:-.1-
tio11s. 

The manufacturer should endeavor to s-.:pply block 
complying with the present rcconunenc!ed 5i.ecl6c:atio,a 
which limit the moisture content ;it time oi dclivCQ·• 

Some spccificntions call !or 11 maximum of 40 per.; 
cent of the total nhsorption. In con.sidcrin~ the krm 
moisture c.-ontt.•nt, this is c:onstn1etl to mc-:.m moisture 
content in terms of total nbsor1>tion c,f lht' unit. 

Wl1cn n spcdRcntion requires tlmt a unit ha,,;: less 
than 40 pC'rccnt moist11rc contcmt, it dCk.--s not mean th:it 
the moisture in the block wrighs 40 pcn:cnt 0£ the tot.ii 
weight of the block; it mc:ins 40 pcwcnt o( the total 
absorJ)tion of the block. 

In order to lrsscn the tendency of wnll cracking in 
Government proj<'cts the U. S. Corps of Er:;inCC'fS ~•as 
specified thnl cancrete units as dclin•rt'd on the )Ob 
should hn\·c n moisture contC'nt not t")Ct't'cding 30 per• 
a.ant of lotnl moi1tlurc nbsorptinn. 

To mccl the 30 percent moisture content limitation 
in areas where the nvcragc relath·e hmnidit)• cxeccds 
iO percent, the mnnufocturcr will 1>robabI,· h.'lva to 
have a minimum of 30 dn,'S under C:O\'Cf• drying in 
loose cubes or specially budt ;utificinl dr,in; kih'5. 

In laot dry climates it mn)· be 1,ossiule to meet a 
moisture limil bt'low 30 pc.-r~nt without spt'Cial drying 
facilitic.s. 

A considcral>lc nmount oE cxpc.-rimcntnl work hns 
been done in rt't.,•nt y<'ilrs, p.trticularlr by Cul Mcrr~l 
of }>ortland Ccmrnt Association on a method of deter
mining the clr)'n<'SS of u c.1.mcrct~ unit h>· :a so-callNl 
l\clulive Jiumiclih· Method.• It is possible th.'\t this 
method Jn:l)' some Jny SUlX'fSC.'tlc the prcsmt method 
for dcknnining th<' rdative dr~·ncss of ,·arious units. 

Jn. some nn:ns in the Unit,'<l Sta.tc.-s the -&O (>CR'fflt 
moisture limitation will prohnblr he adc.-qWltC. cspc:
cinlly wlwrc the n•bti\•c hmniJity 0£ the air docs not 
a'lt-cm.~c less th:m 60 tn 70 prrttnt. Where the rclati-.·e 
humidit)• nverngc1 less th;,.n this amo1.mt, it would \>e 
dc-siraLlc to clclh·cr lhc units \\ith moiiture rontcnt ns 
low ns 25 lo 30 P'"rccnt nC the total ilbsorption of the 
units. 
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Some man11focturcrs li.1vc bcc:n prntlucinl! s:ind
gr:wcl units· from grad1.·d :11..:g,rcgatc so as to obtain a 
tot:il al.isorpt1on of 5 1wrc1.•11t of tlae total weid\t of the 
unit, compared with Standard Specifications which al
low a maximum \\:atcr abs6rption of 15 lhs. per cu. it. 
for s:m<l-grnvcl units, or approximately 10 percent. It 

. ml!ans that these m:mufactun•rs nrc pro<lucin~ units 
wit-It half the allownblc tot.ii moisture absorption. 

There nrc two schools of thou~ht as to what is the 
true measure of the moist condition clc~ired in a con
rrcLc m:i•nm\' unit. 

l. One: :.,:1,oo! contt:nds that ll\nislmc content as a 
pcrc1:11ta~c of the tot.ii nhsorpcion i~ logical. 
· I I. Thi.? other school ndvocatc-.s that the nctual vol
ume of w,\tcr in the uml is n helter mctho<l of evalu
ation. 

This poses A ,1nestion-h the moisture content :is ex
prcss-.xi b~• t.·urrcnt specifications n true nwnsurc of the 
cnn<lition dC$irc<l in a co1u·rctc masonry unitr 

Pr.tctic:iUy all sp1.-ci6catiom; nre based on the p1·c.-mise 
th.'\t volume: change i~ rc.-1.,tc:d to the percent of mois
ture i'll u unit when dc:li,·cr,"ll on the joh as compared to 
the tr,t:11 ~,hsori,tion of a unit, 

Volume dmn~e or drring shrinkngc of concrute units 
is a function of their moisture content which is sub
ject to gnin or los:s of moisture. Conditions of curing 
anJ ~rying should be such tlmt the moisture c..-ontcnt be 
related :u: closely ns possible to the ntmosplu.•ric con
ditions· untlcr which thcv nrc laid in the wall. 

The r1.~i1fts of :i scri~ of tests on cinder ,:oncrcte 
block tnkcn directly from the racks nftcr rcmovnl from 
the kiln ,ttnd immcdiutcly weighed for the dctl•mtina
tion of absorption and moisture content :ire as follows: 

The averages of tests arc: 

,..... .a. ... ,,i.. _ ,.... ,., ,u. "· 
~ c-, •• ,-u. .. ,., ...... . 
M..... , ...... -, ............. , .a._,..... 

~ !!!!!. 
7.16 '·"·· 7.10 4.21 5.25 ,. 3,95 

56.00 67 .GO •• JQ.00 

11\0 absorption determinations were nll within spcci• 
lication limits, wh~cas the moisture content pcrcenl• 
ages were nbo\•c mnximum rc;-quircmt.•nts. Thi5 indicnlcs 
tlaAt the block would luwc to be dried c.•ithcr naturnlly 
or by arti6ci"I mciam in order to meet St.ind.ire.I Sl>CCi• 
fieauons. 

It wonkl ·seem then that the amount of· wntcr con
tained in lho unit would he the factor c.-ontrolling 
shrinkA~r. rllthcr than the pcrt"cnt of moisture contl-nt, 
A 11leeifac;1tion limiling moi11hm: to 4.5 lhs. per cubic 
{t. which is cquivulc.:nt to 30 1wrccnt moisture contt.-nt 
ns per spccifirntJon:s, would he more prurticnl. 

lt JIU¥ ixtt-11 found lhM hlock m.u.lu from li~htwcight 
assrq;ah,:s h.·we a c:ansid,-r,,hly higher tot.it nbsorp
liOA tJmn bkK.-k nuulc under the sumo mnnuEncturing 
a>ndilions ,,sin~ hcn'V)"'''c."i~ht uggrc.,;nte. 

Rf.lCCht ll'$tl indicate. that ,·olmnc clmngc of blod:: 
made fmm hc:avywcight nl,'t~n.,;nte ha,·c nhnul 0110-hnll 
the volume change of a bluc•k made Crum lightwcisht 
aggn:gntc. This would indicate that the \'Olumc ch.-i.nge 
b more likely clue to thu octunl llmount n( wntt.T in the 
unit than on the pc."l'C'C•nt.i~t: of tntul ubsorption. 

nm klr.a · is the., thinkh,g nf the 5(.'COnu school of 
• 1ho11ght r~imlin~ mnbturc.• nnd \'Oh1mc chun~c:. 

As mor~ foctn,"11 c.faln is nC'C\1mulatcd nn thC' rcl.ltion
ship of \'f>lumc clmngc to moisture t.·ontcmt h1 t.'1.mcrcle 
unib, il is n-aw,m,blo to ussnmc dmt shuul,ml spi-cifica
tions will then be nnu-i,dt~I to me<?t the conditions. 

A fact.ur which the mannfnctun•r must ron~itlt•r care
fully If lu., is to pmdutc u pmdm:t which will uu~l :;1,cc,. 
ifiaaUons is the usu of weU ~rndt."tl and proportioned 
ai~tc to ohlain mmdmum strength c,( unit for the 
amount 0£ cement used. 

Anodtt'f fot."tor in the resistance of roncn~tc hlock 
walls to \'Olumc chnngl" is the thicl:nC'SS of the face . 
1hcJl and webs. In 11n effort to obt.,in U,;htrr weight 
maits, there hi\s hc.'cn n tcm.lcnc)' to dc.'Crcasc the face 
,bell and web thicknci.-scs, thereby rctlucin~ the dtcc
liva mortar bedding ,md also the tensile strength 0£ 

lS:2 Cracks iu Hlock \Vullt 

the unit. Some ma11ufocturcrs, in order to overcome 
this rrduction in stn:n!.!th, have [91111d il d,:sirable to 
have n thicker face slwll at the ci;ntL·r c:orc of the thrcc
c<.:Jl unit than in the cud cores. lncrcasi11~ the thickness 
of the face shell at this puint ::iclds strcnc,th to the sec-
tion of £rc:itcst stress. · 

\V::ills canstruct1.·d of concrete block like other w:ills 
:uc nffcctecl by tcmpcr.iturc ch:mgcs from s11111mcr hc::1t 
to winter cold. The movement induced l>v these vnri
a hies mav hC" considl·rc·d ::s a 11Prmal c.:omiition. 

\\/lien L111l 11p i11 \\';:!i :,tructmts, 1111its an· rniijL-ctcd 
to compressive nnd tensile stresses due to IL·mperature 
and moisture ch:in~cs. This is in audition to stresses 
due to lo~i<ls to whid1 tlic units arc suhjcclcd. Since 
concrete is· approximah.·l.y J.O times as strom.~ in CQm• 
prcssion as it is in tension it is quite C\'idcnt ti,nt tensile 
stresses incluccd by shrink.igc arc more <l('structive 
thnn ·compressive stresses due to c~p.msion. 

These stresses causing contr.iction or expansion arc 
duo to temperature changes nnc.1 wetting or c.lrying. 
which mny occur simull.incously. It h:.u been found by 
experiment thnt shrinka~c or expansion of the units due 
to temperature changes is more: serious thnn chnnge, 
caused by vnria.tions in the. moisture CQntent. 

Figure 33 shows the appro:dmntc change in lcn1-:th of 
a wall 100 ft. long for vnrious moisture content ch.~ngcs. 

In a concrete block wuU 100 ft. Jong, the thcarctical 
movement c:iusecl b)' a \'nriatinn in tcmpcmturt. of 100 
degrees F. is npproximntcly t.i in.; while the drying 
shrinkage from the time the blocks arc laid in the wall 
until they nttnin moisture equilibrium with the llir, 
seldom exceeds~ in. · 

Various methods of minimizing these dt.'\ngcs in the 
structure ma.y be accomplished by introduction in the 
walls 0£ control joints, reinforcing, or bond beams which 
arc free to move. 

\Vhcn the units arc laid up air dry. their moisture 
volume change due to rewctting from rain generally 

DAIIO TO At.TM 
•OT.UMll 

docs not exceed more than ~ in. per 100 ft 0£ waJL 
TIils subsequent moisture volume change occurs gmcl.: 
willy nnc.1 l<:nds to diminisl, as the concn.-tc units :age. 

111e following factors f mm Mr. It E. Copd.,nd's 
p:tpc:r• to which tlio manufucturcr should pvc strict 
attention nrc: 

l. The u~o of sufficient cc.-mcnt to insure hlCM'k com
prt'flivc strengths which safol)' c:u:n•d the ASTM 
rt.-qnirt·mcnts. J n general, the strnng<.'r the con
crt.-lc the greater will he its n-sistnncc to c:r:acking. 

2. \Vhcrc possibfo, :icljnst the gnuJatiun of the :l{:ltrC• 
gntc to 9:h·c mmdanmn str ... ,1~th consistent with a 
rmsonnhlo yfold nnd surface texture desired. 

3. Sullic:icnt Jcngth of curing lime rcgn.rd)css of the 
typo of curing. 

4. lt~ducc the moisture C'Ontcnt of the block to equil-
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ilirium ·w11h tllc air or tu ·IU pcrct•nt of 1l1c.: lutal 
absorpli1111. 

5. lklain pn·H·t1l bt·t:-~i1l•ll tliid.:11csSl'S. If additional 
crackin~ n·sistancc 1s rt·q111n:d, consider tliid,;cn• 
in~ the f ac:c slicll.s. 

Control Joints•-tuntrol joint,; ::ire ndvocatcd to pre• 
vent irrl'gular nn<l unsightly n;1cks which mny occur 
in walls. Such joints rcl1L'\'C co11tr;.ict1on anc.1 other str~~s
ts, nml providl' a co11tin11011s V<'rlical SL'paration through 
the· w.11!. 

Built i11 c-n11tra! joints a1L' ln~ <.·nstl~· tn imt,dl than 
is the cust of p;1td1i11~ or rc·p.1i1i11~ ira·µ11lar crad.s once 
they lrnvc made their nppc,mmcc in a wnll. 

q>ntrol joints in exterior walls should be provided 
at npprnxi,nah•I>• every 20 lo 25 feet nnd never over 50 
feet apnrt. Thus a wnll of uny length becomes a series 
of scpirutc panels. It may l..,e desirable to ad<l horizon• 
tal reinforcements to strengthen the pnnels, but such 

• S.e C-.te Mu-,, Con11,vc1ion 0.111ih,, N.C.M.A. 

rcinfurccmcnti will not prc,·cnt stresses which cnu!le 
c:nac:b. Jturizontnl rcinforct•mcut should not he c.uricc.1 
fmm pnnd lo p11m:I. 

Conlrnl joint, ,m,y he either stn~gttrrd, that is follow
ing the morhu joints nr wrticn! in which cm,tt the joint 
is a (ltmiglit line. · 

Jn builJing c:outrol ~,ints, units arc lnid in the wnll 
in the unud mnnncr. ,\ftc.-r whid1 the mort.,r '1t the 
rontrol joint should be r:,kc.•d nut tu n d<'plh not k•s~ 
tlwn Ji in. nCt<'r the wall is finillihcJ. The joint is then 
C'ilulkcd with nn ,•1.a~tic compound mntching the color 
o{ the mortar used. Control joints nre ndvunht~l•ous 
at pilnstm and 1,icrs. They arc nlso Vl'ry dfcctivu in 
tho wall as a continuation of the aides of doors nnd 
windows. 

Another fonn of control joint construction shows a· 
joint intended to gh·c lateral stuhility to the wull und to 
provide a continuous ,·crtical srpnration through thl~ 
"11IL • 

nw., shnplidtf uf constmc.-tion of the joint is ,~mpha-
. 1izcd by the foc:t th:,.t it is composrd of rnutc.-riuls nor• 

nM&ll)' found nn masonry johs. No spc.-cial slm1,e of unit 
is m111in."I nncl th,~ la)·ing time• is on a pnr with n wull 
without mutrnl joints. 

Fi,t11n, 3,'j nutlinc.-s the dct.tils of construction pro•· 
duCNl from rt•~11lt1r typt• u11ih1. 11u: mortar mix from 
which the- ~•int k,·r is nmdc may he lhc smnc as that 
111C\I in th<' \·t-rtic·nl and hori1.cmt.1I joints uf the w.111. 

If mlt'l'nl slahilil)' is 11ot u factor i11 the clt•si1,tn of the.· 
control joint, thc.- same sc.-ction m:,y he used without the 
mortar nr conM"t•tr. lmy. 

Exnt-rit>m"t' in Midai~,m and olht'I' scctio·us of the 
c:ou11try lun-ing similar clinmtic comlilions imlical<'S the 
IK'Ct'Sslty for pl:,~in~ c.-ontml joints in C'Xtt•rior c.-oncr<'tc 
masonry w.tll!i ut op1no:dmatcJ)• 25 foot inl<'nmls. 

1S6 Cruc:h i11 /ilor:k \\'11/ls ---------- -----------
The clctad.\ of 1liis form 

of <.·nntrnl joi111 fnlluw: 
A: ludi<.·alt-s 111111, of huth 

wail 5('(.'ll<lllS of COIi· 

control joint. 
13. iluildinL! p.1pcr or a 

coat of a~plialt paint 
mav he S11bstit11kd for 
liui.ldinL! p:11wr if tle
si red. It is re com• 
1ni:ndc<l tk1t nnr: si<lc 
of the control joint he 

figwr• ~j. ferm el Centrel Jeinl fet hlaral S11ltility,•• 

built. to approximn!ely u <.-ourses in height at :i lime, 
to rccci\'c the buildin'i;~ paper. 

C. Joint trttalmcnt the s.imc on hoth sides of tlic wall 
D. Then lay opposite uuit' ,md fill key om• course at .i. 

time to complete the control joint. On on~ section of 
wall u hond between the roncrctc ,nasonry and key 
mntcrial is proviclt"d. The n11proximatc width of the:: 
concrete mortar key pro,·idcd, when 8-in. and 12-in. 
units nre used is 5-in. nnd 6li•in. rcspccti,·cly. 

E. After c-ontmction has t.ikcn pl.ice ~my mortar in the 
control joints is rnkcJ out to n clcpt.h of nt least l in. 
after which the joints nrc filll•d with caulking or 
sclf-cxpanclin~ joint matttrial. 

llori:r:.ontnl Hdnforccmcnt• .. -Thcre nre several 
t>·rcs of steel rC'inforccment systems, under vnrious 
trndc names, on the market. These systems of rein
forcement come in prcfuhricnted form nntl arc ditncn• 
sioned for use in wnlls of \-:lf)ing thicknesses and in 
lengths suitable for easy handling on the job. 

--:::;;:. • .. C~rete M11-,r <:on,ttuctioft Da1ai11"-N.C.M.A. S.H "llodl 
CM"I 14 ,,_. for All C,KIL••-o. L Ch_.,_,_, •••• Oee. 1951. 

A' new trpe.of r~inforccnwnt has h(•~n ,lcvclo1>ed, It 
consists of two 3/10 in. wire stn•tchrrs 1wld np;ut h>• 
moo1H or cross tir.s of #9 wire:. Thu stretcher mc.-mhcrs 
arc dc.•formcd on op1>0sitc sidM mad on top nnd botto&n 
the \\'ire is lmurlc:•d. 1"c.ists ll.l\'U shown th;il this form 
of rcinforcc•mt•nt lms ndvantngcs o,•er srstems \\ilh 
string,•rs of 1,lnin mund har slock. A hl•ttcr bond_ is 
obtninc!'tl bctwc.-cn the ,·oncretc nml steel tht•rcby dun• 
im,tin~ the possibility of slippngc likely to occur when 
plain lmr stock is used. 

Rl"inforC<"m~nt plnccd in· mnrti\r joints hctwccn the 
courst'5 of units. pro,·idcs n rclnti,·cly 'incxpcnsh-c means 
of stren~tiwnin1t masonry walls and nids ~,atcrinlly. in 
tho distribnlion nf strC'SSCS. Pladn~ horazont,d rem• 
forttment above nncl below 01lt'nini;s in masonry walls 
ls recommended.• • · 

11lC frc:.-qucncy witb whicb it is pfaccr.l in u~broken 
sections of the wall will, in ~wncrul, bo drtermmed by 
the type of constn1ction, the londini; c:onditi?!" and by 
otbcr n~uirrmcnts for strength nnd durah,btr, 

Section 13-Prefabricated Floor Systems 

PrcfobricatC:.-c.l cnncrctc, floor and roof s~'llitcms ha,-c 
lx-etl in u~c for a nmnbc.-r of r1.-;1rs hut within the t)i\.'lt 

10 )'<'nrs coni.h.lt-rnhle dc.•vclopnwnl lms t;1kcn pl.am in 
this fidJ. 

Floor sr:.tc.•,m; utili'1.ing concrct,, units n, filler or sof • 
Gt hloc:k urc nhsorbin~ u cm1sillrmh1t, ,·ohunu of prrscml 
day hlo<·k prmlnction. M:mr hlod, 1mmufac:turt-rs hn_,·c 
invcst<.•d h~iwilv in nc."\\' builtlin~ nm.l special r.q1111>· 
mc11t for the m~nnfocturc 11ntl cr~"Clion of Hour S)'Slcms. 

Concrete musonry Roor S)'slt•ms ure n drfinitc: p:irt 
of anodrrn constn1ction, nncl the use uf machine n1:uJc 
units in such S)•stc.1ns is bccomintt inerc-mdngl)' popul.1r. 
11,is is due tu ~hc.sn\·in1ts in initial cost a.ml speed of 
nc-c.iinn wh,•n c:umparcd \\'ilb otlwr firusafc construe-
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lion mcdmds. J11 fat"t, srn11c- of tlwsl' floor svstcms arc 
cc."Onon11c:1ilr <.·011111ctitivc w1tl1 11011-iircsafc· consu11c
tion. 

ll::isic:illy. tl1t·rc :uc two type's of concrete floor svs
ti:ms. Om• i,s·tl1c- lian'd pbcinl,! ot macliim\ maJc 1111its on 
the job, the other is the plant fabrication of the units 
into joh rt''luircd slah lt:n~ths. 

The plain type of Ooor system is d,l.'vclopc<l on the 
job' by the \ISL' of shores. scttin~ the units by hand on 
the shoring. l:1rin~ the c.lcsi!,:n spt•cificd rcinforcin~ 
steel nnd p!rir-in~ tltC'. rccp1ircd thic-ktw~s nt c:oncrctc. 
tlm end resuli. is .1 1.ii)!•ti!P lio.1r !>:,':ill'lll. 

The machine made co11crc.'1L: lll1its ordin.i.rilv us1:<l 
::::·e either the filh.•r hlock or soffit hlock. · 

· 7:ic lillcr block 1111its arc ui;unlly placL·d on the shor• ,· 
• '1: cc '!<.•rs nt such n distnnce npnrt ns to provide n suf
f' r1;: · t v:i.!th concrete joist. ln the space for the joist, 
:- -~ ·J-,rci'1J i,; pl.iced depending on the lond nnd spnn. 
Cc.i:r :t-: ·s t'1c-:, poun:d hctwccn tlic rows nm.I nlso on 
t-:n of tho filt·r h!ock. The n•sultant floor is a closely 
b;i, juis~ :md fi!k•r block system which hns maximum 
Strt"nsth. . 

Tb: sofHt h1od.: coastru::t:on is a modilicntion of the 
f.1 1cr h!uck trp::, Ucor. 

l t hcl1)s to prod ·cc ·a!1 c.xposctl ceiling of continuous 
m •sonry h:c-nusc t

1
1c sofiit is sn formed as to provitlc 

a thin s:1::U of co::cr~tc masonry under the concrete 
johit. 
· Whcn t>!:,ccd en:! to cn:I th:? 1nr.1,::r widt:1 of joist 
is r·b-taincd m,tomatic ,lly ut :H bc-h c:ntcrs. Ilot'., types 
of flour Ciln he oht~·acu ia t:,ick 1css.·s from 4 to 12 
h:chcs. The v.1ri.1linn in tlt·pth of n:1it ,md the result.int 
depth of hemn p.:rmi:s a wide rang.: in supcrimpos ::l 
loads and spnn um~th. 

Pinnt l'rcfnhric:,Mcd Types-Another bnsic type of 
e'::rr syJ~cm is p',rnt fahric:,t<:d nntl consists of mnchine 
nude un:ts with cont:ict faces precision ground a,d :u
semblccl into slabs or p~anks to lengths "retJuired for 
A:lf sp:ciSc proiect. 

. n,c imporlilnt fnctor in this trpc or floor S)·lltcm is 
to provide pl.mks thnt will .confor~n to tho J?l.111s 11~d 
working drnwin~. 'f.hc sysl~ 1s prc-fohr!catcd ')' 
lcn~ths to cover tho rcquirf!CI s1,nn nm.I hc~mnp: li[l<"CI• 

ficd. Any ,·nrintion in tho dimensions 11lm, or minus 
from Che plans could result in serious <liITicult)' be
cause in neither cnsu cnn a satisfactory· ndju~hncnt be 
made on the job site;. •Too much emphasis cnnnot be 
placed·on the uccurncy of constn,ction in conformnncc 

.. with the plaw. 
Following ore brief outlines nlong with ilJustrations 

of ~l of the 1,opulnr Jlc>or systems. 
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Dox Ulock S)·stt'sn-111c Dnx sy:-tt•m is pr<.•fahricntcd 
from uuib nf SJ'K~i.11 ,h.~iµn with two s1.•ini-<:irculur:. Hi 
loch dt-q> ~rOO\'C'S in the: teusion 11idc of tlu• hind:. lhc 
units aru lG inch<-S long hy 6 inchc-s dC"ct> nnd c.-a~t 
-•ilb a g.-onvc on one c-ml nnd o ton~nc.on t!•c other s_o 
tlaat. when nssc.-mhlctl, u tight mcchnaucal mtcrlock as 
obtainccl. • 

•• 'i1111n1 :J1, Typiut Reef•"• fleer Sytte1111o 

The hlocks :ire run throut!h a prt.-cision ~rindcr and 
:1sscmhkd into plnnk of the." dcsin•d length. The assem
bled block nre drnwn into ali~nmcnt bv a thrcadf.-d 
tension rod, run throu~h the c~ntcr of the p!ank and 
<lr:iwn tight. In the? manufncturin!? prOCC"ss rcinforc.-ing 

• rods arc plnccd in the grcXl\'t-S at the top of the pl.mk. 
Tension rod pf.,tc.~s nre placed at e;.\ch end nnd the: rc.-q• 
uisitc amount of tc-nsion is then n11pliccl to the assembly. 

The top of the plnnk as manufactured bC"COmes the 
bouom o{ the pl:mk when inst;11Jcd on the ►>b. The 
reinforcing rods then act in tension ns .. in· norm:il tnac• 
ticc. 

A mi>:ture of c:-oncrctc J;rout is poun•d in cac:b ~roove, 
a£ ter which the entire nsscmbly is \'ibmted to provide 
a good bond between the grout. the rod nnd the block. 

After an adequate curing period the tension rod 
plates a.re removed. The planks a.re carefully inspected 

• • C-,e1e MaWMy C-llruction O.teil11 - Nttion.l C-- .,.___,, 
Aal0cie1--. 

hdorc shipment. n,e full lo:1d c:irrring c:lpacit~· of 
the pl,tnk is dc\'clopcd by the nddition C1E a concrrtl." 
topping thoroughly hone.led into the block and forming 
a rigid structural plank. . 

F and A Systcm-1nis srsteom is a. combin:ation nf 
prccast concrete joists aiu:l fiUc:r blocks in conjuncti~n 
with a pour"-d in pfacc concrete top sfab. The basu: 
priniplc of this .S)'Stcm Sntroduccs a hollow b!ock ns ;i 

void filler to rt-duct' thu dc;sd wci~ht of the tlab con• 
stmction. The co.ncrcte to1> sJub is poured ~ tla.2t the: 
uppc.-r portions of the joists arc embedded an the con• 
crctc to dC'\·cJop the neccuary bond to produce T 
hcam nction in the joi$lS • 

Flcxicore System-In this 1)-stcm the primal")• t1nits 
arc 6 inches high, 12 int-ht'& wide with \'Ul)•intt k-ngths. 
11,csc units arc reinforced and h,wc 2 corn fflcb 4, inches in diameter. The cores nrc produced hy col• 
fopsible hnlluw mh1wr halx-s. · 

n,c top nud Louom rcinforcing rods. thmidcd at 
botb ends nrc held in n fixed position hr mr.;ans of stN:l 
stim1ps. TI•c rod:i; ht•tw,•tm the lmllhc-nds urc ,u~jcctcd 
to a tension of 16,000 p.s.i. br mc-.m, of a. ,p,t'CUII tor
sion wn-nch adjustC'd to Rpply the n-quisitc amount of 
tension to the 11uc.,nb1y, . 

Wbc.•n inslnllr.d, the.• side grnm·C"S in the sl:lh pro\·!dc 
~ kt")· for tht' grout apt•lit-•d dnrin~ <.1m~tr~1Ciion. 1 ~c 
hond crt"lltc~d b\· the 1trout l>L-lWt'l'H tho ndJ;&"'nt umts 
hc.~11,s to forsn a· conlimmus 0.1t slab 6 indu-s in dc11th. 

Joi.stile: S)·stcm-1111.• Joiitilu srslcin was dt"\·c-lopc.•d 
to minimize the Ulie of cxpcnsi,-c fonn work :md shnrcs 
in the c.-onstruction of concrete floors. 

nw., filler tile used in this s\·st,~m ccmiists of four. · 
core units, 5,.; x 7:. x :?-~ inc-hes': of spc.-cial &."Sign and· 
m.ulc from wmc form of lit:htw1.•i~ht n~grq:.itc. 11~e 
pn"C".ast concrete joist of the -r section is 6 inchc:s. an 
dt1,th nnd ii. rcinforC"C<I hy top nnd l>ottnm bJrs \\1th 

mmic't'lin~ stirrups. All of the r<•infurcing is tkarii:aUy 
"-,·JJ,'\I halo om.• mail, 



Till• c-tm1pl,•t1• assc·11ii1h- r-rn1~1~1s of the- jnisl, tl1c hind: 
or filll-r till'. ami ;1 crn1,·ri·t!' sl.d1 which lnl!ctlirr m.1~c a 
lloor thirk11css oi ~ incltC's. 

Strclitcrclc ~ntcm-111 this S\'stcm tlie 1111i1s ha\'c a 
surface :irC'a n~t'asuri11g i!i x lG inchl's. Tlic-y have a 
ckpth of 4. G, S, W ::inc.I l:'! inches Ul'pcnclint.: 011 the 

· inttindcd span .ind dcsif.!m•d i.11pt'rimposcd loaJ. ~I.um• 
f.1ct11rr.d from hc:ivy nr lid1twc-icht n~l!rc)!:1tcs. units 
arc slc.-am cured :me.I ynrd dried for n minim11m uf :23 
d:\)'S, 

1'l1t"}' arc then prc-rii;io:i ground :m that the co11tact
i11i,: fac.'f.•s of the ad1uini:1~ umtli will kwc 1."l11llpictli :lllcl 
uniform h~iarin1,t. Pl:inks ,m.• asscmblc-d from units with 
steel w;1slu .. ·rs at the encl of rach usscmhly. Tl1rc.1dcd 
rrinforcin~ rods arc- plact•d in the side spline's of the 
units aml throu~h tltc t.•nd washers. Tension not ex-,· 
c-ccding tlte ullnwnhlc wnrkin!:t strC'55 of the reinforcing 
rods is npplicr..l hr hrdrnulic jack or torque wrc11cl1. 

J-1oor Systems-The promotion and success£ ul appli
cation of these v.uious · floor !'i)'Stcms depend upon 
the employment of enJ;!int>crinJ!; principle:; nnd tests 
throughout all phases of n,anufacturin~ technique. In 
order to obtain npprovnl hy huildin~ departments cnch 
system must be considered upon its loncJ cnrryin~ char• 
.ictl'ris tics. 

rrc:strcsscd Concrete Units-Another field open to 
proRr~ssh•c m.mufacturcrs alert for new proc.hacls or 
n<'W m,cs .for units which m.iy he produced on high 
production block machines is that of prC'5trC'S5C'd coLt• 
struction. 

P1cstressin~ or post-strc:;sin~ concrete units opens up 
new fields in the fobricntion of brid~cs. buildin~s. sta
diums and other structures. Stmclurcs using pr<-strcssed 
concrete and concrete block in the form of bc:1ms strung 
•together on wire cables and then stressed arc now in 
demand. 

Up to a few years ago prcstrcsscd concrete in the 
Uniled States, had to be justified from an enczinccring 
st:mdpoinL lt. h:ls passed £rom this ph;isc: anc.l since it 
is a prnclicnhlc compctiti,·e method 'it frequently of
fen the advant.age of speed>· erection. 

As more field cxrericnce is gaincc.l in prcstrcsscd con• 
crC'tc construction, its compctili\•e position will be im
pmvt-d, cspcciall)· from the rost standpoint. 

.,, 
·• ..... 

$action 14-Speci.fications and Tasting 

Fccfornl CO\·cmment 1u1d American Society for Test
ing Matcrfals s1wcificntions outline the pcrfurmanc:c re• 
c1uircmM1ls which must l": mt•t by holl~w lonc.l-hcnr
intc mnsonry units; nnmcl,•, strength, moisture content, 
and absorption. 
. Federal Cuvcmmcnt spccificntions outline the mini
mum com1M"essive strengths for units of specific face 
shell thickness. 

Tho ASThl Spccilicntlons C 90-52 nlsu sets up two 
grades hut in a more sp<.-cific mnnncr. 

Cradc., A units for u.su bc.•low Ji:rndr. nr for unprotected 
txtcrior wnlls nhn,-c i;rndc should h.wc n comprc.~sivc 
strm~th nr 1.000 psi ,or J!:fflSS nrcn. 

Grade U unitll for ~t•ncml use nhovc grntlc: \\'here 
protrcll"ll from tht> W<"nthcr hy two c:onts of portl:md 
c,•mcul paint, or otlwr 5.ltidnctory wntrrproofin~ trc:-nt
mmt, llllL'-t lm,·c n t-omprt•s.'ih't: :.trt•ugth of 700 psi o( 
5trou nn .. .a. · 

Cra<lt• A unils nr<' limitrd in lol:11 ,-.·utcr nhsorptinn 
to 11ett more- tlmn 15 lb. Wc:-dc.•rnl Gownmwnt. 16 lb.) 
per cuhit" foot ,or c.-oncrt•tr. \Vhrn dcliv~rctl dm htnck 
must not h:wo a moisture: c:ontcnt or more than 40 p<.ir 
cc-nt of the tolnl nhsorption. 

Cndc U h1ock nru rc:-qnirNl to mcc:-t the 40 per ccut 
ln<'isturc content rc.•quirmnc:-nt 011I}', • 

Following is an outline of thu Feder.al Cm·crnmcnt 
Spccilicntions SS-C-021 and dctnils for conducting the 
tnts. 

1_0_.i _____ s.;..,,_c_cificatiunt nr1rl T,~.ltill!! 

El-A. L11ad lJl'ari11l! 11111ts sli:.ll mcl't tlwsc c11111pres
!1ve strc.-n{!tl1s whl·o tested nc1:uni111~ to .Scc
ti.111 F2-A. 

Mi"l"'""' I h,.,,..,., ■ I Sholl ■ C•"'P••niwe ~1,e1191li, p1i 
11:, in. or..,.,. 700 U.. 
I,~ in. lo Pl, in. 1000 II,, 

El-13. 

:•:1.c. 

F2-A. 

111 dc•tt-rn1i11in~ tl1c minimum thickness of the 
sliclls. oniy tlic 011tc-r parnllcl slwlls of the 
units shall he co11s1dcred. 
The nbsorption shall not cxcc-c-d 1(3 lh. per 
cubic foot of conc-rctc when tested ns in F2-B. 
Tl11.: avcr:11.:c pcrc,:ul:l!!C of moisture in units 
at time of dl'iiYcry shall not exceed •10 per cent 
of the total absorption of the units whc-11 tested 
as in f:2-C. 
Compression test-regular routine. 

F9.-B. Absorption test. 
F2-.B•l, Units shnll he wci~hcc.1 tlwn dric.'tl to 

constant W<'i1 . .d1t. Tlic>' shall tla~n be 
immersed in wntcr nt room tc.•mJ:lCr;i• 
lure for 2·1 hours. 

FZ·B-2. Tl1c unit5 sh:111 then he weighed while 
mspcnclccl :111c.l completely submc-r~cd 
in wntcr. Thc-y shall then he nllowcd 
to drnin for 60 sc•conds by plncing on 
;i l in. or coarser mesh and immcdi• 
ntcly wci~hed in nir. 

F2-B-3. The wci~ht aml absorption per cubic 
foot of concrete shall he c:1lcufatcd as 
follows: 
Weight in lh. p(.'r cu. ft. of concrete = 
6:UXA 
li-C 

Absorption in lb. per cu. ft. of con• 
·6U X (U-A) 

cretc= B-C . 

Where A = Dry weight of unit in lh. 
B = Wet weight of unit in lb. 
C = Weight of unit suspended 

in water in lb. . 
D = Wt'-ight. of unit as de• 

Jivettd in II.,, 
F2-B-4. The total ahsorplion referred to in 

El-C is cnlculatt-d thus: 
Total absorption, per cent = 

. B-A 
lOOX-A-

Pcrccnln~r. of moisture in units as dcli\·crcd 
is lhe difforcncc between the weight nf the 
unit5 ns delivered (D) nnd the dr)• weight (A) 
ns determined in F'2-U dividc<l h~· the dry 
weight (A) nncl multiplied _by 100. :x:icn the 
per cent of moisture us dehvcrcd, d1v1dcd by 
the per cent of totnl absorption, gi\''74' moisture 
as · delivered in rclntionship to the totnl ab• 
sorption. . 
A typical c.'\':nmplc of computation with light• 
weight nggrc~ntc is as follows: 

A= Weight of unit dry = !7.811h. 
B = Wt"iJtht of unit snturnted = 30.87 llt. 
C = Weight of unit Sll5pcnded 

Jn water = 13.20 n .. 
D = Weight of unit as dclivr.rcd = 20.!711,. 

B-A 
· 24-hr. absorption, per cent = 100 X--::r- = 

30.87 - 27.8 l _ lO~ 
lOOX 2'1.84 -

Moisture ns delivered, per C1.'tlt = 
J) - A !?9.!7 - 27.84 

100 X -,:- = 100 X ··•· -:?7.M- =· 
U.3G1:o 

~loMnrt• t·oi1h•nl ("; 11( h•t.il .ih,11rftli1111l:.:: 
•' r; \lui,tur1• "' ,l,·ln rr,-.1 :; 11 , •. , .. ,.. -= = ....... , . 

... ,· .. , .. , .. ," .. ""'"" IU '"' 



S1wci(ication.t a11ti 'J'nli11!.! 

. G:!.4 X A 
\\'eight pt:r cu. tt. !!i. = ----- = 

ll -C 

61A X :27.St , :737.:!l 
---:-··-:-'----::-.,- :.= -.-. ___ :-: 9S.31 lb. 
~.87 - 1-J._o ... 67 
. 6:?.4 X (II - A) 

Absor11t1011 iwr cu. ft., lb.=---·---= 
B-C 

6:!.•1 (:30.S7 - 27.S I) l~S.07 _ ---·· ---- = --·--=10.,011,. 
30.87 - l:3.20 17.G7 

~lcthod of Oht.1ini11~ 
S1u11c1~d~~I Weights..:_ 
Fi!,!, 3S, wlii<.:h is sc.•lf cx
pl:mntory. 011tli11es llic dc
tnils of the nmm~cmcnt 
of n sc.de for ol;tni11i11g; 
tl1Li sus1wndccl wei~hts. 
Other types of scnlcs, 
howcvt~r. may be nd.1pted 
to the requirements if it 
is more couvcnient to use 
them. 

ln the procc:-<lure out• 
lined fur maldn~ the tests, 
nil ,wi!,d1ts :ire rccorclt.-d 
in po,m~ls nnd hundredths 
of po1111ds. The conver
sion Tnhlc X\'11 ( shows 
\\'cii.:hts in ounces nnd 
f rnctions of ounces and 
their decimal equivalents. 

Viuwing the situation from the block producers stand
point. there is nothing onerous nbout mectin~ the speci
fications set forth for his ~uid:mcc. Ile should end~-nvor 
to prouucc n qunlit~• product which will be ·a credit to 
lais rcputntion, thereby helping to aclv;mcc: the interest, 
of the \,lock h)r.lustry nt lnrgc. 
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Plant Testing of Concrete Ulock-111c i11.~tallntion of 
a hl«-k tcslinJ( 1m1c:ltine in nny 11i1.e plunt cnn prove a 
1tnad im'l"5tmL•11t for the nwncr. 

Shn11h.: routint- c1u111ily contml of product should nut 
be canfusc.ttl with· c.•nm11lt~x lnhnrntory ll•sting for ccr• 
tific.'Qtion pcrfonnl'<l on nn cx1x.111si,·c mnl'l,ine opcnit<'ll 
by hitthl>•·tmim'<l hl•lp. With prtmcmt day plnnt tc.•stcrs 
any m<"mhcr of the fon.-c can I><" n-ndil~· tmin<.'<l to per
form lhe nt'C\..-Sllan· lt'l>ts, the rt"5ults or which nrc rend 
in tl.'Ci din-ct from· the dial of tlm mac.·hinl'. 

\Villa lht! cm~tnant•rs nml tlw nwm•rs inh-rt-sb ron
sid<"rt'<I, the.• 1m-sliJ!~• nm\ 1mtillfnction ~aim'tl in \.now
inR his hloc:k is of i;tnml.m.l ,1unlil)• will um1re heller 
custe>1m.•r ii:nlisfnctinn. Br:cidc-s. Im c.m nminlnin c'Onstnnt 
control m.-cr mix rntios nnd C."1..'IH<'nt rntio c.'<111tm1t tn the 
1>radicul And pro(itnhlc minimum. Lil.:,•wisc, mnny 
bloek plants art" nlsn rt'ndy-mixed com.-rl•te 1mxh1c..-crs. 
A le¥tcr rnn IJ~ usc.-d tu good adv1&ntnJ,tc for ohtniniug 
the strength of 6 x l:? inch cylindc.T $tn't.imc.•ni; as occn
t.inn arises. 

Suma m:mufacturers bnast tlil' fact "that their hlod: 

ws SJ)r.ci(icalic111.v 1111d Tes/ill!! 

is stronc,·r llian :rny of tl1<•ir c:01111wt11ors' products,- •o , 
wlmt use would tc.:st111c: c-qmp1i1r11l he.' to them? .. 

Tlic strcu~d1 bal>is, C\'C'n i"n larl!l! pla11ts, i.~ o( te11 de
tcrmi1wd by "tappi11~" tlw unit with a l1amrrwr. This 
~encrni misuncic:rsta11di11t5 seems to lie in <lilf1..•rt•111i.1tinc: 
between surface hardness n11d crnnprc-ssi\'c strcnµth. 
H.uc.lncss c:111 mC?nn hrittlti11t.•.ss ralhc-r than strcm~th 
and n hrittlc bloek is very lil,a•ly to crack :incl c-a;,se 
trouhlc. Scm11.:tiincs '"hammer·· ll·stcd hlock whic-h nre 
harder tli:111 usual when mnC"hinc tc-~tccl ·c~plcKle~ 
rather 1ha11 rr11~_h. "Jlammcr" h·stin~ alo11~ with per• 
haps a c·11111mcrt:1al lahorntory le-st made mice or twice 
:l rc:ir is the c.·xtcnt of the tcstin~ ~cnC'rnlh· done. 

\\'hile old time id:·a~ nncl cxp<'ri<'nccs ~re vnluahlc. 
th~y :~re n~t ull lha! _it lakes to pmdm:c µood building 
umts m tl11s cnmpc•tit1vc tiny and u~c. Somu hluck m:m
ufocturt"n have not yet lcnrnc:cl that science hns A 

qunint habit of hcstowins her hcncfits 11\'K'>n those who 
rcco~11i7.<' th<'ir value:.. 

A.S.T.:\.(. specifications rcquirenwnts call for 1000 
psi for Crude A Hollow Loncl Bearing Units. with local 
Huildinµ Code's of ten much lower. ~lanv m,mufac:tur
ers continue. yc:tr nftc.-r rcnr. to ma\:c blo.ck which con• 
sistently tci.t ;1round 1600 psi. To m:,intnin such a mnr
gin n! safoty over C<Kle rcquirmncntli. which nlrt.-ady 
contnmJ a rc-nsnnnhlc margin of safety is a c.-ostly pro
cedure for which no prrmium is n-ct•ivc.•d. Today as 
ncvC"r before. a !mmll incrcnsc in t>lnnt c:-fficfoncy c.m 
make the tlHTt•rc•uc.·c ht•twccn 5uc.-c,~s5 nr failure. 

Comprcsi;inn tL•:.t:., c.inm if run cmc-c n Wt.'C'k, com,ti• 
tutc a test of such minutr t><.•rcc.·ntn~c of the whnlu pro
duction ns to he pmctic.-ally worthless. 

· A ~ro1,crlr opcmtcd pl.mt compression testing set up 
rcr:n•ts tcstm_~ to be done c,·ery day on the previous 
days procluc:t1on. Hence, it becomes impossible in the 
event of mistnkcs or carelessness for the t>lant to pro• 
duce more thnn R day's n1n before the error is detected 
and corrected. TI1us plnnt comprc.•s.,ion tL-sting rc1uip• 
mcnt can be, 1md is exceedingly low cmt insni'Anc:c· 

' agaiu.-.t errors. 
In ~Uiug u1> n plnnt testing routine n Conn 0£ record 

sheet should ho drnwn u11. 1'rsts should be ntndc on 
st.-vr.rnl s<.•ts of block at l. 7, 14 and 28 day intC'n'als • 
niis pr<>Ct'<lurc is rt"{lCRtc..-d so that mixes or Sl"VCffll 
c.lifl'crcnt d.t)'S nm chc.-ckc..·d. 111c rcsuhnnt figuf<'!S &\Ver• 
agNl out give simt>lc stnnd:mls by which it becomes 
mntin<" tht"l'c.-nftc..-r to nm n comprMsion test every dny 
on the prc\'ious Juy's run :incl know within \'ery close 
linliu, what Ci\ch ,fay's production will tc:-it nt ,my p<"ri• 
od 111, to nml including 28 dn)'S, 

A.S.T.:\J. s1wcili<.-ntions Cl40 outlinc.-s clctnils for S,,m
pling and 1'l"slin~ Concrete Mn11onry Units, while sprci
fication C'll outlines the qctaib for concrete crlindcr 
coanprc.-ssion tc.-sts.. • 

Certain prc.u\ltions must be tnkcn in 1nrparin~ tc.'5t 
specimens. (1) AU hi~h 1>0ints and loo.<c particles must 
be removed from top nnd bottom surfaces of llac block. 
Uudc.-r c:omprcs~ion, high points mny set 1111 stmins giv
ing fnlsc rc..·,mlts. (2) Cnps shoulc.l be mnc.lC' u thin as 
possible.'. (3) lm1'K"rfoct cnps sboulJ not bu pntdK.'d, but 
rrmnvc.'tl nncl rrplnccd wilh new on<'S. (•l) 11w s(K'Ci
mcn musl he.• plnc.1.-d in lhc cap11iu~ nu\h . ..-inl sn tlaAt its 
nil is Rt ri~ht nn~lcs to the cni,1>in~ surfocc. (5) J'L'ltc 
gl;w J: inch thic,-1;. or n 1n.'ldlincd pint<' nol lt"SS thnn Ji 
ind, lliic:k muy ho used ns mediums for cnp1,ing. 

\'ario,L, matc.•ri:ds iimy be mrcl for ,,,pping 1pcci• 
mens. (1) For· <1uick ll-st rl"Sults lmildin~ hoanl 3/16 
inc-h lhick i:. r n-qu<'nlly \15('tl. TI,c co1mm•rc:fol l)'lll" of 
UtllW>n Uuanl is sntixfoclory. Com1>rc."51iion rt-.uli11~1 with 
this tn>e of bo:ml ran~c.• from 5 to 7 1x•m.•nl lcJ\wr th:m 
results oht:1im:d with n-gulnr caps. Ulnck with mortnr 
~roovc.-s nm5t l,c, c.--.1ppc.-tl for bc.-st rc."Sults. (2) l''ilst S'-iting 
sulphur base cnmr-«mnds may hu usetL C:cnc.-rally, thc."5C: 
cnmponnds JC,f tc.-n sufi'icicndy for ,~e nt t<•mpt-rnh1rcs 
around 300 de~ F. 111<' hot compound is ap1>licd lo the 

·surfaces of tha unit and when sufficicmtl)' hardc.-.,cd 
tt-st mny be npr1lic."<l. (3) A mixture o( one p.'1rt (by ,·ol• 
11rnc) of portl:md ,~ncnt to one pnrt of mlclncd gyp• 



min q,i:1:.lt'r of pari~i madl.! into a wnrbhlc p:-istc w1tli 

w;ill•r 111a,· hC' 11:.L·<i. A cap st·tl1m! t1111t•. at lt·a:i.t O\'C'r 
11i1.d1t m11;I IH• all11wc-d bl'f11w !t•st111{!. 

The m;ichiuc m,muiac111n·r·s n·c11111111t·11dations re• 
b:m.Ji11~ pl.\c.:t•m,·11t I of u11it. rate of compn•ssion luad 
:rnd other ·po111ts :-liould lie cnrdully follmn•tl. 

The adv;rnta~t•s of havi11iz a pla11t t1•sti11g machi11c 
m:miiest tliL·111s,:l\'l's i11 111:iny ways: (:1) ThL• savi111.( of 
time in packin!,t a11d transportation of ~amplcs to out
side sourc1•s for trst. thl \\';iitinl! for n rPport wht-11 it 
is a q11l·~t11111 u( ni:iq1t·litl\'1• ,l'i!:111! .. \11 .i<:111al ll'~t 

which tlie pwspccl c:111 p1.'ri;nnally ~cc or may C\'CII 
perform hi1mdf is a more convinciuc s;ilcs ar~umcnt 
llia11 results w,icks or months old. (L-) The control over 
n1ixcs · :md other plant operations from an efficiency 
standpoiut would indicate the inst.lllation of :i plnnt 
l<'~tcr to he n ~ood investment. 

Hearin~. Arc~ or Units-The comprC'ssivc str'ength of' 
the hlock ii. ~cncrnll)' t·omputcd on lhc ~ross nrcn. The 
gross cro5S stictic.mnl aren is the totnl arc:i. enclosed by 
the outside dimcm;ions of the unit. 

· ln so1~c instnnccs, the strcnizth n-quirements nre cnl
,.,i!Mcd on the m:t. hl•,nin,:t nrcn. This is found uy meas
urin~ the ~,rcn of the core spnces and suhtrncting this 
fli;urc from the l!l'Ol'il'i :u:ca. 

The net hL•nring area is calculated as follows: 
Dimensions of cores :m in. x 4~, in. = 13.4 sq. in. x 4 

= 53.6 sq. in. voids. 
Cross area 12:? sq. in. - 53.G sq. in. voids = 68.4 

sq •. ii!, net bc.-nrin~ ;ire-a. 
The net hcnrin~ nrca for 6-in. nnd 12-in. block ranges 

from 3S to 5G per cent. Some codes require a bearing 
Arca of only ~'l per cent 0£ the gross area. 
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Mociular l>lannin~ S)·stc.-m-11,c m0tlular planning 
S)'Stcm is nothin~ t>arlicularlr nrw, 5incc it wns a meth
od used C'('nturit.-s "~n I,~• the CrC'cks. Ac-,·onli11~ to au
lhorilil-s, the fnmc'CI Parthenon of ancient Cn•<.-cc was 
designed in t.-onformit)' ton rnndnlc relating lo the unit 
of rnrnsurc at lhat timr. The idt•a of the modular sys-

• trm is to simplify the df..-si~n :md construction of uuild
inp h)' using n unit nf measure known ns u module.•. 

A 4•in. module ii; <1uit1.• commonly ust'd. With such 
a system, it is ens)' to llctcrminc the number of units 
rec1uircd within a ccrtuin dimension. · 

11,c unit u m:mufnctnrr.d h~s nlrc~dy hccn dt.-signed 
with full considc:.-mtion of the thickness of mortar joint. 
ln other words, the nominal 8 x 8 x 16-in. unit hns a 
modular si7.e of ni x 7~· x 15~-in., which nllows for 11 
11.-in. mortar joint. · 

Soction 15-Stoam Boilers and Their Care 

TI&C" stc:ian boiler, Jil.:e nil other cquipmtmt in thu 
. hlnck pl:iut, dc.·mnnds n ccrtnin amom\t of nttc.•nlion if 
it 15 lu function al its grc:ntcst c.-fficicuc)', G,~ucmll~·. 
h<w.'\"\'t.•r. un pieet~ of «:<tuip,nc.-ot iu lhe plnnt i5 suh
jc...:ic'«I lo us muc.-h nlmst' nnd u,•1d1.-ct ns th,• stc.•mn hoih.•r. 

n,c New lloilc.•r-Bdorc.: pluC'iu~ n nc.•w lmik•r in op
rralinn, the., i;c.•Uiu~ nml n•frm:tor)' li11in~!I should ht.• 
thorou~hl>· ury. , 

An)' ftn';U(." or oil Mt from th,• pro<.'t'!\5 or fahricntion 
sha111d he rc-nm,•Nl. Oil nets ns ,m insulnling nwdium 
and m.ay c-.iulie o,·crhc.•ntin~ or tl,u luht!S with r,-sultunt 
leakage at dm st.".ams 11ml tulK" 1.•mli. 

'11Hf }:Sh:ablii,hl"Cl Uoih.•r-Bdun• n•l11rni11~ an t•stah
lislK'Cl lmil,-r to :.,•n·it"I", n tltnmu!,:h i11s1tt,·ti11n shouM 
lat• en.ult• In s,•c• that ()) th,• fnm,tt•r nml i,:.,s pa!'t~1i,:,-,; 

an• c·l,•.an uml iu ~urn I n•pair; (:?) lh.at .ill d,•,uumt ,loor:i 
fit t>rutwrlr and an• c:lml'U ti~l1t; (:l) ull lm't.•c.-hin~ .u,J 

Strn111 lloilrrs m,d' "/'f1cir CarC' 

chimney 1oi11ls :rnJ cr:1d:s arc ~r:-ilecl ~as 1id1t, usin~ 
boiler p11tty or cement Lor. the purpose: an<l (-l) th..;..t 
dampers arl' i11 ~nod '"'?11d1t1n11 :111<l 01x'l':.1tc frt·l·i~·. 
Dampers i11 tht• hrt•(•chim!, wl1r11 dos1"'(l. sl1ould have .:. 
free opcni11~ 0f :iho11t 10 per cc-11t of tlic full brec:chir.~ 
area to guard ng:iinst gas explosions. 

\Valer Lc\'cl-Tlae w:1t<·r t·ol11mn should Le set s.:::> 
th:it the lowl.'st \'isible portion of the- w;ite-r ~lass is :::! 
in. above the f mil>lc plu~. A chcr:J.: ~liould Le. made~ t~ 
see that tliP lil11w-<1tt valn•s. w:itrr col11m11. watrr ~b<i-s 
drain. 1(:1::,· t·rwks. :ind f t•rd \'ah-c :nl! in cm wod,i1;.: 
con<litiu11· :111d that thev arc clost.•tl. A ,·t'nt valve should 
he open. · 

The rcq11in•cl water level should he rnai11t,incd in th-e
boiler nt :ill timt•s~ :i.pd too much <lcp<•ndt'Tlcc sl,ouic. 
not be ph1ccd on ::iutomatic :ilarms or foe<l-water r<'~n
lators. If the wnt1:r lc.,.·el falls bdow the w.1tf'r ~h,ss. 
corrective rncnsurcs must he taken •immcdi.itcl)'. Th-e
air nnd furl supplies must he sto1;1wd ;me.I ti~ dmnpC'n: 
and a:.h pit do.ors dosed. l\o adjustmC"nt ihould be!' 
m:ule which m:t)' ~use a sudden clmnge in the stresses 
::icting on the hoilc.-r. 

In a h:mcl-firccl boiler, the fire slumld not be dis
turbc<l except to CO\'cr it with wet nshcs. th<'n lca,·c the 
firing door open. \\"here a stoker is ust'd, stop the fuel 
and nir suppliC's nnd OJlcn the nrin~ door. 

Detcrmin<' the cauu• of the low wntcr nnd rcmrth· 
it heforc n~ain -placing the boiler in me. TI1c- hoilc.~ 
should be <'XnminC'd for the cffocts of O\'f'rh<'.iting. 

As nn :idtlt•d prt'C':rnlicm il is :uh·isablt: to ha,·c :a re• 
mote discomwc:t switch pl:ic,-d in an acccssibl..- location 
othf."r than in the hailer room proper. This S\\itch m:iy 
e,·en be the m:utcr switch for that section of the plant. 

Firing Equipment-Wh:itc,·cr form of he:Lting is 
adopted, whether br stoker. oil or gas bumcr. the bum• 
er and controls should be examined to sec that tbcy llre 
in good working order. In oil burning equipment. the 

· strainers and nozzlt"S must be kept thoroughly dc:an. 

\\'hen lighti11~ n fire usin~ ~ns nr oil as thc l,C'nting 
medium, the fut'! sup1>I)• should nc\·rr ht' tunll"tl .on 
uaitil the furnaC'C h;ts bren &hnrnu!!hl)' \'C'ntil.itcd with 
Mil dampers in thci wide open position. TI\C' li~htcd 
torch or oth<"r mt•ans of i~nition should thc.-11 bt- proi-.er• 
ly placed lo insur<' the instant if,?nitinn of the fud. 

In the c,·cnt of fl:m.•-back or the.- snnppin~ out of the 
0

hunlcr, the furnn<."<" nmit again be thorout:hlY vcnti• 
Intl"<! hcfurc attc-mplin~ to re:1umc firim;. 

After st:utin~ dw 6rc, G light fire.• is m.iint:lined until 
the boill"I' sctti~~ is tlri<"<l out. The lire is then built up 
slowlv to dC\•t'lop the rcquirrd stC'aan prC"ssurt'. Wht'n 
the steam pn-s5urt' npproachC"s the \\'Orkin~ prl'matt 
and the wntt•r lev<'I is loo hi~h. hlow it clown to the 
profk.'1' lc."\·cl. 

It is not n,h·isnbl,.,. to raii.c the steam pre\'furc too 
rn1>icll)• uulc."55 it is a cnse of cmcrgcnc)'. Firirr; should 
a1wa)'S be maintained in a uniform m:umt'r tn hold the 
stt"Rm prc .. ssure as stt"'.adv as pos.,ihlc. 

Steam Leaks-AU gnskcts should be in good ,-ondi-
tion nr rc1'iluccd hy new ones. . 

n,c blow-off pil'X.' nipple should be e!t:unintd 1x-r1• 
odically at the point of contact with the shell. If cor• 
rmion is np11t1rcnt. the nipple shonl<l hi.' rc.•pl~a.,1 • 

I .cak)• pluJ,tS in the.• boiler shell shnultl hc:.- n·rlA«"(.I. 
1>n-for:1hlr with n11M mndl~ of lmw. Small lC":ils ~mu~ 
be lm·nll"<I And lhl'll n·pairl'd ns 10011 ns the ho1ltt 1s 
withdrawn from st•n·ic:.-,•. 

Should n Sl"rimL" lc-:1k oc.-cur, shut down th<' hoill'r im• 
mcdiatcl~· h>• ,.:mclnally rt."dut.'ini: the stc:nm rr~urc. 
111,: l><>ifor should h1.• thorout,th1~· c:mmined 1--:.-fore re• 
sh•.uning. 

11<'1,nirs cm the• l,c1ilc.."I' should be clone on~· by an 
CX(>t'ri<.·na"<l nu.•dmnic:.-, or undc.'f :an t•ngiucer skillnl in 
this clnss u( wCtrk. 

llcmo,·ing. Boiler from Scn·i«'-lf il is uC'C"tSSary to 
take a l,oil,ir nut of srn·icc for a tK'rind of timr. certain 
1uoccdnrcs mu,-t he ,-.ire-full)· followed to rt~u"-e clt'lc
riorwtion to a minimum. 
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If the warn ,~ 1<1 lil' l1·ft i11 11,c lioilt·r for a l1111!.!1'r 
pc-rind tlia11 a \\t'l'k, 1l1l' watn sho11ld {ir~t he boilt.-d. 
with tlic lwill·r \'l'lllt·d. to drive off oc.:<:l11d1•d \!a~l'!'i, Tl,c 
water slwulJ tlwn la• u·11<il·n•cl nlbli11c \\·1th 1l11: aJdi
tion of :1liout. 1:i o;, .. \1f c-aul>ttc ~oda for 1•;1d1 JOO lb. ur 
c.1ch l:! J!al.' uf wah'r l·u11tai11cd i11 tlic boiler. A ~nllon 
of woll'r wri~hs 8.:1.1 II 1s. 

H the hoil~r is tu lil• down for a11 i11d1·fi11il<' time it is 
:ulvisnblc to proc.·l'cd as iollows: Tl1L• m;111l11>lc :rnd 
liamll1olc t:O\'t"rs l>l1ould lie rcmm·t•d nl1111~ w1tl1 all wnsh 
nut plu~s so tliat tht• i11t1•rior !'iurfoc-1·s c·;m Ii,• tl1oro111d1-
lv ,:lcam•d. \\·:.tc-r II o:n ;i in,!>\' lll·livc·rvd .,: ~11Hici1)11t 
i;rc..-ssurc or laa11d scrnp111~ 111.iy lie ust·u lo rc111ovl! any 
deposits, C.'tHnnwnc111~ ;it the top nn<l worki11~ down. 

Section 16-Fuels and Combu1tion 

Pl:mt costs, whc-tlacr hitkh:n or otherwi~r.. an• n prime 
foc.-tnr in i.laapin~ 01wrnting dficicncy. When the ctfi
cict1C)' or nny phnsc of stcnm plant opcrntion c.lrops 
hclow normal, costs hccomc u11hahmcc<l. It shoulc.l 
thcn.•for<', he n mnttcr. of ~ra\'C conccn1 to the block 
mnnufacturcr to sec that he oht:iins maximum results 
from tlm fuel used. 

The following data arc set forth in an attempt to 
point out sn litmt f <'aturcs in the proven use of fur.I, 
which iC follow,·d, should 1m,ke for n high clcgrcc of 
effkicnC)', 

Comhustion-Cl,emicnl c-omhi11alio11 is ~t.•nrrnlly nt• 
tcndc.'<l with the l'\'nlutinn or lit.•nt. Whc-n tli,•1·c is i-uffi
cicnt. ht•nt to rnisc the C'Omhinin~ hodit~ or the products 
of comhustinn to the tcmpcrnture at_ which they c,·olve 
light, combustion is said to t.lke pl;ice. 

Combustion may therefore he denned as vigorous 
chemical t-ombin.ltion, ntlC'ndcd by the evolution of 
heat. In pmctice the combiimtion is :ilwnys bctwl'cn :i · 

combustihlc, or fuel, and the O).-ygcn of the o.ir, which 
is lbcrcf ore nccessa.ry to support combustion. 

'Conditions Fu,·orin~ Comhw,tion-Fnr cmnhustiun to 
begin. tho fuel rnust he hruuf,thl i11 cu11tact with nir i,t 
a auitahlo l<•mt>Cruturc:. In cmlur that it mny ccmtiuuc, 
the tcm1,c,•mt11rc must h<l kc.'pt up nnd n s11fricic11t sup• 
ply of oxy~c.•n mniutnincd; nlso the proc.luc.-ts of ,:oinbus
tion 1nust ltc.• n•mo,·c."tl. 

• Combt,slihle ~olids . burn more rc,ulily whC'n the 
picca nm of such II size ns to allow of proper nir sup• 
t>ly and drnf t ,-onditinns ·nnd nt the snmc time C'xpnsc n 
fargc surfat'<" of cnntnct. H the lumps nrc too hu~c.•, the 
contact surfncc is ton s1m11l c.-omp:m"tl with lhl~ volume 
and the rat~ of comhustion is therefore n.'tluct'tl. 

1110 ~il~(.'S l.'\'Oh·rd, if they arc comhuslihlc, rnmnlly 
bum rt"11dil~• hl-cmu,c o( the lar~c mnounl of l.-ont11ct 
surface th,-y 1m:);cnt. · 

Liquids c.lo nnt hum rcmlily in mnss because the nir 
cannot tll·nc•tmtc them, due to the rclnlh•cly smnll.sur
fac:v 1uu prcscntrd hy the liquid. If :i combustible 
Hqukl is bro'kc."11 up into u fine sprny, by solllc mcnns, it 
will bum in the snmo manner ru; if it wcro a gns and 
will f onn am c:q,losh•c mixture. 

lrrnpc:ctivc of the type of foci lwing burned, one 
r('C)11isit(' is c:oinmnn to all. A poi;iti\·e :iml ndl'quntc 
supa,Jy of air for ,.-,,mhnstiuu mullit be m:iintninc.'<I nt all 
times. 

C".oanplc.•tc and Jncom11lc&c Combustion-Comhusli• 
blc::1 in common use nrc com\lt>S<'<l principally of cnr• 
bnn, (C:). usually romhinl'\l with h>·,lro~c-11 (11), oxygen, 
(0). rmtl somctanws snmll qunntitic.:s n[ oth<'r l'l,·ml'nts. 
Howc\'cr, curhnn 'nnd h>·<lrn~cn nrc thl, ,·ulunhlu con• 
stitut"uts. Carlxm is n solid aml Jardro~cn is a gas, )'Ct 
tha · compounds uf cnrbon nml hydrogen mny exist as 
solids, liquids nr ~nu-s. lhus mnLing 1mssiblc three tn>cs 
of fuel. 

When a comhustihlc mntl•rinl hums, the a,m'huslion . 
m:ay l,c: cith,•r c:omplt'f<' or inl.·omplc.•tc.•. It mn)' ht• ,-on
sick-rctl c.-omplt·tc wlK•n all llw ,·omlmstihlc.• cunstilm•uti; 

• 1arg- l,umnl lo tlwir hi~Ji,.,.t ~l;1h• of uxM11Uon. 

-_"O_c;_· ______ F11rls ,111_rl_r._.,_11_11_li_11._1r_i_,_,,_, ______ _ 

It is i11coinp!t•lt• wl1<·11 n11v nf tli,• lut·l is ldt uncon• • 
S\lrncd or passcs aw:fr with ·[t-ss n'l:Vl.!l'II than tl11i ma:1:1-
11111111 :1rno11nt "itli whil'h_it ts rapalil1• of cnml>i11it1\!. 

\\'itli carbon. tllC' liidl<'st ~t:1t1• of midati1111 is c:1rhon 
dioxide (CO .. ,); tlane 1s nho a11otill'r O\ldl·. L':trhm1 111011-

0:1.idc (CO), ::i hi1.!ldy to'l:ic cas which c:011tai11s. for the 
same amount of t·arlmn. only n1H·•lialf as much oxyl,!cn. 
\Vlic-11 t·arlmu is i11c:0111plddy l1t1rncd, ,·illll'r thL• c;1rlm11 
m:w he lt'ft 11nco11s1111wcl or c.·arlm11 mn11nxidc mav he 
f ormctl and pass :l\\':tY with the products of com.bus
t inn. U11dc•r ~ntnC' co11clitinm. c,1rhon 111ay Ii~ scparatc.c.l 
i11 11:l' ~,,lid f111111 as i.oot. 

Co11dilion for Complete Comhustion-Tu insure com
plc!C' combustion. tlm·c tlain~s are cs~<.•ntial: (1) the nir 
supply must he ndcq1l:atc: (:?} the air mmt he hrou~ht 
into intimnte contnct with the foci. and (:1) the tempera
ture must I.Jc kt'pt up to the ignition point until com
bustion is complete. 

Thus an insulTic-irnt nir supply or too rnpid cooling 
arc the usunl causes for incomplete comhustinn. In• 
comp!ctc combustion ·of nm· kind alwn\'s means con
sidcrnh!e loss of hc:it nnd in'cidcntallv nd,ls to the fuel 
cost, hnving- n direct hearing or the ·economy of oper
ation of t lac plant. • 

_!!:~!. x1x-A,,10xrMATE THEOHTICAL All 11£0UIUMEHYS• 

Lit.Aw,;; 
Solii, fv•I lit. ,.,.1 
;,.-;,i.;; •• ,. c... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,:, 
S~Mi•~it11111i,io111 Co•I ..•. , 1 .••••• , •••• , ••••• , •••• , • • • • 11.2 
............... c •• , ..... , ...... , ................. , ...... , 10..1 
fuot Oil 

c .... _,., •. ·-siaRtlullll tt I .••••.•..••••.••••••.•• , ••••.• 102., 
Co-rc"'I StaAllllanl #2 ..... , .... , ........ , , , ...... , . , 104.I 
c.-,. .. 1 ,, ..... ,. # :a •••••• _ • • • • • • • • • • • • • • • • • • • • • • • • 106.S 
C•-niel s,.,.1111.,. #S ............................... IIU 
c--rciaf s, ....... #6 .................... •·• ......•.. 114.2 
G• .. -• ,.,., 
~ic.--.-,-.-.-.. -.-.-.. -.-.-. -.. -.-.. -.-.-.. -.-.-.. -.-.. -.-. -.. -.-.. -.-.-.. -.-. -.. -.~,~o~_.-
MIIIH Natural anti! Wato, Ga1 , ... , ........... , •.•.. , •.. , • 4A 
Cerlt. Waler G•• ..... , , , , • , , , , . , •.....• , .• , , , , •••• , , • • • 4.4 
C•li• OveA Gaa ..........• · ... , .· ....... , .. , .. ,, •....... :. .• . !-.2 __ 

Unit of llc.:1t of Fucl~-liin<:t" ;1II thlirmo-chC'mic.11I 
prohlc·ms IU!t.'C.-SS.itntc the 1m•:m1r.J!n1t•nt of c111antiti<'I of 
heat, it is nc."CC!'lsnry tn select n unit with which nu•:tl'• 
urc.•nu.•uts milv h,, 1n.ulc. 111c unit ns<'<l for nil pr:ictir:-.il 

• purpns«.!5 is c~llcd the Uritish Thc:m,ul Unit (Utu). 11ais 
is the nmount of hc.-nt rc.-quin .. -d tn raise 1 lb. nf water l 
dc.'1,t- f•'uhrcuhcit (from 60 de.•~. 1-·. lu 61 ll,•i;. 1-",). 

I hmtin~ vnluc:s of scilid hH'ls arc n•1,ortl-d _ ns_ Utu 
pc.-r'pouml of fuel. 1110 unit for liquM foci~ is th,• lwat• 
inft vnluc i'n Utu'11 1wr pound. llc.tlin~ ,•;ilucs of ~:ut-tms 
foc.•I nrc rt!portctl in J\lu's per c\ll>ic foot of th~. ftU 

. snturntc:d with wntc.~ ,·n11nr um~ stnnd:m.1 condataons 
(30 in. of mercury nnd 60 de.·~ r.). 

l1roducts. of Coml».aslion-ln c<.unbustion the n.1')'gr.n 
of the air is chunf.(t."tl inlo curbon dioxide &\nd water 
vapor. 11,c., air used in the combustion process contains 
2.'l per <.'<"nt 0£ o~ygt.-n und 77 per cent nitrogen by 
weight. N Hrogc:n 11la)'I nn Rc:ti\-e pnrt in the combus
tinn prott:ss. It goc:s intn the fnmnc:c and out lhc sta.ck 
ns an inl'rt mntL-rinl, c:u11ing npprccinble hCAt w1lh 
it. 
· Thnc is nn im1mrtnnt factor in the c:omhu:ction of 

fut-ls. Comhrn,linn should he rapid nntl the heat C"\-olved 
tr.in,f c-rrrd i1mn<'dintc:lv tn the stc:an1 bnilcr if the 
grnh-st use~ iic to he ,~ndc of &he: fm:l. If the hnt is 
not UN«'<l r.i1,itllr, il l~cntx.-s h> the outside air. and is 
ln~t. 1·hc.• uhilih· nf J,tasc.•ous or liquid f uc.•ls to nu,c more 
c-asilv with lht• ·air n~"Cflnnts for thrir J!rc-ntc.-r dI'icit-ncic:s, 

Cl~ssmcnlhm nC l:'uc:b-J:'ul'ls m:w he clns5Hk.J as 
sold •. li<111iJ mnl ~llSCOU5, All tnx-s ,;c furl cnntniu iln• 
1mnti,-s wlaic:h h,wt' undt."lirnhlc dfoc:ts. 

1-'"rl"C n:.:~~C11 mixt.'1'.l ha ~;1~a,n~ fort acts as a. diluting 
material mad lowers the h<".,lin~ vnluc. If it IS c-hcm• 
ically comhint."f.l AS an oxide, this ml•ans that a ccrtnin 
llClrtiou of the fuel has nlrcnu)' been buntc.-d and its 
heat dii;sipillcd. Nitrogen, n nnn-combustiula: gas, ~ 
as a dilulin~ a.gent. 



1:11,·l·I ui .\lui,lun• i11 hu·l-'1 la· pr1·,1•11t·1• 11i 111111,. 

l11n· i11 :l n1.d 111:1,· ill' ;111 ;ui\'a11tal.!t' or 11ti1t·1"'"''· d 1•. 

pt•11di11c 011 1l1t• ~t~·l1• ni 111,ill'r lll'i11l! fm·d l1\' tl1t• lnl'I. 
wlil'll1t·r o/ lht· tuliuiar or ~i,l'II l"!ll'S. · 

Sonwt11nl's c-nal i.~ i11t1·111i1111;1II\' \\'c•ltc·cl IH·ca11sc :111 

idea 1wrs1sts that this prac11n• 11~;1kcs the fuel gu fur-
thcr. ' 

Sinc·c- uio.-t Bt11 °!i arc- <::Hrit·d :,w:w for cnch pm111cl of 

w:lh'r r,·apnrntc-d from a11d al 21:? ck·i..:. F. it is q11c•stio11-
:1hlc-· w1w1lwr tlw <lccmnposition of the stc·am prod11c:t•d 
f rorn tl1c• 111ni-.t111·c in tl11! fuel. in hrc:1ki11l! up into l1v
dr11).!l'II and c·.11l111\1 11u11111\11l,·. 1·.:111pc11•,;11c· for tlll' 111, ... 
Oll'lllimu•d. H the i..:.1~c•s :ll'C c,·l·11t11.iiiv h11nwd. tl,1• 
hydro~1·11 itsdf prod~1ccs 9 lh. of water for c•ach po1111d 
of hydrn~rn a11d the cnrho11 1110110:mic. unless provich•d 
with sufficit:11t air for c-omhmtion. m:w be c.:nrriL·d off 
with lhc fhw !,!as. The wcttint:t of the c~al hcforc firin~ 
is A qucs~ionnhle prncticc. · 

Ash uf coal is nlso n 11011-c-umlmi-tihlc mnt<.•rinl and 
should h<.• pr<.·st•nt in ns low n pL·rccnta~c a~ pnssililc. 
Ash is trouhlcsomc in thnt it forms clinkcnr;. This forma• 
tion is nidcd by the pr«•~cnt't' of iron 511lphidc or p)•riks. 
While sulphur is comhustihlt·, its pr<.•scnc-c should l,c 
kept ns low ns possible bcc:msc of its corrosive propt•r• 
tics. 

lfond-1-'irin~-ln the ~Ctll'rntion or st,•nm hy hand• 
firing c,1,c of the! common. cmscs of smnk,! is hall stok
ing. Whm n hc.lV)' larcr of con! is tliruwn on the fir<.•, 
tarry nrnttC'rli, in considc.·mhlc \'olumt', hc.•1,tin' to distill 
from it. The \'olatilc prodm·ts, 111:1i11l)1 hydrocnrhoiL'i, 

· mny not C\'CII he il!nitcd hcc.-nuse nftcr passing throu~h 
the. layer of cold coal. they nrc ~c\1:untcd hy it from the 
heat and couscqucntl~• escape u11hurned, thereby pro• 
du.cing smoke. If lhe ,·olntilc matter being c,·olved in 
lr.trge qunutity should become ignited. it will soon cc.•nse 
to bum hccnusc sufficient nit cannot be suppli<'d fast 
enough to support combustion. Therefore. the flm1w 
gradunll)• cools by r:i<li:ttion, which results in the pro• 
duction of :,. heavy black cloud• of smoke cont.a.inini: 
C'Ctltt'ticl,•r;ihl1• c.·:1rho11. 

Stol.c.·r•l'"irin~-Thu ncli.-nnt;1~c.• with stola•r-firin~ li<.•s 
in tlM• fot'l th:,t a ch~•p ~rndc.• of fud nm~• he m,t•tl. The 
conl ~ f c.-c.l tn the fornt1c,~ nt n prcd<.•ll•rmim•c.l mtc nml 
is mixt"'I wilh sufficient a.ir to ohluin t·umplc.!le coml1us• 
lion or' the fuel. 11,c h)"\lrucnrhons whic-h nrc distilled 
comhinc- with the nir and arc humcd in the fire-box. 

1nc tutnl hcnting vnluc nf L-onl is never nttninctl he• 
cause hc-at i." l,ost in \'nrious wn}'S, ns follows: 

1. 11ae lat,·nt h<.•.it ahsorlmd in C\'npornting the wntcr 
contained in the foci-if the c.·0:11 is \·cry wet, the loss 
of lac.•nt fmm this c-.mse will be ro11~iderahlc. 

!. lieut rcprcsc.•ntcd hy the unburned fuel rcmovt'd 
witlt the clinkc.-rs. 

3. Jl, .. .at lost throu!!h the escape nf fuel in the form of 
smoke.• wlaicb contains c.irbon nnd h)·drocnrbnns. 

4. 11,~t loss r<.-sulting from the formaliun of cnrhon 
mnnmidt• instc:ad nf cnrbon dioxide. 

S. Jlcr.&t lost tbrnu~h rnc.liution. 
6. n,~t carried away_ hr hot flue gasc!S. 
11tCSC losM"S vary, dcpmuling on the kind oF cunl, the 

t)W c,f r.tol.C'r, hoilc.·r, aml other factors. Tl,e loss under 
ttr1ai11 conditions mny hu n cnnsidc.•mblc 1>.ut o( thu 
toll:II h, .. .stin~ ,·.,luc oF th~ fuel. 

Uquid l~ul'l-·nu, inmt hn1mrtnnt of the liquitl fuels 
is pc,trol,·um· nud its products •. ·11,~c i,<.·trolcums nrc 
mb:hm"I or hrtlrocnrlJuns cunluinh1~ ni,i,roximntdy 86 
per ttnt cnrhnn nncl U tlCr et•nt h>·Jrogcn. 

11w ht•.tling ,•ulm: m·crn~t•s from 17.000 to 21,000 
Utu's 1wr prnmd and hns .ihnut Ua times the.~ heating 
value of good hilumi11011s <.'Onl. 

11w: 111<lvuntn~cs of lic111id fnd arc: 
1. Ucdut•tion in wci~ht nml l.inlk. 
2. Prompt kindling of the fire and t•nsy attninmcnt of 

~imum tcmrwr.itnrc. 
3. Fire c:m he cxtinii:uishl-c.l instnntlr. 
-4. Uniformity or c.•omhn~tion, liC'.iling powc-r, nntl 

• c:011Crul oC thv fhunc. 

210 fud.t t//11{ Cn11il111.tlicm 

Tlte dii;advantal.!t::i oi liq11icl 'rucl arc: 
1. l):.i11t:t·r of L'Xpiosi1111. 
2. l .o~s oi f 11cl l,v l'vaporati1111. 
3. UuplL'asant odor. 
-L H:1tioni11~ durin~ war ·or other cmt•r~(l'Ol'i<.·s. 
lt is 11c.·c1•ssarv that f lll'I oil he f n·e of water in ns 

much as tlic hcntin~ value of the oil is rt'd11cL'U approxi• 
111atcly !WO lltu's for t•ach one 1wr ct~nt of w:1tc-r pn•st•nt. 
\Vakr i11 fuel oil is Jirficult to n·inovc lwc:u1sc tlic ,li:n• 
sitics of the two arc not for apnrt. 

G:i,;cous Fud-Naturnl gas consists primarily of 
1,ll'tlia1w ,<.:1! 1). ;rnd WIil<! l,t•:wic•r hvclro<":-iriw11s. Its 
lic,Lting \'aiuc is arountl 1.000 Btu's per· cubic foot. 

Natural ~as offers tla:sc nd\',111h1gcs in huniin~: clean• 
liness, cconomr of labor, nud c.ixact control of heat. 

lt is.a cheap an<l efficient fuel when properly bumed. 
but requires a Jnr~c- ainount of air, though less than 
docs oil, for sntisfactory c.-omhustion. 

Explosion H:11.ard-Thc opc:r.itnr should alwn)'S uc 
on the nlcrt for the pot,•nti.il l1a1..i.rd of cxpl,osiou wl1ich 
ma)' be encountered in dt:.ilin~ with combustible ~ns 
in a boiler fumnce. The: possihilit)' of accident can be 
:l\'oidcd by never intruducin~ n lii:;htccl torch i11tn the 
fumncc unlcs~ it is thorouglil>• \'Cntilatcd. 

The fonizth of time l\C?Ct•ssary for this oi,crntinn c.lc
pends on the trpe of fuel used, the size of th<' hmmcc, 
and the pro\'isions for ndcquntcly vcnlilnting it. · 

Flue C.ns-~iuch information rcluti\'C to the ciHcicncy 
of the hoilt'r combustion mnv lie: obtained Crom nn ·:,.n. 
:i.lysis and :.tudy of the flue ~as pi1M,im; into tlic stack. 

In order to insure the c:omplctc comhustion nf nn·i,' 
f ud, morn nir than the amo1111t tht•on:tiL"l.lil)' n·quirc.•d 
must he p.isn•cl through the c.-omhustion ch:unh«:r •• ·\I.
th,,,,:µ> an 1:,;r:t:i'I o( air i'i d«:\ir;,1,1,:, tlu: m:c.'f~'i $l11mlcl 
rac,t fA:: tc,o ;;re.it iir1c:c nll nir pai..i..iu~ lhrou~la lliu lirn 
box becomes heated lllld an undue loss of heat rnay 
result. An nnalysis of the csc:11-,ing gases, commonh• 
called Rue g:is analysis, will dctcm1ine wh<-thc.·r nr nut 
the propc.•r n,nount of air is bcin~ :uJmittc:-d. 111~ pc.•r• 
ccntngli of ox>•~cn present shows the amount of cxa:ss 
nir p,min~ through the fire. '11,c presence or carbon 
mono1i<IL• (CO) indiatc.-s incompl<.•tc: combustion nnd 
insulTiC'i,mt nir. 

The cnrhon dioxide (CO::) cmnl)7.er, nf ,vhich thrrc 
arc St?vcrnl lrt><.~, measures the pc·rccntn~c of c:arlxm 
dioxide (CO::). ,·.arbon monoxide (CO) nml ox)·gc.?11 (0) 
in the products Cl( comhusticm. I towc.-v,•r r or ordimary 
purt>0st-s in a hind: plant nn nnnly:wr which uu .. -asurcs 
the cnrhnn ,lio~idc (CO::j will suiti<..-c, The pcn:cnta~c-s 
ohtninc.-d, tu,.:cthc.•r with the stnck tt-mpcrnture rending. 
found 1.,y simple cnlculntinn, will gi\'e · the combustion 
cl£ici,•n<.."\' of the huilcr. 

A sli~iat ,·.tri.ttion in the correct fuel-air ratio will 
cttmc n c:nnsidcrnhle chruage in the <.-osnlnastio11 cfl'i• 
cit•ncy. A poor c-fficicncy mca.ns a loss 0£ fuel aml inci-
dcntnlly n loss of money. . 

Since tho Cucl-nir rntio can vnry consi<lcrabl>• over 
a wide run~c duo to temperature and wcntlwr coudi
lions, thu im1,ort11ncc of nsin" an inslnamc.ml to nu-as• 
urc the comhu11lion ,:ffk-i,•ncy mn he npprrcint&.-d. 

IC oil is IH'in~ u~t.·d us fuel, 1,tns with a sl1&ck tempt"I'• 
aturc of 500 clug. I.', nncl with a carbon dioxide: (CO,) 
rc.-;ulin(,t nf S ()<~r cent will .,,,,r<"SL'11t n ,-omlm$lion <'ffi• 
C'i<.-nq• nf 75.5 1,c.r Cl•nt; whc.•rc..-ns on thu same boil,~r 
if the stnck kmp<'r.1lun• wns tn rise.• lo 5:?S dc.i,t. F. and 
the carbon dioxide (CO,) wurc tn dmt> lo O pc.-r ttnt, 
the c-omlm.slir;u t?fficfoncy 'wnuld ,ln>p to ;1rouml Ci.1.,5 
flf"f <.-tmt. Tl1i, lllf'llll'i lltat ,,,., ... ao , .. ., , ...... of ,1 ... rm•I 
<:ost is hcint~ wustc.'<l. A~:,iu if tlw )I.ad. 1t•1111M•r.1tun• •~ 
r<'<lu<"<'d to nhout -175 dc•J:. I". mul .ut till• :..mu• Chia..• th,• 
c:-.arhon dioxide (CO::) in tlw ~;1s im."l',.,,:.,'S h• Ill l"''r 
c.,•nt. tlac.: combustion dfidc.•nt.'\· will rise• lo 60.5 t>L'f a.-nl. 
Thi" ,,'t>miilion more.• npr1ru~{mat,-s a hoih.'1' e.•~icll•nc.1· 
a1>1>n1:1chin~ lhl, nhimntc. i 

While: th<.•sc pcrcrntngc dilTr.rtmcc, may seem small. 
it nm~t he: n•nu•mlk'rcd tlmt bt~idc.-s d,~-rc."i1sini,; the foc.-1 
l•ill pruportinnnh•lr. hi~h,•r dfidc.•nci,-s tuC"iU.8 nu in• 



l-"111'/.f Clllci (:p111U1tslin11 

ncasc in the :111mw1t tJf l,oilcr l l. 1'. made .ivailalile 
!1.1r usdul work. 

I 11 co11trnst w1tl1 tl1l' ,:liHvt' rt•~11lts the v:u1atio11s with 
co;1l Mi a iud an• t'Vl'II nwn• marked. 

A st;1ck tcmp1..•1.it11rc of 50ll dl!I!, r". and n content of 
6 per cent carhun dioxidt.• (CO::) ill'thc ~:l'), will ~ivt: i\n 
diicicncy of ouly"7l.5 pt.'r cmt. \\'hNc the ~tack tcm
pt.·mturc i11C.:rc:tit<'!I to S::.5 ,It•~. f. and <:mlio11 dio.,idc 

· (Cb::) c:m1tc11t of tht• i-:as drops to 6 per c.·1•111, the ovC'r 
all C"fficicncy will \,~ nrnund GO pc-r cent. 

Ir th~ stac-k ll'llllll'l"alllrC is rnl11r:-t•d tn •17:i dn~. F. 
nml the car1w11 d1o~idl: tCO :) l 1.111h•11t tJI the !!as ,~ 
r:-iiscd to lO p<.·r cent. a11 cl[icic11<.·y of approxi,;mtdy 
78.5 per cent is ohtnincd. This is .ihout the nvcrn\:!,e 
nm:1i111um ohtniu:11>1~ i11 n boiler usin~ coal ns a f 11cl. 

H 
0

thc -plant supcrintm<lcut would make i11tclli~cnt 
use of a c:irhon dioxide (CO~) anal\'ZCr nml 011 an .t\'Cr• 

age of once n dny make nn anlysis of the flue µas in 
the slnck, anc.l he guided by the results. n rc,,l !iil\'ing in 
fuel could he nccomplishc<l 

Boiler EfTicicncy-From the brid discussion of the 
importnut·1,oints on c:amlmstion. it is e\'idcnt that the 
ph:mt owner should cnd<.•nvor to obtain the hi~ht•st cf. 
6cicncy pnssihlc from the mnnc.:y he spends on fuel. 

Since the boiler room is just ns importnnt n pnrt of 
the business oper.ition :u the prodllctinn room, C\'cry 
effort shoulJ l>e mndc to operate it in :\!Ii efficient and 
economical n m~umc,r :,.s possible. 

In 'order .to effect maximum o,•<'r•nll bnil,·r t•ITicicncv 
the steam pressure should he kc1>t :\S COll.!it,\llt ns pos
sible irre51,ccth·e of the nmount 0£ steam ~cncrated. 

The fint requisite towards <·fficiency in the boiler 
plant is to h:wc the equipment in the best physical 
condition. 

1. Furnaces should be °kcl'>t free of clinkers; 2. hcnt 
transmitting surfaces should he kept free of soot nnc.l 
other deposits: 3. stack and· drnf t passages. hreechin~ 
and a~h piti should be kept clean; 4. the water side of 

· tbc beat tr.1.nsmitt~ng s1;1~foces should be kept frt-c from 
~calc.:, \\'he11 these conditions hn,·c been accomplished 
c:arc shoulcJ he lnkt"n tn innintnin them. 

As additional 1m .. -cnutions. 1. cmcks in masonry w:ilts 
· shouM he. rc.-p.drro nnd nil ioints thron~h which .air 
c;m lcnL: intu the S)'Stc.•ms should he scaled; 2. air in• 
&ltratio11 br.~-ond the lust heating surface. ns in the 
brctdainR or stnc:k. c.10<'s not rcprc.-sciit n loss in itself, 
but imt,:1irs the draft :md incidentally aff ccts the cfii
cienC)· u{ the combustion; 3. dcfcc:ti\·e grate hnrs should 
be rcphu:cd und nll tubes, valves nnd pipe fittings made 
tight ;1gninst Jcnknge. 

If, ahcr &1ttention to the foregoing factors. the plant 
o,mcr is eon,•incecl that the acquisition of further 
equipment wil~ t1rodnc.-e itdclcd tflficicncy, the instaJl:i• 
lion of a Feed Water ll<'gul:itor. 11 l.'Jow ~lctcr, Auto
matic O.ampcr Control and a CO2 lbnd Anal)7.t•r may 
be P\'t"II considcmtion. 

Autnsnntic controls should be checked pcrioc.licnlly. 
Consadc.•rahlc ,L·mmt,tc to boilers has occum-<l when au• 
tomutic: c:untrols btwe faifod to work. Particular nttcn• 
tian should he givc.-n · 10 shut off controls aff uctcd by 
lac:ight or watt.-r. It sc«.-ans :uh·isablc to hn\·c n double 
set of rontmls tu shut off the boiler when the water 
lcmd drn1,s too low for snfo 01,cration. · . 

It mmt · he rcmcmht:rt-<l, howc.'\•c.•r-, that since each 
plant prC'SC."nls its own prohl<'ms a cnruC,~I study must 
be m.'ldc of the. ,·nrious influencing factors before any 
condusion cnn he dri\\\,1 lo the over•nll boiler efficien• 
q• best suit. .. ·d for a gi\·c.•n set of conditions. 

$edion 17-noilcr 1:ced W:ttc: 

Tbo difru.,alli,•s which nttcnd the sucCf.-ssful opera• 
tion of 5lcnm boilers arc duu in a fargc measure to 
lhc im1>urilics in the wnh.·r n\·uil.1hfo for use. 

11.a cost and thmgc.-r of F1."C"din~ u11trenh"<l water to 
lb~ boik•rs brings forth lhc <tucstion whetlu.•r means. 
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for purifvi11~ tlil" \\',1IC'r shn11IJ lw a p:irt of tht> om::inal 
plan. wl,ethcr It iilw11id he tal.:cn up suli,;eflut"ntl~. or 
whetheT tl,c proi,lc,11 should L<.> kit to the 0\\1"l;r to 
solve as ucst he can after the ·pl;111t is c:ompictccl. 

\\later Sources-Hain is the purest form of n::itur.al 
water. but even I..H:forc it reaches the earth it becomes 
l'Ontaminate<l with impurities. such as clisrnlv<"Ci oxy~cn 
anc.l c:.irbon dioxide found in the nir. \\.ith such im• 
pnriti~s present, the water m::iy pos-sC'SS some corrosivc 
propcr:tiC'S. A~ tlw w,,tc•r p<'rnH•ntrs th<.: soil it clissnl\·cs 
in varrin~ :11nm1111s ll.i.: 111i11t.•r.1I L'ill1\t1lut·11ts a11d or~.in
ic matter with which 11 comes m contact. AU water 
obtaint"<l from the earth. whether from surfact> or low• 
er depths, cont;tins dissolved suhst;111ccs taken up from 
the rocks .ind soils w:.'.h which it has hc<'n in contnct. 
Wi\tcr from san<lsto11c or -granite _formations contains 
less dissolved mineral matter than thnt obt.;iined from 
l~mestone rc~ions. Wnter from liml•sto11c:- rc~ions con• 
tni1~s sc.de-fonniug im~nritics such as cal<:ium and m,1g
ncsmm sulph.tks or b1carbonntes and silic:i.. Such ·wa• 
tcr, sometimes tt'rmcd ·tmrc.l" water must be .subj.:cteJ 
to one of the SC\'f'ntl softening processes before being 
suituhlc for I.miler use. 

All n;'&turul waters contnin solid mntter in solution. 
These impuritiu5 nre confined to i\ small number of 
suh5tilllC'1!"S which m.a~• be chissifacd rou~hly uncJ..-r twn 
headings. those c:ausiny ·tcmpor.m• h:irdnt'Ss· a.nd those 
en using -pcnnancnt harJn~. N • 

Temporary hurdncu is so cnllcd licc;ms<." it cli~tppt!ars 
upon h<.•.1ti11g or boiling wutcr. It is dut.' to th~ pre• 
scncc in solution of tht- bicarbonates of lime and mag• 
ncsia, plus carbonic nciJ g.'U. 

Permanent hardness is generallt clue to the presence 
in a solution of the sulphates uf lime nnd maitncsia. 
Other substances which may be pre-sent in small quan
tities, ;uoe chlorides, nitrates, organic ncid. silic::a., and 
alumil.a. Natural water Also holds in solution air and 
cnrbcmic acid gus, both tcncling to causl.' c.-orrnsinn in 
the hoilt'r, b\1t easily dri\·en off by prclimin.:iry lu ... .atiug. 

nae cost of producing steam from a fc<'d-wntcr srs• · 
tem which forms hard scale can be very cx{X"IUi,·e. 
for the following reasons: 

1. nu:- extra fuel eonsumt"Cl in order to forl."'II' hcnt 
through the scale which forms in the boiler. 

2. n,c cost of boiler deaning, rcpll\ccmcnc.s and 
repairs. 

3. The.• cost of firin~ up a boiler which has bcc:n 
out or scn·ic.-c c.lue to repairing .ind clt•anin~ 

4. nu: cost rci>resc,ntc.-d h>· · the ~·e:arl>• dcprtt~tinn 
on the life of lhc boil<.•r due to forcin;. clc-.ming, 
and other dctrimcntul factors. 

Treatment of Boiler Waler-The t:encml mt>thntls by 
which wutcr m,w be lrratcd to render it suitable for 
boil,-, ui.c.- nrc: nm;u.•ly: 

1. Cold wntt!f softening in which the wutcr is trnted 
at its usunl tcm1,cr11tun.-. In this proct•ss the soluble 
bicnrhon"t<-s, sulphnlcs and chloridl-s nrc: r<"mn\-..,d by 
con,·crtin~ them intn th,• more insulublu nonn:J car• 
boamtcs :md hyc.lruxidl-s br the use: uf soda ash (sodium 
carhonnh.-) nnd lime: 

2. 11ae Zc.-nlitc mt•lhoc.1 i,- n romp:.mati,·elr new cold 
wnl1.•r ,.oht•ning proc:cH. Zc.'01il1:1, cithl.'r n.itur.il or arti
ficial .is a d,"1hlt• silie.1h.• nr ulumim, und sod.,. which 
possc.-J~e~ the propcrl)' of ,•,u~lmnJ,tin!! hast'5 with utht•r 
compounds. Wh<.•n hnrcl w.th.•r. t.-ontainin~ calcium a11d 
.-nn,;ursium 11.&lbi is lillt•rc.-<l through it. <:illt·ium 10KI 

nt.11-tm•simn silic:uks un• fonnc.•d and thl• '"'"c.-spon(lin~ 
sodium s:i.lts ~n· into imlution. An ohjt-cticmnhlc.• fr·.iturc., 
of the prncc•ss is the hi~h sodium l'arborn1tc ull..&Unit)· 
ohtainc·d wh,~n lrcatin" watc.•r hi~h in hicarhou:tl~ cnn• 
lent. 11,c alkulinit)' mnr be modifird hy th«: ;.i.df.lition 
nf acid. a step which must he ,·cry c.•,,rdullr c-cmtrollcd. 
Whc,n the nccumul.itinn or calcium ;md m:a~nrsium 
rcuJ&..-rs the process innc:ti\·e. the ZcoHtc is rt'acti,~,.1tcd 
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!,v ;1lluwi11!! ;i ~nl11tio11 oi ~rnl111111 c:ialorid1i lo !il;111;l i11 
c~11tac:l wit Ii it. TlH: sod111111 (·011t1•111 is rl'plc11islwd :111d 
tl1l! :il1"1rl1l·d l.',tk-iu111 am! 111aC:lll'S1u111 ~re rc1110\·cd :\~ 
cliloridcs. 

:3. llot watt•r rnft<•11i11~ cons_ists of hcatin~. with or 
without lltl· 11sc 1of dll'mical rc:ic:c·nts. Sc\'crai f nr111s 
of clmH·c1 · ur open ft•c·~l-wah•r lw,;·tt•rs opcratl'd 1·itht'r 
011 w:i~t~ lwat f rn111 1111c ~as or c:d,aw,t stc;11n 111:iv liL· 
used. Op1•11 lu·atws op<.•~atl• at .itino~pht•ric pr<.'ssurc 
:i,nd :in• 111orc s~·r\'icc:1blt· ~tia:1 tl1t• clt~st:d type hl·c:111s~ 
the f~as1·s t·o111 ,·~t•;qw ;1:,il l;i,• l•:• ;111,r,11.111••, are to a 

~rcakr t'\{l·11t n·11111\·t·d, aldu,m:.i1 ~11ipi .. 11l's arc not 
grc.1tl)• nlfockd. 

4. Cc111clitionin!Z w.1tcr within Jhc boiler - ~lost sys
tems of t•xh•rnal soflt.'ning. irr<'~pectivc of their clc:~rt·e 
of rfficil•ncy, :ilmuld he supplt:1m•ntt•d with intl·rual' 
chcrniC';il tr<•atmcnt. The prc\'rntion of calcium anti 
ma~m•sium ~calc formation n·qttin.·s the formi11~ of a 
shul~,• pn•cipililk<l in n ·non-mllwrcnt l!uicl sl.itc. Tltc 
slutl~c thus produced may bl• n•mo,·t>d by the hoill'r 
blow-down. 

Present da>· knowledge of internal or external chemi
cal treatment clictatcs the use of salts with known 
cl1canicnl properties from which spc-cific ohj,•ctiv«?~ arc 
obtained. J lowc\'«:'r, unless dnsc control is l'Xl'rciimd 
by snt•;ms of daily ehcmit·ai tC'sU propt•rly intt•rpn•h.'cl, 
the r<'snlts mar prove v:ihwlc•ss. Outlines of systems 
for h.-cdin~ corrccth·e :mlution.,; to the hoil,•r urc out
lined in TL·chnical l'.1pcr No. 9S - liet7. Engint•C'rit11?: 

· ComJ>illl)'. 

5. JSoilcr compounds - Unless the compounds nre 
s~fically prc.-p:,rL-d for the p:uticular type of \\'.ltcr 
oh which the)" arc to he us«:'d they may cause irijur)' 
tn a boiler. A ~rl'at \'nrict)' of chl'micals arc murkctccl 
under the nnmc of boiler c-omymuncls. the merit of 
which is somctimn qucstionnblc. The value they pos
.scu is due tu the presence of such reagents as sodium 
carbonate, phosphate. hrdro~idc and silicatr, which 
chc.-n1iC'als nut)' be un•d more t·ffcc-tiwl>· in accordance 
with up•to-cl.atc 1ninciplc.•s prnposl'Ci for watur trcahnt'nt. 

Solids neamsit«.'.d in .-the Boilcr-Durin~ thr. con,•er• 
sicm of w;1tc•r intn stcmn. ,111 tho dis5oh,·NI nml sus
fH'11clt'll nmtl<•r curr.h.'tl I,>• thr. water is dc1K>sitctl within 
tho hoill'r. Tl1c.•sc arc cmnulnth•c in cITect. The.! mature 
of th,~ dl'l'lOsits conCt'ntratcd in the boiler will delt•r• 
mine the ph)'sic.tf form of the ~c.llc in the boiler 
dcrwndin~ upon the comr,nsition of th" d<"pmit, the 
npc.-rntin~ h•mpc-raturc :mc.l prcssttrl', nnd ntht-r factors. 

St'lllc d,•1,nsils form foster on the frout row or the 
tulx- w:11111 limn on oth~r p:trts of the boiler hrcausc 
At tht-sc 1,nintll ~vuporatinn ii- more rapid and scale 
formntig11 is directly proportinnnl tu the rate of C\Vap• 
tion. 

Preheatins: Fc-cd Water-The introd11cti~11 of n pre• 
hntur into the bnilL-r water sntcm. will muterially add 
to the- np<.-rulin((.C"fficicnc,• nf the boiler. 

1. \\'hrn- lnrgn ,·olumcs nf mnko-up wntcr are re• 
quirftl and whc-ra the lcmJX"ruturc of tho incoming 
walff is 111,pmxhnntd)· 50 dc.•~.P' ., tht.-sc mlditions of 
cokk-r wntc.•r nffc.-ct the l'fJidcncy nf tlw boiler opcrulion. 

. On tlu.• otht-r hn1icl1 c.•xtm fu<'l is n·quirt.'tl to· rJil'ie thn 
tcmprn,turo or thu mnkc-up waler- from 50 dcg.F, to 
212 dc&;-1•'. 

2. Should the mnkt'•Ut> ,,•~tcr contain hicnrbonntc of 
lime or nm~nesin which C'rt'lll<' the cumlitinn of "tt-111-
pomr)' h:\rdm•is·• mad which t:m1trih11tr• lo the- fonnntion 
of ·a sofa sc.alc.•, prl'lat•ating will hl'i1• t•liininut<- this 1111• 

dcsinablc f l'illurc .. 

Remo,·AI o( Slucl~e or Suspt'nclcd Sulitls-Thc solid 
mattr.r produced t•itht.•r b)' c\'.l(lf•ntlion or by methods 
of C'Onditioning the water must 1><' n•mo\·ctl from the • 
boiJC"r; This is ucc..-nmpli,;hcd c:itht•r hy i1lowing-down", 
that is changing pt•riodicall)• n pi1rt or thr. wnh!r in Che 
hoik•r, or uy mr.nns of n "dc•com:cntrator", which i:. 
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t·sscii<iallv ::i hltcrilll\ d1~vic:c operated i11 corqunction 
with thl: t'u1ilcr. 

In order to ol>tai11 111:u:i1p11m elocicncy and develop 
full cap:lcity of the IJo(li:r, only ,vatcr softL'ncd Ly 
tr<.·at11w11t which will cli111i11;1tc tl1c f ormat1011 of scale 
in the boiler should lie used. 

Section 18-Sclcction of the Block Machine 

Tlw 1·11m-rd1· hie,. k i:rdustr~•. 1!,t111i.:h n r~·lati\·cly 11cw 
fidd of opl'i'atiou n:. cornparcd to brick a11J lumhcr, is 
r:ipidly approaching a dc~rcc of perfection surp.Luing 
that of its older compclili,·c industries. This status is 
in 110 small mcasi1rc lmmght .1l>out by the phc11omcnnl 
dcv,•lopmc-nt of tlie 'high production machinery used 
hy this industry. 

The sdcction of block m:1chine best suitt.-<l lo the 
imli\'iclual plant rt:ciuirmncnt prcscnu mnny complex 
problems. cnch of which must he ~i\·cn careful study 
hy the prm;pcctivl" hurcr. It is nd\'i:mhlc: to sdcct a 
machine of rug~cd cun!itruction whose critical pnrts 
arc rendily nccessihlc nnd for wltich n•placcnwnt pnrts 
arc procurnhl,: with ll minimum of d,!lny imd c:-.xpcnsc. 

The cnpncit)• of the: m::u::hinc should he such as to 
cnrc for the cc.'flnmnically avnil:ihlc market. plus n ~en• 
crous nllowm1c.·e for future operational expansion. The 
premier r<'c1uisitc.1 tu be d,•m:mdl.~I from nny hlod.: mn• 
chine, rc~:mllcss of its c.·np;,city or cost, should be the 
ability to produce units of first class qunlity. 

Conen•tc units 1m1y l,c moJc.i<.-d Ly machines employ• 
ing ,·ihrntion, prcisure. dry tam1>ing or by a combina• 
tion of these methods. 

Within the p:ist few )'cars block mnchincs of hi~h. 
medium, nnd low cnpilcil,ics have been introdu~l to 
satisfy \':trious price ranges. Such mnchint's «:'nthnd~· 
the principle,s of ,•ihration :mu pr'-~surC', tn coan,,:,,1 
the contents of the molJ hnx • 

Vihratin,: machines h:mcJlc either the .. drier" or •w~t
tl'r• cc;ucrrtc mi:1:c:s mora sntisfo<:toril)' th:m is possihln 
with •tamp" machin<-.$; particularly from the st:md1>0int 
of pmcluciur, mnrc uniform p,,ckin~ nml incidcntully 
hi!th<:r slrC'u~th, lower ahsorpth.·c ciu.llitics nnd m-th.-r 
textural nppc.inrancc. . 

n1t'rc arr. still mnny "dry tnmp" rranchincs in use, but 
VCI")• few mnchiucs of this type nrc now being m:mu• 
foc.-turc>tl. 

All hloc:k mitchinc.'S, whethC?r of the lnmp or \'ibnting 
typt"S m:iy hr. dMdud rm,;;hly iuto two d.1ssc:s: 

A, Thoso using plnin pnllcts. 
b. Those usin~ am•d pallets. 
11te: u·,•m~c hlock mncl1ino is usually opc:rnt<-d under· 

severe amditinws, due Crt>qucntly to damp t>lant atmos• 
pl,crc nnd hf~hly nbrasi\•c dust accumulations on the 
6ncr mcch:mi:uns and Wt-aring 11,uu. 

In order tn ovcrcomC! these: dc.-trimc,ntnl fcnturcs. it is 
ncccss.,ry to , .. nploy skilll.-d help to keep such machines 
in good rupair. 

Qare o( the Block ?\fachinc-Thc mnnufactmw nf 
the hlock 1n.1chinc makC'.S certain rt.'COimnc.•ndations for 
its l11bric:1lim1 ,mcl Mrc:. If the plnnt n1x•rntor will fol
low these instructions, mnny y,~nrs of trnublc-frre op
«-rntionx mnr he rcnsonnhly cxtl<"t"tt'«I. cxcq>t nf c:oun:o 
for the rt•pl:,c,•ment nf parts suhjL'(.icd to excessive 
v.-car. 

nae n1.1chinu thnulJ I)(! ini11,c..-ctc.'tl rt~uhul,• tn sec 
that its hc.•nrin~i nrc f mwtionin,t pru1,c...,.ly nml thnl its 
hc.•:trin!(5 :ire rt'Cl'i\•ing the nt•cc.~:ary hahric:ntion. Coin• 
presst.•d nir should lie ,1.~c-il pc.•rioc.lic.-nll~· to n•rnnvc any 
ncaunulnliom, from thC! fin<-r nwclumbms. Tlu'Je ancl 
otht.-r <'~'iSl!Utfal dntic.-s should not Ix- ldt tu d1macc hut 
shnuld he . m:ulc a part nf tlm r.stnl,lislwd .routine of 
the mmmfocluring J>roa-ss. .. 

~fall)' hlod. 1mu111( rl<.'turr.rs hil\'O come to rcali1.c that 
uni~• 111<·<.·lumi<'5 ikillcd in lhc carr. nnd mnintrnnnc:c of 
tl,i" strlc• nf m;1d1i11<" should he ,::h·cn the rcspon,;ihilify 
ut ••ac: tWriodic iu:.pc."<.'tions r,•quirc"<I to anaintilin ope:;-
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ation~ nt a ma,imum. i{ i~ h:uul\' IIC'l"l'SSarv (I) Sa\', that 
casual i11s1wctim1 l1v :i lt:i11dy 01;111 or mw ·who n~av ht• 
a ~oml opl•r;_\lUr, hut 1 

1111t peccss:uily n J.!nod m:ii11lc• 

11a11cc man. is j11!.l n waste of time aml in\'itahon to 
trouble. 

~fointc11:mcc of nloc:k ~fachinc-[ .ack of i11spcctions 
will r·c•/iult in lirt•al.. d11w11s nt i11opporl1111c tilllCS. 

~lni111l'11:mcc 111mt be 11ri;ani1.t·J and adapll·d tu th~ 
partit·\1br pl;111l. 

D.iily i11!.pcd1n11 n{ ;d! p:irts \11 tliC' 111ad1inc sllnul1.l 
he followed hv imuwdi.itc corrcL·tion wl1rrc 11cc~:ss,1rv. 

Points most likclv to c:msc compi,•tc.i shut <lm~n 
should he most c:in.:f ully i11spcclc<l. 

11:win~ n supply of repair parts on hand and sched
uling rcplncemcnt of p,1rts for down periods is a must. 

A c1ml index system of parts on hand. source of sup
pl)', manufacturer's sp1.•c1{ications, etc., should oc main• 
tnincd. 

Vihratin~ motors should be frequently checked. since 
the c.-ccc.•11tria t<·nd to loosen. 

\Vom out mold hoxt"s nnd cores should be changed 
frcqul'ntl)' in ordcr to ohtnin accurate dimensions of 
the units, abn because worn p:irts mcau considrrnblc 
loss of materials. 

Hough p:lilcts :ire n contrihnting f nctor to varying 
climcnsiuns of units. . 

· Machinery should he creased on UVCT)' shift or n con
tinuously opcrnting oiling nntl greasing system m:iy be 
ini.tallcu. 

Compressed nir delivered from a hose fitted with a 
2-ft. lcn~lh of pipe mny he usc.-d to blow.dirt nccumula
tions from innccl'Ssihle and critical parts. 

Section 19-Mbcellanoou, Equipment 

The Tncboanctcr nnd lls F11nctions-Thc orx•r·atin,: 
machinery of the avcrn~c l,Jcx:k plant is of n rnturr tr1,t•, 
The power sup1,licd to operate such machim•r}' i~ ,1,•li\·• 
ercd lhrnu~h dircct-<:mmcch."C.I or hdt-dri""'" motors. 
Pullc..")'1 :md ~cnrs in ,·iuring mti05 nrc abo un"C.l to 
quite ,m c.•xtcml. An nlL•rt opt:rator will thc.•rdorc, wnnt 
to know whctlu•r his motors arc pcrformin~ nt their 
rated cnp:u.itiC'S;· wlwthcr the belt-driven m:u:hincs nrc 
fL."C.'Ci\'in~ i\ run qunh, uf power; whl:lhc-r the proper 
i,~r rntio is hcin~ u~t.•d. . .. 

Any duuht rc.•lating to thc.\e factors mny be quic:kJy 
cliJpnwd nf hy the use of nn instrument called n tn• 
chonwtcr, whieh will dch:nninc the numLC'r 0£ rc,·olu
tions per minute of a rohllin)t pnrt. Tnc·hunwtcn nrc of 
hvo t)'llCS, either imlicatin~ or cunmlnti\'r.. EithC'r is 
suitable for plant U.\C, but lht- succc:;dul opcmtinn of 
tl1e cum\llnti,·c ty1,c is clt"pc.•11dt.->t1t on aC'C't1rnt~ timing 
of the re'\-ululions mm.lu in a tti,·N1 unit of time. 

l'rndnctinn n( a unifonn tmxluct d<'pl-i,ds \lnrtinlJy 
upon all pnrls or thu produc.1 hc.-in~ :inhjc'Ctl-d to uni
form pn.·ssnr<' nnJ ,·ihrntion within lhu mnlll hox. TI,is 
Is fac:ilitntcd hy the S)'nchrnni1.ntion of the rotuting 
mechanism, producin~ tlm ,dhn,tory cycle. 11,c pl.mes 
of vibrntion must he in 1wrfoct b,,lancc: with c.•nch olhrr, 
ancl the dunsit)' of the n!,t!trc.-gnlc.~ l!(•in1t ,·ihrntcd should 
1,o lite: sumc in nil cnscs.- ·nms n vnri!ltinn in the ,·ibrnt• 
tn1e mntnr spc.'t.ttls oC n flOtlt.tL'\r tr1,c: of hlnck mnc.-hinu 
ca11 readily pmclu,,: n hlock of am«.?Vt!n dc.•nsity, Its nmn• 
hud Cfflit, <.'Cmplc.•d with the mnn)' nppJit"iltions to which 
a tnchomclcr to:\)' hC' put, rcnc.lc.•r-$ it nu i11c.li~pt•n1-ihlc 
piece nf np1,;u;;itus in :my hlc)(;'k pl.mt. 

Electric Motors nnd Thc.•ir Jnslullalion-All dc.ictricnl 
equit'lfflent is rntro for n ~h,•c.·u pc.-rfonmmc.-u at n definite 
voltage.-. For exmnpfo, n motor rnh.•d ut 5 hp., 110 v .• 
singlc-1,h:u;c (j(} q·t'lc n.c. current will uonnall~• deliver 
S h1,. whrn rom,cctt-..l to a 110-v., 60-cydc nlh.•rnutin~ 
etim-nt circuit. 

Tno often. howC\'l'r, the plant oprrntor will tap in on 
an nMin~ cin:11it :iml run ma c.•:dc.-i,sion to a au.ow pil'f."C 

• of Nluipm,•nt withoui rc.~ard to tht• t•xislinJ,: loml on tlu-
1·irc.'l1it. C:110,I pr:u·lkt• C't\ll5 for tl1t• i11sl;1lliltic111 of c.,ltla• 
1.&r~ .. 1·11n11~h in si,,• tu sup1,ly the• :1mu1111t of c:urn•nl 

i11 amperes n·q11ircd bv the motor. 
The wire. in tum. ~linuld he crn1111·l'trd lo the proprr 

si:w of fuse to prnt,·<.:t till' calile and 11wtur. \Vhcn addi
tional t•q11ipmc11t i.,; wired to the motor circuit, the cir• 
cuit is ~ubjt·t·tl·d lo thl·sc possihilitics: 

1. Cnnst:mt hlowing of fuses. 
~- A drop i11 voltage. 
3. Scriom damaJ!,c to the insulntio11 of the cahlc 

when m·,·r-fust•rl. 
-4. hidf1'-·iv11I ~1art1:1c. torq11c ol the motor. 
5. Loss ol 1111ii:. produced, ,vhich in reality increases 

the cost of Ilic units. 
Suppose. 1..,y tnppm~ the circuit the voltngc at the mo• 

tor tcrmimds drops fo 1-00 \'Olts. The rcsultin~ torque of 
the motor will he in the ratio of the squ:ire of the ratio 
of the impressed \'oltage to the squ.1rc of the nonn;1l 
\'ohngc. 

100' 
--, or 82.7 per cent. 
110' 

Not onJy docs the torque dccrcnsc. but the current in 
the motor incrcnscs nnc.l cnuscs overheating. 

The increnscd load will cnusc nn incrcns<"d volt.'\ge 
drop on the line, mntcrinll>• dt."CI'cnsing the voit:ige 
avnilnble nt the terminals of the other cquil>mcnt con
nected to the snme circuit. 

This results in a decrease in the PO\\'l~r trnnm,ittcd, 
causing O\'crhc:-nting of the motor, nnd in some e.ti.cs, 
llli\Y even cause tlie motor to burn out. 

~lotors arc usually J;mmmtccd by the m,mufacturcr 
to operate at 10 per cent above or below normnl voJt• 
nge. A motor, installed by a competent cle-ctricinn and 
connected to n suilic:ient c;i.p:ic:ity cable, will 1eldom 
c..-nuse trouble c.luc to luw voltage. 
Hints on Motor C:1rc-
l. Clean the motor . frequently where it is exposed to 

the cff ccts of duit and grit. n\c use of a hand bel
lows or n blast of air free !rom moisture and dcliv• 
crcd at low prcuurc is recommended. Since manr 
motc,rs nr<: of the open tnu:, it is nnt nt'CC'Unry to 
dism.,ntlc tlu: motor, ns mo:rit of the dust in the 
winding5 nm,• l>l' hlm\·n out. 

2. On ,lccv,~•tn>e ht•nring motors. drain the.: oil from 
the wt•Us nft,•r tho motor hns hl'C.m in opc..,...1tinn for 
a tlCriod nf 90 d11rs, Oil hns a tcmlc.·ncy tn ,-tum up, 
and the nil rin~. which ri«.lcs on th1.• shnft In supJlly 
nil h> <he hc.•nrin~"• might not rutnt<> fret-ly. Like• • 
wist:, dust nnd ftril tnn)' be collL-ctcd h)' the, oil. 

3. Ncvu fill the nil ,wlls to nu m'l.·rllnwin~ ('Oint, ns 
the c1,·crflow m:1~• grt iutn the motor windings 11.ml 
c:ausu pc,ssihll, d;mut!,tC.', . 

4. On rcpul$ion ur rc.•tnal5ion induction motors, the C'Om• 
n\ntator shoul,I ht' kt•1» free nf scum or ~rit which 
is produced from contact hetwcet1 thu commutator 
and the bruihcs. 1'his may bu done by thu aid of 
crocus cloth or fine tuit sand pupcr. 

S. AU cJc<.-tric muton luwe an nir ~nt' lwh,Tm the 
Jaminntinn, nf the rotor (nm,nlurc.•) nml iat;,tor. When 
a motor tunds tn hcnt r.:rccc."SSi\•tily wilhmlt an)· lo.Id 
on it, or tl!nds tn hlow fullic."J, it i.1 a si~n toot the nir 
~'\P is lx•ing dowd. due to wom hc.-nrin~. 1·0 avoid 
l:argc rc•wimlin~ hiUj, or 1,o,isiblc injury tn the lam• 
inations tlwrC'hy m•a~itating the :ist·mp1,ing of the 
motor, cht-ck the hc.•'1rin~ occnsimmllr tn sec •·hctb
er they nrc wnrn t'Xet"!Csivrly. Sh'1."\'C.- nr 1>311 hc-arings 
ar~ cm,il)' rc•11l:u:1.-cl nt small coit with a minimum loss 
of prmluction houn. 

6. All clcctrirnl romK'<-tion5 mn1cr tc-nninal screws 
should he instnlll1tl th:ht n~:1in:.t the post. All clcc
triml splic.'t"X 5lmukl h~· rmuic S<"('ltrc.• and bc.i soldered . 
to insure the tlrnpc.-r supply of clc.-ctricity to the
motor. 
nae f!lcdric motor, uftt•r all, b the hc-~rt or the cqui1>

mcnt antl shoulJ lw ltiw.-n P',"riodical .iU<'1Jtion to in• 
sure f'COnnmit'.ll and satisfactory p<•rforammcc. 

l'rcssurc Cngc.-s-PrL'5J.Urc ~ngt.-s arc: usc.-J in vnrious 
plu,scs ,,r opcratinn tlsrnut,thout the hind~ plant, 1>:1r•• 
tic.-ul.arly in conjunction with the stc-rim boiler system. 
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Sin<."C ii is t'SSl'fltial that tl,csc C!:l~CS be k1·pt nc:curaw at 
all times. prov1i;in11 si1011ld l,c made for I lil·ir bi:i11g 
chcclcd f r1•q11t.'11tiy. 

Ga~cs :m.: st•mitivc instrnnwnts and slioulcl he hnn• 
<lied c:\frf 11lly. Tlicy should IIC\'Cr li1.: rc-movC'd or set up 
b)' tnt•,rn~ otli<.:r than nsi11~ :i wn·nch on tlic square h:isc. 
E:i.ch instrnment slio11ld hC' provided \\'itli :i. stopcock 

· pl::icccl in Ilic pipin~ :i.lll':i.cl or the cai;c. thus pc-rmilting 
its rcmov:11 for any n·ason without caus111~ loss of prcs
'mn• in tlit• s,·stt'm. 

Tian muH :n:n1r:1tc 111dliud of cl11:t·~ii.::- a 1:.,,~c is liy 
rncnns o( n d,•.u.l \\Ti~lit tc•:,,tcr. In this type of tester, 
a hand pump is used to huild up the rmissurc: nml n 
scriC$ of wci~hts of ,·:uious sizes nre. used to ck•t~rmine 
the pounds of pressure <'Xertcc.l on the gage. Check 
testing is done by motmtin~ the gn~c on the de.ad 
weight trstcr nnd comp.,rin~ the rl"acJin,;s on the gage 
";hen know,, pressures nre built up. . 

H rendjustrncnt is nt'ccssnry, the 1,d:i.ss front is tilkcn 
o{J and the in<lic.ator is rcmo\·ccl mnmmlly. Adjustmc."tlt 
gcncrnll>• may be nuu.lc by replncing the poiutcr in 
proper position in the opcrntin!t r:u,ge. Tho ~n~c is 
ag:lin chcckcc.l for nccurncy h>• n series of rC"nclin~s 01,•cr 
the entire scale r:rngc. When s:i.tisfoctory results nre 
obt.iincd, the d:itc of test should bci mnrkccl in pencil 
on the dinl, und the· gnge rt.•mountcd. 

I( the gngc cannot be ndjusted proper!}•. it is best to 
discard it ,md rcplnce it wi_th nncw one. Either fotigue 
in the mctnl of which the Bourdon tube is conslructcd 
or excessive welll' on tlie pinions may render cnlibrn• 
tion impossible. If a gage is used on a high pressure 
air or oxygen system, ever,• precaution should be taken 
to remove all traces of oil to noid spontaneous combw• 

'tion. 

Section 20-Notes on the Block Itself 

Dnanding Concrete Units-Building dcpnrtmcnts in 
some Jocnlitics · nllnt to each licensed hlock · mnnufac• 
turer a distincth·e brand mark which must appear on 
the imlivillunl units. 11,is is iutcmlcQ to facilitate the 
work or tl.u: lmilclinl,; inspt.-ctor in iclcntifyini; the 1.,lcx:k 
m:inufnclurcr. . 

It may be thnt a producer who is justl)' proud of his 
product, wishes to ndo1>t n trndc mnrk for his l,lock, 

although not re
quired to c.lo so. 
1·1te following 
sugge·sHnns for 
sucb a tn,c or 
mark nrc.• ofTcrcd 
for eonsiclcrntinn. 
· Most of the u1,. 
to-date hlnck nm• 
chines arc of tht" stripper type which lc.•ml thcmsch•cs 
admimhl>• tn hrnnJing b)' n SC.Tics of raised or imlcntcd 
lines Jncntoo on the end of the units. 

To produce a S)'stcm of rnisc.•d lines. it is n~snry 
to cut intn thu t•nd plntc for n <l<>pth nnd width nf np
proidm.1trl)• ~-in., ;un.l to th<' c.lcsirt'd lcn1.,tth. lndcnkd 
lines nrc obtnint'll throu~h wc.-ltlin~ on M't:tinns of t-in. 
round bnr ituck Inuit t•1mugh. lo _produce.- the desired 
rm,lts. 

Number of nlCK'k l1cr Course-Th~ number of hlock 
per course rc.-quirt'<I for nn 8 in. wnll is found by taking 
the k•n~lh :md the width of the structure and npplying 
the following lnulc. The fi~uru dc.•ri,·c..-cl Crom the t.ihlc 
multipli<.J by the number of c.:ourscs gi\'cs the ~otnl 
number of units n•quircd. TJac uumlwr of units of door 
and window openings arc deducted r ram the above 
total 

F.,.. 12-in. wnUs, one block per course shouJd be de-.' . 
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f•ol• XX. !\lock per ••""• .,,,;, lo'lth .,.,. wi.hl, ~-•· 
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ducted from the ngurc indicated in the accomiJtlnying 
table. 

An optiom1l nwthod of calculation of the h!ock re• 
quirenwnts pnrticula.rl)' suitable for .m irr~ul:uly 
shnt>cd h11ildin1,t is as follows: 

Add to~ctltcr the total lcn~th of all wall set'.ions, 
the result of which ~ivcs total lincnr fc1:t. TI1is, 
multipli'-'Cl by three ~ncl the product <livicJL'11 by 
four is the number of hlock required per Nurs.:. 
The numhcr of block per course multit>liro by 
the number of coursl'S in height gi,·cs thct totnl 
numl~r nf units. Correction is made for any door 
or window openings to ol,tnin the exact numbtt of 
units. 
Another n,cthod 0£ cnlculntion is as follows: 
Multipl>• the len~th plus the width hy two. n.ts ~ivcs 

linear feet. Then multiply h)• the h&.-ight of the huilcJing 
to obtain total square feet of wall area. 

All window nnd door openings calcul.:i.tc..J in squo.rc 
feet arc subtracted from the abo,·e, which gi,·cs the 
actual square feet of wall surface. Then this result 
times 1.13 t.-qunls number of block required. 

Tiae factor of 1.13 blocks per squ:m: foot is cfori\·cd 
from th~ di.,.isiun of 144 sq. in. by 128 sq. in. \length 
limes height of block). 
EXAMPLE: 

A building 24 ft. x 30 ft. = 108 linear ft. x 
8 ft. • =&6«sq.ft. 

4 windows 3 ft. x •1 ft. = 4S sq.ft. ' 
l door 3 rt. x 7 ft. = 21 sq. ft. 

Total squnre feet of openings = el sq. ft. 

Actunl ,,·ull surface = i9l sq. ft. 
Then 795 x 1.13 = 608 blocks re,,quirc-d. 

The following Table XXI shows the number nf 
concrete block units lo l,c omitted and fnmb block 
snhstitutC"d {or window openings of the sizes indicated, 
this a\·oids cutting the block. 

,.w. xxa-., ..... ..... ••111Hfft1 fw w .. 11- o,....... 
• O.S, U.O. f.J. Yd. O.S. U.O. I.J. VII. 

, .... a 2'•0'" a "' 2 
...... • 2'·1" 10 4 4 
1•-4•· , ...... u ' • , ......... -0 .. IS ' . ' , ............ 11 I ' 2'-0-• , ...... ' 2 , 
2'-0- a 2·-0 .. tY, .. 2 ,.. ..... , ..... 11 "' 4 
2'-G"'a:l'-4 .. 14¥, ' .. 
2'-G"'• 4'-0'" 16¥, " ' 2'-G"'• 4',1" UY, " • 2'-0-a S'-4,. 24 • • ,. ..... , ...... 7 2 2 
2'.r112•.,o .. II 4 2 

• 0.1, ln-'icelet-O.......-e liH1, 
U,O, inN••••-URit& Out. 
f,I, IMftc•tH-f11JI .111 .... L 
Y,J. IAidica.._""1 J•......, 

2'·1"' a 2'-4 .. u ' • 2'-l"a4'..0'" 21 ' ' 2·.a-.,·-1· 2S I ' 2'•1"'•1'-4 .. 21 I • , ...... 6'-0- 22 11 • , ...... , ...... 20Y, ' • , ....... 4'.o"" 24 ' ' ., ....... , ..... 21 I ' :a•-c• • s•-4• 2' I • 4'.0-a 2'-4 .. 22 ' .. 
4'.0 .. a4'-0- 27 ' ' ........ , .... n I ' 4'-0". , ...... :a, I • 

Acousticnl l,rOJ)C'riics of Ilfock-The dc,·clopmtnt of 
more uniform surface tcxturc.>s, aet.-umtc dimtruions, 
sharper f'd~r.s ancl coml"l'S, and the attrnctivc rlc.-si~ias 
into whic.:h concrete units mn)' he ~unscd h:is m.ttcri• 
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idly nd\',llll'1:d llH'ir u~t• 111 wails. Tl1t·ir :1d1111li11,; 111 the 
c1111!.ll'IIL·lio11 oi i11t1·rinr i'al·i111.:.~ oi climcl1es. 

0

sl'llllols orn.i 
other l>11ildi111.:s i11 wiii<.ih so11mi ;ilisorptm11 is 011 1m• 
porlnnt iac:tor 1s '110w iirmiy c.:stal,li:.lic<l. 

The soum.l :1\isorhinl.! \Hll\Wrt)' of a block is de
pendent upon its surlac:c lt:xturc. The most t•lf ccti\'e 
lex.tun: ,is a medium roul.!i, surf.lee. o~cp dl!prcssions 
nre not ns cficctivc :is small lkprcssions. Sll\outh sur-

. faces :uc nlso k-ss l'lfcctive th:in medium depressions. 
The charncll·r of the surface is more important 1h:m 
the trpe of u~i,:rr.-;::ntc. 

~lasomy units w1ih tl,•.·i: ,.1m·1i ~urL:,c- tc•,tnr(•~ nmi 
their i.11lil!rt.•11t porosity produt·c.·c.l liy li11~• t·n·,·1r1·s or 
<lcpr~ssions, off1.•r :i dual purpose medium (attrnctive 
:ind souncl nhsorhcnt) when used in their m,turnl st.1te 
in w.,11 construclion. 

11,c myriads of minute nir-cclls which fill the entire 
block, produce the ncousticnl or ~ouncl nhsmhiu~ prop• 
crtics. nnd nlso p;ive the units nnotlmr importnnt qunlity, 
namely, their heat nn<l cold insulatini:t ... aluc. 

Fonncrly, it was custom.1ry to use.block for bnck-up 
purposes, nftcr. which the interior wnll snrfoccs were 
faced h)' one uf the ,·nrious forms of acuustit.-nl hoard to 
absorb sound nnd for tuxtural :1ppc..·nrnncc. \Vith the 
1u:lwn~mcnts mn.dc in the k•cimiquc of block produc
tion the u~e of iuch l>onrtl is no lon~cr necessary, thus 
eliminating the cost of spc.-cial trcntme11ts of wn.lls. 

Tests sl,ow tlmt there is n c.liiritinct rdation:d1ip he
tween surfac.·e te~tnrc, poro~ity nnd ,·oiu clmrnctc.•ristics 
of a ,m~t und its sound ilhsorhent capadt~•. Also dmt cx
\)Oscd -concrete masonn• units will absorl> sound' much 
faster thn.n a plnstcred · wnll, 

Sound wnvcs upon striking n surface nre partly re
flected. nbsorbcd nnd transmitted iu vnryin~ amounts 
dc:-pcnding un the chnr.i.ctcr of the surface. A smooth. 
dense 1urface such us plns~er. J,thm or wood wilt nb• 
sorb nhout 3 per cent (0.0.'l nbsorhing coefficient) of 
tho aomul thnt strikes it, whcre:1s wnlls constnu:ted of 

. the orclin;ity run of lightwci~ht 1,lnck will ahsorh nt► 

proximnl<•l>• 50 t'K'r cent (0.50 <..-cx•lii<..-i<'nt) of the- incident 
sound. A mntcriul t•apn.blc of nh~orhin~ 15 \Wr Ct"nt 
(0.15 C('Jl"fTicic-nl) nr more mny he considcrL·d ns sntis• 
factory for sound control. 

,. Prac:tk-.-lly nnr kind of surface texture mny be 1m>• 
d11CC."\l Crom th<' vnrinus typ(..-S of n~i;tre~ntl•, dc1,c.-ndin!,t 
on the routml of grmlin~ of tlw ni;~rc.•s;ate. the mix nml 
the dc~ret• n( comp.u:tion nt thu time of mohlin~. 

11ac use of cl~rntivc pnint on hlock wnlls will not 
matcrinll)• n•ducc the snund ill>snrt,tive <1nalitics or in• 
sulalivc: ,·nhu.-. lf the pores ntc cam1,lctcly cln~cd h>• 
paint, the ucrn,:-lic.11 \}rnpcrtit.-s will hu rcc.luc.'<"tl. Spmy 
J).'\intin~ has lci-1' f.'['-''t.i in closin~ the pore-, of mnsonry 
than hnal'h p.1in~in~. Oil p:tinli reduce sound nhsorption 
mon: than t"\"'lllent hase pniuL 

Some inlt•rcsting dntn nre presented in "'Facts About 
Coa~ch: ~lns<Jm1•" puhlisht'd hy NCMA, showin~ de
taili of ng~rcgutt'S, mix<.-s, nncl physic.ii pror,crtic..-s of 

• concrctr. in ,mib used in n series of sound nh11urt,tion 
tests from which the following data nre taken. 

J\angc of Absorption Cocffichmts of Concrete: 

c-m,c&.111 · ..... 
C-- A1tte9•t• c-c".._"l'•iott•cl .. , ...•••.•. , ••• , • O.Sl-0.SS 

, ....... ·················· ........... , 
~lffl A111111te C:• .. 11•••-11,..iflM.& ......• , . , •••• 0.27.0..27 

, .... .a •••.•••••••••• O.IN,27 
~ A11te111a Ce1111•te ••• , • , • , •• , • , ••••••• , , , , •• 0.21 
.._..,... A11ra1••• Ce11c,i11te •••••••••••••••• , , ••• , • , • • • • Cl.JO 

Emurc.-sccncc On Ulock-EITlnrcsccncc is a surf.tee 
Jlfed11itation which mi~ht occ..,,r cm any kind or ,mmm• 
ry, aud while.• not M.'rinus stn1chm1ll-,,·. il dof."S detract 
from th<" np1M'nrnnc:c of n huil<lin!,t, 11,c c:msc of t•mo
raa.•m::c or as it is iiomctimes ~,llcd .. fu7.Z" or "Moom" 
is 1mm~·n but of tl"n misnndcrsl(')()U, · 

Freqnrntl)• the trouhlc: is nllributcd to lime, since dry 
lime and the cr)~tills u( cfflor,:sa.-nce ;ip1,cnrs alike, both 
~cing white nnd powder)', I Iowcvcr the two m,\tcriah. 
arc •entircl>• diff~rcnt. 

.\'o/t(.<{ 011 tiir Hinck Itself 

\Vlic11 n sonwwhat p11rn11c; mnwn.:il likc nlllc:rrtc hlock 
;1lisorl,s water. tl1c .ih~orlil·d watrr n·ncldv dis~111n·s ct•r
~;1in sail~. suci1 :1s cari,unntc nf limC'. sulpliall'S or chlur
Hlcs wl11d1 mar lw prc.•st·ut. Tl,c clilorid1.·s mav be 
dcrivrd eithrr from Ilic m<• of :rn cxc<-ss of c.tl~ium 
chlori<lc or sodium chloride (table snit) ndd,.:J during 
c-old wenllll'r lo lower tlin freezing temperature of the 
watl'r for the concrc.-te mix. 

Olhc-r 5011rc1.·s from which these snits came an: con
t:unmntc<l f!r:wcl or S.:\nd or from a mineral water used 
i11 proccssin~ the unit5. which may contain high con
c.·1·11trnt10m 11f l-11lpltall·s or l'liloridcs. 

EITlnn•M·1·11<·c: inclic-nll'S tli1• Jll'l'St•nce of C\:C'C:$S water 
within thu wall. Tlic w:ite1 must come to nn rxposcd 
surfoct• where it will drposit am.· material which is 
carried in solution. · 

When first deposited, l"!Tlnrc..·sec.-ncc m:w be washed 
off with wnter. either by n hose or brush: \\'he.-n cmo
rc:.ccnce is hen\'y or when it h.is dried it m.w be neces
sary to u~e a solution of npproximatdy 10 per cl•nt of 
commcrcml murintic acid. \\'hen ncid is used the wnli 
should he thoroughly wnsh(.'(l down with watC'r immcdi-
ntdy nflcrwnrds. · 

. The lc11!,!th o( time rcquir<'d for tlm nci<l solution to 1 
d1s:i.ol,·c 01£ the ciflorc~c,•uc:e will c.lC'pcnd upnn the 
:11nount of .th..: ltlttcr. Ju most cases the acid em be 
wnsh~I off within -A or 5 minutes. If some of the d..-posit 
rcm.uns nftcr the first application, n second c.m be 
mac.le. The ncid :mlution should be hnishcd on smoothlv 
11si1!g th<: lcnst amount i,ossihlc for CilCh applic::1tion. · • 

Colo.red Concrete M:isoury Units-Attrac:ti,·ch· col
ored ~mits of ,·nrious trpc-s nrc ~nining in \lOpula;itt. lf 
certnm factors are observed in the production of such 
un_its s.l.tisfactory results .&re nssurcd. Coloring pigment 
suitable for use in concrete should meet ccrt~in re• 
quircments :i.s follows: 

1. It should be of a com1msilion which will not rt•:id 
chcmic-.ili)' with the Jianc nf the.•· cc.•nu-11t tn th,• 
Jctri1nc.."'11t of «:ithc.•r n•m«:nt or c.,,lnr . 

2. It should he dural.,lc c.mtlc.•r c.•xposurc tu direct 
sunlight and nlso in a lc.-sscr tlc.igrcc to diffusc.-d 
dn>·li~ht. 

3. Jt should possc.-ss ntk-quutc tinting qualities. 
11,csc.: r<-<1uin•mcnts mny hc.·.st be met tw the." 11sc of 

either natural minernl or mnmafoctun .. -c.l mim .. "l'al oxide 
colon. Oq~;mic dyes arc wmctinws us(...J but tlu."M!' col• 
ors t<-nd to fade when c~po~c."CI tu sunli1tht, or ti,~· may 
be d<"COntl'K>Se<I hy chcmiC".il action. llowc,·er, for con• 
crt'tc protluc-ts for interior use, lhc:-sc may oo s:itbfac• 
torr in.nsmud, ns tlmrc is not euoui;h strong sunJi~lat 
to cause np1>rt'Ci:thlc Euding. These pigments arc cb::ir• 
actc.-rb:t.'C.l bv brilliance of hues not othl"rwisc obtainable. 
TI1is type of coloring pigment is gcncrnlly ucsC'f'ihcd as 
.. interior cu1ur■-

Natural mineral pia;ments are prepared from Ort'S by 
grinding or calcining (heating), w.ubing nnd subso
que-nt ~riJ1ding of the ore. 

Manufocturcd (synthetic) mincrnl pigments nre ob• 
tairK"cl from mctul snits by prccipitulion, cakin:slion 
or other methods. 

\\'1)Cfc dull colors are accci,tnblc nnlural mined ox• 
ides mny he usc.-cl. More of tha natural pigment ";It be 
rc.-quiretl than of the mnmafm .. -turcd ri1tmcut. in the Ill► 
pmximalt! rntin n( 2-5 Jbs. of mitural pigment Qf the 
smnc hue.·. to 1 lb. or tilt' mnnufnchm.-c.l 11i(?:mcnt. 

Pigmcmts which arC' m:muluctnrc."<I for c.-olorin,:t anortu 
arc 1tet1cr.ll1>9 unsuitable for c:alnrinl! con<..-rcte bmtuso 
the,• sonu-t imc-s conlAin flll<'r nmlc.irinl. 

l\l:umfac:tur<-d nxidu piltmcnts prndure bri~htcr hues 
and h,wc struu~<-r tinting <t\mlilil.'s hut nrc sli~tl)· more 
cnsti)·· ·me)' can he more rigidly controlled as to sMdc, 
p:uiicfo size and ,,uril)'• 1110 finer the pigment the 
more casil)' diSJ\l~rscd it will be through the cement anc.1 
othtt mntcri.nls in the concrete. · 

C-..nlors which mny be incomp:ttihlr. with one another 
or through improper h:indling cnn result in strc,-al;ng 
ur fading or in unuttrncth·c sbndc.-s in the fini5hec.1 1>rod• 
uc-t. 



.. The (11ll11w111!.! 1111tli11l' w1il )ic·n·t· ;i, a l!ll1·dc f11r tliL· 
SL•k•ctini'1 11i pq.:11w111~ ior 11s1• in L'11i11ri11l! ·cn11tT•:t1•. 

lrnu o:,..idvs t·1tlH'r oi 11:it11rai 11r ,,·11th<'tic or11..:111 arc 
llS<'c.i fo ~l11;1111 ~l1adcs ci red. , dim,·. Ii lack. brown. i1uff 
or tan. Tlw:,c o.,HIL•s arc Tl'Liti\'l'lv 1111,di,:c:tcJ l,v s1111• 

light or liv all-a Ii :.111d arc rL·:1~1111,;l,h· low in c.·o~t. 
Thc.sr1;dl('tic oxides arc prd1•r:d,lc bcc:msc of their 

nttracti\'e sliad,·s, purit~· :md lii1.!11cr ti11ti11~ litrcm.:th. 
Natur.tl o.xidcs v:1r~· in ~trc-111.:th of color and purity and 
may contain sol11hiL· saits wlm:h 111i~•.l1t c.1<.'Vl'lop l'ITio-

. rcsccncc 011 tla• f.1c·t• of th<.' fi11i~liC'cl u11its. 
Fur a hrillia:il d.1rk '..!:\·,·11 ~i1:1,:l', dtt11111i11m 11:,..idc:. 

wlic11 pun•, is 111,t·11u,11cd for p~·1111;1111•11c.·t• n11d is 11nt 
nff cctcd hy acid or nl\.::ili. This pi;.:mc11t, howc\'er, 
shoukl not he co11iused with n ~1oup of pi~nwnts com• 
mcrci:1lly !mown ns chrome ga·cns whic:11 nrc not nlknli 
resistant. 

111 the nm~c of hlue _pi~mr11ts tlwre is nothin~ c-om• 
pletcly sntisfoctory in the low pri<.·c class. Blue cobalt 
oxide Ii.ts ~rcah•r permn_nency of color than .my of the· 
other blue pi~mcnts, but its liii.:h cmt limits its use. 
'l"hc pigment most cmnrnonly lllil'd is known ns ultra• 
mnrine hluc. This pi!.!tn<'nt f n•qut•ntlr t111dcr~oes n slow 
r<"nction with concrete clurinc; t·uri'11~ nml may tc-nd to 
focle from the insi,lc to the outer surface nf the unit. 
Fur conerct<', only pii;mcmts spct'ially mnnufocturrd, 
should he used.. , 

For a blnck color, thc mnnufachm."ll 1,igmt'nt is most 
frequently \\Sl'd. Natural black iron oxiclll i5 also lintis• 
factor)' hut is usually mnre• costlr. Wht.•n sclcctin~ this 
color, n j<'t hlack lau(', bc.•c-ausc: of its 11011-fodin~ qual
ities, rather th:m a hlue lont'd hl.ick should Le used. 
Another form of hind, colorin~ matl'rinl is a spe-c:inlly 
.lrCAtcd carbonneenus bind, which mi~c."> readily with 

' wnter and hns good coloring strength. 
Certain m:mufocturecJ pigments should he avoided. 

11,cse arc weak iron oxide colors, prussian blue. chrome 
i;recn, chrome ,·ell.ow nnd certain forms of bind: pi!,:,• 
mcnts arc unsati5fnctol")' beamsc of their f :u.lin1t tt·n• 

cl,·uc:irs. 
\\'hc:lh,·r or uot a piJ,;nwnt i-; :1fft·c.·trd hr ;1lk:11i (liuw) 

cnn be c.·m~ilr dc.•t,·rminl'cl hr 'i-la..1ki11!,t n i.amplii of lhu 
~olor matc.•rial with lime wt1tcr nnd nllnwiu~ it tn i.tnnd 
for SC\'cr:il hours. Pronourict'd fading of the color imli• 
C'atcs the mntcrinl is unsuitable for mm in cnncrc.~tc. 
l,russi.·m l,luc is an c.-:mmplc of n pigment thus nffectcd. 

Mixtures n( coloring Jlii;ments will produce any de
sired ibnde. Depth of color or-,·nl')·in~ shudc.,s from light 
to dark arc oblnincd by controllin,z the 11mom1t of pig
mc:•nt or U)' mixing two or murc Lasic colors such as 
red, )'dlow, l,luc And l,Jack. 

1-·or instance, r;rcen hue~ nre produced from n hlcn<l 
of blue a11cl )'cllow; ornn$c hm-s nrc hlr.ncls of rctl and 
ycllnw; while hrown hues arc the pruduct of hl<-nds uf 
n.'d and black. 

\'ariatious in the color of the m:.tcrinls nnd the pig• 
mcnts thcn1:1cl\•cs, mnl:c the color furmulns only np• 
proxim.,tc. Ut'St r~ulu c:nn l,c ohtnint•d br experiment 
w tri:al, kccpin~ in mind th.it trst p:mcls of concrete 
will he darker when lhl•y art• dnmp. Amm~cmcnts cnn 
usually be m:adc wilh the pigml'ut m:mufacturcr to 
s11pt,Jy nn)' spcci:11 ~lor dc\'c)opcd. 

When d:irk colors of concrete :ll'I! desired, ordinnry 
pnrtlnncl ccmt•nt mn)' he used in the roncrctc mix. For 
the lighter shnd"5 such ns blue, ~rt'c-n, tan nnd ora11~c:. 
white cement must be us,:d to uutain nmxinmm color 
value. · 
· lt ls desirable to keep a detailed pcmmmcnt record 

of cmd1 blend, also dnta rd.ttiug to the trcnhncnt ns 
\\-ell as the mntt.•rials used in mnkiuJ: the concrchi. 
Such infurmntion is nccc..-ssnr)' if results an~ to he: clupli-
c:atcd. . 

J>igmcnt should nlw:i)·s he nddccl hr wciight not hy 
volume. The amount of pigment <.·xprcs~t•d h)• pcrwnt• 
IIJCC er pounds is .always based un tho wei1,dat per s.ack 
car cc-m~nt onl)•. The w,·ight of the: n~n!gntc is not 
t'Olnputcd. 

Not,•s 011 tl,r Jilork Itself 

ln c:olori111! c·o11crcw 111,ils, pi1~111C'nt sl1111tld 111: 11s<.-<l 
i11tcl!r:1ilv. If ~urfat·c coati11t!s :m: :1pplicd. ;rny d1ippi11g 
Gr bn·:-\l.;.i111! ,,·mild lw visihl1: i11 tl1l! u11coiorcJ pmtton 
of tlic block. tlit'n·hy spoili,·1~ the nvc·r-nll color d[c·ct. 

\Vlt~n tiit• color mnnufacturcr·s spc.-c:ific:.1tiuns a11J 
a<lvic:e 111<.·11tion Wl'it:ht of l'Olori111~ pigml'11t p<·r sack 
oi cement. Sllt'h ndvicc should he followed cardull)'· 

Cc11crally, pigments may be snf<."ly used in amm111ts 
up to 10 pc:-rct•nt of the wcii;ht of the cement: that is, 
n lhs. of pii;111e11t per 94 lh. ·sack of ct•mcnt. It is 1101 
::icl\'is:tblc to t'\C't·<:d the lO 1wrc('11t ndtlition of culnr 
i,1 :111y cnm·r<'tl' mix. siucc l.ir~~c q11antitiC's m:iy n•rlucc 
the final slrc11~lh of the product. This limit. however, 
·m~y be cxce,•clcd with some pigments and un<lcr ccr• 
t;iin conditions. 

Pigment should be nt lc:ist of the same fincm.·ss ns 
the cement. The ffoer the pigment the greater will be 
tho colorin~ power. 

The success{ ul use of color pigment requir~ thor• 
ou~h dr~• mixin~ with the cement to insure that it i5 
unifonnlv distrihutC'd. The colored Ct'-mcut is .i<l<lcd to 
tl1a nggr~~ate nm.I ngnin 'thoroughly mixed ucforc the 
water is ntlucd. 

Control of the :unount of ,,, .. ,tcr inn colored concrete 
mix i." \'cry important .. Fluctuations in .the ninount uf 
water per hatch will ~ivc v;-arintions in the intcnsil)'. ;-incl 
sh:ulc of the resultant concrete. Jn :ulditfon to affecting 
the color, too much wnter will tend to increase the pos• 
sihilitv of ctnorcs<:cnce. Therefore, it is importm1t th.it 
the trih:cs be kept ns <lry ns pnssihlc to rninimi1.c cf. 
fion.~ccncc. Too much wnter nlso kmls to c:iuse "f,:um• 
ming" 0£ the cement paste which slows up machine 
production. 

If sufficient curin~ spnco is :ivailnblc units shoul<l he 
cured for as loug 11 time ns possible nt a temperature 
bctwc..-cn 70 and 100 <leg. F. In high 1,rntluction pl:ints, 
however, unils mny be steam cured 11.t n tempcrnture 
above 100 c\cg. F. provided the curing and subsequent 
dr)ing conditions arc c:irofully controlled. 

Exrx-ric.mcc shows tltat C\'CII where high tc.•mt,c-raturc 
curini;t is used sntisfnctnry rt-suits nrc oulaim.'f.l pro
,·idcc.l nttcntion is giwn to tho 1>n-i.t•Uin~ of tl1,• units. · 
A prl"Sctting time of O hours is nmda hl'llcr thnn n 2 
hour J'K'riu<l. Whc-re units can he hold for nny period up 
tu 2·1 hours bcfor<" stt•aminEt, the stron~rr will he the 
intansity of cnlor nml other qunlitit."S •. Units should be 
yanlc:d off the ~ruunc.l nnd prdcn,hly undc.•r co,•cr. 

It is cvi<l,~nt tlmt in order tn ohtnin uniform and ~ood 
rrsults there :dmuld be control by wc.-ighiu!Z the a~grc
gate and color, 1nn1x•r mixi.ng :mc.1 mctl•ring or wc.•ighing 
the watc::r nnd prnrcr curing. 

1'csting C,•mcmt Colors• 
Test for Fuding-To 2 ounces of di)• rolor in a suit• 

1blo sized holllc, ndd iulficicnt di11tillc.od wah.'1' to nmkc 
n creamy mixture uftc.!I' thorough shaking. 

If the colorintt mutr.rinl '10.,\s nn tnp of the wntcr, 
it will he uns."ltisfoclnrv for use. Next dMdc the con• 
tents i,r the hottlc.-, p<;ltring h:\lf the snlutinn onto 1 
~l:t.u pl.1lc. 1'0 thnt portion rcmniuing in the bottle, 
mid Ji ounce: of chloride of limo, shnkc wuU ,md pour 
this solutinn onto another gl:\SS plntc.-. Com1l.uc the 
~olutirms on the scpnrntc 1,lntcs to dctc?mlinc what 
c·ffc.'Ct tlm chloride.• of limo bns on the c."C1l0r. Any foding 
or mnttlin,:t is <.·nnMt for r<'jt'Ction of the 1,i~mcnt. 

1'est for Li~ht Jlc.•sist:mcc-Pn1,nru a stiff p.-isto of the 
1>i~m,~at with distillro wntcr. Pour a portion u{ the 
pn~tc ontn a 1tfo!IS 1,lntc: nnd co,·cr with another gl::w 
11latc. Pn•ss th<• platt-s together until tht't'C ii- n layc.-r 
of nuout ,:. in. thick. than hinc.l c.'11~t'S of the n.ucmbly 
wilh nc.lhtisi\•c tnpc. Cover one hulf of tlw. pl.ate with 
l,lnck p.,pcT. then suhjuct tlic a.ucmhly to sunlight or 
artificial r.tys for a wC<"k or mnrc. When the, c.·o,·,-rcd 
and uncovered sl"Ctioni of the 11igmcnt nrc comp;ircd, 

. the li~ht, rcsistnnt ciunlity is r<.>ndily "111'-lrl"nt. 



~3G ,\'otrs on 1/ic /!lock ltsdl ------ ------ ------
Tc:.ls for Fi11dll'ss uml l111p11rilv--l l:ilf fill ;i c11p w1th 

dry color, ;-ic.ld su1f il..'ic.:11l distilll:d wnlL'.~ a11d stir. \\'he~ 
co11tcnt5 of cup liavl: M.:ltll•d, tlrnw 011 tlw w:ncr nnu 
Jry tin.: (.·akc by arlificial lwat. llrt'.:i.k_ tliL: 1_1:it :rnci view 
tlic frm:turc U)' 111c.111s of :i. ma~nif pn~ g1:1~s. 

]f. the pibm1·nt· has \,i:cn. fiudy n11d c\'l:niy ~round 
the 11nt shoul<l not show cvic.lcn~c of strntilic~tion bc
twcr.n tltc coarse nml (i11c in:1tcn:1I, nor n11y c11nn~c m 
color. If the [l;\t is not rc-,nlily f ri:i.hlc bclwcl·11 the fi11-
S::,l'l'S Ilic in.Jic.ilion is that the pi~111c11t may be adul
trrn~l\U, i\, ~1 add a kw drops ,:! d:l11t1·d ii:, d111dii11ril· 
:icitl to thL.: fat:c uf tliL: l i-actmc, :my L'vid1.:11cc of cif cr· 
,·cscaucc (fii.;,:in,:) is indicati\'c of chnlk or lime which 
is nn ndultcr:mt. lf nn)' of these dctrimcnt:i.1 factors arc 
:ippnrcnt the pi~mcnt s~1ould be rejected. . 

l'nrlhmtl Cement l 1mnt-Ccmcnt o:lsc p;1int, oht:un
:ible· iu a vnricty of colors, is frequently nppiiec.l lo m::i.
sonry wnlls to culi:mce tl1~ir nppc:mmcc and also to 
rcnclcr th<'m water repellent. This cnn be :iccomplishccl 
most cconomic:illv bv the npplicalion of cement paint 
which, when properly applied p;ivcs lni.tins :md satis
factory 1·csults. In fact, when unsatisfactory remits do 
occur, the trouble mny i.Jc trnc<'d dircclly to the method 
of npplic.1tio11 of the p:iiut. , 

The ccrt.1in prccm1lions which should be ohscrvcc.l 
for the n1111Iication of this type of p:lint arc ns follows: 

1. •rho J>niot should be mixc<l nccordi111; to the in
structions furnished by the m.1nufncturcr. 

2. The 1.,lock surfaces mu5t be clc:m, free ,from dirt, 
dust or ony suhshmcc which will prcvc11t the p;,int 
from 1>ropcd)• bondiu~ to the su~facc. When it bc~m~s 
necessary to rcpnint hlock pre,·lously t_rc:ltcd with 011 

or c:;acsin t)1>c 1>aints, it is essential th::it the old coat• 
ings be removed. 

This mn)' he done by mcnns of n modcrt1tcly ·strong 
1olulion -of trisodium phui;phnto or caustic soda, after 
which tlu: surface is trcntcd with a. 10 per cent conccn• 
tntion of murintie ncid nnd Gn::ally wnshcd down with 
water to ·remove s:,.lts. Otherwise effiorcsccncc mny 

· take t>lac:c. After this trcntn.~cnL the walls :uc. allowed 
to thoruugltl)' dry. 

3. l1nint should not be npplfod to frosted :-urfoccs, 
nor al a tc1npcrt\lurc below ,JO <leg. :F. during the foJ. 
JowinJ; 12 hours. • 

4. ll,•Corc stniting to pnint, the ,,·.111.s should be moist
ened b)' using n very finu i;prn)' of water. Do-not-soak. 
1·00 much nttcntion C.'lm1ot be gi"cn to the exact 1>~
c:cduro for dampening the walls only slight!)• in nuvnnec 
of 1,ninting, uthcrwisc the wnll will ahsorb mixing 
water from the paint, thcrl'l,y impairin~ its hanlcning 
qunliih."S, 

JC too much wntcr is applied to the wnlls either he
fora p:aintinJ,t or for curing, shrink;;igc crad:s mn)' l,c 
producc~d nf tcr the wnlls dry out. Too little '""ntcr, 
partiailnrly for curinix. will tend to cause thr. paint to • 
daalk nr dust when it is dry, cnused by lnck 0£ hond; 

5. 11ae pnintcd rurfnccs sh011ld be kept slighll)• damp 
for !-l hours by spmyin~ lightly with wntrr. Spra)•ing 
shou1cl he commenced ns ,oon ns the p.1int S<'ts suffi
cimtly <"nougb lhnt it will not be d::un:lged by this 
treatment. 

8. Starlin" nl the top of the wnU 1:1.nd working down, 
ccmmt 11.'\int mny he nppJiL-d in nnn or two cants de• 
pending n11 the rN1uin:mcnts. "Mic 11aint should first 
be scrubbed into tha mortar joints nrnund c.1d1 block. 
Whnn tho first cont hns lmrd~mlU, which takes about 
12 l1oun;, the wnll surface is ngnin dnmpcncd nnd the 
second ront of tl.iint n1,plicd with horiwntnl slrukcs 
for best r("Sulu. 

7. Where non-uniform co~·cr:\go results, the causo 
may be ntlributcd to nppl)•ing tou much wntcr spray 
fn dampening rho wnll:s hcforo pninting or to foiluro to 
atfr the paint frcqucntl)' enough lo keep the solids in 
auspcnsinn. 

8. WJailc a paint itself may 1.tc presumed to he uni
t~. considcr:ihlc ,•nrfation in appcnr:mcc may re.suit 
w•th !he s:unc hrnnd and color cf fl:'lint when :ipplicd 
to ~nits m:idc. from uin:crcnt kinds of aggregates, dif-

Tr.clrnicnl N()tr.s 

fercnt surface 1t'xt11rcs :rnd :llso wlien p:ii11tL•tl walls 
.ire t·.xpuscJ to st1u111!, daylight or to :irti!icial li~ht. 

Section 21-Tcchnicol Notes 

VV::itcr :im.i I>rcssure-A gallon of ,,.:ltt·r ( U. S. Stan<l
anl) wci~hs 6.3-1 lu .• 1ml co11tains 2.11 cu. in. 

A cubic foot of water cont:1ins 7.•18 gal., 1,i:?S cu. in., 
:111cl Wl'i!.!hS G:!.-1 111. 

Tu liud tl11.: 111i:~~11r1· iu pm11,ds per ~1111:irc im:li of a 
colunrn uf wntcr, 11111lliply tl1c lti.:iglil of the t-olumn in 
feet l.,y 0.434. 

Well water may l,c pumped from a c..lcpth of J,1 ft. 
(theoretically): prnclically, however, 28 to :10 ft. is .the 
.wcra~c· for n vacuu111 lift pump. 

D0~1bling the <liamct(.•i of a pipe incrca:.cs its capacity 
four timc.s. 

2.0-UG in. mercury at G:? deg. F. = 1 II,. per sq. in. 
2.309 ft. water at 6:2 deg. F. == l lb. per sq. in. 
l in. mercury = 13.0 in. water 
12 U.S. gnllons of wntr.r = l cwt. (100 lb.) 
.:.NO U.S. gnllons of wntcr = l ton (2,000 lh.) 
1.6 cu. It. of wntcr = 1 cwt. (100 lb.) 
3:?.0 cu. ft. of water = 1 ton (2,000 lb.} 
I cu. ft. of snow, close!)' p.lckec.1, wci~hs nr,pro:d

mntcly 25 lh. am.I gives nppro:dmntcly 3 gal. of 
wntcr. 

Uoilcr Prncticc-Gcm:rally in n hailer there nre 9 sq. 
ft. of heating. surface to each squnrc foot of grate. sur• 
fncc. 

Ench nominnl horsepower of n hoiJer requires the 
evnporation of 3-1.5 lb. of wntcr per hour. 

One horsepower ill equivalent to raising 3-'l,000 lb. l 
ft. per minute. or 550 lb. 1 Ct. ~er second. . . ., 

Steam rising from wnter o.t 1Ls nonnnl bo1hng pomt 
(212 deg, F.) has a pressure equal to the :itmo:sphcrc 
(14.7 Jl,. per square inch). . 

n,c a,·<'rnr;c consumption of conl for str.am l>0ilers is 
12 1>0uncls per hour for c.-.,cl, square foot of gmtc sur• 
face. · 

Combu~tion-The com1>0sition of nir for ordinary 
purposes mny l,c tnl.cn ns: 

0>.)'~(.•n 21 per ccnl; 11ilrngc.in 79 per ttnt, h)• volume. 
Ox)'J.:l!fl 2.1 1,cr c.~nt; nitrn~c.-n 77 per cent, hy weight. 
2.000 n,. OX)'S<m nre rt•quin"<t to burn 1 JI,. c:uhon. 
11.52 Jh. nir nrc f('fJt1ircd to burn l Jh. c-:irhon. 
8.0 Jh. oxy~cn nrc rc::quircd to burn 1 U,. l1rdro~cn. 
3-1.0 JI,, nir nrc rc:quir~l C~ burn l n,. hydrogt?n. 
4 lb. oxygen nrc rCf1uiml to bum l Jh. Jn(.•th:,nc. 
17.24 lh. nir arc rcquirC'd to bum l lb. mrlhnnc. 
9.52 cu. Ct. of air arc rcquin.-d to bum l C.'ll. ft. meth-

ane. 
12.387 cu. ft.= volume of 1 lb. of air nt 32 deg. F. 
13.14.f cu. ft. = volume of 1 Ib. of nir nt 6.2 d'--g. F. 
Unit of Hcut-A Uritith n,crmnl Unit is tho quantity 

of heat required to raise 1 lb. water l deg. F. 
Conversion of thcnnomctcr scnlcs where "C" nnd •p

clt.'lmtc th~ rC'adings on the Ccnti1trndc and Fnhrenhcit 
scales, rc."'pcctivcly, for the santc tcmpcrnturc. thm 

Dq,'l't'\.-s C X.1.8 + 32 = dcgrc-cs 1.-. 
F-~2 

Dc:grct"S - ;::: d<>grc<-S C. 
. 1.8 

Rclnti\·c Uumiclity-1\dnti,•c humidity is tho mtio 
usunll)' C':C[)r~sc."tl as n 1x•rccntn~c uS<ld to indicate tl1c 
nmmmt of w:ttC'r ,•npor lwld in the nir nt 11 ~ivcn tern• 
pcratura in rcl.1tion to the m.1dmmn vnpor holding 
power or s1\turatioa point nt thnt tcmpcrnturc. 

Dew roint-11,c dew tlOint f5 tla."lt tl'mpurature at 
whid1 the ntmo,phl'ric air is s:1tumtc.-d with moisturn 
and l,._:~hl!,, in cunscquc.,1cc, to deposit it. \ 

MiSC"Clfoncous-Micron is :1 unit of length, the thou• 
sandth 1,nrt of one millhnctr.r or one millionth of a 
meter. It may Abo be c:cprc.-ssr.tl as 0.0000-1 in. 

1 l,onrd foot= 1-1-1 cu. in. = volume of board 1 !t. 
squ;u-o nucl l in. thick: 



Trc/111irnl i\'ntc., 

Specific gr:wity is till! ratio tll tf,c m:is~ of a sui,stancc 
to the m:iss of a11 cciu::d ,·ul11111,: of water at ~omc st:rnd
ard temperature. Specific ~r:l\'1l1/ uf water eriuals l. 

l 

OUTLINE or .c·AtCUlAllONS OF HEAT REOUIREMENlS fOll 
CURING ILOCK-OAtA SHEET fOR CIN0Elll UNIIS 

KllH OIMCNSIOIIS-l•"CJ•h "' n'0" : Width ,.. a·o" : Hoi9h1 = 7•6" 

KILN CONSlllUCTION-W.!h-&" hollow uno,9, .. el 11nih. 
floo,-6" thick ,ai.,forcacl ,.,..,.,. ,1.b,. 
aoof-◄" lhicl, CDftCftUO ,IJbt ,.,,,h 2" , ..... 9iau b11ilt.11p tool, 

KILN CONHNTS-76 ,ui., hoiJ,,.9 l,87l-B" cinder .,,.,u. 
Wai9hl of rulit-.\00 lb.; p~ll•11 4l lb. 
Waitht of ci11dar hloclr. ,..,oldedl :u lb. 
W1i9ht of 1inder hloclr {dry &an1e11tl :11.S lb. 

· KILN UMPHAJUIIE-At •••rt 10• F. and .so•.4 r•i•••"° humidity. 
lie&!, tefflpe,.,.,,. •• •••rt 10• F. 

CONSTANlS-5pecific heat of IIHl , ...... , ....•.. , ... 0.12 
· Sp11ific hHI of,...,., ... : .. : ... ~ ............... 1.00 

Sp .. ifi,c heat •f ci11olor ,o .. cr••• .................. 0.11 
Spocific hHt ,. .. J.9r•w•I c•nutt• (for 160 d•9. I.) .. 0.19 

OATA-W•i9hl •f cine•n (anu..,•di •...........•...•. t00 ... 11,/cv. fl. 
\'lei9hl el ••••I ................................ 475 lb/cu. h. 
W•lt,ht ef concrel• •...........••..•.•. , .•.•.•• l.44 lb/ui. It. 
, .... ,., •• .,,. rite olniree . . . . . . . ................ too• ,. 

Yiekl ef ltl•ck per we.Ir. .. ,.. ... , • . . . • . . . • • • . • . • • • • ,s 11ni11 

linel 1,,,.,.;,1;1, .•..•.•.••..•.•.....••••......•....• l 00% 
At-• hydrat.- •I ,..., ... , olu,ing 1tumi .. 1 .... ~S% 

1. Welt,hl •f hl•clr. in l.iln-1.172 X 3t.5 ........... = 
2. Wei9hl el ruli1 •• liiln-26 X 500 lb. 

51,96111,. 
1:1.000 lb. 

,:I,. Wei,ht ef p•llell in 1.iln-U X 42 lb. :a , Q. 

4. Weitht•ef water m hlecl.-J.S X 1.172 .... 

111 ••• 26,lOl la. 

S. Y•lit- euupHte by hleck-1,172 X :U.J + 100 ..... 
,. v.,._. eccu,.ie■ by ., .. 1-1:1.000 + 26.201 + 475 • 
7. total•-'-- el i.;1,. .......... -no+ u ......... • 
I. Gtnt ••"'- ef 1,;1,._75• X I' X 7..$ ••......... • 
t. Net """- ef kiln-.4.SOO - 67:1 ..••......... 

10. Da'41 f,- ASH ••• VE. 1951 Gvitlo . 
(11. 11,/llt, ef aor et 10• f. anlll SO% r•l•tiwo. .. '""""" .................................. -
'-· hJUa. •• .., •• uo• , ..... IOO"Ai .. ,.,; .. 

.. ..,..., ... ··············"· .............. .. 
1• .... loeet/llt. ef IIM' al 70• f ..... JO% re&.iNe ~, ................................. -
T•tel ket/llt. •• ai.r •• 170° F. ea■ 100% r•l•ti" 
~ .................................. -

11. 11ii. •• .... ••"' •• mitiel ca,. ... ;._ :i.n, + u.s • 
12, Ill. ef air ... liil• at fiMI .... 111,;.,.,_..127 + U.I • 
U. 1et,1 loeet ef air III kilA at i!litwl ce .. 11ii1.--

2U :IC 25.45 ........•.......•..••...••••.•• • 
J4. Yet,I loeat •f ai• itl kill'I et final ,..,oliti--

142 x s,r.s ............................... .. 
IS. IINt ••• iot loil" ek-75.472 - 7.'202 ••...•••.••• • 
H. Neat ""'"'.., le tain ..,.,., ifl hleclr 100• F.-

6,SS2 X 100 X 1.0 ............. , ........... • 
17. NNt ••""°'•ti t• ,aiM ci .. eert iti Lil11 100° f.-

51,tff )( 100 )( 0.11 .....••••••.•••••••• , • • 
H. HHt n11w•• to ,aito tlffl ioi a.11a 100• f.-
. :,t,20I :IC 100 X 0.12 .. • • • . . . .............. • 

6,5$2 lb. 
5'0 cv. tr. 
new.fr. 

673cw,fr. 
4 500 c:11.ft, 
:,,827 .... f1. 

u.s .... ,, . 

5:11.S .... 
'lllllt. 
142 llt. 

7,202 lh• 

75,'17a lh1 
61,21191v 

'55,200 .,. 

1,0t.l,'125 ltv 

470.SOO ltv 

19, Tetal ti.at el 6'yllitatieA •f ""'"'' (Mwm•tiJ •••••. • 110 ltvllla. 

2D. "··· "'° ....... , ............. , ·-· . . . ....... -
INh _, ••- , • ...._ ... iot lr.iln-1,172 + 2S •••• • 
1...a -.i.. el ........ •-•~ io1 lilll'l-75 X 94 • 
, ............. ,, .. ,.,'- 7,050 >C 110 )( o.,s .... • 

!H. aa. tlfffHn Ccei-.. waUt -.4 flea,) calcvl,tt•• 
l9....., ........... _.,_ •• ,th ., 2H. 

1ta...i- .......... , ............ • ........... = w..-..., liil• tvrface lioat,tl-400 X 144 ••• , •.• = 
22, tlHt elt....-.1 lry k:I. ..,,facH-

UOltv/lb. 
u ...... 

7,0SOlb. 
4 ... ,,so&t11 

17,600 X 100 X 0.1' ..... , ................ = 1,0,4,400 lt11t 
22. Y•tal ...__, n111----•• elttaillaltle by •diili .. 9 

..._ Ne. IS, N•• 16, He. 17, H•. 11, He. 22. 

................. if•• He. 20 thew" aw f•llewt: 
61.211 + UUOO ➔· I.0'1,4H -I· 4170,SOO 

+ l,ot4,400 - 444,150 ••..•..••. : . ..•••••• = 2,toJ,64' 1111 
24, If.,._ le11tperahH"e riH k H-4 te •• '°• f. 

,- a-..,, it will uh l.'7 lle1H1 te ea1att11 e , •. ,. ''"' ........ ,. ""· 
U facten from ASH 011111 VE. 1951 G11itl•. 
11--'-0.1 1,11111,., ....... , •• , ••• ,,.,. eifleronce, 
f....-0.I lt11/li,.I~. 11./lli•w. t1111p, lliUere .. c•. 
w.-....0.•1 lt11/h,.l,11. h./lli119 ...... , • .i;u., ...... 
M""' .. ....,.,'"• • 100• f. + 1.67 • 60• P. 
lleel ••-1.5• X I' • 600 ·~• ft. 
flM, .-71' X 1• • 600 ~• ft. . w• .....-1S' X 7.5• X :I• 1,12' •Ill• ft. 
lacll .... _.. X 7.S' )( 2 • 120 .... ,,. .• 
ltNf ltMt k11-600 X 0.1 X 1,67 X &O . . •••••• • 6.000 1111 
,,._ loeat &.11...00 X 0.1 X 1.67 X ~ ....... • UIOO ltv w• .._. a.11-1,us x·o.41 x 1.67 x '° ....... • 11,1•1 a, .. 

f.-.1 H••t l•tt . . . . . . ............... ~.i;"a1~ 
u ........... , , ... ---· •• , ... e ........ ,_, ,,c1-

2,n5,M6 + 62, 1•7 ......................... = 2,Hl,792 1&111 

Tcr.l111ical l\'otcs 

SUPl'llMlNl.lRY D.O.lA 10- SANO-G-IIAVH UNITS. 

Mold•d "'••gh1-◄ 0 lb.: dry ..,.;~t,1. JB lb. 
lhen-
Item No. I L•,omu 1.172 X l8 
lie"' Na. 4 buom .. 1.17:I X 7 
hem No. 16 bocemH J.H<I X I 0 X 100 
ll•m Ho. 17 buofflH 71.136 X 0.19 X 100 
Yi .. ld of blorl,/aaclt of ctmertt 
, ... ,., No. 20 buome, 1,872 ,;. JO .. 
lolll w•i9h1 of omo11t conh1n1d in 1,iln-

.= 

71.ll4 n.. 
l.74◄ i.. 

l74,400 llu 

l.lSl.$14 ltw 
lO-ite 

n., ..... 
£2.4 X '14 .... , . . . . . . !,IU Ill. 

Tol•I .... , ., l,yd,.,i ... -s.us X 110 X O.ls l69.S~ ltv 
11 .. m No. ll. To••I heat ftquiremtnll oLt•ined l,y 

1Jdinv ium, No. U. No. 16. tlo, 17, No. II, 
No. 2:Z lheR 1ub•ractin9 it•"' Ne. 20. •1 follow.: 

61.271 + J74.400 + l,l.Sl,514 + 470.SOO 
·t- 1.0,4,400 - lt.9.500 .................. = ,.,,,.1Ss 1111 

lta111 Ho. 2.S buomH :l.9'4l.2SS + 63,147 ...... = :J,D62,6011111 
lho,ofore. tot•I heat nqv;,._,...,." fer .... ., .. _ ""• .,c1. . ; ..... : ....... : ................. = 3,062,402 ., .. 

AVHAGE WEIGHT OF VARIOUS SUI\STAHClS PEIi cua,c ,oo, 
,. .. ., • .,. w.;1 ht 

MAUIIIAlS Por C11bic foet: u._ 
A,het-1.i•vmineva lp•ckeol) •......•••••••••••••••• , 4G-4J 
A,ha-•ntluoci•• (puii••I . . . . . . • • • • • • • • • • • • • • • • • • :to 
lrich-•m"'•" . . . . . • • • • • • • • • . . • • • • • • • • • • • • • • • • • • • 120-125 
l1i1k-,,r•n•d . . . . . • • • . • . • • • • • . • • • . . • • • • • • • • • • • • 1 SO 
Inch-fir• ......•• , •.••••• , •.••••..•••••••••• , • • • ISO 
c,-t-portbnd (per .. ,.1 . . . . . . . . . . . . . . . . . . . . . . . . 94 
C■-1-portl•nd lptr h•rr•O . . . . . . . . • • • • • • • • • . • • • ::t76 
C••.,.•-P••P•••• r.t0,1ar (pet aad,) . . . . . . . . . . . . . . • . • 10 

· C•-•O-,••P•••• "'•n•r lp•t 11.ornll • • . • • • • • • • • • • • • 210 
Citul•ra-ai11,mil'IOVI • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • SS-70 
Cel,• Clo•wl . . . . . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2WS 
Cencrote-Hon• . . . . . . . • • • • • • • • • • • • • • • • • • • • • • • • • • • l :JO.I.Ml 
C•nc,ote-cinder •.•••••••••• , •••• , • • • • • • • • • • • • • • • 100-110 
C••l-nthrHile (loe111I .••..•••••••••• ·••••••••••••• 47•51 
Ceol-l.i1wminev1 (le•tel ...•..••••••••••••••• ••... 40-$4 
fin cuy ••.••.•••••••••••••••••••••• ••. •• ••• •• • • IS 
c;, .... 1-11,., . • • . . • • • • • .. • • • • •• .... • • • • • • .. • • • • • • • 100-112 
Gr,wel-w•I ••...•••••••••••••••••••• •• ••• , •••• •• 1 \S-115 
li__.,yolr•teol (SO.lb. auli) •••••••••• •. • •• ,........ 4S 
,;_,.,, •••• ll••H lwmpl) • • • • • • • • • • • • • • • • • • • • • • • s:a 
u-.. ,lek•ol (lhal.e .. k1111p1I , •••••••• • •• , • • • • • • • • • 75 
Li111Htane laolilli) • • . • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • 14S-110 
u ...... ,.. (cru,helli) • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • t0.110 
Marble • • . . • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 16S-IJS 
Mettat-li,ne h,ett • • • • • . • • • • • • • • . • • • • • • • • • • • . • .. • • • 10:i 
Me,._ ........ , ,,.o , , ............... • . . . . . . . . . . . . ,,-100 
tla•r ef pui, O•eP) • • . • . . . • • • • • • • • • • • • • • • • • • • • • 60,.,10 
0 .. .,., ...... : ........ 1 ......................... 10 
Satttl_,.,., Cl••••I . . . . . . . . . . . . • . . . • • . . • . . . . . . . . . . . . to-112 s................... . ..... , , . , . .. . . . .. . .. . ......... 111-1~ 
S1tttl11te,,e Cle•••t ................. •......... •• .. • \00-110 
Shale Cl••Hl .••... , , ••••• , • • • • • • • • • • • • • • • • • • . • • • • IOS 
Sl.t11-fwrnH• . . . , •• .'. • • • • • • • • • • • • • • • • • • • • • • • • • 70-IN 
St-c,uthelli . . . . . • . • • • •• • • • • . • • •• • • • • • • • • •• • • • \00-110 
Water . . . • • • . •• • . . • • . • . . • • •• • • • . • • • . . . • • . 62.S 

~INSUUTION fOlltMULAS 

A,ea ef liul• 
Ar•• of ,,1;,.,,1., •urface 
...... , .. of ,,1; .... , 
..... ef , .. , .... ,. 

• •IIM•• ef tliemelot X 0.7854 
i:I ci""""f•••"co X len91h 
• cit&11..,f•••"•• X len91h plut 2 ... 111 ,,.., 
•""'9th X b,uath ·-•·' ..... ;..,. • •n• ef dtclo X - ·• ·· · · 260-··-·--A••• af teeter 

Aroa el '""•"' • - ei■• )( th• ••her -'•• 
ANNI el 1ph- • ......- ef lli••-ter X :l.1416 
A,ee el trl•••le • NN X Va 1ltit11tile 
Cir-f•r11t1co •f 1wcle • •ia-tet X a.1416 
Ci,ltlt ce .. 1 .. ,11 ef a 1yliMler • area •f h•M X llltlt1h 
U..-tllt' •f ci,de • ,...,. X 2 
Di.,e-1 ef a 1qware • - ...i. )( 1.414 
V•'- ef 1 1phere • fttM el oll,m•ter X 0.5226 
Ye"""'8 •f • cofte • eltih,tle )( Va aroe ef haM 
"" ., • , 11 .. ,. • ~,_., x 0.1011 
SIHfNct ef O CWM IO OIWA ef •11e fH• )( 6.0 

CONVERSION tAILH 

Aro. 111 .... i. .... 
M.lti,,t, If T• Ollt1in 

An••• .................... •J,J,60 •••••..•••••••••• ~--••~--
4,'40.8 .. , .............. s111- ,•••• 
o.0011,2s •.••••••••••••• s111-"""" 

5ci.,.,. ,;.,h•• •••...•••••••• 0.00694 ................ S11111ete fftt 
0,0001116 ..••••••••••••• 511va•• y•NI• 

S41vwe f■tt ............ ,. .. 144.1 ................... sq .. ,.i,.c!.11 
0.1111 ................... s ...... , ... 

s..-. , ... , ............... 1.m.o ................. s .......... a... ,.o ..................... s.i .... , ... 
• 0.0002066 •••••..•••••••• Aue• 

s.i ....... i. ................ 640 ....................... .... 
.... E11t1HW1MNtU 

- ~"~"!r ., 
, .. ,ha, .••..•.••••••••••• 2.J4O 

o.am 
0.12118 
O.OU4 
O.oclOOJH 

feC>llkia , ....... .... , .. . , .... . 



: t 1 Tcd111icnl t.'nfrs 

, ........ . ............. 1'2 ............. ln,h•• 
........•..... Yudo 0.llll 

D.lO<ll .•••••... M•le,o 
0.000300 .............. kiloMet.rt 
0.000IIU .......•.••.. Miln 

T .. ,t!la . .................... 36 ...........•••.•••.. ln,h•• 
:I ................ ,. •• 
0.9144 ................ -M•l•n 
0.000,144 ............... l<iro .... ,.,. 
0.000.U.12 .... ....•..... Miln 

Mil••· . . . • . • . . . . • . . 6l.::U,O.O .........••••••. lnche1 
S,'JIO.Q ........•.•.••.. 1••1 
1.1,0.0 ................. y.,., 
t,60t.O M•l•rs 
1.609 ............ ICilom•l•n 

1Cilo-'9rt. . . . . . . . . . . . . :>?,:170.0 .••.. , . . . . • • . . . lnchu 
:J,211.0 .............•.. . , •• , 
1,09:1,6 .........•....... Yanl1 
0.6214 ................. Mil•1 

Fn.f pw Mi"••.. • . . . . . . . . O.OU,67 . ................ h•t per .. ,. 
0.01136 . .......•.....•. MilH pa, lu, 

hol per Sec. ............... 0.6111 ................. Mil.-.,.., hr. 
0.0IJ::J6 ........•••••••.. MilH .... ..,; ... 

M.,i..,, ly Yo Oltt1itt 
lvtl,elt . ..........•....... 2.1 S0.42 .......•••••••.. c.,~j;i;;"1,-;;-

l .2444 ..••..••••••••••• c.,Wc I••• 
0.046l ·. . . • • . . ••••••. c .. ltic ,.,.,, 

CvWc Joochot ••••••••• , •• , •• 0.0004t.SO ..••.•••••••••. lulhela 
c .. w. ••••· ................ o.10~ ....••••••••••••. '"*'' 
c.w. ,., ••............... 21.70 ....•• , • , .......... , ... .. 
CwWc i..,11., •..••.•••.•.••. 0.0001717 ..••.•••••••••. Cvltk fHt 

• 0.0000:1143 .••••.•.• , •• , . Cvllic y•r•• 
CwlMc lo•I , • , .•.•.••••.••. 1,721,0 .•• , ••••••••••• , • Cvltic inches 

0.03704 .••.....••••••••• , ...... ,., ... 
CvWc y•r•• •......•....... 46,656.0 ••.•••.•••••• , •. Cvltlc IAch•a 

. 27,0 . . . ..•••••••••••. Cultlc I••• 
Cullie i,,cl>M .•......•.•••.. O.oo.e:,29 .....••••••••••. Gall-• 
Cul,ic I••• ................ 7.411, .................. Gall-• 
GellelK ••••.....•••••••••. 2:u .0 •.••••••••••• , •••. Cull&a iolchoa 

O.l;a37 •••••••••••••••••• Cvfaic foot 
4 •••••••••••••••••••••• QMft1oji411VHI 

wa,..-v.111- ..... c., .... ., lqvi•aloRtt 
M.....,.,., ly 1• Olllllaift 

c.,w. .... ,., Mttit ........... 472.0 •••••••••••• c.w. '"'· ... , -. 
0.12a ........•.•. o.n.., ,.., .. ,. 
61.AJ .•••••••••••• P--.11 water,.,"'""• 

CvW. feet,., Sec ........... 0.6663 ........ , ... ~ 9al4- ,..., ••r 
4'1.a;n .........•. o.a....,.. ..... ,..,., w., ................. 0.02,so ..•....•.. _,......,...,... 
0,1126 .. • • .. • •. • • .ht1hes-N1fH'f' 
62.AJ ............. , ........ ., 141f• "· 
0.4»J .•.•..••. , •. , ......... , ........ 

c..a.-, •f Wtte, ..•••.•••••• l.'4~ •••••.••••.. ,._.., watot" 
P....i. .................... O.l2 ........•••••. Ga,-. 
GaS......, Mui. •••••••.•••. 0.002221 ..••...••. C•W. fHt ,.., .. ._ 

1.0201 ............ c.w. , ... ....- lw. 
6.00l6 ........... ,_ wator per 24 t.,. 

Uteft ..................... 1.000.0 .......... CvlHcffftfiMot-
61.02 ............. Cvltk iftchos 
0.2,,2 .•••...••••. O.U...1 

p..,.._ w .................. 21.,11.• •• •• .•••••• C•W«Mcito, 
0.01,02 •••••••••.. c_,w, '"' 
O.llta .••. ; ....••. Go,-. 

,.,.. ,-, MilliN ..... .' ..... t.OH4 ............ G,._ ,-, 9111" 
•~ ......... • .. ,._..,'"" ... .u..- e•L 

MillllliN o.u.... ,., 24 "'·. • . , .,◄122 ••••••••••• c_,w, , ... '"" .... 
TNt Watw ,-, 24 Hr •••••• U.:a» .•••••••• •, ,._.., wator po, w. 

0.16643 ••••••• , ••• CHIU...,,., MNI. 
.~ •............ c.w. .... ,., .. ,. 

C..._ MGIII ••••••••••••••• O.OUl7 ••••••••••• P.-. .. ,, ... ~ •. 
c.lok ..... '" •••••••••••••• '2-42 ••••••••••••• t. .... •C.••J 
, ....... , ......... •. •.: ••• .0.01602 .•••••••••• c .... , ... 

0.-.................... 0.9641 .. •••••••••••• : •••••• <., ... 
0.002216 .•••• · •.•••• ~ ••••.•• o

........................ 1S.4H .•....•••••••••••••. G.Na 
1.02'3 ......•••.•.•...•... 0-

• 1.0022os .•••••••••••••••••. ,.-... 
0-. ........ · .•...•. , •... 437.S ......•.•••••• : ....•.. G••• 

2US ••.•...••••••••••..••• Chant1 
O.OQS ..........•••...• · .... P._.., 

, ......................... 16.0 ............. ; ......... o-
7.000.0 ·········•••··••· ... Go. .. 
.s:1..i, . .................... Gt-
1.4.136 ..................... acu..,. ... , 

~ .......•..•.•..•• 2.201 ............•...... .. ,-... 
· o.oonn ....... : . ....... :. . ,_. 

, .................. : ••••• ,01.2 .•••..•.••••••••••••.. ec.a..,-. · 
2,000.0 .................... ,-.,, 

~ leR .••••••••••••••• t .ooo ..................... ec.a.., .... . 
2.,204.6 ......... .••..•..... ,--.. 

'..!·IG Tccl111icnl Nntes ----------- ------------
f nn11y ... .i , ...... ,~.,··~'•"'· 

Mulli'-pl...:.y _______ _ !Y ________ .!!_O!_I•~~ 
Fool round• .. 
fool ra .. nch f'•• S,ec. 

. a, ........ . 

ltv. per Mifl. . .. 

0.001':IU...... &111. 

0.0011111 . . . . Hon•p•w•• 
111.2 . . foel•p1>vAli1 

0.000:ltlS. . . . . . Hon•P•••,....•vn 
0.0003930 ~ . . . . . . K1l••• .. _..••n 
I.I .............. Calo,iu 

....... 12.96 ............ Foot pe.,,..i, .,., tee. 
0.02:1$6. , . . . . . . . . Han•powu 
0.0l7S7 ........•.. Kile•1111 
17..S7 ..•......••.. w.,u 

c .. 1.,; ...... ........ . 0.003961 ......... 1, .. . 
Kilo.,.111 per II,. . :,,u:,.o . . . e, .. . 

l.:l4l... Horupo.,.,.1,, • .,,. 
Walt•Houn...... .. .. . 3.4\S......... 1111. 

Hon1pow•••He11n .......•. 2.:SOf.O ••.•..•..•. 1111. 
'H•n•powH. ,' .........•.•. 5SO.lt .......•.••. feet•,-"•• .,., .. ,. 

0.7.e57. , •......•.. Kil•-••11 
745.7 •.••...••••. Wat11 
2.~4S.0 ........... a,,.. iatr hr. 

loil•r Hon•p•wer: .......•. ~.471.0 .......... It•• per hr. 
It•• llhiti•h fnarffl•I Unit) II the 111u•111i1r of hut ••11vttffl •• ••• .. 

I lit.••"'' I ••O• F. 
,,,,,_ lq.»••101111 •t S.a Ln•I 

M .. leiply ly T• OWOM 

A,_,, ... ,...... . .....•.. 76.0 ..••.......••... CIR .• , ..... ...,. 
''·". . . • . . . . • . . . . . . '"'''"" ., -wy ::a::a.,o. • • • • . • • • • • . • • • , • ., •• •• .., 
14.70 ••••...••••••• ,.-.. ........... . 
1.0H ..••...•.• .' ••••. T_, ,.., Ml• 11. 

CORtimaten Mom,ry •.••.... 0.01316 .............. A,__,..... 
O.◄.e61. • ..... ·• ... •• hot.lwa.., 
0.1934 .............. ,. ..... ,.. .... NI,, 
27.IS .•.............. Po-.lt pw Ml• 11. 

IRaM• M•rc11,y .••.••.•••••• Cl.03J43 .• • • • .•.••• •. At__,..... 
1.1:14 ..... , ............. , ...... , 
0.4912 .............. , ____ ...,. ....... . 

lnchet Water •.•...•.••••• 0.0024S6 . ..•......... At_..,._., .. 
0.07J4t . ..... ; ....... Jndwa.f ~ 
0.0:1609., .. .............. "°' "1111· ;... s.,, ........................ .,_ .... fe. 

p .... 9 ,.., '41. a-. .........• OM804 .............. At.....-
2.ao7. ••··· .......... , ... ., ... .. 
2.8>6 •••..•.•.•..•.. ,,. ...... ., -cv,y 
1.wi . ............... , ... '"" .... fl. 

,_. .... , '"· ft. . •.....•. 0.01601 • ............. , .... , ...... . 
,_,... 111. ft •••......••• • 12.lt . ........ , ...... ,__...,..Ml• .. . 

. e.J4JM .. • • • ........ Al__..,.. 

Computing Sizes of Bins and T.tnk.,-Conl.:iinn-s for 
dry mntcrinls such as sand nnd gravd nrc usually cillc..'ll 
"'bin.,.~ nn<l their c:-npncilics nrc givt-n in cubic !L'1.-t. cul,ic 
yards or tome. Containers for liquids such :i..s wnter or 
oil arc cnllcd •tnnks· nnd their cnp:icitics ;m: ttivcn in 
gnllons or barrels. 

Uitis of n rcctan~ulnr shape arc usunll)' i,rrf &.-rred by 
the industry lwcnusc this shnpe fonds it5clf best to 
space s,wing. 

Followin~ nrc formulas for the volumes of ,-arious 
shapes of Lins and tnnks: 

L = l<-nRth in feet. 
B = hrcadth in !cc..-t. 
H = hci~ht in foct~ 
v = volume or ca1>ncily in cubic Ccct. 

V = ,•olwno or c:1pacity in aibic )'nrds. 
W = weight in pounds ~r cubic foot. 
T = capncily in tons. 

. ........... ai.. • •. 
Equation 1: v = L X n X H givc.'I cnpacity in cu. ft. 

D V LXBXH . •ty.t.- d ..-.: = ----- gives capnCl m cu.)' • 
. £1 

.... 
LXBXlIXW . . 3: T = ....., ______ gives cap. m tons. 

.27 X 2,000 . . 
Problem l . 

Whnt i.-. tlic cnrmclty of a rcct,u,gulnr hin 30 ft. long. 
20 ft. wide ond 10 ft. high? 

From Eq1mtion 1, v = 30 X 20 X 10 = 6,000 cu. ft. 

From Equnlion 2,. V = 30 X 20 X lO = .,:,:, 1)4) cu. )'U. 
27 

If matcrfril weighing 3,000 Jh. per cubic )·:ird is to be 
stored f n a bin of the above dimensions, how n1.-ut)· tons 
will it hold? 

From F'.d'1u:1tion 3, T 00 X 20 X 10 X~=3-'l3..33 
• 27 X 2,000 tons 



Tcc/111icnl Nutcs -------
leua11oulor llina ..,,,;, Slopi119 lollom Sechont 

Tlil! size :iml style of bin for hnldi1111 ng~rc~:ttc :ire 
~ovc:-mcd 1.,y tl11: nq:ds of llie plant .:ind the :;pace av:iil
ablc. 

A com·c11tin11al style of bin is 011c i11 wliicli the upper 
p:irt has vertical sides. whill: Ilic siJes of the lower 
section converge to :t control orifice. The pitch of tlic 
sides is such th:-it tlil~ inatcri:il flows frc:l·lv. 

Cousid<·r a l,i11 lhl· tnp ~(•dion Cl! wlii;:h mcnrnrcs 
l:l!i ft. in hoth lt:11!,!th aml width Ly i fl. in hci~ht. The 
lower st•ction is lnpc-rcd 11nifom1ly on all sides to a <li
mcnsion of l½ ft. square at the orifice. The heiizht of 
thi~ section is nlso i ft. What is the totnl capacity of 
the bin? 

. According lo thr. t>rismntoid formula: 
v = ~1i en + H, + -1 ~o 
Where V = volume 

h = hci~ht 
B = nrca of top 

n 1 = :irea of hottom 
M = arcn of the cross section nt micl-hC'ight 

and p:uallcl with the base and top 
C:\lculation of top :i;c<:tion: 
V = 13.S ft. X 13.5 fr. X 7 ft. = 1,275.75 cu. ft. 
Calculation of bottom s<-ction: 

H = 13.5 ft. X 13.5 ft.= 182.2.5 sq. ft. for top area 
H1• = 1.5 ft. X 1.5 ft.= 2.25 sq. ft. for orifice aren 
. ~f = 7.5 ft. X 7.5 ft. = 5G.25 sq. ft. for average 

center nrca 
n,crcfore: . 
, ·Volume= !th (B + n, + 4M) or 

V = ¼ X 7 (182.25 + 2.25 + 225.0) = 7/0 X 409.5 = 477.75 C'U. ft. 
Adding the: volumes af hoth sections of the bin (round 

numhcrs): 
· 1.210 + 476 = 1.75-1 cu. ft •. 
1.,s., + 2,; = 61.!JO , .... ~·,I. t·ap:aC'itr, 

l'mMcm 2. 
It is dcsirc..J to slorc 100 tons of material weitthing 

2.,000 lh. rx:r cuhic )'artl in the: t-ud of a huildini.t 20 ft. 
of which is nvaih1hlc for lhe length of the hin. Shnfling 
ovn-hcad limits the hcii:tht of the bin to 8 rt. How wide 
must the bin he mntle? 

From l~quation 3, 
100 20 X ll X 8 X 2,000 5.926 X n 

27 X 2,000 
• . 100 · 

U =--= 16.89 Ct., or 16 ft. lOY.a in. 
• . 5.0:lG ,. 

JI = Height in foct. 
D = Diameter in feet. 
v = Volume or cnpm:ity in cubic f rct. 
V = Volume or t'npncity in cubic ynrds. 

\V = Weight in pounds per cubic foot. 
T = Capacity in tons. 

Equation 4: v = .i651 X D' X II gives cnp. in 'tu. ft. 
r.... . 5 V .7S.SI X o: X H . . . . I 
....,.uatmn : ::::: :rt gives cnp. m _cu. ye • 

. .7S.'S4 X n=·x II X W . . 
Equatmn 6: T-= --------gives c:ip. m 

21 X 2;000 tons 

l'rol,lcm 3, 
What is the cnp.,city of :i crlindrical hi11 10 ft. in 

diameter nncl 20 Ct. hiith? 
1-•rom Equntion'4: v ~ 0.07854 X 102 X 20= l,570.Scu.ft. 

r. 1i'.... • 5 V 0.78S4 X HP X 20-ss 18 · I ,•ro~,.!,..1Uatlon : , 
27 

- • cu. )C. 

Problem 4. 
It is dt-sircd lo lmild :i crlindric.-.11 l,in 20 Ct. high with 

111 C"Att:u·it~· nf SO Ions o( material ,wi~lains~ :2,iOO lh. per 
c.,1ltic.• r-ml. \\'11:11 ii. thr cli,lllll'Ct'r of tlae hiu? 

250 Tcclinir:al No/cs 

0.765-l X I):.: X 20 X 2,iOO 
From Eq11alio11 o: 50 = ---··-------

27 X 2,000 

50 = 0.i65·1 Xu:: 
D: = 50-+- 0.7851 = G:1.G5 

DiamC"tt•r = i.9S ft. 
lluta11911IH la11h 

The vol11111c of a ta,ik is c:tlculalcd in like manner ns if 
it were n bin. TII(' c·ap:1city in ~allons is the volume in 
c11bic feet 111ullipli1·d l1y 7..18 (11111nlu.:r of g:illons in l 
C\I. ft,) 

L = Lcnl!lh in feet. 
B = Bn:~cltlt in feet. 
H = 1-Ici~ht in fce:_t. 
G = Volume or c:tp:icity in r,nllo11s . 
Ba= Volume or capacity in barrels. 

Equation 7: C = L X n X H X 7.48 gives cap. in gal. 
L X Jl X H X7.48 . . 

Equ:ition 6: Da = ------ gsvcs c::ip. m bhl. 
42 

Problem 5. 
How m.inr ~nllons will a tank 10 Ct. long, 6 ft. wide 

an<l 4 ft. hi~h Jaolc.J? 
Fi-om Equ.1tion 7: C = 10 X 6 x 4 X 7.45 = 1975.2 gal. 

Cynurical i.,.1,, 

II= Height in feet. 
D = Diameter in foct. 
C = Volume or cnpncily in gallo'ns. 

Ba= Volume or capacity in barrels . 
Equation Y: G = 0.78:i4 X D2 XII X 7.48 gives c-.ip. 

• . in gal. 
0.7851 X n: X I( X 7.48 . 

Equation 10: na = __ _,;,,.;...._~--- gives cop. 
42 in bbl. 

7.48 gal. per cubic foot 
42 gal. per bnrrc) . 

Belts and Pulleys-The Jpced at which a machine is 
· · operated matcrfally nff ects the qualit)" and cost of pro

duction of the product. Correct speed is dcsir.ible nnd 
is d,•1x•11clc-11t upon ,·itri:lhlc: comlitin115, which conditions 
must he studit'<I cnrl'f ully in ordt•r to ohtnin ;m optimum 
of c•ffic:icnc,· from the machine. The £ollowi11~ data give., 
a g~n-mJ outline c,f }lrOCt,."Uurc.. . 

To Dt'lc.•rmine the Spc,:d of a Uclt. 
11u: circumforenec of drMn~ pullcw in fc.'1.·t 
nmhiplicd 1,y the munbcr of rc,·olulions per 
minute = Foot s1x•c.'<I per minute. 

To J),,.tcrminc tlH.! Appro:dmate Lcn~Lh of Delt Re
quired. 

The sum of the diameters of both pulle)'S 
dhtidc.-cl lw !?; nnd this result multiplied by 
3.1410; 11lus twica the dist.in~ in iuchcs he- . 
tw..-cn the ccntrr of the ahaCts = Lc:m~lh required. 

To Dctr.rmine the Diameter of Driven Pulley. 
Whc.-n the laorsc1>0wcr nnd wic.lth o~ belt are 
gi\'ffl. . 
a. 11,e horsepowt•r multiplic...J by the con• 

stnnt nnd 
b. 1'hc rcvnlntious of the pulley multiplied 

hy width oC lmlt 
Then the result from (n) divi,k-d b)1 the result, 
from (h) · = Dinrnctcr of pulley 

ar: 
Diamutc.•r uf pulJt.,• on dri\'c shaft multiplied 
b\· ils numhcr or r<'\'Olutions. 
1ilis prodm.·l dMllc.-..1 hy numhcr of rc\·ulu• 
tionll on ,h;,•c-n pnllt•y = l)famclcr of pullc)· 

1'o dctc•rminc \Vidth of llt-lt for Gh·c.m llurscpowt'r. 
a. I lorM~1,owcr multipli,'<I hy c:onstnut 
b. Dfomctc.•r of clrh·,•n pullc)• nmltiplic.~d 1,,.

numbc.~r of rc,·olutious 
11,cn result Crom (;I) dMck'tl h)• the rC'Sult 
from (h) = Width or hclt rt'('Jtiir~. 

To Uctcrminc the Jlor:.c-powc.•r a Leather Hdt \\ 111 
Trnnsmit. · 

a. ~lultiply willth of hdt in inches hy the 
diameter or drh•rn pulley in inchc.'S 



'J'rrhnicnl Notes 

l,, Hcsult fro;1 1:.1) n111iti11li1.·ll l,v the rcvoiu
lions per mi,~ulc ,mu di\'iJc<l by lhc cm1- . 
st:int = l lorscnowcr. 

To D,:tcrmine Nu mun of lkvolutions oi D1 ivc-n iiullcv. 
Dimncter of pullcy on drive shaft multiplicJ · 
h)' its numl.rcr of rc\'olutio11s tlivi<lcJ by the 
<liamctcr of the pulley on <lrivcn shaft = flc\'S. of driven pulley. 

To D~lerminc the Circumference of :i Pullcv. 
Di:nnctr:r of pulley m1dtiplicd by 3.1•\lG 
uivitlcd by 12 = Result 111 f cct. 
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NEW ENGLAND ENVIRONMENTAL, INC. 
•ironmentol Consulting Services 

24 May 2001 

Ms. Gina Rustad 
Harding ESE, Inc. 
511 Congress Street 
P.O. Box 7050 
Portland, ME 04112-7050 

RE: Additional Information for Seed Specifications 
Stratford Causeway, Stratford, CT 
NEE file 01-1858 

Dear Ms. Rustad: 

New England Environmental, Inc. (NEE) has been retained by Harding ESE, Inc. as a sub 
consultant to provide specifications for the seeding and erosion control measures to be 
incorporated into the reconstruction of the Stratford Causeway. 

800 Main Street 
Amherst, MA 01002 

(413) 256-0202 
FAX (413) 256-1092 

A site visit to the causeway was conducted on April 24, 2001 by Karro Frost, Senior Botanist, 
and myself to identify the plant species associated with the causeway, particularly at the elevation 
which will require future seeding. Since the Housatonic River is tidal at the location of the 
causeway, particular attention was focused on those plants which can tolerate salt spray, and 
occasional innundation by salt water. 

Our :findings indicated that the areas exposed to daily tidal fluctuations were restricted to the 
lower elevations in the location of the stone rip rap. The dominant plant species found in this area 
was salt marsh grass (Spartina alterniflora), with salt marsh shrubs along the upper boundary (i.e. 
Jvafructosa). Salt tolerant shrub species such as Myrica pennsylvanica, Clethra alnifolia, and 
Rosa rugosa were also found along this tidal zone. 

In the upper elevations of the causeway, we found a variety of both cool season and warm season 
grasses, most of which are not particularly salt tolerant (e.g. poas and clovers). Willow trees and 
shrubs (Salix spp.) which are also not salt tolerant were growing very vigorously. Based on the 
existing vegetative cover on the higher elevations of the causeway, it is our assessment that an 
erosion control seed mix composed of both warm and cool season grasses, with some moderately 
salt tolerant species, would be required for this site. It is our opinion that a 100% salt tolerant 
species is not required. 

It is preferable to establish the seed during the Spring months so that the plants can be well 
established prior to the onset of winter storms when severe erosion is most likely to occur. We 



NEW ENGLAND ENVIRONMENTAL, INC. 

Ms. Gina Rustad -page 2- May 24, 2001 

have recommended that the seed bed be covered with a 100% biodegradable erosion control 
blanket composed of 70% straw and 30% coconut fibers. A recommended mat is Bon Terra 
America ENCS2, or equal. This erosion control blanket is intended to hold the soil in place, 
provide additional moisture close to the ground surface, and protect the young plants while they 
are becoming established. The recommended biodegradable netting will not interfere with future 
mowing. 

Should the construction schedule dictate that the seeding will not occur until the Fall, it may be 
necessary to place a permanent erosion control matting (turf reinforcement mat) over the soil. 
We recommend a non-biodegradable mat such as Landlok 1060, or equal. The installed mat is in
filled with topsoil, and then seeded and covered. It is likely that additional over-seeding the 
following spring will be required as the young seedlings are not likely to survive winter storm 
events. 

An advantage of using the selected seed mixes is that the top of the causeway can be mown if 
desired and maintained as a lawn for public use, or it may be allowed to naturalize. As a minimum 
maintenance requirement, we recommend at least one mowing each year, preferably in the fall, to 
eliminate any woody vegetation which becomes established. Woody species with long root 
systems can interfere with the underlaying concrete blocks and the structural integrity of the re
constructed Causeway. 

I hope that these comments are helpful to you. 

Sincerely, 
New England Environmental, Inc. 

Mi)-Marcus 
sefuo{ Scientist 
Certified Professional inSediment & Erosion Control 

MJM/sl 

F:\SHARED\LetO 1 \18581et.2.~ 
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APR.20.2001 3:11PM TENSAR EARTH TECHNOLOGIES 

Jf-·Tocltnologies, Inc. 

April 20, 2001 

Mr. Brian Johnson 
Harding ESE 
511 Congress Street 
Portland, ME, 04101 

RE: Test Data 

Dear Brian; 

NO. 0239 P. 2 

Jeff Fiske 
$(I/es RepnstHlcllive 

Co'1Stal &: Waterwa,v Sys,,ms 

5883 Ol~odge Drive 
Suite 200 

Atl!l.nta, GA 30328 
Tel.-404•250•1290 
Fax_404•250•918.5 

ematl,' }fi$~(!/)tensa.rcorp. com 

ln response to your e-mail message questioning the test data sent to you on April 19, 2001 the best 
response I can provide at this time is that r have responded to your questions in a qualitative 
manner as the limits of time and available data were prohibitive of a full quantitative response. 

► The modified version of the LA Abrasion test which was run was not intended to be 
representative but rather to be exaggerated. The primary purpose of the test was to measure the 
strength of the grid vs. the potential for damage due to ice flow and impact. To that end, the test 
indicates that the UXTRITON 200 grid fares well even in these exaggerated conditions. If it 
would be beneficial, I could copy you on the results of the strength testing which was run after 
the abrasion test. 

► The rebound test was performed on a single strand, thus the indication of 16kN vs. the 1 % 
tensile mod1.Jlus indicated on the cut sheet. The reason you only received one plot of one test is 
because that is all we ran for this particular test. As referenced in the letter, the overall change 
was a net .88% strain indicating that the grid rebounded almost completely overnight. 

► As to the 2001 GFR Specifiers Guide, Tensar has had issues with various test methods & 
whether thsy accurately reflect performance properties and felt that GFR was publishing 
daimed properties without appropriate steps to verify claims and assure consistency of reported 
properties. For this reason rensar has withdrawn from the GFR. 

► For materials published strength values and material va[ues for the baskets, refer to the 
specification sheets provided earlier, 

► TET's standard product warranty is attached. 
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Durability in a saltwater environment is a valid and important consideration in the selection of 
materials for tidal and coastal applications. Tensar grids are essentialry inert to saltwater and to a 
wide range of aggressive chemical environments and are therefore the material of choice in many 
such ca~es. Note that the previous users of Tensar grids for marine mattress type applications in 
these types of environments includes the USACE, the US Department of the Navy, the states of 
New Jersey, Georgia and Florida, and the Panama Canal Authority. Further, for soil reinforcement 
applications, FHWA documents the suitability of polyethylene and polypropylene materials in 
saline soils (see FHWA-SA-96-072); Tensar grids are the only soil reinforcement allowed (and are 
used extensively) by the Florida Department of Transportation for MSE panel walls constructed in 
areas which may become flooded by seawater. 

Let me know if there is anything else I can do for you. 

cc: Steve Maher~ TET 
enc: 1 
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Standard warranty as described in paraifaph 9 under Terms and C9nditions of Sale. 

The Seller warrants that the product supplied hereunder will be of good and workmanlike 
quality manufactured in accordance with applicable specifications. THE FOREGOING 
LIMITED WARRANTY IS IN LIEU OF AND EXCLUDES ALL OTHER 
WARRANTIES WHETHER EXPRESSED OR IMPLIED BY OPERATION OF LAW 
OR OTHERWISE, INCLUOING BUT NOT LIMITED TO ANY IMPLIED 
WARRANTIES OF MBRCHANTIBILITY OR FI1NESS, AND INCLUDING BUT 
NOT LIMITED TO ANY ORAL OR WRITTEN DESCRlPTION OF THE PRODUCT 
SUPPLIED HEREUNDER, ITS CHARACTERISTICS OR PROPERTIES. 

The Seller shall not be liable in any circumstances whatsoever for loss or damage of any 
kind suffered to or by any third party howsoever caused unless the same shall relate to 
property damage, personal injury or death arising out of the Sellers negligence or defects 
in products sold by the Seller. 

The Seller shall not be liable for incidental or consequential damages, including but not 
limited to, any lO$Ses or expenses or other damages directly ot indirectly arising from the 
sale, handling or use of the product or from any other cause relating to the sale, handling 
or use of the Product. 

In the event the Product does not conform to the provisions of the foregoing limited 
warranty or, if for any other reasons the Seller may be liable as a result of the sale, 
handling or use of the product) the Purchaser's exclusive remedy shall be and is expressly 
limited to repayment of the purchase price of the :Product or, at the Sellers option, 
replacement of the non-conforming product with a conforming Product. 
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00 
TENlillU'Technologies, Inc. 

April 13, 2001 

Mr. Brian Johnson 
Harding ESE, Inc 
P.O Box 7050 
Portland, ME. 04112 

RE! Triton® Marine Mattress for 
Riverbank Protection for 
Stratford Army Engine Plant 

Dear Brian: 

NO.0175 P. 2 

Jeff Fiske 
Sales Represemati\'e 

Coastal & Waten¥ay Systems 

sm Olcnridgr;: Drive 
Sui~200 

Ailanta, GA 30328 
Tel. 404•2S0• 1290 
Fa.x.404•250•918S 

em<1il: j/1Ske@tenspr~orp.cont 

I am writing in response to the questjons that have been raised regarding the suitability of the Triton 
Marine Mattress system for t..1se on the Stratford Army Engine Plant Causeway. The concerns, as 
stated in previous conversations, are primarily related to potential ice related failure modes for the 
mattresses and materials. Since you do not anticipate sheets of ice being either transported down 
the river or forming along the shoreline this response is geared toward ±6" chunks of ice moved by 
tidal river conditions with possiblewave heights of up to 3,7 feet. 

• Shearing of the grid; not expected to be a limiting factor in this anticipated use of the grid and 
the marine mattress system. This may be a valid concern if large sheets of ice were frozen into 
the mattress voids and then ripped away, but as noted above this is not expected to be the case. 

• Pressure against the grids~ This issue has been evaluated from two different aspects. The first 
relates to th@ potential for permanent strains in the grid caused by high pressures agaiMt the 
face of the mattress. In this scenario, the pressure against the grid would ca1.-1se a tension 
membrane effect in areas where the grid would be unsupported (between contact points of the 
stone infill). Tensile testing and strain measurements were performed on the grid to determine 
the rebound effect and to evaluate whether the grid would Su$tain significant long-term 
elongation in the case of excessive stress and strain. Tensile load was applied to a sample of 
grid to produce a 7.280/o strain, and the sample was then removed from the ten$ianing 
apparatus and allowed to sit overnight, then measured again. These measurements showed 
0.88% net strain, i.e. the grid rebounded almost completely overnight. See the attached graph. 
Further, it is noted that as ice pressure caused the grid to deflect downward into a void in the 
stone infill, the adjacent areas (where the grid would be supported on the underlying stone 
infill) would carry an increasing portion of the load. Therefore it is doubtful that such high 
strains wou Id develop in the grid. 
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The second aspect relates to the potential pressure at contact points where the grid could 
become pinched between the stone infill below and the ice above, Based on our experience 
with the grid, including typical clamping procedures used for gripping grid samples during 
tensile testing1 and considering the compressive strength of ice, this mode is not expected to be 
a limiting factor in this anticipated use of the grid and the marine mattress system. However, to 
limit the potential void size, it appears prudent to specify a maximum size Dso = 3 inches for 
the stone infill. Also note that the typical requirements for minimum particle size (2 inches) 
and maximum particle size (6 inches) would still apply for the stone infill. 

t Abrasion and impact loads (ice against grid): This mode appears to be the primary concern. In 
order to respond to this concem we have periormed testing on the UXTriton grid with ice in a 
setup typically used to run the L.A Abrasion Test. The setup for this test was modified In order 
to assess an exaggerated combination of abrasion and impact with jce. In a standard LA 
Abrasion test, the tested material would be tumbled together with steel balls in the rotating 
drum. In this setup the grid was instead used to line the drum such that the ice chunk(s) not 
only slid along the grid1 but also were lifted on the shelf and dropped onto the grid, pinching it 
against the steel wall of the drum, with each rotation. Although the test procedure was set up 
to be severe in comparison to the anticipated project conditions, and the ice (typical retail 10-lb 
solid block) was broken up by the test the grid sustained little or no damage visible to the 
naked eye or measurable by tensile testing. See the attached memo. 

In conclusion, based on the information available, the Marine Mattress System appears to be well 
suited for the intended use on the Stratford Army Engine Plant Causeway. In addition, let us fefer 
you to the repair procedures document provided to you last month. It is our intent to suggest 
materials and configurations that will perform and be forgiving to a range of anticipated conditions, 
and also to readily facilitate repairs as a contingency. 

I look forward to working with you as this project progresses. Meanwhile1 if there is anything I can 
do for you please let me know, 

Sincerely, 

tisk 
es Representative 
astal & Waterway Systems 

cc: Steve Maher, TET 
enc: 1 
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MEMO 

Date: 4/17 /01 

To: Jeff Fiske 

From: Andy Anderson 

Subject: Abrasion Tests Results, Triton 200 

To address the concern about the abrasion re.sistatlce of Triton grid to small chunks 
of floating ice, a modified L A Abrasion test was conducted by Qore Property 
Services at their material$ testing lab in Duluth, Georgia on 12 April. Control and 
"abraded" samples were tested tensile tested at our QC lab on 13 April. 

The test apparatus consists of a steel drum about 28 inches in diameter and 20 
inches in lengtha It has a small shelf, about 4 inches wide, attached to th.e inside of 
the drum. The drum rotates on its horizontal axis. In the conventional test used to 
test abrasion r-esistance of aggregate, the aggregate and 12 steel balls are placed in 
the drum. The materials are picked up on the shelf then dropped as the drum 
rotates and the shelf spills the materials onto the bottom of the drum. 

For this test, Triton 200 grid was placed around the parameter of the drum. A 1 0· 
pound block of ice, 4 inches by 6 inches by 12 inches, was placed in the drum. The 
drum was rotated 50 tycle~ causing the block to drop off tbe shelf and tumble on the 
grid. It took about two minutes to run the test. The grid sample was removed, 
visually inspected, and taken to The Tensar Corporation's quality control lab for 
tensile testing. Four wide width, (six ribs, 5.5" wide), tensile tests and three single 
rib tensile tests were conducted on the sample. A reduction in these properties 
would indicate the amount of damage inflicted by the ice. 

Visual inspection round no areas of physical damage to the grid. The ice block had 
broken during the 50 cycles into fist-sized chunks that were well rounded. The 
attached test data show similar stress-strain and ultimate strength properties for the 
abraded and control samples for three of the wide width and all of the single rib 
tests. One wide width sample, #3, had an ultimate strength of 107.8 pounds per foot 
whieh is about 94 % of the avefage value for the sb: con.t.-ol samples. The other 
three wide width ultimate tensile strengths were slightly hit:her than the control 
average. The tests indicate that Triton 200 grid is very resistant to abrasion by 
flowing ice and should provide a durable mattress in the expected environment. 

Triton Ice Abrasion Test Memo.doc 
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EXECUTIVE SUMMARY 

TENSAR® Geogrids niiinta1n their integrity after prolonged 
exposure to ul tr-a-violet (UV) tad1c1ti0n. · This is a result 
of the type, concentration and excellent di~persion of the 
carbon black additive pack;ge. 

Research by the Mitsui Petrochemical Research Center con
firmed IENSAR Product UV protection. Accelerated UV testing 
of teNSAR SS1, SS2 1 SR1, and SR2 shows no significant 
strength loss after 13t000 hours exposure in a carbon arc 
light ~ource weatherometer. 

Results of this UV/weatherometer testing are graphically 
attached. 

Note that 1000 hours of weatherometer exposure is equivalent 
to 1 year of outdoor exposure (Figure 2). 

The worst csse shows that TENSAR SS1 maintains 801 of its 
u 1 ti ma t e s t re n gt h to 11 ow i n g . 1 3', 0 0 0 h o u rs of ca r b on a r c 
weatherometer testing; whereas the SS2, SR1, and SR2 main ... 
tain their ultimate strength after 13,000 hours, or 13 year 
exposure equivalent in a moderate to heavy UV exposure 
climate. 
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hour) of polypropylene and polyethylene. 

Weathering of geogrid ma:teria.ls (Courtesy Mitsui 
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An Unique Opportunity to Assess Product Stability and Perfo~ance 

Donald G. B~ght, Ph.D., P.E., The Tensar Corporation 
; . United States of America 

C 

t 
}'. Mark H. Wayne, Ph.D., P.E., Tensar Earth Technologies 
~•f United States of America 

ABSTRACT 

In 1985-1986, the tallest reinforced soil slope (RSS) to date was constructed in Southern 
California as pan of a land development project for future home sites upon adverse geologic 
conditions, Uniaxial geogrids were used as the primary reinforcement, and biaxial geogrids 
provide surficial stability and secondary reinforcement. The slope and reinforcement was 
instrumented to monitor performance. 

The site was tevisited in 1997 to check instrumentation and record readings, and to 
retrieve samples of geogrid and soil. Geogrid resins and mechanical properties were 
characterized to assess change after 11 years of exposure to weathering and soil chemistries. 

The uni.axial geogrid exhibited no significant difference in properties between the 
weathered and exhumed samples, and current production. The high concentration of a soil 
transition metal found in the soil has had no impact on performance properties. There is no 
significant difference in properties between the weathered and CWTent production for the 
biaxial geogrid. 

INTRODUCilON 

In 1985-1986, the tallest reinforced soil slope (RSS) to date was constructed in the La 
Jolla area of Southern California as part of a land development project for future home sites. 
As reported by Chu and Poormand (1989) mass grading began in 1980 to provide building 
pads for residential home construction. In 1981, adverse geologic conditions w~e 
encountered along the steep natural slopes along the southern boundary of the site. These 
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slopes supported 21 rim lots and the only access road into the subdivision. Slope stability 
analysis revealed an unacceptable factor of safety which in tum led to the denial of a permit 
for the entire subdivision of 168 lots. A geogrid reinforced RSS was designed and 
constructe~ in 1985 - 1986, to save these 21 lots and support the access road. Additional 
details regarding the design and construction of the RSS are discussed by Chu and Poonnand 
(1989). 

Uniaxial geogrids fabricated of high density polyethylene QIDPE) were used as the 
primary reinforcement, and biaxial geogrids fabricated of homopolymer polypropylene (PP) 
provided surficial stability and secondary reinforcement. The slope and reinforcement was 
instrumented to monitor petfonnance. 

The site was revisited in 1997 to check instrumentation and record readings. A view of 
two adjacent, undeveloped rim lots is shown the foreground of Figure l with the access road. 

Figure 1. View North of Access Road and Ridgegate Development 

It was detennined that the instrumentation was damaged1 and thus no readings were possible. 
During survey of the undeveloped rim lots, a 1.5+ meter length of uniaxial geogrid was found 
extending out of a. southern exposed slope in-between two adjacent home site elevations as 
shown in Figure 2. It was then decided to exhume a length of the buried portion of the 
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weathered geogrid for evaluation after 11 + years of exposure. This paper reports the results 
of this evaluation. 

· ... 

Figure 2. Vie:w North with the Exposed Sample Highlighted 

PRODUCT RETRIEVAL & SOIL SAMPLING 

A close up of the weathered portion of the uniaxial geogrid extending out of the 
southern exposed slope is shown in Figure 3. Exhumation began from the front face 
northward into the slope as depicted in Figure 4 and yielded a contiguous 3+ meter section of 
uniax.ial geogrid, half weathered and half buried for 11 + yeag. The exhumed portion was 
replaced with cwrent production of the same geogrid. A bodkin bar was used to connect the 
remaining to the replacement piece of geogrid. Soil samples were taken during the exhumation 
process. 

Smaller samples of weathered biaxial geogrid were retrieved from the immediate area. 
However, retrieval of buried biaxial geogrid was not possible due to concerns with sufficient 
connection between the remaining and replacement pieces of biaxial geogrid to maintain 
adequate surfacial stability and secondary reinforcement. 

S3I8010NHJ31 Hl~V3 ~VSN31 
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Figure 3. Weathered Portion of the Uniaxial Geogrid 

Figure 4. Exhumation Process of the Uniaxial Geogrid 

ASSESSMENT PROGRAM 

An analysis of both the uni.axial and biaxial geogrids included resm, short-term 
strength, and long-term performance properties; 
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• melt flow, melt point, density, and carbon bfa.ck loading, 
----- ----•- strength @2o/~ 5%, and ultimate:, and 

• creep response. 

Soil samples were analyzed for pH, transition metals and dissolved iron, chlorides, sttlfides, 
carbonates, calcimn and sodium. 

RESULTS 

Tables 1 -- 4 highlight the resin and strength properties of the uniaxia1 geogrid. 

Table l. Resin Properties ofUniaxial Geogrid 

Resin Property ASTM Weathered Exhumed 1997 Production 
Melt F1ow (e.m/10 min.) D 1238 0,095 0.094 0.()90 

Melt Point e C) 136.0 134.5 135 
Density ( JllDI cc) D792 0.935 0.956 0.94 
Carbon Black(%) D4218 2.64 2.70 2.71 

Stren 
Load 
Load 
m· 

Stren 
Load 
Load 

Table 2. Single Rib Strength Properties of Uniaxial Geogrid 

GSI/GRI Weathered Exhumed 1997 Production 
001 40.8 40.5 39,6 

001 74.9 74.7 71.3 
ffil 126 127 129 
ffil 13.I 12,7 13.6 

Table 3, Jwiction Strength Properties of Uniaxial Geogrid 

GSI/GRI Weathered 
(l32 41.0 
GJ2 74.5 
(U2 126 

13.3 

S318010NHJ3l Hl~V3 ~VSN3l 

Exhumed 
40.3 
73.5 
121 
12.3 
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Table 4. Wide Width Strength Properties of Uniaxial Geogrids 

ASTM Weathered Exhumed 
D4595 35.8 32.S 

Load D4595 65.6 63,5 
m. D4595 105 116 
s D4595 11.3 13.0 

Tables 5 - 6 highlight the resin and stnmgth properties of the biaxial geogrid. 

Table 5. Resin Properties of the Biaxial Geogrid 

Pro ASTM Weathered I 997 Production 
Me D1238 2.043 2.10 
Melt Point Q C 164 165 
Densi 0.912 0.908 
Carb D4218 1.11 1.01 

Table 6. Single Rib Strength Properties of Biaxial Geogrid 

Provertv GSI/GRI Weathered 1997 Production 
Load @ 2% Strain (kN/m) MD 001 5.67 5.00 

1D 8.36 7.95 
Load @ 5% Strain (kN/m) MD 001 10.7 9.61 

ro 16.8 15.9 -

Ultimate Strength (kN/m) MD 001 14.3 13.3 
m 21.6 21.4 

Strain @ Peak Load (%) l\ID 001 11.6 12.0 
TD 8.6 -

The soil sample we.-e sent to a soils laboratory for grain size enalysis (ASTM D 422}t 
atterberg limits (ASTM D4318), and pH evaluation (ASTM D 4972). The soil has a pH of 7.7 
and contained the following amounts of transition metals: 
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Copper 14.45 mg/kg 
Iron 18137.77 mg/kg 

Chromium 9.30 mg/kg 
Manganese 236.6 mg/kg 

Cobalt 7.1 mg/kg 

According to test results, the soil is classified as a sandy fat clay (CH). Visual description is a 
moist light yellowish, brown sandy clay. The grain size analysis for this soil is found in 
Figure 5. 

Ill 

11 

G 
1111 

U.S. STANDARD SIEVE SIZE 
.... '1 11 1" U'1 

,..,. lilt •n ii.ct Hbm 411'Cl , •• 
I , I ~ I 

. ~ I . . . . I - ..... J, II . 
' 

. 
r--. 
~ r---. ~ 

... re 

' ""2 

~~ 

~~ 

Ill ll I U 1.11 

G:rain Sm (mm) 

Figure 5. Grain Size Analysis ofRidgegate Soil Sample 

Creep testing was perf onned at the Morrow manufacturing facility of Atlantic 
International. Testing was perfomied in accordance with ASTM D5262. Figure 6 shows the 
creep response of the weathered, exhumed, and control spec:imens of uniaxial geogrid. The 
control specimen is the same uniaxial geogrid manufactured in the same circQ.. 

Geosynthetics Conference 2001 
355 



l2 

IO 

2 

"' 

. 

-

0 

OJJOI 

,_ 

6clJ ~-

U.Dl 

--,,. '", c. --~· 

D.l 1 

i..cl ~ 

··- ..... _...-...Ii~., II""" 
g m1 ~ 

:.-•" ~ .t. u.r .r) 
,_ 

,.'II~ r ,_.. .... 
1 •":'1 r L-C _.. l..r'""h, 

\1 
...__i,c;.. 

"'" --0-Wb:tlaen• 
-0-~ - -,,-0-CIQdnl 

111111 II I 

10 100 l 000 10000 100000 1000000 

Time (Hours) 

Figure 6. Creep Response of Weathered, Exhumed, and Control Specimens 

DISCUSSION OF RESULTS 

For the uniaxial geogrid, test results show no significant differences in resin and 
strength properties between the weathered and exhumed Satiiples, and the 1997 control. The 
resin, production, and product specifications are the same today as for the 1997 control and 
the 1985 -1986production campaign for the Ridgegate project for both the uniaxia.l lIDPE and 
biaxial PP geogrids. 

As for creep response for the uniaxial geogri~ accumulative strain has plateaued at 
8.01% through 94,300 hours for the control specimen, and 8.25% and 9.42% through 2l,600 
hours for the exhumed specimen and weathered specimen., respectively. Beyond lOOJOOO 
hours, the exhumed and control specimen creep curves would appear to converge at < 9% 
accumulative s1Iain. When comparing all three creep curves, it is questionable as to whether 
there is any statistical difference between the creep responses of the three specimens. 

Based upon analysis, the soil environment is neutral and rich in iron content. The 
soil's yellowish, brown color suggest the presence of sulfides and sulfates which complexes 
with iron in its ferrous state (i.e., Fe +2

). According to the Federal Highway Administration 
{FHWA] (1997, 1999), a high concentration of a transition metal (ie., copper~ iron, chrottrium, 
manganese, or cobalt) can potentially have an adverse effect on polyolefin based 
geosynthetics (i.e., PP and IIDPE) by accelerating oxidative degradation causing molecular 
breakdown and resulting lower strength. The retention of resin atid strength properties of the 
exhumed uniaxial PE geogrid after 11 + years of soil exposure do not support this contention. 
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There ~ no significant difference in resin and strength properties between the weathered and 
current production for the biaxial geogrid either. 

Based upon retained resin and strength properties7 a 0. 75% and 2.5% by weight loading 
of carbon black in the biaxial and uniaxi.a1 geogrids, respectively, has proven sufficient to 
protect each base resin from degradation by ultraviolet light. 

CONCLUSIONS 

No significant change was found in resin and strength properties of the HDPE or PP 
based geogrids used in the Ridgega.te project after 11+ years exposure to natural weathering 
or soil chentistries from the properties of 1997 production of either geogrid product. 

Transition metals in soils are purported to have an accelerating affect on oxidation 
degradation of polyolefins, but the results reported herein clearly do n.ot support this 
contention. The absence of oxidative effects on HOPE and PP geogrids is believed to be due 
to the high molecular weight of the base resins, high crystallinity indn~ed by molecular 
orientation during geogrid manufacture, and adequate performance of a long-tenn antioxidant 
package. Equally important is that the long-term creep performance of the uninial geogrid has 
not been adversely affected by soil chemistries and only mmimally by natural weathering over 
a period of 11 + years exposure. 
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Effi 
TE Technologies~ Inc. 

March 20, 2001 

Brian Johnson 
Harding ESE, Inc 
P.O Box 7050 
Portland, ME. 04112 

RE: Stratford Army Engine Plant 

Dear Brian: 

Jeff Fiske 
Sales Representative 

Coastal & Waterway Systems 

5883 Glenridge Drive 
Suite 200 

Atlanta, GA 30328 
Tel. 404•250• 1290 
Fax.404•250•9185 

email: jfiske@tensarc01p.com 

In response to our conversation from March 12 I am sending you a copy of the standard warranty 
that accompanies our Tensar grid materials. Since American Excelsior Company would be handling 
the sale of materials to the contractor any further warranty would be the responsibility of AEC rather 
than that of Tensar Earth Technologies. 

We are currently preparing a response to some of the concerns you have expressed in relation to 
ice issues. 

As for the layout concerns, intentional staggering of the mats does not appear to be necessary. The 
undulation and curvature of the site will also leave unavoidable, irregular shaped gaps between the 
mats. For the smaller gaps ( +/-12") there are some simple procedures to be followed to connect the 
mats and fill with stone. In the enclosed "Suggested Repair Guidelines for Triton Marine Mattress 
Units" document there are instructions for filling these smaller spaces. For larger spaces left by 
irregularities in grade, in-field construction will be the only realistic solution. Small, irregular mats 
can be fabricated and lifted in place in much the same manner as the full size mats. Side to side 
lacing of the irregular mats can be used to help maintain the integrity of the overall system. 

I hope that this has answered some of your questions about the layout issues we discussed. As I 
mentioned, as soon as the information is available on the ice issues I will let you know. 
Meanwhile, if there is anything I can do for you please feel free to call. 



Sincerely, 

lflr7··· ~---(; /I' ;f " !/1 1 Jeff Fi~ e 
/ Sales Representative 

Coastal & Waterway Systems 

enc:2 



Standard warranty as described in paragraph 9 under Terms and Conditions of Sale. 

The Seller warrants that the product supplied hereunder will be of good and workmanlike 
quality manufactured in accordance with applicable specifications. THE FOREGOING 
LIMITED WARRANTY IS IN LIEU OF AND EXCLUDES ALL OTHER 
WARRANTIES WHETHER EXPRESSED OR IMPLIED BY OPERATION OF LAW 
OR OTHERWISE, INCLUDING BUT NOT LIMITED TO ANY IMPLIED 
WARRANTIES OF MERCHANTIBILITY OR FITNESS, AND INCLUDING BUT 
NOT LIMITED TO ANY ORAL OR WRITTEN DESCRIPTION OF THE PRODUCT 
SUPPLIED HEREUNDER, ITS CHARACTERISTICS OR PROPERTIES. 

The Seller shall not be liable in any circumstances whatsoever for loss or damage of any 
kind suffered to or by any third party howsoever caused unless the same shall relate to 
property damage, personal injury or death arising out of the Sellers negligence or defects 
in products sold by the Seller. 

The Seller shall not be liable for incidental or consequential damages, including but not 
limited to, any losses or expenses or other damages directly or indirectly arising from the 
sale, handling or use of the product or from any other cause relating to the sale, handling 
or use of the Product. 

In the event the Product does not conform to the provisions of the foregoing limited 
warranty or, if for any other reasons the Seller may be liable as a result of the sale, 
handling or use of the product, the Purchaser's exclusive remedy shall be and is expressly 
limited to repayment of the purchase price of the Product or, at the Sellers option, 
replacement of the non-conforming product with a conforming Product. 



General: 

Suggested Repair Guidelines for 
TritonTM Marine Mattress Units 

MM-rpr-1.doc 

Marine mattress units can sustain many types of minor damage without compromising 
their overall performance. See Figure 1. [n addition to any special considerations for the 
specific application, the importance of repairs should be evaluated based on these 
criteria: 

1. The suitability of each filled mattress unit for safe lifting, handling and placement; 
2. The ability of individual compartments to confine and retain the stone fill securely 

throughout the service life of the unit; 
3. The suitability of the geogrid and connections to carry any anticipated long-term 

tensile loads due to steep slopes or other special conditions. 

With respect to Item 2, above, the timeliness of repairs is important for minimizing the 
quantity of stone which must be replaced. Note that "roll direction" of the geogrid on the 
exterior of a marine mattress unit, is typically the same as the lengthwise direction along 
a marine mattress unit. 

Locations of 
Minor 
Damage 

•1<•~~ --• ' ! Roll direction 

of geogrid 

Braided 
·longitudinal 
seams of 
mattress 

Bodkin 
connection of 
baffle to top 
of mattress 

Figure 1: Properly functioning TritonTM Marine Mattress which has sustained minor 
damage. One of the three highlighted areas warrants repair tor the photographed 

revetment installation. 
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Splits in geogrid along its roll direction: 

Splitting of the geogrid in the roll direction can generally be avoided by the use of proper 
technique in the fabrication, filling and handling of the units. lnfrequent splitting of the 
geogrid in the roll direction (the long direction of the marine mattress unit) is typically 
not a major concern for Items l or 3, above. Repairs are typically made for the purposes 
of Item 2, above, by replacing any stone lost from the compartment and then using the 
OP229500 braid to securely knot around each split junction of the geogrid. See Figure 2. 

Figure 2: Photographs showing the front and back views of a knotted braid repair of a 
split through the geogrid. A square knot is tied taut and the free ends of the braid are 
each secured by ari overhand loop tightened to prevent slippage. Behind the knot the 

braid forms an "X" along the diagonals of the junction. 

Cuts in geogrid across its roll direction: 

If the hole created by a severed rib or "finger" of geogrid is large enough to create a 
potential for loss of stone as discussed in Item 2, above, then a patch should be installed. 
A patch of similar geogrid material should be secured over the damaged geogrid by 
seaming with the braid. The braided seams to attach the patch should be accomplished 
per the seam specification for the initial construction, except that the stitch spacing 
should be reduced to about one inch. The patch should extend to the edge of the 
damaged piece of geogrid, or at least six inches beyond the damaged area. 

If small size stone ( l-1/2 inch to 2 inch) is used for the fill material, then a single severed 
rib (see Figure 3) could create the potential for loss of stone. Otherwise, the occurrence 
of multiple, consecutive, severed ribs could create the potential for loss of stone. 

Cuts across the roll direction of the geogrid, such as the severing of ribs, reduce the 
tensile strength of the geogrid. Items 1 and 3, above, are typically not of major concern 
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if a single rib is cut, but should be evaluated if multiple ribs across the width of the unit 
are cut. Of course, Item l is not of concern after the final placement of the unit. 

The tensile capacity of the braid is much lower than the tensile capacity of the bodkin 
connections or of the geogrid in its roll direction; therefore, braided seams are generally 
not suitable for patches or splices which are subjected to high tensile loads. 

Cuts in braid material of seams: 

Figure 3: 
Photograph 
showing a 
severed rib of 
the geogrid. 

The stress carried bythe braided seams is typically low in relation to the strength of the 
braid material, and therefore the braid material can typically sustain minor damage (see 
Figure 4) without significantly affecting Items 1, 2, or 3. If the damage to the braid is 
sufficient to compromise these functions, then the damaged section of braided seam 
should be replaced with a new section of braided seam accomplished per the seam 
specification for the initial construction. 

Loss of bodkin connector: 

l l/5/99 © Tensar Earth Technologies, Inc. 

Figure 4: 
Photograph 
showing braid 
with some 
severed 
filaments. 
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Replacement of lost bodkin connectors is typically easy to accomplish prior to filling and 
placement. Once a bodkin connection is tightened, such as by proper filling of a 
compartment or by pulling a splice taut, the bodkin connector is typically secure in place. 
However, bodkin connections which are not tightened, such as may occur at splices (see 
Figure 5) or lifting hoops or incompletely filled compartments, should be secured in their 
proper position using suitable cable ties or other connectors as approved by the supplier 
and the Engineer. Lost bodkin connectors should be replaced and secured in place. 

Figure 5: Photographs showing missing bodkin connectors. In the left photo the bodkin 
bar, which was used to form a splice at an end-to-end joint of two mattresses, is 

gradually sliding out toward the top of the photograph. As shown in the close-up view 
on the right, the mechanical interlock of the splice is lost when the bodkin rod or bar is 

removed. 

After filling and jznal placement, braided seams may generally be used instead of bodkin 
connections for joining the interior baffles to the top and bottom sections of the units. 
However, for high tensile strength splices of the geogrid, such as those for forming lifting 
hoops or attaching anchor tails or joining mattresses end-to-end, lost bodkin connectors 
must be replaced with similar bodkin connectors and not with braided seams. 

Gaps between marine mattress units in place (see the following and Table 1): 

Gap treatments are not important for some types of applications. The following gap 
tolerances and treatments, summarized in Table 1, are for erosion control applications 
with a requirement for continuous coverage. 

End-to-end gaps between mattresses (see Figure 5): When mattresses are placed end to 
end with a gap of one foot or less, the geogrid splice is typically adequate with no other 
special steps. If the gap size is between one and two feet, then stone similar to the 
mattress fill material should be slightly overfilled in the gap and geogrid should be 
secured over the stone by seaming with braid to the mattress units to form a tightly filled 
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compartment in the gap. In this case the geogrid used to form the closure should be the 
geogrid lifting tabs or a patch of similar geogrid material. 

Side-to-side gaps between mattresses (see Figure 6): When mattresses are placed with a 
side-to-side gap of two inches or less, then no remedial steps are typically required at the 
joint. If the gap size is between two inches and six inches wide, then geogrid baffles 
should be secured across the gap at the ends of the joint by braiding to the mattress units. 
Then stone similar to the mattress fill material should be slightly overfilled in the gap and 
geogrid should be secured over the stone by seaming with braid to the mattress units to 
form a tightly filled compartment in the gap. When the gap is between six inches and 
one foot, similar steps should be used, and additional geogrid baffles should be 
positioned across the gap at a spacing not to exceed five feet along the joint. Side-to
side gap widths exceeding one foot are generally not allowed for these types of 
applications. 

Joint Location 

End-to-End 

Side-to-Side 

l l/5/99 

Gap Width 

< 1 ft 
1 ft - 2 ft 
> 2 ft 

< 2 inches 
2-6 inches 
6 inches -1 
ft 
> 1 ft 

Treatment 

No special steps. 

Figure 6: 
Photograph 
showing a 
wide gap 
along the side
to-side joint of 
two marine 
mattresses. 

Fill with stone and braid geogrid over top. 
Generally not allowed. 

No special steps. 
Fill with stone and braid geogrid over top and ends. 
Same as above but add baffles at 5 foot spacing. . 
Generally not allowed. See "non-rectangular shapes." 

Table 1: Summary of Gap Treatments 

© Tensar Earth Technologies, Inc. Page 5 of 6 
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Non-rectangular shapes: 

The geometry of some layouts requires a portion of the marine mattress units to be non
rectangular. Special prefabricated units may facilitate prefilling and placing of the non
rectangular units similar to the rectangular units. Otherwise, special-shaped marine 
mattress units may be assembled and filled in place to fill large gaps; the materials and 
general configuration of the special-shaped units should be identical to those of the 
typical rectangular units. However, when the units are filled in place and will not be 
lifted, braided seams should be substituted for the bodkin connections of the baffles to 
the top and bottom sections of the units. This assists in tightly filling the compartments. 
In order to achieve tight filling, each compartment should be slightly overfilled and 
closed tightly around the stone by seaming before proceeding to fill the next 
compartment. Each special-shaped unit should be attached to the adjacent units by a 
braided seam around its perimeter. 

Contact the supplier for specific suggestions in any of these conditions: 

Multiple splits occur through a single transverse bar of the geogrid; 
The upper or lower layers of geogrid or the lifting tabs become damaged prior to lifting 
of the filled units; 
Multiple ribs across the width of an individual marine mattress unit are cut prior to 
placement of the unit; 
Other materials, configurations, or methods are proposed. 

Methods not recommended: 

The use of thermal welding and/ or adhesives is not an acceptable substitute for the use 
of mechanical connections (braiding, bodkin connections). The geogrid and braid 
materials should not be heated to temperatures near their melting point. 
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CLASSIFICATION OF SOIL 

Different soils with similar properties may be classified into groups and sub• 
groups according to their engineering behavior. Classification systems provide 
a common language to concisely express the general characteristics of soils, 
which are infinitely varied, without detailed descriptions. Most of the soil 
classification systems that have been developed for engineering purposes are 
based on simple index properties such as particle-size distribution and plastic• 
ity. Although several classification systems are now in use, none is totally 
definitive of any soil for all possible applications because of the wide diversity 
of soil properties. 

3.1 TEXTURAL CLASSIFICATION 

In a general sense, texture of soil refers to its surface appearance. Soil texture 
is influenced by the size of the individual particles present in it. Table 1.3 
divided soils into gravel, sand, silt, and clay categories· on the basis of particle 
size. In most cases, natural soils are mixtures of particles from several size 
groups. In the textural classification system, the soils are named after their 
principal components, such as sandy clay, silty clay, and so forth. 

A number of textural classification systems were developed in the past 
by different organizations to serve their needs, and several of those are in use 
today. Figure 3.1 shows the textural classification system developed by the 
U.S. Department of Agricultura (USDA). This classification method is based 
on the particle-size limits as described under the USDA system in Table 1.3; 
that is: 

► Sand size: 2.0 to 0.05 mm in diameter 
► Silt size: 0.05 to 0.002 mm in diameter 
► Clay size: smaller than 0.002 mm in diameter 

The use of this chart can best be demonstrated by an example. If the 
particle-size distribution of soil A shows 30% sand, 40% silt, and 30% day-size 
particles, its textural classification can be determined by proceeding in the 
manner indicated by the arrows in Figure 3.1. This soil falls into the zone of 
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1 

I. Purpose 

This note presents criteria for determining the grain-size distribution 
(gradation) of sand and gravel filters needed to prevent internal 
erosion or piping of soil in embankments or foundations of hydraulic 
structures. 

These criteria are results of an extensive laboratory filter study 
carried out by the Soil Conservation Service at the Soil Mechanics 
Laboratory in Lincoln, Nebraska, during the period 1980-1985. ( 1, 2, 
3, 4). 

II. Definitions 

Base Soil - Any soil through which water moves into a filter or drainage 
system . 
. · .--.,_ 

id 8 511 and d100 sizes - Particle sizes (mm) corresponding respectively to 85 
/,...,.,.,\m:a 100 percent finer by dry weight from the gradation curve of the base 

,//\' (J'I. or.soil. 
/ ~ \ ~ 

_..,./ J:-,\ •. :;2- Ds, D1o, D15 , D6o, Dss, and D100 sizes - Particle sizes (IIIIl) corresponding 
'<'ir..JP ctr to the 5, 10, 15, 60 85, and 100 percent finer by dry weight from the 

x_'/ (~ U gradation curve of the filter. 

Gra.dation curve (grain-size distribution) - Plot of the distribution of 
particle sizes in a base soil or material used for filters or drains. 

Drain - A designed pervious zone, layer, or other feature used to reduce 
seepage pressures and carry water. 

Filter - Sand or sand and gravel having a gradation designed to prevent 
movement of a base soil by flowing water. Fabrics or other filter 
materials are not included in this note. 

Fines - That portion of a soil finer than a No. 200 (0.075 an) U.S. 
Standard sieve. 

Soil category - One of four types of base soil materials based on the 
percentage finer than the No. 200 (0.075 mm) U.S. Standard sieve. 

III. Basic Purpose of Filters ·and Drains 

Filters are placed in embankment zones, foundations or other areas of 
hydraulic structures for two purposes: 

1. To intercept cracks or openings in the soil to prevent the erosion 
of soil particles by water passing through the openings. The filter 
is graded so that soil particles cannot pass through the filter 
voids. They are caught at the filter face, preventing further 
erosion and concentrated flow through cracks or openings. 
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2. To intercept seepage passing through the pores of the soil, 
thereby preventing the movement of soil particles at the discharge 
point (piping). Piping occurs when seepage gradients or pressures 
are high enough to produce erosive discharge velocities in the base 
soil. The filter zone is usually placed upstream of the discharge 
point where sufficient confinement prevents uplift or blow-off of 
the filter. 

Drains consist of sand, sand and gravel, or gravel mixtures placed in 
embankments, foundations, and backfill of hydraulic structures, or in 
other locations to reduce seepage pressure. A drain's most important 
design feature is its capacity to reduce seepage pressures and carry 
collected water to a safe outlet. Drains are often used downstream of or 
in addition to a filter to, provide outlet capacity. 

IV. Permeability and Capacity 

The laboratory filter study clearly demonstrated that a graded filter 
designed in accordance with the criteria contained in this note will seal 
a crack. The sealing begins whenever water runs through a crack or 
opening and carries soil particles to the filter face or causes filling 
or closing of the crack. Any subsequent flow is through the pores of the 
soil. Therefore, when filters are designed to intercept cracks, the. 
permeability used to determine drain capacity is computed for saturated 
steady state flow through the pores of the base soil material. 

Where it can be demonstrated that saturated steady state flow will not 
develop (i.e., dry dams having· a normal drawdown within 10 days), 
capacity is not a necessary design requirement. Filters designed to 
protect against leakage and erosion in cracks are to have a thickness 
that compensates for the negative effects of material segregation and 
contamination during construction and ensures continuity (will not 
sustain a crack) during differential movements. 

A drain of coarser materials iim:nediately downstream of the filter or a 
perforated pipe in the filter is needed if seepage through the pores of 
the base soil material exceeds the capacity of the filter. The coar~er 
m~1=~i;i~~~t be proper~y_g_ra9:~-L~-~-~-g __ ;j.l~~r cr_iteria in this _.!!.Q.~!?_to 
P.E..E:~~-~-~ .. m.9~menL9.LtA~- fjJJ~.~. ~rfor!_.ted pipes may also be used in the 
coarser materials to increase the capacity of the drain. 

V. Determining Filter Gradation Limits 

Determine filter gradation limits using the following steps: 

Determine the gradation curve (grain-size distribution) of the 
base soil material. Use enough samples to define the range of 
grain-size for the base soil or soils and design the filter 
gradation based on the soil that requires the smallest D15 
size. 
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Proceed to step 4 if the base soil contains no gravel (material 
larger than No. 4 sieve). 

Prepare adjusted gradation curves for soils with particles larger 
than the No. 4 (4.75 mm) sieve: 

a. Obtain a correction factor by dividing 100 by the percent 
passing the No. 4 (4.75 mm) sieve size. 

b. Multiply the percentage passing each sieve size of the 
bas~ soil smaller than No. 4 (4.75 mm) by the correction 
factor from step 3a. 

c. Plot these adjusted percentages to obtain a new gradation 
curve. 

d. Use the adjusted curve to determine the percent passing the 
No. 200 (0.75 mm) sieve in step 4. 

4. Place the base soil in category based on the percent passing the 
No. 200 (0.75 nm) sieve in accordance with table 1. 

srrP s. 

Table 1 - Categories of base soil materials 

Category 

1 
2 
3 
4 

Present finer than the No. 200 
(75 micron) sieve 

> 85 
40-85 
15-40 
< 15 

Determine the maximum D15 size for the filter in accordance with 
table 2. Note that the maximum D1s is not required to be smaller 
than 0.20 mm. 
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4 

Base 
soil 

category 

1 

2 

Table 2.--Criteria for filters 

Base soil description, and 
percent finer than No. 200 
(0.075 mn) sieve l/ 

Fine silts and clays; 
more than ssi finer. 

Sands, silts, clays, 
and silty and clayey 
sands; 40 to 85% finer. 

Filter criteria~/ 

Dis< 0.7 mm 

Silty and clayey 4,5/ Dis ~Ji+o - Al c4 d O 7 ) + 0 . 7 n:m 
sands and gravels; l!O 1~ x ss - · mm 

3 

4 

15 to 40% finer. 

Sands and gravels; less 
than 15% finer. 

D15 < 4 x d85 

!/ Category designation for soil containing particles larger then 4.75 
mm is determined after the base soil is regraded to 100% passing the No. 
4 (4.75 mm) sieve. 

~/ Filters are to have a maximum particle size of 3-inches (75-mm) and a 
maximum of 5% passing the No. 200 (0.075 mm) sieve with the plasticity 
index (PI) of the fines equal to zero. PI is determined on the material 
passing the No. 40 (0.425 mm) sieve in accordance with ASTM-D-4318. To 
ensure sufficient permeability, filters are to have a Dis size equal to 
or greather than 4 x dis but no smaller than 0.1 mm. 

l/ When 9 x d85 is less than 0.2 mm, use 0.2 mm. 
. 

~/A= percent passing the No. 200 (0.075 mm) sieve after any regarding. 

~/ When 4 x d85 is less than 0.7 mm, use 0.7 nm. 
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To ensure sufficient permeability, set the minimum D15 greater than 
or equal to 4 x d15 of the base soil but no less than 0.1 mm. 

Set the maximum particle size at 3 in. (75 rmn) and the maximum 
passing the No. 200 (0.075 mm) sieve at 5 percent. The portion of 
the filter material passing the No. 40 (0.425 mm) sieve must have 
plasticity index (PI) of zero when tested in accordance with ASTM 
D-4318. 

Design the filter limits within the maximum and minimum values 
determined in steps 5, 6, and 7. Standard gradations may be used if 
desired. Plot the limit values on Form SCS ENG 130 and connect all 
the minimum and maximum points with straight lines. To minimize 
segregation and related effects, filters should have relatively 
uniform grain-size distribution curves, without "gap grading"--sharp 
breaks in curvature indicating absence of certain particle sizes. 
This may require setting limits that reduce the broadness of filters 
within the maximum and minimum values determined. Sand filters with 
D9 0 less than about 20 mm generally do not need limitations on 
filter broadness to prevent segregation. For coarser filters and 
gravel zones that serve both as filters and drains, the ratio 
Dso/D1o should decrease rapidly with increasing D1o size. The 
limits in table 3 are suggested for preventing segregation during 
construction of these coarser filters. 

Table 3 - D1o and d90 limits for preventing segregation. 

Minimum D10 Maximum D90 

<0.5 20 
0.5 - 1.0 25 
1.0 - 2.0 30 
2.0 - 5.0 40 
5.0 - 10 50 
10 - so 60 

Design filters adjacent to perforated pipe to have a Dss size no 
smaller than the perforation diameter. For critical structure 
drains where rapid gradient reversal (surging) is probable, it is 
reconnnended that the D15 size of the material surrounding the pipe 
be no smaller than the perforation size. 
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1.0 INTRODUCTION 

Harding ESE, Inc., A MACTEC Company (Harding), formerly Harding Lawson Associates (HLA) has 
completed slope stability and settlement analyses for the Stratford Army Engine Plant (SAEP) Non-time 
Critical Removal Action (NCRA) on the Causeway. Geotechnical parameters used in the stability and 
settlement analyses have been developed and are presented in the Geotechnical Investigation Summary 
for the Causeway (Harding, 2000). 

The stability analyses included determination of the factor of safety with respect to static loading 
conditions for both rotational global and infinite slope (localized/surficial failure mode) stability of the 

proposed Causeway cover system. Seismic stability evaluations were not performed. The global 
analyses were performed for one selected cross section (including both east and west slopes), estimated to 
be the worst case location. Infinite slope analyses were performed for the cover system to assess the 
stability of the maximum final cover grade of 3 horizontal to 1 vertical (3H: 1 V). The analyses were 
based on a preliminary final grading plan dated January 26, 2001 prepared by Harding. 

The settlement analyses included estimates of primary consolidation settlement and secondary settlement 
of the organic sediments encountered beneath the Causeway. Elastic settlement of the fill and deep sand 
and gravel deposit was also calculated; however, the values were insignificant when compared to the 
primary and secondary settlement and have not been included in the total estimate. Fill and cover 
thickness and organic sediment characteristics used for settlement estimates were based on information 
provided in the Geotechnical Investigation Summary (Harding, 2000). Maximum fill thickness of the 
Causeway cover were based on a preliminary final grading plan dated January 26, 2001 prepared by 
Harding. 
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2.0 STABILITY ANALYSIS 

2.1 PHYSICAL PROPERTIES OF MATERIALS USED IN STABILITY ANALYSIS 

The physical properties of the soil materials used in the stability analyses were those provided in the 
Geotechnical Investigation Summary (Harding, 2000). The values selected for the analysis are described 
in detail on the attached calculation sheets, and summarized as follows: 

2.1.1 Cover System Characteristics 

Two cover systems were evaluated as follows: 

Cover System: 

The cover option consists of two material profiles, as follows: 
On the side slopes of the Causeway: 

• Triton® Polymeric Marine Mattresses, composed of rock-filled gabion baskets with an 
outer shell of high tensile strength geogrid. An overall thickness of 18 inches was 
assigned. 

On the upper, flatter portion of the Causeway: 
• Interlocking concrete blocks, consisting of the following components (starting at ground 

surface, with an overall thickness of 20 inches): topsoil, pea-gravel, 6-inch thick 
interlocking concrete blocks, a non-woven geotextile, and bedding sand. 

Rip-Rap Cover System: 

The rip-rap cover option consists of two material profiles, as follows: 
On the side slopes of the Causeway: 

• Triton® Polymeric Marine Mattresses, composed of rock-filled gabion baskets with an 
outer shell of high tensile strength geogrid. An overall thickness of 18 inches was 
assigned. 

On the upper, flatter portion of the Causeway: 
• Stone rip-rap, with a thickness of 24 inches. 

The physical properties of the cover system materials used in the stability analyses were developed based 
on literature sources and manufacturer information, refer to Attachment A. A parametric study was 
performed to assess the effects of variations in these assumed values. 

2.1.2 Causeway Fill Characteristics 

The Causeway fill material can be described as having the following estimated engmeenng 
characteristics: 

• Total Unit Weight= 140 pounds per cubic foot (pcf) 
• Submerged Unit Weight = 77 .6 pcf 
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• Internal Friction Angle= 33 degrees (0
) 

• Cohesion = 0 pounds per square foot (psf) ( conservative assumption, since large quantities of slag and 
semi-cemented ash were encountered along with large pieces of concrete). 

• Relative Density= moderately dense to very dense 
• Consistency = granular and non-cohesive 

2.1.3 Organic Sediment Characteristics 

The organic sediments are divided into two main categories, those under the Causeway and those off the 
Causeway (i.e., in the tidal flats). The main categories are typically further divided into 10-foot thick 
layers. Total unit weights and average undrained shear strengths were developed in the Geotechnical 
Investigation Summary (Harding, 2000), and are summarized in the attached calculations (Attachment A). 

• Unit weights range from: 78 to 96 pcf 
• Undrained shear strength range from 180 to 3 80 psf off the Causeway and from 63 0 to 900 psf under 

the Causeway 

2.2 GEOMETRY USED IN STABILITY ANALYSIS 

The stability analyses performed evaluated two cover system geometries, refer to attached calculations 
(Attachment A), as follows: 

• Encroaching: The proposed cover system is keyed in at the existing toe with no encroachment 
into the tidal flats at this point. The entire Causeway is re-graded and sloped at 3 horizontal 
to 1 vertical (3H: 1 V) to elevation 6.5 feet mean sea level (msl) then graded to a 2% slope on 
the upper portion of the Causeway to a maximum height of 8 feet msl (top of cover system). 

• Non-encroaching: The proposed cover system is keyed in at the existing toe and mimics 
existing grades up to elevation 4.1 feet msl, with no encroachment into the tidal flats. The 
remainder of the Causeway, above elevation 4.1. feet msl, is re-graded using a 3H: 1 V slope to 
elevation 10 feet msl and a 2% slope on the upper portion of the Causeway to a maximum 
height of 11 feet msl (top of cover system). 

The subsurface geometry used to perform the stability analyses, including the division of the organic 
sediments into seven separate layers, is presented in the attached calculations (see Attachment A). The 
cover system was input as a 1.5 foot thick layer (cover), and equivalent properties for a 2-foot thick rip
rap layer were inputted for the rip-rap cover option. 

Groundwater was typically included in the analyses at the following conditions: 

• Low tide (i.e., a groundwater surface coincident with the top of the tidal mud) 
• Undrained conditions in the Causeway fill (i.e., groundwater at elevation 4.1 feet msl) 
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The parametric analysis also considered an extreme low-tide condition, with the groundwater surface in 
the tidal flats and in the Causeway at an elevation of-3 feet msl. 

2.3 PROCEDURE USED IN STABILITY ANALYSIS 

The computer program SLOPE/W, Version 4.20, was used to determine factors of safety with respect to 
circular and wedge type failure surfaces. The analytical technique used was moment equilibrium, 
commonly referred to as the Simplified Bishop Method of Slices. The program utilizes a grid of circle 
centers and radii to evaluate the circular slip surface combinations requested. For each run the program 
generates contours of minimum factors of safety for each circle center. These contours are used to focus 
in on the area where the center of the critical (minimum factor of safety) circular surface is located. 

The two sides (up-river, or north) and (Sound side, or south) have different surface configurations, and 
therefore were considered separately in the analysis. 

The selected cross-section, which included the width of the entire Causeway, was input to the program 
and the geometry confirmed. The program identified willow, intermediate, and deep circle failures as 
those with the minimum factors of safety, dependent upon the configuration and the location of the grid 
and radii (up-river or Sound side). Following initial computer runs, a parametric study was performed to 
evaluate the sensitivity of the reported minimum factors of safety to variations in the following input 
parameters: 

• Failure along the top of the sand layer, a non-circular failure (similar to a wedge) 
• The presence of a zone of tension cracks, filled with low-strength fill and sediment 
• Changes in the actual shear strength of the native sediments 
• Changes in the unit weight and friction angle of the fill material 
• Static water level in the fill and tidal flats (i.e., low-tide condition) 
• Allowable surcharge on the top of the Causeway 

Following computer analyses, a hand check was performed. A true scale drawing was used to check Slip 
Circle # 667 of Run # 7 (i.e., Non-encroaching, cover system), which produced a factor of safety of 1.86 
using the computer model. The hand check was performed using the Simplified Bishop Method of Slices. 
The hand check yielded a factor of safety of 1.70, which indicates that the computer model was developed 
and executed consistent with the hand check (see Attachment A). Where this electronic file was modified 
slightly and used to perform the other evaluations, the computer results are considered valid. 

2.4 SUMMARY OF STABILITY ANALYSES 

Two types of stability analyses were performed: global and infinite slope (localized/surficial failure 
modes). 

Global Stability: 

The following table summarizes the results of the global stability analyses (refer to Attachment A): 
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Model Parametric Calculated FS Calculated FS 
Parameters Study 1 Right to Left Left to Right Required FS 

(Sound Side) (Up-River Side) 
Cover Initial Run 1.85 1.83 1.3 
Encroaching 

Cover Initial Run 1.80 2.26 1.3 
Non-encroaching 
Rip-rap Cover Initial Run 1.79 1.70 1.3 
Encroaching 
Rip-rap Cover Initial Run 1.70 2.12 1.3 
Non-encroaching Wedge Failure 1.81 1.3 

Tension Cracks 1.48 1.1 
Low-tide 1.73 1.3 

Notes: 
1 -The factor of safety reported is the range for the given range of the varied parameter. 
FS: factor of safety 
Right to Left: Failures from right to left, or toward the south. 
Left to Right: Failures from left to right, or toward the north. 

Infinite Slope: 

An infinite slope analysis was performed to evaluate localized types of willow surface failure. The 
critical location for these types of failures is where the side slopes are the longest and steepest. In this 
analysis no passive resistance is generated and the failure mode is representative of a surface sloughing. 
A manual evaluation was performed and is presented in the attached calculations. The results of the 
evaluation indicate a factor of safety of 1.8 associated with the 3H: 1 V slope and that the maximum slope 
to maintain a factor of safety of 1.3 is approximately 2H: 1 V. 
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3.0 SETTLEMENT ANALYSIS 

3.1 APPROACH 

Settlement analyses have been performed to estimate the magnitude of ground surface settlement that may 
be expected to occur due to construction of the proposed cover system on the Causeway. Settlement is 
expected to occur primarily due to the additional weight of cover materials and relocated fill, resulting in 
consolidation of the soft organic sediments underlying the Causeway. The purpose· of these evaluations 
was to provide a means to estimate changes in finish grades after the completion of the cover system. At 
this time, Harding is not aware of any requirements regarding allowable settlement. 

Soil mechanics and settlement theory typically attribute consolidation to three distinct phases: elastic 
deformation, primary consolidation settlement, and secondary consolidation settlement (i.e., creep). The 
analyses performed were as follows: 

• Elastic deformation: The fill materials are typically granular and non-cohesive, as are the 
sand and gravel deposits beneath the organic sediments. These materials were evaluated for 
their potential elastic deformation due to the applied cover system load. 

• Primary consolidation settlement: The organic sediments are considered slow draining and 
are expected to develop some excess pore-water pressures during cover placement. The 
release of these pore pressures (i.e., dewatering) will result in primary consolidation 
settlement, as accounted for in the analyses performed. The fill and sand and gravel deposits 
are not expected to develop excess pore pressures and are therefore not expected to exhibit 
primary consolidation settlement. 

• Secondary consolidation settlement: Due to the nature of the organic sediments, they exhibit 
considerable tendency to continue to deform (i.e., settle) following consolidation. Secondary 
consolidation settlement is negligible in granular soils. 

The Causeway is underlain by a relatively thick layer of organic sediments, which according to several 
researchers, does not follow the standard theories of soil settlement, due primarily to the relatively large 
change in permeability that occurs during consolidation. Typically, however, these standard theories are 
applied, as was done here, with clarification that the numerical results are estimates. 

The following paragraphs provide some brief background as to the meaning of the settlement parameters 
used in the evaluations. 

Primary Compression: This is the amount of soil compression that occurs while excess pore 
pressures dissipate after a new load is applied (i.e., dewatering). Primary compression is 
evaluated using the Compression Index (Cc), and/or the Compression Ratio (Ce), parameters 

determined from the consolidation test, as well as the Recompression Index (Cr), and/or the 

Recompression Ratio (Cre)- Cc is the slope of the virgin compression (steep) portion of the void 

ratio versus the log of the applied load curve, obtained from the test. Ce is the slope of the virgin 
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compression portion of the percent strain versus the log of the applied load curve, also obtained 
from the test. The recompression parameters represent the flatter portion of the curve, generated 
when loads are being re-applied. The void ratios and strains used to develop the laboratory test 
curves used for this project reflect conditions near the end of consolidation, and were constructed 
to separate the effects of secondary compression. 

Rate of Compression: The rate of primary compression is evaluated through the use of the 
Coefficient of Consolidation Parameter ( cy), which can be derived from consolidation tests. This 

parameter reflects how fast the soil consolidates when loaded. 

Secondary Compression: Secondary compression is the slow, continued compression that occurs 
after the excess pore pressures have substantially dissipated. This compression occurs over long 
periods of time and is often more pronounced for organic soils. The magnitude of secondary 
compression is expressed by the slope of the final portion of the log of time versus percent strain 
compression curve (i.e., Coefficient of Secondary Compression [Ca]) for each load increment 
applied during the consolidation test. 

3.1.1 Properties of Organic Sediments 

Testing performed on samples from the site provided soil parameters for the three following 
characteristics: 

• Cc, (virgin compression): 0.57 to 0.99 

• Cc' (over stress range of concern): 0.37 to 0.51 (reflecting the slope of the curve over the anticipated 

stress range imposed by the proposed cover system) 

• Ce, (virgin compression): 0.12 to 0.15 

• Ce', (overstress range ofconcem): 0.07 to 0.11 

• Cy: 0.04 to 0.11 

• Cre: 0.011 to 0.017 

• cv (under Causeway): 0.006 to 0.0008 square inches per second (in2/sec) (3.5 to 0.5 square feet per 

day [ft2/day]) 

• cv (off Causeway): 0.01 in2 /sec (6.5 ft2/day) 

Values of the Secondary Compression ratio (C ' = (AfI/H)/(Lllog t) symbols defined later), determined 
a 

from the tests include the following: 

• C ' (all 3 tests, at highest applied load): 0.015 to 0.044 
a 

• C '(under Causeway samples, at design applied load): 0.001 to 0.011 
a 
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• C ': (off Causeway samples, at design applied loads): 0.003. 
a 

3.1.2 Geometry and Loading 

Due to the aerial extent of the Causeway and the relatively small increase in applied load that will result 
from cover construction, a simplified geometry was used in the settlement analysis. For the purposes of 
the analysis, it was assumed that an applied load ranging from 2.3 to 4.5 pounds per square inch (psi) 
would be applied at ground surface, including up to 3.2 feet of relocated fill and a 1.5-foot thick cover. 
Further, due to the relatively uniform thickness and character of the organic sediments (the largest 
contributor to settlement) a 33-foot thick layer was assumed. The organic sediments were given the range 
of properties identified in the investigation ( see Subsection 3 .1.1) to assess the likely range in expected 
settlement. 

3.2 PROCEDURE 

Settlement of native soil beneath the landfill was estimated to evaluate the potential impact to the 
proposed Causeway cover system. Elastic and consolidation settlements were evaluated. 

Elastic (initial) settlement (Se) for the fill was estimated using standard formulas (Das, 1998 pg. 351) and 
(Oweis & Khera, p. 53). Primary consolidation settlement of the organic sediment layer was estimated 
using standard consolidation Theory (Das, 1995). Secondary consolidation settlement within the organic 
sediments was estimated using the following approach: 

Where: 
T v = Average degree of consolidation 
Cv = Coefficient of consolidation 
t1 = Time 
Hci/ = Average longest drainage path during consolidation 

The time to reach the end of primary consolidation was determined, and used as input into the secondary 
settlement equation: 

Where: 
Ss = Secondary compression 
Ca = Secondary compression index 
H = Thickness of layer 
t2 = time, where secondary settlement estimate is required 
t1 = time to the end of primary consolidation 

Total settlement is the sum of all three components of settlement, as follows: 
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Where: 
ST 
Se 
Spnmary 

Ss 

3.3 SUMMARY OF ANALYSES 

= Total Settlement 
= Elastic settlement 
= Primary consolidation settlement 
= Secondary consolidation settlement 

The elastic settlement expected within the fill material, due to construction of the cover is expected to be 
minimal (<0.1 inches). Due to the random nature of the fill materials, a more refined estimate is not 
considered feasible or warranted due to the relatively large settlements attributable to primary 
consolidation and secondary settlement. 

Primary consolidation settlement was evaluated at two locations beneath the Causeway ( at soil boring 
locations GB-00-02 and GB-00-04), using the expected range in material properties. The results are 
summarized in the following table. 

Settlement Type Estimated Settlement in Inches 
GB-00-02 GB-00-04 

Primary: 2 6 

Secondary: 
5 years 2 2 

20 years 3 3 
· 50 years 4 4 

Total Settlement: 
1 year 2 6 

5 years 4 8 
20 years 5 9 
50 years 6 10 
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4.0 CONCLUSIONS AND RECOMMENDATIONS 

4.1 STABILITY ANALYSIS 

Based on the results of the above analyses, the Causeway cover system, as currently designed, is 
anticipated to be stable with respect to rotational and infinite slope stability under static loading 
conditions. The critical condition from a stability standpoint for the Causeway cover system, as currently 
designed, is a deep (massive) type failure (the lowest minimum factor of safety for the proposed 
configuration). 

The exact vertical extent of the toe of the Causeway fill is unknown, primarily on the north side of the 
Causeway where uncontrolled filling occurred. As a result, the near surface stability of this region during 
construction of the proposed cover system is also unlmown. During excavation, attention to the 
conditions at the base of the excavation should be made, and the potential for the excavation to penetrate 
through the fill and into the organic sediments must be observed. 

Failure Mode and Condition Required Factor of Safety Minimum Estimated 
Factor of Safety 

Global, Static 1.3 1.48 (with tension cracks) 
Infinite Slope, Static 1.5 1.8 

The following recommendations are made with respect to the overall stability of the proposed Causeway 
cover system: 

• Cover materials to be used in cover construction and excavated materials should not be stockpiled on 
the Causeway for over a period of one days' work, and should not be stockpiled greater than four to 
six feet tall. 

• The use of vibratory equipment on the Causeway will be limited (i.e., no vibratory rollers to compact 
materials should be used). 

• Should tidal sediments, vertical cracking and or voids be encountered in the fill material, (indicating 
possible tension cracks), during excavation of the toe of the Causeway, the design engineer should be 
notified, such that modifications to the design can be made, if deemed necessary. 

• During excavation, attention should be given to the conditions at the base of the excavation. If the 
excavation penetrates into the native sediment, the design engineer should be notified, such that 
modifications to the design can be made, if deemed necessary. 

• A minimum of four heave platforms should be placed in the tidal flats prior to the initiation of 
construction of the proposed cover system. The elevations of the platforms should be regularly 
monitored to determine the magnitude of heave in the sediment during construction. If the tidal 
sediments appear to be heaving in excess of 3 to 5 inches during construction, the design engineer 
should be notified, such that modifications to the design can be made, if deemed necessary._ 
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• Monitoring for the development of a heave in the mud flats should be performed. 

4.2 SETTLEMENT ANALYSIS 

Based on the above settlement analysis with the stated assumptions, the ·causeway is expected to 
demonstrate the following settlement related characteristics. 

• The Causeway should be expected to settle approximately 7 inches within the first year, following 
construction. 

• The Causeway should be expected to continue to settle at a decreasing rate and may settle an 
additional 1 to 5 inches over the ensuing 50 years. 

• Abrupt surficial differential settlements are not expected to result, except where existing fill materials 
may be loose. 
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GLOBAL STABILITY ANALYSES CALCULATIONS 
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P~9e. 1.3o dlpicJ-s! C\ pa;luff(6\ipif-1'lO)olqns -the0urf0Cl of SOd if'io, dt.fi~ 05 

b1u:lr0., . .J<_1n 1rn;> Y1J.n ➔v produee__,p we.d5.1c .. :fw!ur:-e,6 ~t.sulhn.q, F S 1 .o.·,~lfhou9n .. 
\owe.r> 1s shll --;; },£>, o,nd 1s v,ot-. -\ht rmv1:murn r.s-: fof -this C,Onflqvraihcm• 
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; 'i ' 

Po9es fil- d~..il. presibLc:the.. iApu.Fdncl re6U1t fi1es for Q\}ihtf 10, respwhv~ 
M (tSUl'h,·,·M,., r.::.s. ,-;., l .4,,B ,,rJ 1c,cd--e~ -len_5·1on t.rociCS m_,CLli '' x·3~' ,nifiCAntf.:j 
red UC.(, 4hen=ij how lVt.r) +h~ r£s!A H- Is .s+i 11 7 -th-t ne.c~r 6 I. 3 

lD. fo'( purpo-2.;~'.,. of this. m,,··.• od.e-1 I +..tn:sion c,rock:'s Wl(e lnpHkd Cts''' °', '''''''l'c'''''l .•. r9e_ 
.~ ett_t_ -wnt _ 10 -me.- 1

• -Pi l \ (J~Dn~avalf1v.e) . C, n1c~5 Of( more I i ~-d-!j ~ k 
c\1:scre.€-+ Veth ca\ l1r60f 'Neat maknoL oecause +rie fcn\ure oux,f-6ce wr+H , . 

, -tn-L!f1ln. i:.s ~0 hor·,'W{1{ct.\>* Ct6hb.lslip woutl li\l.i½ oc hr{fCllJ/b!jl,.ie.r rs 
C. I MP.A:C'f 0~ .feJ)LJCbD 0Tf.EJµGzuf$ ·•, . 
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~ '.......,../ ' 

2. ~l Jo wist rs. ca lct-d:~Ae1 vv_i+h ·th& CLsy.iar~J. 50! ~ (?rfli2:Jrhs 
is 1,10 . 1h,e,, requ Ire a loi s. . 1n1 mtai r ,~ • , o · _ 

CDV1str lA{;hoVL- '1 .s l ' 3 i' r ~ 2. 4 °7 b I O 1/J C-C )V'f;.; L ?, ) i l OOf 24 % 
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111ise... plot-s6how :that av .. 2.fo/01 reducJ1cinJv: -the 
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(j .. " ... d .. ·. D. ··v\·······n·· · .. c. ····o.· · .. ·.h.'.· .... ···)····· ) j he.c. · ............. v. · ........ u·C\····· .. \ .•.... v ~✓J. li~-1--ed .... qbovc. 'NOU \d oppwv ~-o bt ow.r Lt.1r .. . C-D nse.,n/ c,-h ve.. . . . : u 
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~~~~eo~~rs~~~u}r~~~~~gih~¼~iC+ia"-- at3 le 
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· :~Li;~s i0
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Figure 4-1 
Design Shear Strength Values Under the Causeway 

Geotechnical Investigation Summary 
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Design Shear Strength Values Off of the Causeway 
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+0.0000e+000 +0.0000e+000 +0.0000e+000 +0.0000e+000 +0.0000e+000 +0.0000e+000 
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+O.OOOOe+OOO 4 0 

+O.OOOOe+OOO +O.OOOOe+ooo +O.OOOOe+OOO +O.OOOOe+OOO 0 0 
+O.OOOOe+OOO +O.OOOOe+OOO +0.0000e+OOO +O.OOOOe+OOO +O.OOOOe+OOO 

+O.OOOOe+OOO 
+0.0000e+OOO +O.OOOOe+ooo +O.OOOOe+OOO +O.OOOOe+OOO +0.0000e+OOO 

+O.OOOOe+ooo 
Bedrock 
SFUNCTION 0 
AFUNCTION 0 
POINT 92 

1 +7.6353e+001 +1.0753e+002 
2 +1.5382e+002 +1.1635e+002 
3 +l. 4894e+002 +l. 8053e+002 
5 +6.6036e+001 +9.2000e+001 
6 +1.9640e+002 +9.7398e+001 
7 +2.0484e+002 +5.5173e+001 
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44 +2.6000e+002 +9.0000e+OOl 
45 +3.0000e+002 +9.3000e+001 
51 +0.0000e+OOO +9.0000e+OOl 
52 +1.0000e+002 +9.0000e+OOl 
53 +3.0300e+002 +9.0000e+OOl 
54 +4.0000e+002 +9.0000e+OOl 
61 +0.0000e+OOO +8.0000e+OOl 
62 +9.0000e+OOl +8.0000e+OOl 
63 +3.1250e+002 +8.0000e+OOl 
64 +4.0000e+002 +8.0000e+OOl 
71 +o.ooooe+ooo +7.0000e+OOl 
72 +8.SOOOe+OOl +7.0000e+OOl 
73 +3.1800e+002 +7.0000e+OOl 
74 +4.0000e+002 +7.0000e+OOl 
81 +0.0000e+OOO +6.0000e+OOl 
82 +8.2000e+001 +6.0000e+OOl 
83 +3.2100e+002 +6.0000e+OOl 
84 +4. OOOO·e+002 +6.0000e+OOl 
91 +O.OOOOe+OOO +4.0000e+OOl 
92 +4.0000e+002 +4.0000e+OOl 

LINE 11 
1 11 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
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2 13 
11 
12 
31 
32 
33 
34 
35 
36 
37 
38 
39 
20 
21 

3 11 
11 
12 
31 
41 
42 
43 
44 
45 
39 
20 
21 

4 9 
51 
52 
41 
42 
43 
44 
45 
53 
54 

5 11 
61 
62 
52 
41 
42 
43 
44 
45 
53 
63 
64 

6 4 
61 
62 
63 
64 

7 6 
71 
72 
62 
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63 
73 
74 

8 4 
71 
72 
73 
74 

9 6 
81 
82 
72 
73 
83 
84 
10 4 
81 
82 
83 
84 
11 2 
91 
92 

TENSION 
0 +9.8070e+OOO +O.OOOOe+OOO +O.OOOOe+OOO 0 

GRID 
2 

RADIUS 
5 

AXIS 
0 

LIMIT 

3 

6 

1 

8 

10 

7 

0 +0.0000e+OOO +4.0000e+002 
SLIP 0 
BLOCK 

0 
0 

0 
0 

0 

0 

0 
0 

10 0 +O.OOOOe+OOO O +O.OOOOe+OOO 

10 5 7 

O +1.3500e+002 +l.3500e+002 O O 
0 +4.SOOOe+OOl +4.SOOOe+OOl O 0 

PORU 11 +0.0000e+OOO 
1 +O.OOOOe+OOO 0 
2 
3 
4 
5 
6 
7 

8 

9 
10 

+O.OOOOe+OOO 
+0.0000e+OOO 
+O.OOOOe+OOO 
+O.OOOOe+OOO 
+O.OOOOe+OOO 
+O.OOOOe+OOO 
+O.OOOOe+OOO 
+O.OOOOe+OOO 
+O.OOOOe+OOO 

0 
0 

0 
0 
0 
0 
0 
0 
0 

11 +O.OOOOe+OOO 0 
PIEZ 11 +O.OOOOe+OOO 

1 6 1 
11 
12 
32 
36 
20 
21 
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2 6 1 
11 
12 
32 
36 
20 
21 

3 6 1 
11 
12 
32 
36 
20 
21 

4 6 1 
11 
12 
32 
36 
20 
21 

5 6 1 
11 
12 
32 
36 
20 
21 

6 6 1 
11 
12 
32 
36 
20 
21 

7 6 1 
11 
12 
32 
36 
20 
21 

8 6 1 
11 
12 
32 
36 
20 
21 

9 6 1 
11 
12 
32 
36 
20 
21 
10 6 1 
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11 
12 
32 
36 
20 
21 
11 
11 
12 
32 
36 
20 
21 

6 1 

PCON 
POGH 
POGP 
POGR 

0 +O.OOOOe+OOO 
0 +O.OOOOe+OOO 
0 +O.OOOOe+OOO 
0 +O.OOOOe+OOO 

PORA 11 
1 +O.OOOOe+OOO 
2 +O.OOOOe+OOO 
3 +O.OOOOe+OOO 
4 +O.OOOOe+OOO 
5 +O.OOOOe+OOO 
6 +O.OOOOe+OOO 
7 +O.OOOOe+OOO 
8 +O.OOOOe+OOO 
9 +O.OOOOe+OOO 

10 +O.OOOOe+OOO 
11 +O.OOOOe+OOO 

LOAD 0 
ANCHOR 0 
PBOUNDARY 0 
SEISMIC 
+O.OOOOe+OOO +O.OOOOe+OOO 
NODE 0 
ELEMENT 0 
MATLCOLOR 11 

1 255 255 128 
2 191 255 128 
3 128 255 128 
4 128 255 191 
5 128 255 255 
6 128 191 255 
7 191 128 255 
8 255 128 191 
9 255 128 128 

10 255 191 128 
11 255 255 128 

+O.OOOOe+OOO +O.OOOOe+OOO 
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HARDING ESE. 
GEOTECHNICAL DEPARTMENT 
GINA RUSTAD 

01/12/01 

SLOPE STABILITY ANALYSIS CHECK OF SLOPE W 
STRATFORD ARMY ENGINE PLANT 
GLOBAL, SELECTED COVER SYSTEM, HAND CHECK 

50796 1032 

+++++++++ ++++++++ ++++++++ ++++++++ +++++++++++ j-+++++++ ++++++++ ++++++++ 

THEORY: SIMPLIFIED BISHOP'S METHOD OF SLICES 
AS EXPLAINED IN LAMBE AND WHITMAN 

\i$:tAti¢t:il?Uiilili;!;i/ EARTHQUAKE COEF.= 0.000 

I~~ 

~M~}rtti~~mtiltl:lIIH:lJmi~l~ tt~gl~~l~t<niHf lll//~J~f ER_RO~ = ............ n~s (SL(?PEW) - FS (HAND}]/ FS (SLOPEW)} 
!~RXf:if>NIP)~!!ili!\l!iii!iiiii!i!iii!i~~aW~! 

FS (SLOPEW) EQ = 1.860 ER(EQUA)= 8.08% 

SLICE# dXi Slice Ht UnitWt Wi THETA Wi*sin6 C c*dXi Water Ht. Ui Ui*dXi Wi-12 PHI 
(ft.) (ft.) (pcf) (kips) (degr) (kips) (ksf) (kips) (ft.) (ksf) (kips) (kips) (degr) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1a 8.000 4.250 94.000 3.20 -50.000 -2.448 0.180 1.440 4.500 0.281 2.246 0.950 0.000 
2a 12.000 8.500 94.000 9.59 -40.000 -6.163 0.000 0.000 0.000 0.000 0.000 9.588 0.000 
2b 12.000 5.000 88,000 5.28 -40.000 -3.394 0.240 2.880 14.000 0.874 10.483 -5.203 0.000 
3a 8.500 8.500 94.000 6.79 -30.000 -3.396 0.000 0.000 0.000 0.000 0.000 6.792 0.000 
3b 8.500 10.000 88.000 7.48 -30.000 -3.740 0.000 0.000 0.000 0.000 0.000 7:480 0.000 
3c 8.500 2.750 78.000 1.82 -30.000 -0.912 0.310 2.635 21.500 1.342 11.404 -9.580 0.000 
4a 8.750 8.500 94.000 6.99 -23.000 -2.732 0.000 0.000 0.000 0.000 0.000 6.991 0.000 
4b 8.750 10.000 88.000 7.70 -23.000 -3.009 0.000 0.000 0.000 0.000 0.000 7.700 0.000 
4c 8.750 7.500 78.000 5.12 -23.000 -2.000 0.310 2.713 28.000 1.622 14.196 -9.077 0.000 
5a 1.750 8.500 94.000 1.40 -19.000 -0.455 0.000 0.000 0.000 0.000 0.000 1.398 0.000 
5b 1.750 10.000 88.000 1.54 -19.000 -0.501 0.000 0.000 0.000 0.000 0.000 1.540 0.000 
5c 1.750 8.000 78.000 1.09 -19.000 -0.356 0.000 0.000 0.000 0.000 0.000 1.092 0.000 
5d 1.750 2.000 86.000 0.30 -19.000 -0.098 0.770 1.348 28.000 1.747 3.058 -2.757 0.000 
6a 3.000 8.500 94.000 2.40 -17.000 -0.701 0.000 0.000 0.000 0.000 0.000 2.397 0.000 
6b 3.000 10.000 88.000 2.64 -17.000 -0.772 0.000 0.000 0.000 0.000 0.000 2.640 0.000 
6c 3.000 3.000 78.000 0.70 -17.000 -0.205 0.000 0.000 0.000 0.000 0.000 0.702 0.000 
6d 3.000 7.000 86.000 1.81 -17.000 -0.528 0.000 0.000 0.000 0.000 0.000 1.806 0.000 
6e 3.000 0.500 80.000 0.12 -17.000 -0.035 0.900 2.700 29.000 1.810 5.429 -5.309 0.000 
7a 10.000 8.500 94.000 7.99 -12.500 -1.729 0.000 0.000 0.000 0.000 0.000 7.990 0.000 
7b 10.000 5.000 88.000 4.40 -12.500 -0.952 0.000 0.000 0.000 0.000 0.000 4.400 0.000 
7c 10.000 5.000 96.000 4.80 ·12.500 -1.039 0.000 0.000 0.000 0.000 0.000 4.800 0.000 
7d 10.000 10.000 86.000 8.60 -12.500 -1.861 0.000 0.000 0.000 0.000 0.000 8.600 0.000 
7e 10.000 2.375 80.000 1.90 -12.500 -0.411 0.900 9.000 31.000 1.934 19.344 -17.444 0.000 
ea 5.000 1.500 129.000 0.97 -7.000 -0.118 0.000 0.000 0.000 0.000 0.000 0.968 0.000 
8b 5,000 0.750 140.000 0.53 -7.000 -0.064 0.000 0.000 0.000 0.000 0.000 0.525 0.000 
Be 5.000 3.500 94.000 1.65 -7.000 -0.200 0.000 0.000 0.000 0.000 0.000 1.645 0.000 
8d 5.000 12.375 96.000 5.94 -7.000 -0.724 0.000 0.000 0.000 0.000 0.000 5.940 0.000 
Be 5.000 10.000 86.000 4.30 -7.000 -0.524 0.000 0.000 0.000 0.000 0:000 4.300 0.000 
Bf 5.000 3.750 80.000 1.50 -7.000 -0.183 0.900 4.500 32.750 2.044 10.218 -8.718 0.000 

9a 7.600 0.750 129.000 0.74 -2.000 -0.026 0.000 0.000 0.000 0.000 0.000 0.735 0.000 
9b 7.600 0.750 129.000 0.74 -2.000 -0.026 0.000 0.000 0.000 0.000 0.000 0.735 0.000 
9c 7.600 2.750 140.000 2.93 -2.000 -0.102 0.000 0.000 0.000 0.000 0.000 2.926 0.000 
9d 7.600 13.875 96.000 10.12 -2.000 -0.353 0.000 o.oob 0.000 0.000 0.000 10.123 0.000 
9e 7.600 10.000 86.000 6.54 -2.000 -0.228 0.000 0.000 0.000 0.000 0.000 6.536 0.000 
9f 7.600 4.100 80.000 2.49 -2.000 -0.087 0.900 6.840 33.750 2.106 16.006 -13.513 0.000 

10a 8.400 0.750 129.000 0.81 4.000 0.057 0.000 0.000 0.000 0.000 0.000 0.813 0.000 
10b 8.400 0.750 129.000 0.81 4.000 0.057 0.000 0.000 0.000 0.000 0.000 0.813 0.000 
10c 8.400 7.750 140.000 9.11 4.000 0.636 0.000 0.000 0.000 0.000 0.000 9.114 0.000 
10d 8.400 12.000 96.000 9.68 4.000 0.675 0.000 0.000 0.000 0.000 0.000 9.677 0.000 
10e 8.400 10.000 86.000 7.22 4.000 0.504 0.000 0.000 0.000 0.000 0.000 7.224 0.000 
10f 8.400 4.000 80.000 2.69 4.000 0.188 0.900 7.560 34.750 2.168 18.215 -15.527 0.000 

11a 9.000 1.250 129.000 1.45 10.500 0.264 0.000 0.000 0.000 0.000 0.000 1.451 0.000 
11b 9.000 0.250 129.000 0.29 10.500 0.053 0.000 0.000 0.000 0.000 0.000 0.290 0.000 
11c 9.000 11.000 140.000 13.86 10.500 2.526 0.000 0.000 0.000 0.000 0.000 13.860 0.000 
11d 9.000 10.500 96.000 9.07 10.500 1.653 0.000 0.000 0.000 0.000 0.000 9.072 0.000 
11e 9.000 10.000 86.000 7.74 10.500 1.411 0.000 0.000 0.000 0.000 0.000 7.740 0.000 
11f 9.000 3.250 80.000 2.34 10.500 0.426 0.900 8.100 34.500 2.153 19.375 -17.035 0.000 

12a 3.000 1.500 129.000 0.58 14.500 0.145 0.000 0.000 0.000 0.000 0.000 0.581 0.000 
12b 3.000 0.375 140.000 0.16 14.500 0.039 0.000 0.000 0.000 0.000 0.000 0.158 0.000 
12c '0 13.250 140.000 5.57 14.500 1.393 0.000 0.000 or 0.000 0.000 5.565 0.000 
12d 0 9.250 96.000 2.66 14.500 0.667 0.000 0.000 0 0.000 0.000 2.664 0.000 
12e 0000 10.000 86.000 2.58 14.500 0.646 0.000 0.000 0.\. 0.000 0.000 2.580 0.000 

13*TAN14 9 + 15 Mi 
(kips) (kips) 

15 16 17 
0.000 1.440 0.643 
0.000 0.000 0.766 
0.000 2.880 0.766 
0.000 0.000 0.866 
0.000 0.000 0.866 
0.000 2.635 0.866 
0.000 0.000 0.921 
0.000 0.000 0.921 
0.000 2.713 0.921 
0.000 0.000 0.946 
0.000 0.000 0.946 
0.000 0.000 0.946 
0.000 1.348 0.946 
0.000 0.000 0.956 
0.000 0.000 0.956 
0.000 0.000 0.956 
0.000 0.000 0.956 
0.000 2.700 0.956 
0.000 0.000 0.976 
0.000 0.000 0.976 
0.000 0.000 0.976 
0.000 0.000 0.976 
0.000 9.000 0.976 
0:000 0.000 0.993 
0.000 0.000 0.993 
0.000 0.000 0.993 
0.000 0.000 0.993 
0.000 0.000 0.993 
0.000 4.500 0.993 
0.000 0.000 0.999 
0.000 0.000 0.999 
0.000 0.000 0.999 
0.000 0.000 0.999 
0.000 0.000 0.999 
0.000 6.840 0.999 
0.000 0.000 0.998 
0.000 0.000 0.998 
0.000 0.000 0.998 
0.000 0.000 0.998 
0.000 0.000 0.998 
0.000 7.560 0.998 
0.000 0.000 0.983 
0.000 0.000 0.983 
0.000 0.000 0.983 
0.000 0:000 0.983 
0.000 0.000 0.983 
0.000 8.100 0.983 
0.000 0.000 0.968 
0.000 0.000 0.968 
0.000 0.000 0.968 
0.000 0.000 0.968 
0.000 0.000 0.968 

16/17 
(kips) 

18 
2.240 
0.000 
3.760 
0.000 
0.000 
3.043 
0.000 
0.000 
2.947 
0.000 
0.000 
0.000 
1.425 
0.000 
0.000 
0.000 
0.000 
2.823 
0.000 
0.000 
0.000 
0.000 
9.219 
0.000 
0.000 
0.000 
0.000 
0.000 
4.534 
0.000 
0.000 
0.000 
0.000 
0:000 
6.844 
0.000 
0.000 
0.000 
0.000 
0:000 
7.578 
0.000 
0.000 
0.000 
0.000 
0.000 
8.238 
0.000 
0.000 
0.000 
0.000 
0.000 

EQ 
(kips) 

19 
0.000 
0.000 
0.000 
0:000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
f' -~I'\ 

-

...t: 
~ 
~ 



SLICE# Slice Ht UnitWt Wi THETA Wi*sin6 C c*dXI Wate1 Ui Ui*dXI Wl-12 PHI 13*TAN14 9 + 15 
,· (ft.) (pcf) (kips) (degr) (kips) (ksf) (kips) (ft.) ,ksf) (kips} (kips) (degr) (kips) (kips) -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
12f 3.000 2.000 80.000 0.48 14.500 0.120 0.900 2.700 34.500 2.153 6.458 -5.978 0.000 0.000 2.700 

13a 5.500 1.500 129.000 1.06 18.000 0.329 0.000 0.000 0.0Q0' 0.000 0.000 1.064 0.000 0.000 0.000 
13b 5.500 1.875 140.000 1.44 18.000 0.446 0.000 0.000 0.000· 0.000 0.000 1.444 0.000 0.000 0.000 
13c 5.500 13.500 140.000 10.40 18.000 3.212 0.000 0.000 0.0Q0' 0.000 0.000 10.395 0,000 0.000 0.000 
13d 5.500 9.000 96.000 4.75 18.000 1.468 0.000 0.000 0.000 0.000 0.000 4.752 0.000 0.000 0.000 
13e 5.500 10.000 86.000 4.73 18.000 1.462 0.000 0.000 o.odo 0.000 0.000 4.730 0.000 0.000 0.000 
13f 5.500 0.750 80.000 0.33 18.000 0.102 0.900 4.950 33.000 2.059 11.326 -10.996 0.000 0.000 4.950 

14a 9.500 1.500 129.000 1.84 23.500 0.733 0.000 0.000 0.000 0.000 0.000 1.838 0.000 0.000 0.000 
14b 9.500 4.250 140.000 5.65 23.500 2.254 0.000 0.000 0.000 0.000 0.000 5.653 0.000 0.000 0.000 
14c 9.500 13.000 140.000 17.29 23.500 6.894 0.000 0.000 0.000 0.000 0.000 17.290 0.000 0.000 0.000 
14d 9.500 9.500 96.000 8.66 23.500 3.455 0.000 0.000 0.000 0.000 0.000 8.664 0.000 0.000 0.000 
14e 9.500 8.000 86.000 6.54 23.500 2.606 0.770 7.315 30.500 1.903 18.080 -11.544 0.000 0.000 i315 
15a 11.000 1.500 129.000 2.13 31.500 1.112 0.000 0.000 0.000 0.000 0.000 2.129 0.000 0.000 0.000 
15b 11.000 6.000 140.000 9.24 31.500 4.828 0.000 0.000 0.000 0.000 0.000 9.240 0.000 0.000 0.000 
15c 11.000 12.250 140.000 18.87 31.500 9.857 0.000 0.000 0.000 0.000 0.000 18.865 0.000 0.000 0.000 
15d 11.000 10.250 96.000 10.82 31.500 5.656 0.000 0.000 0.000 0.000 0.000 10.824 0.000 0.000 o.obo 
15e 11.000 3.000 86.000 2.84 31.500 1.483 0.770 8.470 25.750 1.607 17.675 -14.837 0.000 0.000 8.470 
16a 12.000 1.500 129.000 2.32 42.000 1.554 0.000 0.000 0.000 0.000 0.000 2.322 0.000 0.000 0.000 
16b 12.000 6.250 140.000 10.50 42.000 7.026 0.000 0.000 0.000 0.000 0.000 10.500 0.000 0.000 0.000 
16c 12.000 11.500 140.000 19.32 42.000 12.928 0.000 0.000 0.000 0.000 0.000 19.320 0.000 0.000 0.000 
16d 12.000 5.500 96.000 6.34 42.000 4.240 0.630 7.560 16.250 1.014 12.168 -5.832 0.000 0.000 7.560 
17a 9.000 1.500 129.000 1.74 53.500 1.400 0.000 0.000 0.000 0.000 0.000 1.742 33.000 1.131 1.131 
17b 9.000 6.500 140.000 8.19 53.500 6.584 0.000 0.000 0.000 0.000 0.000 8.190 33.000 5.319 5.319 
17c 9.000 5.500 140.000 6.93 53.500 5.571 0.000 0.000 5.500 0.343 3.089 3.841 33.000 2.495 2.495 
18a 4.000 1.500 129.000 0.77 61.500 0.680 0.000 0.000 0.000 0.000 0.000 0.774 33.000 0.503 0.503 
18b 4.000 3.375 140.000 (89 61.500 1.661 0.000 0.000 0.000 0.000 0.000 1.890 33.000 1.227 1.227 
19a 0.750 0.750 129.000 O.o7 65,000 0.066 0.000 0.000 0.000 0.000 0.000 0.073 32.000 0.045 0.045 

ST SUM= 58.993 

EQSUM= 58.993 

KEY: 
1: Slice number. 
2: Slice width, feet. (Lambe: Table E24.5, Column 2) (SLOPEW: W-SLICE) 
3: Slice height, feet. (Lambe: used to get slice weight) (SLOPEW: {Y-TOP minus Y-BOTI) 
4: Unit Weight of soil In Slice, lb/ftA3. (Lambe: Table E24.5, used to calculate Wi in column 5) (SLOPEW: used to calculate WEIGHT, Unit Weight= WEIGHT/[(W-SLICE*{(Y-TOP)-(Y-BOT)}J, lb/ft"3) 
5: Weight of soil In Slice, kips. (Lambe: Table E24.5, WI used in column 5 calculation) (SLOPEW: {WEIGHT, pounds}) 
6: Slice angle to center of rotation, degrees. (Lambe: Table E24.4, theta) (SLOPEW: ALPHA) 
7: Weight of soil in Slice• sin(THETA), kips. (Lambe: Table E24.4, Wi sin(theta)) (SLOPEW: not given in output). 
8: Soil cohesion, ksf. (Lambe: Table E24.5, used in Column 3) (SLOPEW: Cohesion given as input parameter) 
9: Resistance due to cohesion, kips. (Lambe: Table E24.5, Column 3) (SLOPEW: COHES-N = B-LEN * Cohesion {B-LEN = sloping length}) 
10: Height of vertical water column at base of Slice, feet. (Lambe: Table E24.5, used to get Ui in Column 4) (SLOPEW: used to get WATER, WATER= 62.4 * (Water height)* slice width) 
11: Water pressure at base of Slice, ksf. (Lambe: Table E24.5, used to get Ui in Column 4) (SLOPEW: used to get WATER, WATER= (62.4 * Water height)* slice width) 
12: Water force at base of Slice, kips. (Lambe: Table E24.5, Column 4) {SLOPEW: WATER) 
13: Weight of soil In Slice minus Weight of water in Slice (Effective weight), kips. (Lambe:Table E24.5, Column 5) (SLOPEW: not given in output) 
14: PHI, Soll friction angle at base of slice, degrees. (Lambe: Table E24.5, phi used in Column 6) (SLOPEW: PHI) 
15: Effective normal stress at base of SLICE, kips. (Lambe: TAble E24.5, Column 6) (SLOPEW: not given in output) 
16: Total resisting forces on the Slice (column 10 plus column 15), kips. (Lambe: Table E24.5, Column 7) (SLOPEW: not given in output) 
17: Mi= [cos(PHI) * ( 1 + {tan(THETA) • tan(PHI) / Assumed F.S.})}. (Lambe: Table E24.5, Column 8) (SLOPEW: not given in output) 
18: ratio of Effective normal stress to Total resisting force (column 16/17), kips. (LAmbe: TAble E24.5, Column 9) (SLOPEW: not given in output) 
19: Earthquake load applied horizontally to Slice, kips. (Lambe: not given) (SLOPEW: not given in output) 

HAND FS = (SUM (Column 18)) / (SUM (Column 6)) 
HAND EQ FS = (SUM (Column 18)+ (Column 19)) / (SUM (Column 6)) 

Ml 16/17 
, 

(kips) (k,,-

17 18 19 
0.968 2.789 0.000 
0.951 0.000 0.000 
0.951 0.000 0.000 
0.951 0.000 0.000 
0.951 0.000 0.000 
0.951 0.000 0.000 
0.951 5.205 0.000 
0.917 0.000 0.000 
0.917 0.000 0.000 
0.917 0.000 0.000 
0.917 0.000 0.000 
0.917 7.977 0.000 
0.853 0.000 0.000 
0.853 0.000 0.000 
0.853 0.000 0.000 
0.853 0.000 0.000 
0.853 9.934 0.000 
0.743 0.000 0.000 
0.743 0.000 0.000 
0.743 0.000 0.000 
0.743 10.173 0.000 
0.900 1.256 0.000 
0.900 5.909 0.000 
0.900 2.771 0.000 
0.811 0.620 0.000 
0.811 1.514 0.000 
6.754 0.060 0.000 

SUM 18= 100.858 

SUM 19= 0.000 
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90% SUBMITTAL-DESIGN MEMORANDUM 

To: Brian Johnson P.E. Harding ESE Inc., Portland Maine 

From: Jeff Hillson P.E. 

Date: April 18, 2001 

Subject: Stratford Causeway 
90%Submittal - Design Memomorandum for Wave Analysis used for 

Cover System Revetment Design 
Project Number: 50796 Task 1042 

BASIS FOR DEVELOPMENT OF WA VE ANALYSIS 
A wave analysis has been performed, the results of which provide a basis for design of the revetment 
portion of the Causeway Cover System. The Cover System is described elsewhere in the main body of 
the report. A detailed list of data and their references are located in Appendix A of this Memorandum. 
The wave analysis and their results are in Appendix B of this Memorandum. Since no wave measurement 
data was available for this site, the following types of data and information were collected for the 
development of input data for the wave analysis: 

• Site Location and Fetch Length(s) 
• Tidal Datum 
• Tidal Data 
• Site Topography 
• Water Levels and Bathymetric 
• Meteorological 
• Current 

General Site Location and Fetch Length Description 

The Stratford Causeway (Causeway) is located in a tidal flat area off the southwest bank approximately 
1.9 miles upstream from the beginning of the Housatonic River Entrance Channel (Channel) and¼ mile 
northwest (upstream) of Crimbo Point. A breakwater extends from Milford Point on the eastside of the 
Channel entrance. The Channel Entrance between Milford and Crimbo Points is approximately 1000 feet 
wide. The Causeway point, at Mean Lower Low Water (MLL W), extends approximately 800 feet into 
adjacent tidal flats from the southwest bank and is approximately 500 feet southwest from the Channel 
centerline. The dredged Channel is approximately 200-feet wide and 20-feet deep from MLL W at this 
location. The Housatonic River is navigable to a point about one mile above Shelton, Connecticut, 
approximately 11.5 miles upstream from the Channel entrance. 

Using Reference 6, fetch radial distances were estimated from the Causeway point to points on land, 
above tidal flats, within windward directional range (12.5° to 112.5° from North). Generally, due to the 
breakwater located on the east side of the Entrance Channel, the Causeway point is in a sheltered, limited
fetch condition for all radials. From the map on page, B.1-9, the average fetch length for radials 1 
through 6 is 1.83 miles. For fetch radial 6, however, the breakwater may be awash above Mean High 
Water, thereby causing a fetch length (land-fall) to increase from approximately 1 mile to 35 miles to the 
shore of Long Island. 
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DESIGN MEMORANDUM 

Comparison of Tidal Datums: MLLW and NGVD 1929 
Benchmarks and tidal datum information are well documented for both Bridgeport and Sniffens Point, see 
Appendix A.3-7 and 8. The wave analysis performed uses water level elevations relative to the vertical 
tidal datum-Mean Lower Low Water (MLLW= 0.00). For this site, MLLW resides 2.72 feet lower 
relative to National Geodetic Datum of 1929 (NGVD 1929). Thus, the wave analysis defines Mean High 
Water (MHW) at 6.67, which corresponds to 3.95 (NGVD 1929). MHW elevations 4.1 NGVD 1929 and 
the evaluated 6.67 MLLW are essentially the same (6.67-2.72=3.95). The slight difference between 4.1 
and 3.95.is attributable to the slight variations from different references (locations) throughout Long 
Island Sound. 

Tidal Data 
Tidal range and tidal datums are well documented for both Bridgeport and Sniff ens Point and are located 
within Appendix A. Using elevation 3.45 MTL and 6.67 MHW as references, water level fluctuations 
(above and below) in the intertidal zone occur approximately every 6 hours. Tidal occurances above 
MHW are less frequent and of short duration. Tidal occurances (events) above 7.01 MHHW appear to 
return approximately every 14 days with a duration of 7 days. Randomly chosen samples of' 6 Minute 
Water Level' plots (Ref. 8) are shown Appendix A.3 8. 

General Site Topographic and Near-Shore Geometry Description 
The average highest elevation of the top of proposed Causeway revetment is '+10' from MLLW. The 
average highest elevation of the proposed Causeway crest is '+ 11 '. The general description of the 
topography from the Causeway point (point) to the center line of the Channel is as follows: highest 
elevation of the point is'+ 11 ', the toe of the point is elevation 'O', the near-shore mudline slopes 
approximately 10 percent for 120 feet to elevation '-11 ', then slopes approximately 2 percent to elevation 
'-18' at the Channel dredge line. The centerline of channel is approximately '-20'. ,, 

General Water Level and Bathymetric Description 
Design Still Water Level(s) (SWL) used in the wave analysis are based on approximate water depths at 
the toe of the point which are referenced in MLL W tidal datum: Mean Higher High Water plus three feet 
(MHHW+3'); MHHW; Mean Tide Level (MTL); MLLW and feet: 10, 7, 3.5 and 0, respectively. 
Average depths over the fetch length for radials 1-5 are: 12, 9.5, 6.8 and 5.2 feet, respectively. 

Meteorological Data 
Wind speed and direction are from various references and considered to be inland-observation type at 30 
feet above the ground. Winds with expected 100 year return period were obtained from Reference 13. 
Wind duration in the analysis has been given sufficient duration such that waves generated are not 
duration-limited. Sea and air temperatures are from references: A.3 4. Storm surge (flood) events have 
not been specifically addressed in the different still water levels (SWL). To develop a range of wave 
heights, up to a water elevation that does not submerge the Causeway, a 10-feet range of SWL has been 
created by starting at 0.00 MLLW and extending to the maximum recorded tidal level 10.01 MHHW+3'. 

Current Data 
Ebb/Flood currents are 1.2 knots (2 feet per second) from Reference 4. 
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WA VE ANALYSIS 

Introduction 

Analysis of wind adjustment, wave growth and wave distribution for: fetch-limited; shallow-water; non
breaking waves was performed using 'ACES', by the US ACE, see Reference F, Appendix B. 
Adjustments for refraction, shoaling in the near-shore region and diffraction through the Channel 
Entrance were made after determining significant, irregular wave height (H 113) and the highest 1/10 of 
wave heights: the design wave height l.27Hs (H 1110). Other references for wave analysis are shown in 
Appendix A. 

Input Data 

From the data and other information collected, a range of parameters for wind speed and water depth was 
developed to provide sufficient input for sensitivity analysis utilizing wind adjustment and wave growth 
equations. The wave growth equations used were for restricted fetch, shallow-water and fetch-limited 
waves. Non-variable input data including: fetch radials 1 through 5 and sea-air temperature differential 
had negligible effects on the results of early analysis runs, therefore these were kept constant throughout 
the analysis. The range of variable input data are summarized as follows: 

Water Depth: 5.2 to 12 feet (MLLW to MHHW+3') 
Wind Speed/Duration: 81 mph to 28 mph/ 8minutes to 8 hours 
Windward Direction: 90°- East (E) and 60°- East North East (ENE) 
Fetch Radial 6 (facing Channel Entrance): 1 mile and 35 miles (see Appendix B.1-9) 

Results of Wave Analysis 
Summarized results of the overall wind adjusted/wave growth analysis are located on pages 1 through 3, 
Appendix B.2. The results of Beta-Raleigh analysis for the non-breaking, irregular-wave, adjusted for 
refraction and shoaling is located on page B.2-3, Appendix B, summarized as follows: 

Significant wave height: H 113 = 3.03 feet@ 34° (from North) 
Design wave height (l.27H5): H 1110 = 3.87 feet@34° (from North) 

Discussion of Results of Wave Analysis 

For the two primary and governing windward directions, ENE and E, the resulting wave growth is 
limited by: wind-duration for fetch-limited condition and open-water wave diffraction through the 
Channel Entrance, respectively. For the fetch-limited condition, ENE, the duration of higher wind speeds 
were upwardly adjusted throughout the analysis so as to fully develop the potential wave height. From 
the primary windward wind directions, the resulting primary wave directions were 34° and 106° (from 
North), respectively. See page B.2-1, Appendix B for graphic. 

For fetch radials 1-6 and windward direction from ENE, the resulting design wave height, H 1110 = 3.87 
feet@ 34° (from North). This condition, with average fetch length of 1.83 miles, has a wind generating 
area basically enclosed by the breakwater (Radial 6 ~ lmile) at the Channel Entrance. Ebb-flood velocity 
of 2 feet/sec and approximately 90° incident to the design wave direction has a negligible effect on the 
design wave properties. For ebb conditions, there was slight increase in wave celerity (celerity), slight 
shortening of wave length and slight change in effective angle of incidence (to Causeway point). The 
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effect on wave height was very small. Therefore, the design wave has not been modified. See 
calculations in Appendix B.5. 

For fetch radials 1-6, windward direction from the E and water level above MHW, submerging the 
breakwater, the fetch length ofradial 6 increases from approximately 1 mile to 35 miles. The open-water 
wave from Long Island Sound is approximately 5 feet and from the E (Reference 15). Due to the 
combination of diffraction effect of the Channel Entrance width (approximately 1,000 feet) and approach 
angle relative to the Channel Entrance opening, the wave height reaching the Causeway point 
approximately 1 foot. Even when this diffracted wave celerity (speed) is increased for flood current (2 
ft./sec) with an accompanying shortening of wavelength, there is only a negligible change in the 
diffraction coefficient. This diffracted wave is still less than the design wave height, H 1110 = 3.87 feet@ 
34 ° (from North). See calculations in Appendix B.4. 

Wave Runup and Overtopping 

Analysis of wave runup and overtopping rates for: fetch-limited; shallow-water; non-breaking waves 
adjusted for shoaling and refraction was performed using 'ACES', by the USA CE, see Reference F, 
Appendix A. Varying the parameters of the slope surface profile between 'smooth' and 'rough' an 
overtopping rate of 0.30 cubic feet/ sec/foot width of revetment was calculated. See calculations in 
Appendix B.6. 

-- End of Report Text--
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TABLE OF CONTENTS 

APPENDIX TITLE 

A 
A.1 INPUT DATA FOR ENGINEERING ANALYSIS FOR REVETMENT 

A.2 REFERENCES FOR ANALYSIS AND DESIGN OF REVETMENT 

A.3 NUMBERED REFERENCES FOR METEOROLOGICAL/GEODETIC/TIDAL 
DATA 

B 

Hard copies or excerpts in the following Appendix subsections: 
A.3 1. Hard copy not included 
A.3 2. Environmental Data Service, NOAA 1983 
A.3 3. NCDC Weather Station Data for Bridgeport Sikorsky Memorial 7/96 to 9/00 

A.3 4. U.S. Coastal Pilot, Atlantic Coast: Cape Cod to Sandy Hook, 30 th edition 

A.3 5. 
A.3 6. 
A.3 7. 

A.3 8. 
A.3 9. 

A.3 10. 

A.311. 

A.3 12. 
A.3 13. 
A.3 14. 

A.3 15. 

Hard copy not included 

Hard copy not included 

Benchmark Publication from: 

http://www.co-ops.nos.noaa.gov/bench_mark.shtml?region=ct 

http:/tidesonline.nos.noaa.gov/geographic.html-graphics of A.3 7. data 

Tidal Differences and Other Constants CONNECTICUT, Long Island Sound 
http://www.co- ops.nos.noaa.gov/tab2ec2a.html#15 

Retrieve Verified/ Historic (Tides) Water Level Data for 8467150 
BRIDGEPORT, BRIDGEPORT HARBOR, CT, 

http://co-ops.nos.noaa.gov/data_retrieve.shtml?input_code=lOOllllllvwl 

Excerpt Table 2, page 131 from 'Tidal Current Tables--Atlantic Coast of 
North America 
Hard copy not included 

Tidal Flood Profiles New England Coastline 

Tidal-Flood Management West Central Connecticut 

Northeast US Analysis Wave Map, March 2001 and Supplementary Maps 

B.1 DETERMINATION AND CHANNEL SECTIONS AND NEAR-SHORE 
GEOMETRY, WATER DEPTHS AND FETCH LENGTHS 
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B.2 WIND ADJUSTMENTS AND WA VE-GROWTH RESULTS FOR FETCH 
RADIALS 1-5 AND 1-6 

B.3 NEAR-SHORE AFFECTS: LIMIT OF NON-BREAKING CONDITION AND 
REFRACTION/SHOALING FACTORS 

B.4 DIFFRACTION OF WA VE (FOR FETCH RADIALS 1-6) THROUGH 
CHANNEL ENTRANCE 

B.5 EBB-FLOOD VELOCITY EFFECT ON THE DESIGN WA VE 

B.6 WA VE RUNUP AND OVERTOPPING 
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INPUT DATA FOR ENGINEERING WA VE ANALYSIS FOR REVETMENT DESIGN 

Data 

Wind Velocity Type/Wind Velocity/Duration/Direction 
Information 

lO0yr return/64mpb/lminute/ENE 
100yrreturn/52mpb/lhour/ENE 
lO0yr return/3 7mpb/3hours/ENE 
1 00yr return/2 8mpb/8hours/ENE 

1 00yr return/7 4mpb/1 minute/E 
l00yr return/60mpb/lhour/E 
l00yr return/55mpb/3hours/E 
1 00yr return/52mpb/8hours/E 

Peak Gust Velocity/81 mpb/(2-3 sec)/na 

Fastest Mile/62 mph/ 
Fastest Mile/38 mph/ 
Fastest Mile/30 mph/ 

IE** 
/ESE** 
/SSE** 

References No. 

Ref 14., Table 8 
Ref 14., Table 8 
Ref 14., Table 8 
Ref 14., Table 8 

Ref 14., Table 8 
Ref 14., Table 8 
Ref 14., Table 8 
Ref 14., Table 8 

Ref 1., Table 7 

Ref2., Fastest Mile ... 
Ref 2., Fastest Mile .. . 
Ref 2., Fastest Mile .. . 

Annual Mean Wind Speed/9.8 mpb/na/270° to 350° Ref 2., Wind Roses ... 

Max 5-sec Velocity/44 mpb/5 sec/ESE (100-120°)*** 
Max 2-min Velocity/39 mpb/2-min/ESE(l00-120°)*** 

Max 5-sec Velocity/56 mpb/5 sec/ENE (60-80°)*** 
Max 2-min Velocity/48 mph/2-min/ENE(60-80°)*** 

Max 5-sec Velocity/43 mpb/5 sec/NE (50-60°)*** 
Max 2-min Velocity/33 mpb/2-min/NE(50-60°)*** 

Max 5-sec Velocity/43 mpb/5 sec/NNE (10-30°)*** 
Max 2-min Velocity/31 mph/2-min/NNE(l0-30°)*** 

Mean Sea Level Pressure: 
1017 .1 millibars / 30. 04 inches of mercury 

Mean Sea Temperature/Density: 
14.8°C/1.019 specific gravity 
58.6°F/64.0 pcf (Engineering Property) 

Mean Atmospheric Temperature: 
52.2°F 11.2°c 

Li T (air-sea) for Wind/Wave Analysis 
-6.4°F 

Soundings for Channel Cross Section 
Drawings provided by: 

Ref. 3 
Ref. 3 

Ref. 3 
Ref. 3 

Ref.3 
Ref. 3 

Ref.3 
Ref. 3 

Ref. 4 

Ref. 4 

Ref.4 

Ref. 5 

A.1-1 
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INPUT DATA FOR ENGINEERING ANALYSIS FOR RIPRAP REVETMENT 

Data 
( continued) 

Tidal Datum Benchmark: MLL W 
(Used for for Soundings in Ref. 5) 
Benchmark 67913B (1993) at Sniffens Point(NAVD'88) 

Horizontal Survey Datum: 
NAD'83 

Tidal Data: 
Tidal Datum Benchmark, Bridgeport: MLL W 
Tidal Datum Benchmark, Sniff ens Pt. MLL W 
Historic (1979-2000) Tidal Data from Bridgeport 
Tide elevations adjusted for Stratford from Bridgeport 
Tidal range 5.5 ft. (not used) 

Tidal/Flood Data at Sniffens Point, in feet (MLLW): 
lO0yr Frequency Tidal Flood 12.83 
50yr Frequency Tidal Flood 12.31 

Reference No. 

Ref. 7 

Ref. 12 

Ref 7 
Ref. 7 
Ref. 8 
Ref. 9 
Ref. 4 

Refl3 
Ref13 

Highest Observed Event 10.2 (adjusted from Bridgeport Highest-Observed) Ref. 9 and 10 
Ref13 1 0yr Frequency Tidal Flood 8.31 

MHHW 7.01 
MHW 6.67 (3.95 NGVD 1929) 
MTL 3.45 
MSL 3.40 
MLW 0.24 
MLLW 0.00 (-2.72 NGVD 1929) 
Lowest Observed Event: -3.52 (adjusted from Bridgeport Lowest Observed) 

Spring Freshets 10 ft above Mean High Tide 

Tidal Currents: 
1.2 knots= 2.00 ft/sec 

Average speed/direction@ maximum flood: 1.2 knots/ 330° 
Average speed/direction@ maximum ebb: 1.2 knots/ 135° 

Ref7 and 8 
Ref7 and 8 
Ref7 and 8 
Ref7 and 8 
Ref7 and 8 
Ref7 and 8 
Ref. 9 and 10 

Ref. 4 

Ref. 11 

Tidal currents are approximately 90 degrees incident to the mean wave directions for fetch radials 1 through 5 and approximately 
coincident to the mean wave direction for fetch radials 1-6. 

Notations: 
** Windward directions (away from Causway point) ( between 140° < 360°) are not considered and therefore not listed above. 
For purposes of wind/wave analysis, windward directions are considered from North (northerly - 0°) through SSE (160°). Wind 
direction points are approximate. 

*** same as**, but, additionally wind speeds are concurrent (same-day) readings. 
na - not available 

A.1-2 
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REFERENCES FOR WA VE ANALYSIS FOR DESIGN OF REVETMENT: 

A. EM 1110-2-1412 'STORM SURGE ANALYSIS AND DESIGN WATER LEVEL.DETERMINATIONS' by 

USACE, 15 April 1986 

B. EM 1110-2-1414 'WATER LEVELS AND WA VE HEIGHT DETERMINATIONS FOR COASTAL 

ENGINEERING DESIGW, by USA CE, 5 July 1989 

C. EM 1110-21614 'DESIGN OF COASTAL REVETMENTS, SEAWALLS, AND BULKHEADS' byUSACE, 

20 June 1995 

D. EM 1110-2-2302 ,.Chapter 2, 24 October 90 

E. EM 1110-2-2904, 'DESIGN OF BREAKWATERS AND JETTIES' by USACE, 8 August 1986. 

F. ACES, ver l.07fby USACE, 1994 (computer program) 

G. Shore Protection Manual, Vol I and II, (Fourth Edition) by USA CE, 1984 

H. Coastal Engineering Technical Note (CETN-I-10), 'CLARIFICATION OF WAVE HEIGHT PARAMETERS', 

(11/83). 

A.2-1 
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REFERENCES FOR ENVIRONMENTAL/GEODETIC DATA AND INFORMATION, 

1. NAVFACDM2.2,Nov.1981 

2. Environmental Data Service, NOAA 1983 

3. NCDC Weather Station Data for Bridgeport Sikorsky Memorial 7 /96 to 9/00 

4. U.S. Coastal Pilot, Atlantic Coast: Cape Cod to Sandy Hook, 30th edition for Bridgeport, CT. 

5. USACE, New England Division 'Preliminary - Housatonic River Condition Survey', Nov. and Dec 

1999. 

6. NOAA Chart 12370, 'Housatonic River and Milford Harbor', 6/93 

7. Downloaded Benchmark Publication from: http://www.co-ops.nos.noaa.gov/bench mark.shtml?region=ct 

8. http:/tidesonline .nos .noaa.gov/ geographic.html 

9. Tidal Differences and Other Constants CONNECTICUT, Long Island Sound http://www.co
ops.nos.noaa.gov/tab2ec2a.html# 15 

10. Retrieve Verified/ Historic (Tides) Water Level Data for 8467150 BRIDGEPORT, BRIDGEPORT HARBOR, 
CT,http://co-ops.nos.noaa.gov/data_retrieve.shtml?input_code=lOOl l l l l lvwl 

11. Excerpt Table 2, page 131 from 'Tidal Current tables--Atlantic Coast of North America' 

12. 'RECORD CONDITIONS PLAN OF LAND LOCATED IN STRATFORD, CONNECTICUT' 
topographic survey of Causeway prepared by 'MERIDIAN ENGINEERING,INC., October 25, 
2000. 

13. 'Tidal Flood Profiles New England Coastline', September 1988, USACE, New England Dvision 

14. 'Tidal Flood Management West Central Connecticut', June 1988, USACE, New England Division 

15. 'Northeast US Analysis Wave Map', March 2001, by Oceanweather inc. 
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DESIGN MEMORANDUM 

INPUT DATA FOR ENGINEERING ANALYSIS FOR RIPRAP REVETMENT 

Data 
(continued) 

Tidal Datum Benchmark: MLLW 
(Used for for Soundings in Ref. 5) 
Benchmark67913B (1993) atSniffens Point(NA VD'88) 

Horizontal Survey Datum: 
NAD'83 

Tidal Data: 
Tidal Datum Benchmark, Bridgeport: 111.,L W 
Tidal Datum Benchmark, Sniffens Pt. 111.,L W 
Historic (1979-2000) Tidal Data from Bridgeport 
Tide elevations adjusted for Stratford from Bridgeport 
Tidal range 5.5 ft. (not used) 

Tidal/Flood Data at Sniff ens Point, in feet (MLL W): 
1 OOyr Frequency Tidal Flood 12.83 
50yrFrequency Tidal Flood 12.31 

Ref ere nee No. 

Ref. 7 

Ref.12 

Ref 7 
Ref. 7 
Ref.8 
Ref.9 
Ref.4 

Ref13 
Ref13 

Highest Observed Event 10.2 (adjusted from Bridgeport Highest-Observed) Ref. 9 and 10 
Ref13 1 0yr Frequency Tidal Flood 8.31 

MHHW 7.01 
MHW 6.67 (3.95 NGVD 1929) 
MTL 3.45 
MSL 3.40 
11LW 0.24 
MLLW 0.00 (-2.72NGVD 1929) 
Lowest Observed Event: -3.52 (adjusted from Bridgeport Lowest Observed) 

Spring Freshets 10 ft above Mean High Tide 

Tidal Currents: 
1.2 knots= 2.00 ft/sec 

Average speed/dire~tion@maximum flood: 1.2 knots/ 330° 
Average speed/direction @ maximum ebb: 1.2 knots/ 135° 

Ref7 and8 
Ref7 and8 
Ref7and8 
Ref7 and 8 
Ref7 and 8 
Ref7 and 8 
Ref. 9 and 10 

Ref.4 

Ref.11 

Tidal currents are approximately 90 degrees jncident to the mean wave directions for fetch radials I through 5 and approximately 
coincident to the mean wave direction for fetch radials 1-6. 

Notations: 
** Windward directions (away from Causway point) ( between 140° < 360°) are not considered and therefore not listed above. 
For purposes of wind/wave analysis, windward directions are considered from North (northerly- 0°) through SSE (160°). Wind 
direction points are approximate. 

*** same as ** , but, additionally wind speeds are concuirent (same-day) readings. 
na - not available 
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DESIGN MEMORANDUM 
INPUT DATA FOR ENGINEERING WA VE ANALYSIS FOR REVETMENT DESIGN 

Data 

Wind Velocity Type/Wind Velocity/Duration/Direction 
Information 

1 00yr return/64mpb/lminute/ENE 
100yrreturn/52mph/lhour/ENE 
100yrreturn/37mph/3hours/ENE 
100yrreturn/28mph/8hours/ENE 

1 00yr return/74mpb/l minute/E 
100yrreturn/60mph/lhour/E 
100yrreturn/55mph/3hours/E 
100yrreturn/52mph/8hours/E 

Peak Gust Velocity/81 mph/(2-3 sec )/na 

Fastest Mile/62 mph/ 
Fastest Mile/38 mph/ 
Fastest Mile/30 mph/ 

IE** 
/ESE** 
/SSE** 

References No. 

Ref 14., Table 8 
Ref 14., Table 8 
Ref 14., Table 8 
Ref 14., Table 8 

Ref 14., Table 8 
Ref 14., Table 8 
Ref 14., Table 8 
Ref 14., Table 8 

Ref 1., Table 7 

Ref 2., Fastest Mile .. : 
Ref 2., Fastest Mile ... 
Ref 2., Fastest Mile ... 

Annual Mean Wind Speed/9.8 mph/na/270° to 350° Ref2., Wind Roses ... 

Max 5-sec Velocity/44 mph/5 sec/ESE (100-120°)*** 
Max 2-min Velocity/39 mph/2-min/ESE(I00-120°)*** 

Max 5-sec Velocity/56 mph/5 sec/ENE (60-80°)*** 
Max 2-min Velocity/48 mph/2-min/ENE(60-80°)*** 

Max 5-sec Velocity/43 mph/5 sec/NE (50-60°)*** 
Max 2-min Velq.city/33 mph/2-min/NE(S0-60°)*** 

Max 5-sec Velocity/43 mph/5 sec/NNE (10-30°)*** 
Max 2-min Velocity/31 mph/2-min/NNE( 10-30°)** * 

Mean Sea Level Pressure: 
1017.1 millibars/ 30.04 inches of mercury 

Mean Sea Temperature/Density: 
14.8°C/l.019 specific gravity 
58.6°F/64.0 pcf (Engineering Property) 

Mean Atmospheric Temperature: 
52.2°F 1 l .2°C 

.6.T (air-sea) for Wind/Wave Analysis 
-6.4°F 

Soundings for Channel Cross Section 
Drawings provided by: 

Ref.3 
Ref.3 

Ref.3 
Ref.3 

Ref.3 
Ref.3 

Ref.3 
Ref.3 

Ref.4 

Ref.4 

Ref.4 

Ref.5 
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DESIGN MEMORANDUM 

REFERENCES FOR WA VE ANALYSIS FOR DESIGN OF REVETMENT: 

A. EM 1110-2-1412 'STORM SURGE ANALYSIS AND DESIGN WATER LEVEJ;., DETERMINATIONS' by 

USACE, 15 April 1986 

B. EM 1110-2-1414 'WATER LEVELS AND WA VE HEIGHT DETERMINATIONS FOR COASTAL 

ENGINEERING DESIGN', by USA CE, 5 July 1989 

C. EM 1110-21614 'DESIGN OF COASTAL REVETMENTS, SEA WALLS, AND BULKHEADS' by USACE, 

20 June 1995 

D. EM 1110-2-2302 , Chapter 2, 24 October 90 

E. EM 1110-2-2904 , 'DESIGN OF BREAKWATERS AND JETTIES' by USA CE, 8 August 1986. 

F. ACES, ver l.07fby USACE, 1994 (computer program) 

G. Shore Protection Manual, Vol I and II, (Fourth Edition) by USACE, 1984 

H. Coastal Engineering Technical Note (CETN-I-10), 'CLARIFICATION OF WA VE HEIGHT P ARA11ETERS', 

(11/83). 
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DESIGN MEMORANDUM 

REFERENCES-FOR ENVIRONMENTAL/GEODETIC DATA AND INFORMATION, 

1. NAVFACDM2.2,Nov.1981 

2. Environmental Data Service, NOAA 1983 

3. NCDC Weather Station Data for Bridgeport Sikorsky Memorial 7/96 to 9/00 

4. U.S. Coastal Pilot, Atlantic Coast: Cape Cod to Sandy Hook, 30th edition for Bridgeport, CT. 

5. USA CE, New England Division 'Preliminary - Housatonic River Condition Survey', Nov. and Dec 

1999. 

6. NOAA Chart 12370, 'Housatonic River and Milford Harbor', 6/93 

7. Downloaded Benchmark Publication from: http://www.co-ops.nos.noaa.gov/bench mark.shtml?region=ct 

8. http:/tidesonline.nos.noaa.gov/geographic.html 

9. Tidal Differences and Other Constants CONNECTICUT, Long Island Sound http://www.co
ops.nos.noaa.gov/tab2ec2a.html# 15 

10. Retrieve Verified/ Historic (Tides) Water Level Data for 8467150 BRIDGEPORT, BRIDGEPORT HARBOR, 
CT,http://co-ops.nos.noaa.gov/data_retrieve.shtml?input_code=lOOl l l l l lvwl 

11. Excerpt Table 2, page 131 from 'Tidal Current tables--Atlantic Coast of North America' 

12. 'RECORD CONDITIONS PLAN OF LAND LOCATED IN STRATFORD, CONNECTICUT' 
topographic survey of Causeway prepared by 'MERIDIAN ENGINEERING,INC., October 25, 
2000. 

13. 'Tidal Flood Profiles New England Coastline', September 1988, USACE, New England Dvision 

14. 'Tidal Flood Management West Central Connecticut', June 1988, USACE, New England Division 

15. 'Northeast US Analysis Wave Map', March 2001, by Oceanweather inc. 
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STATE 
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STATION 

.c.c:.i:.c.c 
0.P.o.o.o. 

e e e e a 
(") r-, "' 00 "l' ........ ~' 
I I I I I 

.. ·-·-- ··------t-------------t---+--------
ALA. Birmingham 

Mobile 
--- .. •···-· 

Montgomery 
ALASKA, Anchorage 

Cold Bay 
Fairbanks 
King Salmo~ 

ARIZ. Phoenix. 
Tucson 

ARK. Little Rock 
CALIF. Bakersfield 

Burbank 
Fresno 
Los Angeles 
Oakland 
Sacramento 
San Diego 
San Francisco 

COLO. Colorado Springs 
Denver 

CONN. Hartford 
D.C. Washington 
DEL. Wilmington 
FLA. Jacksonville 

Miami 
Orlando 
Tallahassee 
Tampa 
West Palm Beach 

GA. Atlanta 
Augusta 
Macon 
Savannah 

HAWAII, Hilo 
Honolulu 

IDAHO, Boise 
ILL. Chicago (O'Hare) 

Chicago (Midway) 
Moline 
Springfield 

IND. Evansville 
Fort Wayne 
Indianapolis 
South Bend 

IOWA, Des Moines 
Sioux City 

27 22 30 17 
7 28 38 20 

31 29 27 12 
28 35 25 11 

4 9 18 27 
40 35 19 5 
11 20 30 24 
38 36 20 5 
18 35 30 14 
12 30 39 16 
35 30 24 10 
52 26 18 4 
30 41 22 7 
28 33 27 11 
26 28 28 16 
15 28 31 18 
28 3B 28 6 
16 21 26 ;22 

9 27 38 119 
11. 27 34j22 
13 26 32 24 
11 26 35 22 
1fi 31 30 19 
10 33 35 18 
1,J', 30 34 20 
18 28 32 17 
33 36 23 7 

9 31 40 16 
9 22 36 27 

13 24 36 21 
36 29 25 9 
10. 26 46 16 
12 34 37 14 

7 34 43 15 
9 17 27 32 

15 30 32 18 
8 22 33 27 
7 26 36 25 

14 23 32 24 
7 22 28 27 

JS 23 32 21 
9 23 33 25 
9 22 34 26 
7 21 35 30 
3 17 38 29 

10 20 31 25 

3 1 * * * 7 .9 
6 1 * * * 10.0 
2 * • 6.9 
2 * * * 6.8 

21 14 5 2 * 17.4 
1 * * * 5,2 

10 4 1 * * 11.4 
l * * * 5.4 
3 1 * * 8.1 
2 * * * 8. 7 
1 * * 5.8 
1 * * * 4.5 
1 * * 6.1 
1 ~ * 6.8 
2 1 * * * 7.5 
5 1 * * * 9.3 
* * * 6.3 

11 3 * * * 10.6 
6 2 * * * 10.0 
5 2 * * * 10.0 
6 l * * * 9.8 
5 1 * * * 9. 7 
4 1 * * * 8,8 
3 * * * 8.9 
2 * * * * 8.8 
4 * * * 8.6 
* * 6.1 
2 * * * * 8.8 
6 l * * 10.5 
6 l * * 9.7 
l * * 6.3 
2 * * * * 8,9 
3 * * * * 8.4 
2 * * 8.7 

12 2 * * * 12. l 
4 1 * * 8.9 
8 2 * * * 11.2 
5 l * * * 10.2 
7 2 * * * 10.0 

12 3 1 * • 12.0 
5 1 * * 9.1 
8 2 * * * 10.9 
7 2 * * * 10.8 
7 l * * 10.9 

10 3 1 * * 12.1 
10 4 l * * 11.7 

KANS. Topeka 
Wichita 

KY. Lexington 
Louisville 

LA. Baton Rouge 
Lake Charles 
New Orleans 
Shreveport 

MAINE, Portland 
MD,· Baltimore 
MASS. Boston 
MICH. Detroit (City AP) 

Flint 
Grand Rapids 

MINN. Duluth 
Minneapolis 

MISS. Jackson 
MO. Kansas City 

St. Louis 
Springfield 

MONT, Great Falls 
NEBR. Omaha 
NEV. Las Vegas 

Reno 
N. J. Newark 
N. MEX. Albuquerque 
N. Y, Albany 

Binghamton· 
Buffalo 
New York (Kennedy) 
New York (La Guardia) 
Rochester 
Syracuse 

N. C. Charlotte 
Greensboro 
Raleigh 
Winston-Salem 

N. DAK. Bismarck 
Fargo 

OHIO, Akron-Canton 
Cincinnati 
Cleveland 
Columbus 
Dayton 
Youngstown 

OKLA. Oklahoma City 

11 19 30 27 10 
4 12 30: 31 16 
8 25 39 22 6 

17 28 31 20 :.l 
17 29 34 17 3 
19 31 29 17 4 
16 27 32 19 5 
12 26 ;17 21 4 
10 30 83 22 4 

7 24 39 22 6 
3 12 33 35 12 
8 23 37 26 5 

16 26 32 22 3 
14 23 32 25 5 

6 15 33 31 11 
8 21 34 28 9 

33 25 26 14 2 
9 29 35 23 ~) 

10293621 :1 
4 13 34 32 l:J 
7 19 24 24 l.S 

12 17 29 28 1 l 
18 26 25 20 !--
52 20 13 HI I\ 
11 25 34 24 , 
17 36 26 13 ; 
23 24 27 21 ,, 
11 23 35 25 '. 

5 17 34 27 l: 
6 17 35 28 1, 
6 15 30 3 l 1: 
8 22 34 25 

14 27 30 23 
20 32 31 14 
20 32 31 14 
18 33 34 14 
19 22 33 21 
14 20 27 24 \ 

4 13 28 31 1 
7 25 35 26 

11 27 36 22 
7 18 35 29 

26 23 29 18 
8 25 36 2:1 
7 26 36 24 
2 11 34 34 

Source: Climatography of the United States 
the United States Climate Summary of Hourly 1 
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tFACE WIND ROSES, MONTHLY AND ANNUAL; RESULTANT SURFACE WINDS, MIDSEASONAL .. Continued 
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LEGEND: 
WIND ROSES SHOW PERCENTAGE 
OF TllilE WIND BLEW FROII THE 
16 COIIPASS POINTS OR WAS CAUi. 

• INDICATES LESS THAN 0.5% CAUi 

25 HOUl'ILY f'ERCENTAGEII 25 
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ANNUAL PERCENTAGE FREQUENCY OF WIND BY SPEED GROUPS 
AND THE MEAN SPEED 
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a e is EEEE• 
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Al.A. lllrmingham 
ldobl It
Montgomery 

27 22 30 17 3 
7 28 38 20 6 

31 29 27 12 2 
28 35 25 11 2 

-----.,....-----------,--..--------. ··- .. ,.. '""~MM "I' ~- ....._, •~•·•-•-•._M,-•~----;--;--------=-------+-----------+--

Al.ASKA, Anchorage 
Cold Bay 
t·R lrbnnks 
1<1n11 Salmon 

ARIZ. Phoenix 
1\J<:IH)n 

ARI<. l,11tle Rock 
CALIF. B11kersfield 

llurh11nk 
Fn•Nno 
l.oi. Angeles 
011k l nnd 
::lucrnmento 
Snn Oic110 
81111 Francisco 

COl,O. Colorado Springs 
O.,nvur 

CONN. 11111· lf ord 
ll.C. Wai;h!n11:ton 
llEl.. Wi lml.1111:ton 
Fl.A. .lackirnnvi lle 

M111ml 
Orlando 
T1t l luhaHsec 
1'11mpn 
w,,ti l l'n Im Beach 

<iA. Al lnntn 
AUl(Uktll 

lihl.cou 
Snvunnnh 

IIA'«Al 1. Ill lo 
llonolulu 

I IJAIIO, llu 11w 
11,1,. Ch1<:a1<0 (O'Hare) 

Ch IClll{O (Midway) 
Mol Im• 
:ipr11111:I lc•ld 

I NII. tv"111-1v 11 le 
t't11·t Wny111• 
11111111111111<'1 IH 
South lluud 

IOWA, O,•:, Mo 1 rws 
Sioux C:Jty 

4 9 18 27 21 
40 35 19 5 1 
11 20 30 24 10 
38 36 20 5 l 
18 35 30 14 3 
12 30 39 16 2 
35 30 24 10 1 
52 26 18 4 1 
30 41 22 7 1 
28 33 27 11 l 
26 28 28 16 2 
15 28 31 18 5 
28 38 28 6 * 
16 21 26 ,22 11 

9 27 38 119 6 
11 27 34122 5 
13 26 32 24 6 
11 26 35 22 5 
15 31 30 19 4 
10 33 35 18 3 
14 30 34 20 2 
18 28 32 17 4 
33 36 23 7 * 

9 31 40 16 2 
9 22 36 27 6 

13 24 36 21 6 
36 29 25 9 1 
10 26 46 16 2 
12 34 37 14 3 
7 34 43 15 2 
9 17 27 32 12 

15 30 32 18 4 
8 22 33 27 8 
7 26 36 25 5 

14 23 32 24 7 
7 22 28 27 12 

19 23 32 21 5 
9 23 33 25 8 
9 22 34 26 7 
7 21 35 30 7 
3 17 38 29 10 

10 20 31 25 10 

l"'** 7.9 
l * * * 10.0 
* * 6.9 
* * * 6.8 

14 5 2 * 17.4 
* * * 5.2 
4 1 * * 11.4 
* * • 5,4 
1 * * 8.1 
* * * 8,7 
• • s.a 
* * * 4,5 
* * 6,1 
* * 6.8 
1 * * * 7 .5 
1 * • * 9.3 
* * 6,3 
3 * * * 10.6 
2 * * * 10.0 
2 * * * 10.0 
1 * * * 9.8 
1 * * * 9.7 
1 * * * 8.8 
* * * 8.9 
* * * * 8,8 
* * * 8.6 
* 6,1 
* * * * 8.8 
1 * * 10,5 
1 * * 9·. 7 
* * 6.3 
* * * * 8,9 
* * * * 8.4 
* * 8.7 
2 * * * 12.l 
l * * 8.9 
2 * * * 11.2 
l * * * 10.2 
2 * * * 10.0 
3 1 * * 12.0 
1 * * 9.1 
2 * * * 10.9 
2 * * * 10.8 
1 * * 10.9 
3 1 * * 12.1 
4 1 * * 11.7 

KANS, Topeka 
Wichita 

KY. Lexington 
Louisville 

LA. Baton Rouge 
Lake Charles 
New Orleans 
Shreveport 

MAINE, Portland 
MD. Baltimore 
MASS. Boston 
MICH. Detroit (City AP) 

Flint ., , . 
Grand Rapids 

MINN. Duluth 
Minneapolis 

MISS. Jackson 
Mo. Kansas City 

St, Louis 
Springfield 

MONT. Great Falls 
NEBR. Omaha 
NEV. Las Vegas 

Reno 
N. J. Newark 
N. MEX. Albuquerque 
N·. Y. Albany 

Binghamton 
Buffalo 
New York (Kennedy) 
New York (La Guardia) 
Rochester 
Syracuse 

N. C. Charlotte 
Greensboro 
Raleigh 
Winston-Salelll 

N, DAK. Bismarck 
Fargo 

OHIO, Akron-Canton 
Cincinnati 
Cleveland 
Columbus 
Dayton 
Youngstown 

OKLA. Oklahoma City 

11 19 30 27 10 2 * * * ll.2 OKLA, (Cont.) Tulsa 9 24 34 26 7 l * * * 10.6 
4 12 30131 16 5 1 * * 1:3."7 OREG. Medford 47 31 14 6 2 * ·* * • 4.6 
8 25 39 22 6 1 • * r,lO .1 Portland 28 27 25 16 4 1 * * * 7. 7 

17 28 31 20 3 1 * * 8. 8 Salem 25 32 28 13 2 * * 7 . l 
17 29 34 17 3 * • * 8.3 PA, Harrisburg 28 31 25 13 3 1 • * 7 .3 
19 31 29 17 4 1 * * * 8.5 Philadelphia 11 27 35 21 5 1 * * * 9.6 
16 27 32 19 5 1 * * * 9.0 Pittsburgh 12 26 34 22 4 1 * * 9,4 
12 26 37 21 4 1 * * • 9.5 Scranton 11 33 35 18 2 * • * 8.8 
10 30 33 22 4 1 * * * 9.6 R. I. Providence 11 20 32 28 7 2 * * * 10.7 

7 24 39 22 6 2 * * * 10.4 s. C, Charleston 12 28 35 19 4 1 * * 9.2 
3 12 33 35 12 4 1 * * 13 .3 Columbia 25 35 26 12 2 * * 7 .0 
8 23 37-26 5 1 * * * 10.3 s. DAX. Huron 10 18 29 29 10 3 1 * * 11,9 

16 26 32 22 3 1 * * * 9,0 Rapid City:::; · 15 22 28 21 10 4 1 * * 11,0 
14 23 32 25 5 1 * * * 9.8 TENN Chattanooga 39 25 24 11 1 * * 6.1 

6 15 33 31 11 4 1 • * 12.6 Kn~xville 29 29 25 12 4 1 * * * 7 .5 
8 21 34 28 9 2 * * * 11. 2 Memphis 14 26 34 20 5 I * • 9.4 

33 25 26 14 2 * * * 7 .1 Nashville 27 31 2S 14 2 * * • • .:z.;_2-
9 29 35 23 5 1 * 9,8 TEX Amarillo 5 15 32 32 12 4 I * • 12.9 

10 29 36 21 3 1 * * * ([;3:" A~stin 13 25 34 23 5 1 * * 9,7 
4 13 34 32 13 3 1 * * 1~ Brownsville 10 17 25 30 14 3 * * * 12.3 
7 19 24 24 15 9 3 1~ 13.9 Corpus Christi 11 16 26 33 12 2 * * 11.9 

12 17 29 28 11 3 * * "1.1.6 Dallas 9 21 32 28 9 I * * 11.0 
18 26 25 20 8 3 1 * * 9. 7 El Paso 10 22 32 22 9 4 l * * 11. 3 
52 20 13 10 4 1 * * * 5.9 Ft. Worth 4 14 34 34 10 3 * * * 12.5 
11 25 34 24 5 1 * * * 9.8 Galveston 4 13 39 33 10 2 1 * * 12.5 
17 36 26 13 5 2 * * * 8,6 Houston 6 18 36 28 10 2 * * *.11.8 
23 24 27 21 4 1 * * 8. 6 Laredo 6 15 32 .34 12 1 * * 1 12. 3 
1123 35 25 5 1 * * * 10.0 Lubbock 41133·34 13 5 1 * • 13.6 

5 17 34 27 13 3 l * * 12.4 Midland 9 22 38 26 4 1 * * 10.1 
6 17 35 28 10 3 * * * 12.0 San Antonio 18 23 32 22 4 1 * • 9.3 
61530311241**12.9 Waco 3143635102** 12.5 
8 22 34 25 9 2 1 * * 11.2 Wichita Falls 5 22 41 27 5 l * * * 10.5 

14 27 30 23 5 l * * * 9,7 UTAH, Salt Lake City 12 33 36 14 4 1 * * * 8.7 
20 32 31 14 2 * • * 7 .9 VT. Burlington 24 24 28 22 2 * * 8,3 
20 32 31 14 2 * * * * 8.0 VA. Norfolk 14 23 30 25 6 1 * * * 10.2 
18 33 34 14 2 * * * * 7 • 7 Richmond 14 37 36 11 1 * * * 7. 8 
19 22 33 21 4 1 * * 9.0 Roanoke 31 22 23 17 5 2 * * 8.3 
14 20 27 24 12 3 1 * * 11.2- WASH. Seattle-Tacoma AP 13 16 35 26 8 2 * * * 10.7 

4 13 28 31 15 7 2 * * 14.4 Spokane 17 38 27 14 3 1 * * 8.1 
7 25 35 26 5 1 * * * 1.0-;4· w. VA. Charleston 29 37 25 8 1 • * 6.2 

11 27 36 22 4 1 * * * 9.6 WIS. Green Bay 8 22 32 26 10 2 * * * 11.2 
7 18 35 29 9 2 * * * 11.6 Madison 15 22 30 23 7 2 * * * 10, 1 

26 23 29 18 4 1 * * * 8.2 Milwaukee 8 17 31 30 11 3 1 * * 12.l 
8 25 36 23 6 2 * * * 10.3 WYO, Casper 8 16 27{27 13 7 2 * * 13.3 
7 26 36 24 6 1 * • * lOJ.S -PACIFIC, Wake Island 1 6 27 48 17 2 * * 14.6 
2 11 34 34 13 6 1 * * 14 • 0 P, R. San Juan 15 28 27 25 4 * * * * 9. 1 __________ _,_ _________________________ _,_ _________ ___,..._- - -- --------------------------

Source: Climatography of the United States Series 82; Decennial Census of 
the United States Climate Summary of Hourly Observations, 1951-~0 (Table B) 
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NORMAL SEA LEVEL PRESSUf-._, MONTHLY AND ANNUAL -Cantin 'd 

.,,, 

STATE A.ND STATION 

,A, Bir111ingh11.111 .. 
.ASKA Anchorage 

" 
Annetie 

It 

Barrow 
" 

Barter Island 
" 

Bethel 
" 

Cold Bay 
" 

Cordova 
" 

Fairbanks 
" 

Junvau 
" 

King Sali:aon 
" 

Kotzebue 
" 

McGrath 
" 

No-
" 

St. Paul Island 
ti 

Sheraya Island 
" 

Yuutat 
" 

A lIZ, Vhoenix 
II 

Yuaa 
" 

AR 

C 

K, 

LU". 

Little Rock 
" .. 
Eureka 

C< 

C 

D 

F 

G 

.. 
Loa Angele• 

t1 .. 
Mt. Shasta 
" " 
oakland 

tt 

Sacraaento .. 
San Diego .. " 
San Francisco 
" .. 

'Santa Maria 
" II 

>LO, Denver 
" 

Grand Junction .. .. 
>NN, New Haven 

" " c. Washington .. 
..A. J!lcksonvillE .. 
~y W~at 

MiP.111i 
" 

Pensacola 
It 

Atlanta .. 
II.aeon 

II 

HA IAI1 Hilo 
" 

Honolulu 
" 

Lihue 
" 

AHO Boise 
" 

L. Cairo 
" 

Chicago .. 

JAN. FEB, 

,1021 1019 
.30,15 30.19 
:- 1007 1008 
29.74 29,77 

1010 1012 
29,83 :rn.88 

1019 lu,u 
30.09 30,15 

1019 1020 
30.09 30.12 

1007 1008 
'>O 7A 29 77 

1004 1005 
29,65 29.68 

1005 1006 
29,68 29, 71 

1014 1014 
29 94 29 94 
rnn 1012 

29,86 29.88 
1007 1006 

29,74 29,'i 1 
1015 1015 

29 97 29 07 
1013 1013 

29,91 29.91 
1011 1011 

29.86 29,86 
1005 1004 

29.68 29,65 
1:11:11:1 91:11:1 

29,50 29,50 
1007 1009 

29.74 29,80 
1018 1016 

30 OR 30.00 
1018 1017 

30,06 30,03 
1021 1020 

30,15 30.12 
1020 1019 

-.n ,.., ..,n, nfi 

1019 1018 
30.09 30.06 

1020 1020 
30,12 30.12 

1020 1019 
<tn 1'> 'ln 09 

1020 1019 
30,12 30,09 

1018 1018 
30.06 30,06 

1020 1019 
30 12 30 09 

1020 1019 
30.12 30,09 

1018 1016 
30.06 30,00 

1021 1018 
30 l!'i 30 OR 

1016 1016 
30.00 30.00 

1020 1019 
30,12 30.09 

1021 1020 
30.Hi 30 12 

1019 1018 
30,09 30,06 

1020 1019 
30.12 30,09 

1021 1020 
30.15 30.12 

1021 1019 
30,15 30,09 

1020 1018 
30.12 30,06 

1016 1016 
30,00 30,00 
-io1e 1016 

30.00 30.00 
1015 1016 

29.97 30,00 
1023 1020 

30 21 30 12 
1021 1020 

30.15 30.12 
1019 1019 

30.09 30,09 

L SEA LEVE ... 
.Milliba 

•/?~;.lOft 

0 1 I ---..... uv1,1· 
·-·-···· ,,.. ! I -

I 
1~ 
i ·BaseJ"''~n 

MEAN SEA LEVEL PRESSURE 
(Millibars and Inches) 

MAR, APR, MAY JUNE JULY AUG. 

1018 1017 1016 1016 1017 1017 
30.06 30.03 30,00 30,00 30.03 30,03 

1008 1009 1012 1014 1014 1012 
29,77 29.80 29,B8 29.9-fo 29,94 29,88 

1011 1014 1016 1016 1018 1017 
29,86 29,94 30,00 30,00 30.06 30.03 

1021 1018 1018 1015 1012 1011 
30.15 30.06 30,06 29,97 29,88 29.86 

1019 1018 1018 lOU 1012 1011 
30.09 30.06 30,06 29,97 29,88 29,86 

1010 1009 1009 1012 1013 1011 
29.83 2A 80 2A 80 29.88 20 91 29 88 

1010 1008 1007 1012 1016 1013 
29,83 29.77 29,74 29.88 30.00 29.91 

1007 1009 1013 1014 1015 1014 
29. 74 29,80 29.91 29.9-fo 29.97 29.94 

1013 1011 1011 1011 1012 1012 
29.91 29 81'1 29 86 20 JU'i 90 Rll 2A RR 

1011 1012 1015 1015 1017 1016 
29,86 29.88 29.97 29.97 30.03 30;00 

1009 1008 1009 1012 1014 1012 
29.80 29.77 29.80 29.88 29,94 29.88 

1014 1013 1013 1012 1011 1009 
29 94 20 Q} 29 111 '>D AA 20 ""' 29 An 

1012 1010 1011 1012 1013 1011 
29,88 29.83 29.86 29.88 29.91 29,86 

1012 1011 1011 1012 1012 1009 
29,88 29.86 29.86 29.88 29.88 29,80 

1008 1007 1007 1011 1013 1011 
29. 'i'1 29.74 29,H 29.116 29.91 29.86 

lUOti 1011 1uu, 1012 1011 1011 
29.71 29.86 29.7-i 2~.88 29,86 29.86 

1008 1011 1014 1015 1017 1015 
29,77 29.86 29.94 29.97 30,03 29,97 

1013 1011 1008 1007 1008 1009 
29 111 29 l'IA 29 77 '>O 7,£ 2Q 77 ?Q An 

1014 1011 1009 1007 1008 1009 
29,94 29.86 29,80 29.74 29,77 29.80 

1017 1015 1015 1014 1016 1015 
30,03 29,97 29.97 29.94 30.00 29,97 

1019 1019 1019 1018 1018 1017 
'>n no <tn no 30 no .,,. n,: <tn n,: '.'10 0'.'I 

1016 1015 1014 1013 1013 1013 
30,00 29.97 29.94 29,91 29,91 29.91 

1018 1016 1016 1015 1015 1015 
30,06 30,00 30.00 29.97 29,97 29,97 

1018 1017 1016 1014 1014 1014 
-.n nA "'n.03 30 nn .,Q ~ '>0.94 29 QA 

1018 1016 1014 1012 1012 1012 
30,06 30.00 29.94 29.83 29,88 29,88 

1017 1015 1014 1013 1013 1013 
30,03 29.97 29.94 29.91 29.91 29.91 

1018 1017 1016 1014 1014 1014 
30.06 30 03 30.00 29.94 29 94 29.94 

1018 1017 1016 1014 1015 1015 
30,06 30.03 30.00 29.94 29,97 29,97 

1014 1013 1012 1011 1014 1014 
29,94 29.91 29.88 29.a.6 29.94 29,94 

1014 1012 1011 1010 1012 1013 
21'.l.94 29 88 29 86 2R l'l'l 29 88 20 01 

1015 1015 1015 1014 1015 1016 
29,97 29.97 29,97 28,IM 29,97 30.00 

1017 1016 1016 1015 1016 1016 
30.03 30,00 30.00 29.97 30.00 30.00 

1018 1018 1017 1018 1018 1017 
30 06" 30 08 30 03 30.00 l3o 06 ~o 03 

1017 1016 ·1015 1015 1017 1015 
30,03 30.00 29.97 29,97 30.03 29.97 

1018 1017 1016 1016 1017 1016 
30.06 30,03 30.00 30.00 30,03 30.00 

1018 1017 1016 1016 1016 1016 
30.06 30,03 30,00 30.00 30,00 30,00 

1017 1017 1016 1016 1017 1016 
30.03 30,03 30,00 30.00 30,03 30,00 

1017 1016 1016 1015 1016 1015 
30.03 30,00 30.00 29.97 30,00 29,97 

1017 1018 1018 1018 1017 1016 
30,03 30,06 30,06 30.06 30,03 30,00 

1017 lOlS 1018 .lUl I J.UH 1016 
30,03 30.06 30,06 30.03 30.03 30,00 

1017 1018 1018 1011 1017 1016 
30,03 30,06 30,06 30.06 30.03 30,00 

1017 1015 1013 1012 1012 1012 
30.03 29.97 29,01 29,U 29.88 29,88 

1017 1016 1015 1014 1016 1016 
30,03 30,00 29,97 29.IM 30.00 30.00 

1016 1016 1015 1014 1015 1016 
30.00 30,00 29,97 29.H 29.97 30,00 

80 

SEPT. 

1017 
30,03 

1009 
29.80 

1015 
29.97 

1013 
29.91 

1013 
29.91 

1008 
20 77 

1008 
29.77 

1010 
29,83 

1010 
'>0 R'.'t 

1014 
2i:J.34 

1009 
29.80 

1010 
211 A'l 

1009 
29,80 

1008 
29,,, 

1008 
29,77 

1013 
29.91 

1012 
29.88 

1009 
<>Den 

1008 
29.77 

1016 
30.00 

1016 
"" nn 

1012 
29,88 

1016 
30.00 

1014 
29 94 

1012 
29.88 

1012 
29.88 

1014 
29 94 

1014 
29.94 

1014 
29,94 

1013 
29 91 

1018 
30.06 

1019 
30.09 

1016 
30 00 

1013 
29.91 

1014 
29.94 

1016 
30,00 

1017 
30.03 

1016 
30,00 

1015 
29.97 

1015 
29,97 

1016 
30,00 

1015 
29.97 

1017 
30.03 

1017 
30.03 

OCT. NOV. DFX::. ANNUAL 

1019 1021 10'21 1018 
30,09 30.15 30.15 30.06 

1002 1004 1002 1009 
29.59 29.65 29.59 29,80 

1011 1010 1008 1013 
29,86 29.83 29,77 29.91 

lu.1.u J.UJ.I> 1016 1016 
29.83 30.00 30.00 30,00 

1010 1016 1016 1016 
29.83 30,00 30,00 30.00 

1003 1005 1005 1008 
?Q R2 20 68 29 68 29 77 

1003 999 1002 1007 
29.62 29.50 29,59 29.74 

1003 1003 1001 1008 
29.62 29,62 29,56 29. 77 

1006 1011 1010 1011 
2A 71 29 86 29 83 29.86 

1009 1009 1008 1012 
::>.~O 29.80 29.'77 29.88 

1002 1002 1003 I 1008 
29,59 29.59 29.62 29. 7"i 

1005 1010 1011 1012 
29 AR 211 R'l ?o RR 29 88 

1004 1008 1009 1010 
29.65 29,17 29,80 29,83 

1004 lOO'i 1008 1010 
29,65 29.74 29.77 29.83 

1003 1003 1002 1007 
29,62 29.62 29,59 29.74 

1006 ruoo 999 lUUti 

29.71 29.53 29.50 29,71 
1005 1005 1004 1010 

29,68 29.68 29.65 29.83 
1012 1016 1018 1012 

90 AA 30 nn 30 OR 29 RS 

1011 1016 1019 1012 
29,86 30.00 30,09 29.88 

1018 1020 1021 1017 
30.06 30.12 30,15 30.03 

1018 1020 1020 1019 
'>n nA "10 12 30 12 '\O OQ 

1015 1017 1018 1015 
29,97 30.03 -30.06 29.97 

1018 1021 1022 1018 
30.06 30.15 30,18 30,06 

1016 1019 1020 1017 
.. n.oo <in 09 30.12 30 O'.'t 

1015 1019 1020 1016 
29,97 30,09 30,12 30.00 

1014 1017 1018 1015 
29.94 30,03 30,06 29.97 

1016 1019 1020 1017 
30,00 30.09 30,12 30.03 

1016 101g .lU:.l:U lUH 

30,00 30,06 30.12 30.03 
1016 1018 1018 1015 

30.00 30.06 30,06 29,97 
1017 1021 1022 1015 

'.'10 03 "10 l!'i 30 18 2Q 97 
1018 1017 1017 1016 

30.06 30.03 30.03 30,00 
1019 1020 1020 1018 

30.09 30.12 30,12 30.06 
1017 1020 1021 1018 

'.'In 03 30.12 <in 15 30 06 
1014 1017 10!.9 1016 

29.94 30.03 30,09 30,00 
1015 1017 1019 1017 

29,97 30.03 30,09 30.03 
1018 1020 1020 1018 

30.06 30.12 30,12 30,06 
1019 1021 1021 1018 

30.09 30.15 30.15 30,06 
1017 1020 1021 1017 

30.03 30,12 30.15 30,03 
1016 1016 1016 1017 

30,00 30.00 30,00 30,03 
.1Ul6 1016 lU.11> 1016 

30,00 30.00 30,00 30,00 
1016 1016 1016 1016 

30,00 30,00 30.00 30,00 
1018 1022 1023 1017 

30.06 30.18 30,21 30,03 
1019 1020 1021 1017 

30,09 30.12 30.15 30.03 
1018 1018 , 1019 1017 

30.06 30.06, 30.09 • 30.03 

STATE AND STATION 

IOWA Des Moines 

KANS. Concordia 

~ge C~ty 

To~ka 

Wichita 

LA, New orleans 

Shreveport 
" 

MAINE Caribou 

MASS. Boston 

Blue Hill 

Nantucket 

MICH, Alpena 

Mar~uette 

Sault St.e, 

MINN. Duluth 

Internat' .. 
Midp'IB-St •. Paul 

It 

St. Cloud 

)I icksburg 
" 

MO. Coluabia 

St. Louis 

MONT, Great 

Havre 

Helena 

NEBR. North 

Ollaha 

NBV, Ely 

Las
0

Vegas 

1linne111Ucca 

N.,,Mex, Albu~uerqu 

N, Y. Albany 
" 

Buffa.lo 

New York 

N,C, Asheville 

Cape
0
Hat'ter•s 

N. DAK. Bismarck 

OHIO Cincinnati 
" 

Coluabus 

Dayton 
" 

OKLA. Oldahoaa. 

ORE, Medford 
" 

Portland 

PA. ll~elphia 

Pittsburgh 
" 

R. I. Block Is, 
" s. C. Charleston 

Coluab1a 

s. Dak. Huron 

Rapid City 
" " 

TENN. Bristol 

Nashville 

TEX. Abilene 

Brownsville 

El Paso 

Galveston 

Midland 

San Antonio 

UTAl! Salt LRke ~it 

VT. Burlington 
" 

VA. Lyn~hburg 

WASH, Olympia .. 
Spokane 

" 
Tatoosh Is. 

Walla Walla 

IIS. Madison 

WYO, Sheridan 

P. R. San Juan 

MEA1' 

---
JAN. FEE 

1020 102 
12 30.1 
20 101 
12 30.C 
20 101 
12 30.C 
21 10~ 
15 30. J 
20 10) 

2 30,( 
101 
0,( 
lOl 
0,( 
10: 

29,! 
10 

29 ! 
10 

29.• 
10 

9 
l 
5 
0 
2 
0 
2 
0 
2 
0 

12 
21 
15 
20 
12 
21 I 11 

30 

09 31 
17 
03 31 
21 
15 3, 
21 

5 3 
0 

i! 

3 

1~ I 3 
21 
15 
19 
09 
18 
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NCDC: Wea~er Station Page 1 of 5 

~ NCDC I Climate-Radar Data Inventories I Locate Station I Searclt 

Bridgeport Sikorsky Memorial 
Bridgeport, CT, United States 
Other Stations in Bridgeport 
List Stations in Division CT-03 
List Stations in Fairfield County 
Surrounding Stations (+/- 30' Lat/Lon) 

Type: : ASOS-NWS 
. Call Sign/ICS: : BDR I KBDR 

WBAN:: 94702 
COOP ID* : 060806 

Climate : CT-03 - Coastal 
Division* 

WMO ID: : 72504 
In Service: : 01 Dec 1941 to Present 
Elevation:: 3.0m (9.8') above s/1 

Lat/Lon: : 41 °11 'N / 73°09'W 
County: : Fairfield 

* Disclaimer 
* List of NCDC Datasets . 
* Please report any Data Errors found 
* Note to webmasters: you can link directly to this page. 

Ill Other Stations in Bridgeport 

Bridgeport 

Ill About this Station 

• About this Station 
• Data Inventories 
• DATA 
• Station History 
• State Climatologist 
• Regional Climate Center 

Information at Other Sites 
• National Weather Service 

- Eastern Region 
Headquarters 
- Regional Forecast Office 
- Current Weather Conditions 
- Current Weather Forecast 

· - Current Precipitation/Flood 
Warning 

• Current Radar 
• Current Satellite 
• Sunrise/Sunset 

The airport is located on Stratford Point, a peninsula jutting out into Long Island Sound. 
Station instrumentation is located approximately 1 mile from the sound. Land around the 
airport is flat, with marshes to the south. The terrain is of glacial origin, rising in a rolling, 
mostly wooded manner, to the foothills of the Berkshires, 30 miles to the north and northwest. 

Cities in close proximity to the station are Bridgeport, Fairfield, and Milford, while Danbury, 
New Haven, Norwalk and Stamford are located within a 35-mile radius. 

The most pronounced topographical effect is the land-sea breeze, an occurrence generally 
associated with the spring through early autumn months. Mean monthly temperatures during 
the summer months average 3 to 5 degrees lower than nearby inland stations because of the 
sea-breeze effect. Temperatures during the fall and winter months are moderated because of,,... 
the proximity of Long Island Sound. · 

'Winter snowfall is generally around 10 inches less than areas a few miles inland, also due to 
the proximity of the station to Long Island Sound. 

One of the hazards along the coastal areas is the flooding oflow-lying areas (usually during 
periods of high tide) with the approach of slow-moving deepening low pressure systems, 

http://www4.ncdc.noaa.gov/cgi-win/wwcgi.dll?WWDI----Stn.Srch--Cal1Sign-BDR 9/25/00 



NCDC: Weather Station Page 2 of 5 

resulting in 3 to 5 feet higher tides than normal. 

Data Inventories 

Please note that additional data (digital and non-digital) may be available for this station. 
Contact NCDC if additional details are needed. 

Click on the following where available: 
o DAT to obtain digital ascii data (charges may apply), 

Please do not order these data if you do not know what a Digital ASCII File is. 
o INV to view inventory, or 
o DOC to view documentation 

Surface 
DAT INV DOC 3200 -Cooperative Summary Of The Day 
DAT INV DOC 3210-Summary Of The Day- First Order 
DAT INV DOC SOD -Daily Surface Data (TD3200/3210 combined) 
DAT INV DOC 3220 -Summary Of The Month (SOM) Cooperative 
DAT INV DOC 3240 -Hourly Precipitation Data 
DAT INV DOC 3280 -Surface Airways Hourly And Airways Solar Radiation 
DAT INV DOC 3290 -Summary Observation 
DAT INV DOC 3292 -Weather Duration 
DAT INV DOC 9950 -DATSAV2 Surface, Global Surface Hourly Data (see Global Surface 
Station Information). 

DATA 

Additional data products may be available for this station. Contact NCDC if you are 
unable to locate what you are looking for. 

Forms, Publications, and Web Pages 

Graphs and Other Images 

CD-ROMs 

Digital ASCII Files 

Ill Forms, Publications, and Web Pages 

Most of these products are publications that have been converted to on-line access. 
As such, these documents have column headings and are displayed in an easy-to
read format. 

For additional information and product samples, click on the··~ icon next to the · 
desired product. 

ft; Hourly Surface Weather Observations (Form l0A/B) 
®Hourly Precipitation Data for New England 
0 HourI;/D.ail~ata L~t~o~ c~~new) http://www4.ncdc.noaa.gov cg1-w wwcg1.~,..., t1i rgn-- 9/25/00 



NCDC: Weather Station Page 3 of 5 

~ Hourly/Daily Data, Local Climatological Data (Edited) 
0 Daily/Monthly/Annual New England Climatological Data 
a1 Coop Data/Record of Climatological Observations 
3 Storm Data Publication. 

ii Miscellaneous Storm Events in Fairfield County 

(.~Ii .. ]ti 

Jl'J Graphs and Other Images 

Includes contour maps, time series, NEXRAD radar mosaics, and satellite images. 

For additional information and product samples, click on the 21 icon next to the 
desired product. 

0 National Mosaic Reflectivity Images 
2; Miscellaneous Satellite Images 
~. Graph Weather Elements using CLIMVIS 

I Period of Record II Elements Available I 

11948-07 thru 1998-07:IIABCDEFGHIJKLMNOPI 

Please ensure that the parameters you enter are within the parameters 
specified in the above table. Otherwise you will receive no data. 

Element t I (A) Daily Maximum 1 emperature 

Element 2 l(B) ba,iy Minimum Temperature 

Year/Month L ___ _I I January _______ , __ & 

■cD-ROMs 

The following are some of the more popular CD-RO Ms that contain data for this 
station. Others are available that may contain summarized data for this station. A 
complete list of CD-RO Ms is available in the OnLine Store. 

For additional information, click on the 3 icon next to the desired product. 

~ Hourly U.S. Weather Observations, 1990-1995 
®. NCDC Cooperative Station Data 
,?J Solar and Meteorological Surface Observational Network 
0 U.S. Hourly Precipitation Data 

■ Digital ASCII Files 
http://www4.ncdc.noaa.gov/cgi-win/wwcgi.dll?WWDI,...,StnSrch--CallSign,...,BDR 9/25/00 
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These files may or may not contain column headers. In order to use these files, you 
will need to import them into a spreadsheet or database package for presentation. 
Please do not order these data if you do not know what a Digital ASCII File is. A 
sample Digital ASCII File is available for viewing but content varies a great deal 
depending on your request. Other digital files are available Offline that may 
contain data for this station. 

For additional information and product samples, click on the f/J icon next to the 
desired product. 

~SOD-Daily Surface Data (TD3200/3210 combined) 
·~ 3220 -Summary Of The Month (SOM) Cooperative 
;2i 3240 -Hourly Precipitation Data 

~ Station History 

Bridgeport Sikorsky Memorial 

I Date Began II Date Ended II Lat/Lon : meters/feet 
I Elevation ~[;;]~~I WBAN Sign ID Type 

I BRIDGEPORT SIKORSKY MEMORIAL 
I 
I 

I 01 May 1996 jjPresent 1141 ° 11 'N / 73 °09'W 113 .om I 9 .8' II 060806 jj 94 702 II BDR 1172504 ASOS-NWSj 

101 Jan 1995 1101 May 1996II41°10'N/73°08'Wll3.0m/9.8' 110608061194702 jjBDRll72504 

101 Jan 1982 1101 Jan 1995 1141°10'N/73°08'Wll3,0m/9.8' 110608061194702 IIBDRll72504 

I 01 Dec 19731101 Jan 1982 1(41°10'N / 73°08'Wll2,lm / 6.9' 110608061194702 IIBDRll 725041 wso 

I .. BRIDGEPORT MUNICIPAL ARPT 

l O 1 Jan 1973 II O 1 Dec 1973 1141 ° 1 0'N / 73 °08'W 112. lm l 6.9' II 0608061194 702 II BDR ll 72504 II wso 
101 Jan 1961 1101 Jan 1973 1141°10'N /73°08'Wll2,lm/6.9' 110608061194702 IIBDRll72504 IIWBAS 
I30Jun 1948 l\01 Jan 1961 II41°10'N/73°08'Wlf7.9m/25.9'II060806jl94702 IOI· l(WBAS 
101 Jun 1948 ll30Jun 1948 ll41°10'N/73°08'W(j7.9m/25.9'11060806j(94702 IOI· IIWBAS 
101 Jan 1948 1101 Jun 1948 1141°10'N /73°08'Wll7.9m/25.9'11· 1194702 101-- IIWBAS 
101 Jan 1945 Jjo1 Jan 1948 1141°10'N / 73°08'Wlj4.0m / 13.l'll· 1194102 ICII· IISAWRS 
101 Jan 1944 1101 Jan 1945 1141°10'N /73°08'Wll4,0m/ 13.1'11· 1194102 ICII· IIA 
I30Nov 19421(01 Jan 1944 II41°10'N /73°08'Wll4,0m/ 13.1'11· 11 94102 ICII· 11· 
jo1 Dec 1941 ll30Nov 1942 fj41°10'N /73°08'Wll4.0m/ 13.1'11· 1194702 1□1 · IIA 

JIITopofPage 
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KEY Surface Weather Observation (METAR) Page 1 of 4 

~ NCDC I Most Popular Products I Conversion Charts I Metar Key I Search I Help 

Key to METAR Surface Weather Observations 

servat1ons une 
Conversion 

21 3/4 

Column_, 
Number 

DITYPE II . I S - routine (standard) hourly observation. 
~:Type of Observation~ Non-standard time observation will also show type Son these fonns, although they are not I 

□[TIME(LST) IITime of Observation I jreported as "Local Standard Time" I 
□IDffiTRUE IIWind Direction 

I reported _to n~arest degree, 0 to 359, from true north. Based on a 2-minute average just prior to 
observation tlme. 

DISPDKTS ljwind Speed I reported in knots. Based on a 2-minute average just prior to observation time. 

DIGUSTKTS IIWindGust 
I highest recorded wind speed dunng a 5-second period since last observation. Reported when wind 

speed exceeds 25 knots. 

Div ARIABILITY TRUEI Vanable Wind determined 1f during the 2-minute evaluation period it vanes by 60 degrees or more regardless of 
Direction Indicator wind speed. 

□ 
SURFACE STATUTE Prevailing Surface 

reported in statute miles&. fracuons. Max reported vis1biltiy 1s 10 statute miles. Derived by 
sensors. Reported as variable is prevailing visibility varies by 1/2 mile or more and the average 

MILES Visibility visibility is less than 3 miles 

□ 
RUNWAY VISUAL Secondary Visibility 

reported when surface vtS1btl1ty I mile or less. Runway Visual Range: R; 2-digit runway designator 
Left, Center, or Right as needed; "f'; Minus or Plus, 4-digit value; 4-digit value Varialbility 4-

RANGE(FT) Measurements digit value and tendency Down, Up or No change) 

Dl~~R 
I See Table of Significant Weather and Obscurations Reported by ASOS (below) 

EJ Cloud amount, 
SKy Clear 0/8, FEW >0/8-2/8, SCaTtered 3/8-4/8, BroKeN 5/8-7/8, OVerCast 8/8~ 3-digtt height 

SKYCONDmON in hundreds offt; Towering cumulus or CumulonimBus in METAR. Vertical Visibility for 
height and type obscured sky and height •vv004". More than 1 layer may be reported. ASOS stations report only, 

CLeaR for ~clear below 12,000 feet" 

LllTEMP IIDry Bulb 
: : Temperature 

llreported in whole degrees Celsius l 
EJIDEW POINT IIDewPomt 

Temperature llreported in whole degrees Celsius I 
EJIALTWETER~S) I Altimeter Setting in 

reported to nearest hundreth of an inch. Altimeter setting is the computed pressure value to which 
an aircraft altimeter scale is set so that it will indicate the altitude above mean sea level of an 

Inches of Mercury aircraft on the ground at the location for which the value was determined. 

EJ REMARKS AND lsee table = below for details I SUPP'L CODED 
DATA 

Table of Significant Weather and Obscurations Reported under "Present Weather" Column 

http://www.ncdc.noaa.gov/ol/climate/conversion/swometardecoder.html 9/25/01 



KEY Surface Weather Observation (MET AR) Page 2 of 4 

!QUALIFIER: Intensity or Proximity 

I "-" Light II "no sign" Moderate II "+" Heavy I 
Ive Vicinity: but not at aerodrome. Between Sand lOSM of the point(s) of observation 

!Descriptor 

!MI Shallow I !BC Pa~ciies I IPR Partial !ITS Thunderstorm 

!BL Blowing IISHShowers IIDR Drifting IIFZ Freezing 

!WEATHER PHENOMENA 

!Precipitation 

jDZ Drizzle IIRARain IISN Snow IISG Snow grains 

!IC Ice crystals !IPL Ice pellets IIGRHail !IGS Small hail/snow pellets 

jUP Unknown precipitation in automated observations 

!Obscuration 

!BR Mist(>= 5/8SM) IIFG Fog(< 5/8SM) IIFU Smoke IIVA Volcanic Ash 

!SA Sand IIHZHaze IIPY Spray IIDU Widespread dust 

!Other 

!SQ Squall 11ss Sandstorm 'IDS Duststorm IIPO Well developed dust/sand whirls 

IFC Funnel cloud ll+FC tornado/waterspout I 

Table of Remarks and Supplemental Coded Data 

The following groups are reported in the Remarks section of the SWO reports. Remarks include clarifying or augmenting data concerning elements in the 
body of the SWO reports, additive coded data, and maintenance data. If an element or phenomena does not occur, is missing, or cannot be observed, the 
corresponding group and space are omitted (body and/or remarks) from that particular report, except for Sea-level Pressure (SLPppp). SLPNO shall be 
reported in a MET AR when the SLP is not available. The left most column are examples. 

TORNADO, I FUNNEL 
CLOUDor 

WATERSPOUT 

I Augmented; report should include TORNADO, FUNNEL CLOUD or WATERSPOUT, time (after the 
TORNADIC ACTIVITY hour) of beginning/end, location, movement; e.g.,TORNADO B25 N MOVE E 

I I TYPE OF AUTOMATED I AO!; automated station without a precipitation descrimmator. AO2; automated station with precipitation 
. A02 _ STATION descriminator. 

I 
PK WND II PEAK WIND I PK WND dddtt(F)/(hh)mm; direction in tens of degrees, speed in whole knots, time (reported in UTC) in 
20032/25 _ minutes after the hour. Only minutes after the hour is included if the hour can be inferred from the report. 

I 

I 

I 

I 

I II I WSHFT followed by hours and minutes ot occurrence. The term FROPA may be entered atter the time if it 
WSHFT 1715 WIND SIDFT ,/FONT> _ is reasonably certain that the wind shift was a result of a frontal passage. 

I 
1WR VIS 

2 
II TOWER OR SURF ACE I TWR. VIS vvvvv: v1sibihty reported by tower personnei,e.g., TWR VIS 2; SFC VIS vvvvv: visibility 

. _. VISIBILITY _ reported by ASOS or observer. 

I VIS3/4Vl 1/2 II V~~~~JiyAILING I VIS vnvnvnvnvnVvxvxvx vxvx; reported if prevailing visibility is <3 statute miles and variable. 

IVIS 3/4 RWYU I VISIBit2JA'iioSJCOND I VIS vvvvv(LOC); reported if different than the reported prevailing visibility in the body of the report. 

I II I 

(FREQUENCY) LTG (LOCATION); when detected the frequency and location is reported, e.g., FRQ LTG 
FRQ LTG NE LIGHINING NE, meaning frequent lightning to northeast of station. 

(See code details in table below) · 

B BEGINNING AND 
ENDINGTIMEOF 

RAB07 PRECIPITATION AND 
THUNDERSTORMS 

VIRGA 

CiG013V01711 VARIABLECEILING 

I CIG017 I CEILINGHEIGIIT AT 
. RWY11 SECOND LOCATION 

I PRESFR I PRESSURE RISING OR 
_ _ FALLINGRAPIDLY 

w'w'B(hh)mmE(hh)mm; TSB(hh)mmE(hh)mm, where w'vl is the present weather precipitation contraction, 
B indicates began, E indicates ended; (hh)indicates the hour (reported in UTC) the phenomena began or 
ended and can be omitted if the hour can be inferred from the report, mm indicates the minutes after the 
hour the phenomenon began or ended. 

I Augmented to report by human observer, indicates precipitation not reaching the ground is observed. 

I CIG hnhnhn Vhxhxhx; 

reported if the ceiling in the bo<fy of tile report is< 3000 feet and variable. 

CIG hhh[LOC]; Ceiling height reported if secondary cetlometer site ceiling value is different than the 
ceiling height in the body of the report. 

PRESRR or PRESFR; pressure rising or falling rapidly at time of observation. 

I SLP125 II SEA LEVEL PRESSURE I SLPppp; sea level pressure reported for ppp in tens, units, and tenths ofhPa. 

I POOOl I HOURLY 
PRECIPITATION 

AMOUNT 

Prrrr, in tens, units, tenths and hundredths ofan inch since last regular hourly METAR A trace is reported 
as POOOO. 

G 9 . 
... 

__ 3_-_AND __ 6-_H_O_UR __ __,,_6RR.RR;--·-p-rec-ip-ita-tlo_n_am_o_u_nt,_m_c_lu-d-in_g_wat_e_r-eq_u_1v_al_e-nt,_to_n_eares--t-O._O_l _in-ch-es-fo_r_p_as_t_6_h_o_urs_re_po_rted _ _., PRECIPITATION in 00, 06, 12, and 18 UTC observations and for past 3 hours in 03, 09, 15, and 21 UTC observations. A 
AMOUNT trace is 60000. 

http://www.ncdc.noaa.gov/ol/climate/conversion/swometardecoder.html 9/25/0( 
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I I 
24-HOUR 7R:z4R:zi½i½4; precipitation amount to nearest 0.0 l inches for past 24 hours reported in 12 UTC 

70015 PRECIPITATION 
AMOUNT observation; e.g., 70015 indicates 0.15 inches of precipitation for past 24 hours. 

Tsn Ta Ta T asn T'a T'a T'a; reported to nearest tenth of 0C; sn: I if 
T00640036 HOURLY TEMPERA TIJRE 

temperature or dew point below 0°C and O if temperature/dew point AND DEW POINT 

0°C or higher. 

I 
10066 

II 
6-HOUR MAXIMUM I 1 s. T, T, T,; maximum temperarure tor past 6 hours reported to nearest temh of degree Celsius; reported on 

TEMPERATURE 00, 06, 12, 18 UTC reports; sn = l if temperature below 0°C and O if temperature 0°C or higher. 

I 
21012 

II 
6-HOUR MINIMUM I 2s• T • T • T ,; rnmimum ternperarure for past 6 hours reported to nearest tenth of degree Celsius; reported on 

TEMPERATURE 00, 06, 12, 18 UTC reports; sn = 1 if temperature below 0°C and O if temperature 0°C or higher. 

4sn T x T x T xsn T n T n T n; maximum temperature for past 6 hours reported to nearest tenth of degree Celsius; 
24-HOUR MAXIMUM reported on midnight local standard time reports; sn = l if temperature below 0°C and O if temperature 0°C 

400461006 AND MINIMUM 
TEMPERATURE or higher; e.g., 400461006 indicates a 24-hour maximum temperature of 4.6°C and a 24-hour minimum 

temperature of -0.6°C. 

I 58033 II PRESSURE TENDENCY I Sappp; the character (a) and amount of change in pressure (ppp) in tenths of hPa for the past 3 hours. 
(See code details in table below) 

B 
RVRNO: RVR missing; PWINO: precipitation identifier information not available; PNO: precipitation 

SENSOR STATUS amount not available; FZRANO: freezing rain information not available; TSNO: thunderstorm information 

INDICATORS not available (may indicate augmenting weather observer not logged on); VISNO [LOC} visibility at 
second location not available, e.g. VISNO RWY06; CHINO [LOC}: (cloud-height- indicator) sky 
condition at secondruy location not available, e.g., CIIlNO RWY06. 

I $ II MAIN~ii!i~t~HECK IIMaintenance is needed on the system. I 
Table of Remarks Referring to Type and Frequency of Lightning 

I Type of Lightning I 
I Type II Contraction !!Definition I 
I Cloud-ground II CG !!Lightning occurring between cloud and ground. I 
I In-cloud II IC l!Lightrung which takes place within the cloud. I 
I Cloud-cloud ll cc l!Streaks of lightning reaching from one cloud to another. I 
I Cloud-air II CA !!Streaks of lightning which pass from a cloud to the air, but do not strike the ground. I 
I Frequency of Lightning I 
I Frequency II Contraction !!Definition I 
I Occasional II OCNL I !Less than 1 flash per minute. I 
I Frequent II FRQ IIAbout 1 to 6 flashes per minute. I 
I Contmuous II CONS !IMore than 6 flashes per minute. I 

Table of Remarks Referring to Characteristics of Pressure Tendency 

I Primary 

II Description II Code I 
Requirement Figure 

!Increasing, then decreasmg II 0 
Atmospheric 

jlncreasing, then then steady, or increasing then increasing more slowly. II 1 pressure now 
higher than 3 !Increasing steadily or unsteadily. II 2 
hours ago. 

!Decreasing or steady, then mcreasmg; or mcreasmg, then increasing more rapidly. II 3 

Atmospheric jincreasing, then decreasing II 0 
pressure now !Steady II 4 same as 3 hours 

ago. !Decreasing, then increasing. 5 

!Decreasmg, then increasing. 5 
Atmospheric 

!Decreasing then steady; or decreasmg then decreasing more slowly. 6 I pressure now 
lower than 3 jDecreasmg steadily or unsteadily. 7 I hours ago. 

!Steady or increasing, then decreasing; or decreasing then decreasing moe rapidly. 8 I 

http://www.ncdc.noaa.gov/ol/climate/conversion/swometardecoder.html 9/25/0( 
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IUh.c.u.al.c.u -WCAL • 'I ,...,.A·1·n1 , .. ·•• :_A_~ llA l'l\ Station Location: BRIDGEPORT, CT (BDR)l~t: 41° 101
, Ion: -73° 09' 

[NOAA, National Climatic Data Center] MONTH: 07/1996 IElev(Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature vegUays Snow11ceon iPrec1pitat10n ,.rressure (mches or ttgJ IWi dSpeed=mpn kl 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) 
0 Dir=tens of degrees la 

t 

... 

e IMax Mm Avg. Uep !Avg. IAvg tteatmg coolmg Significant Weather 
Ut>UU Ii.VU l:.t4UU .£.'tUU Avg. Avg. IKesuttant IKes Avg. max max le 

From Dew pt. !Wet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Nonnal !Bulb 
level 

Deptn 1water :snow water Speect IUII 1:speeo llJII 

Equiv Fall Equiv 

101 7:> 64 70 -l 00 bl u .5 iru M - - u.uu 29JS1 .l':J.'lH 6.8 LI l.'J. us ILU H> l.l.U µ1 

02 79 66 73 1 66 68 0 8 IFG+FGBRHZ M - - 0.00 29.71 29.76 6.8 21 7.1 16 20 14 20 b2 

1()3 68 65 67 -5 65 66 0 2 trS TSRA RA FG+ FG M - - 0.19 29.50 30.77 4.2 9 6.5 20 11 15 10 1()3 

!04 75 62 69 -3 60 63 0 4 M - - 0.01 29.52 30.32 8.5 27 9.4 26 29 21 30 b4 

!05 83 63 73 I 55 62 0 8 M - - 0.00 29.83 29.88 8.3 26 9.3 24 29 17 29 05 

K)6 82 63 73 0 60 65 0 8 IFGHZ M - - 0.00 29.85 29.93 8.8 24 8.4 21 24 16 24 06 

I07 74 68 71 -2 63 66 0 6 PGHZ M - - 0.00 29.81 29.86 7.0 9 7.5 18 9 16 10 07 

08 83 66 75 2 68 70 0 10 trS TSRA FG+ FG HZ M - - 0.69 29.61 29.66 5.4 19 6.6 22 20 .18 20 08 

!09 80 69 75 2 68 70 0 10 rrs TSRA RA FG HZ M - - 0.30 29.60 29.64 3.6 17 5.4 26 32 21 32 lo9 

lO 79 63 71 -2 53 60 0 6 M - - 0.00 29.89 29.94 10.0 31 10.3 25 30 20 31 10 

11 78 58* 68 -5 54 61 0 3 M - - 0.00 30.18 30.24 5.1 22 7.3 17 20 15 20 11 

12 76 61 69 -4 61 64 0 4 IRAFG M - - 0.05 30.17 30.24 3.1 14 4.9 11 10 10 IO 12 

13 73 67 70 -4 66 68 0 5 IR.AFG M - - 2.41 29.7) 29.26 4.1 12 13.6 39 15 31 15 13 

14 79 65 72 -2 68 69 0 7 IFGHZ M - - 0.00 29.88 29.93 3.4 11 5.8 15 9 14 9 14 

15 77 69 73 -1 69 70 0 8 trs TSRA RA FG+ FG HZ M - - 0.10 29.88 29.95 10.9 21 11.6 30 20 23 20 15 

16 84 69 77 3 67 70 0 12 IRAFGHZ 0.0 - - 0.00 29.96 30.01 9.1 24 8.8 18 23 16 23 16 

17 86 72 79 5 52 63 0 14 IFGHZ M - - T 30.00 30.05 7.1 24 7.6 18 22 16 22 17 

18 88* 69 79* 5 67 70 0 14 IFGHZ M - - 0.09 29.95 30.01 3.0 22 5.4 20 27 16 22 18 

19 81 70 76 2 70 72 0 11 IRAFGHZ M - - 0.09 29.56 30.84 8.9 23 11.3 28 23 23 22 19 

120 78 65 72 -2 50 59 0 7 I- M - - T 29.61 29.68 14.0 31 14.8 36 30 30 30 120 

21 82 62 72 -2 52 60 0 7 M - - 0.00 29.76 29.82 10.2 31 11.1 28 · 31 24 30 21 

22 75 62 69 -5 57 62 0 4 M - - 0.00 29.90 29.94 1.3 27 5.6 15 23 13 23 22 

23 69 65 67 -8 63 64 0 2 IRAFG M - - 0.31 29.82 29.89 5.2 3 7.0 16 7 14 8 23 

[24 71 63 67 -8 63 65 0 2 IFG M - - 0.00 29.95 30.00 2.6 10 5.9 14 15 11 14 24 

125 75 67 71 -4 66 67 0 6 IFGHZ M - - 0.00 29.97 30.01 6.7 16 7.5 14 17 n 16125 

26 74 66 70 -5 64 66 0 5 tRAFG M - - 0.40 29.89 29.93 4.3 15 6.5 17 2 14 11 126 

27 80 62 71 -4 60 64 0 6 M - - 0.00 30.01 30.07 6.2 29 7.1 22 31 18 31 27 

28 78 63 71 -4 61 65 0 6 .. M - - 0.00 30.18 30.22 2.8 22 5.5 13 20 10 23 128 

29 75 64 70 -5 65 66 0 5 IFG M - - 0.00 30.19 30.23 5.7 10 6.9 15 10 14 9 29 

30 72 66 69 -6 63 65 0 4 M . - 0.00 30.11 30.17 9.2 11 10.4 16 IO 15 9 30 

31 67 63 65* -10 62 63 0 0 rrs TSRA RA FG M - - 1.30 30.00 30.05 11.1 10 12.7 26 11 23 11 31 

77.3 65.l 71.2 -------- 62.1 65.5 .0 6.4 <Monthly Averages Totals> 2.19 29.87 30.01 2.2 22 8.2 ~Mon hly Average 

-4.4 -.6 -2.5 ----- < Departure From Nonna! > -1.59 . 
tuegree J ays Monthly ~ eason to LJate µreatest 24-hr l'rec1p1tauon: l . .1uaate: -11 Sea Level PressureDateTime 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: !Maximum: 30.30 12 1114 

Heating: 0 0 
Greatest Snow Depth: O date: !Minimum: 29.39 13 1621 

Cooling: 199 -71 
Max temp>= 90: 0 Mm temp<- SL: u .Prec1p1tat1on >= .u 1 mch: M 

Number of Days with-----> Max temp <= 32: O Min temp<= 0 : 0 !Precipitation >= .10 inch : M 

trhunderstorms : 5 !Heavy Fog : 4 Snowfall >= 1.0 inch :0 

71,2:;,F 
4-vy- llf%'t,- ~, '.2 1111A/220 ., 

httn•/ /nle,, n,--rlr- nrrn::t onv/cf:Yi-hin/nndc/Qensub.cgi 11-., /a,, 9/25/00 
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UNJ!:VUJ'..iJLULALLLIMAi•11.tu..:u Al VATA Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 
[NOAA, National Climatic Data Center) MONTH: 08/1996 Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature UegVays ~now7Ice on 1Prec1p1tat1on !.Pressure (mches ot Hg) Win .~peect=mph Id 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) dDir=tens of degrees a 
t e Max Mm Avg. uep Avg. Avg tteatmg coolmg Significant Weather 

Ut>UU t.,uu .t'+UU :l4UU Avg. Avg. Resultant lKes Avg. max max e 
From Dew pt. :Wet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Nonna! Bulb Uepth water ~now water 
level ~peeo ilJU ~peea UII 

Equiv Fall Equiv 

Ul 71 (>j ()/ -lS ()'.) ob 0 'L. l'V M - - O.lU L.':J.':JU L.':J.':Jj 4./ ';J :u n rt lU lJ Ul 

02 77 66 72 -3 56 63 0 7 J;'Q+FGHZ 0.0 - - 0.28 29.93 29.99 3.3 15 5.0 14 18 13 18 02 

!03 72 68 70 -5 66 67 0 5 IRAFGHZ M - - T 30.06 30.ll 4.7 14 5.5 to 16 9 16 03 

K)4 78 68 73 -2 67 69 0 8 IFGHZ M - - 0.00 30.to 30.18 4.1 19 6.0 14 20 11 20 04 

05 83 69 76 2 68 70 0 11 lFGHZ M - - 0.00 30.14 30.20 3.4 20 4.6 II 21 9 22 lo5 

06 84 69 77 3 69 71 0 12 IFGHZ M - - 0.00 30.16 30.21 3.7 20 5.5 15 19 13 19 06 

07 80 70 75 l 69 70 0 10 FGHZ M - - 0.00 30.14 30.20 4.2 19 5.8 14 20 11 19 07 

08 83 69 76 2 66 67 0 11 fGHZ M - - 0.00 30.06 30.12 8.8 22 9.l 20 20 15 21 08 

I09 82 70 76 2 68 70 0 11 fOHZ M - - T 29.91 29.97 7.5 24 8.2 21 21 17 21 09 

to 81 69 75 l 60 66 0 10 FOHZ M - - 0.00 29.92 29.97 3.6 31 8.0 17 33 14 22 10 

11 77 63 70 -4 56 62 0 5 M - - 0.00 30.08 30.12 0.8 2 8.0 21 2 15 2 11 

12 73 63 68 -6 60 63 0 3 M - - T 30.10 30.16 6.3 II 8.0 17 8 15 9 12 

13 68 59 64• -10 59 61 1 0 IRAFO M - - 0.73 29.94 30.00 9.4 4 9.4 18 5 16 5 13 

14 77 57• 67 -7 62 65 0 2 IFG M - - O.Dl 29.99 30.05 2.3 18 3.4 10 19 9 20 14 

15 77 66 72 -1 65 67 0 7 !FOHZ M - - 0.00 30.08 30.12 3.7 13 5.5 14 15 13 12 15 

16 75 66 71 -2 65 67 0 6 I- M - - T 30.03 30.09 5.5 18 7.2 16 21 14 21 16 

17 78 69 74 l 67 69 0 9 FGHZ M - - 0.00 30.00 30.07 4.4 18 6.2 14 22 11 22 17 

18 84 67 76 3 63 68 0 11 FGHZ M - . 0.00 30.09 30.13 2.1 35 5.0 18 l IS 2 18 

19 80 68 74 l 61 66 0 9 M - - 0.00 30.24 30.29 2.3 13 7.4 15 20 11 20 19 

l20 79 66 73 0 63 67 0 8 M - - 0.00 30.26 30.30 9.6 21 10.2 21 21 17 21 20 

21 79 70 75 2 67 69 0 10 FGHZ M - - 0.00 30.08 30.13 11.4 24 11.5 21 23 18 23 21 

122 85 67 76 4 68 70 0 II J:G+FGHZ M - - 0.00 30.07 30.12 5.2 23 6.7 16 20 13 21 22 

123 ss• 71 so• 8 68 71 0 IS fSTSRA FGHZ M - - 0.14 29.98 30.04 6.6 23 8.6 29 33 25 34123 

124 79 68 74 2 68 70 0 9 rs TSRA RA FG HZ M - - 0.36 29.94 30.00 3.9 29 5.3 34 30 28 32124 

125 80 67 74 2 - - 0 9 l'G 0.0 - - 0.00 - - - - 5.4 16 20 14 21 125 

126 85 67 76 4 64 68 0 II roHZ M - - 0.00 29.93 29.99 4.4 22 6.3 15 21 13 21 126 

127 78 67 73 2 68 70 0 8 ifGHZ 0.0 - . 0.00 29.98 30.03 3.8 12 7.2 22 9 20 9 127 

128 72 66 69 -2 62 65 0 4 ronz M - - 0.00 30.02 30.08 8.8 4 8.7 18 4 16 5 128 

29 80 62 71 0 63 66 0 6 FGHZ M - . 0.00 29.96 30.01 4.7 24 5.4 15 22 14 23 129 

30 76 64 70 -1 60 64 0 5 M - - 0.00 30.0l 30.07 0.7 18 7.4 15 23 13 20 30 

31 81 60 71 0 59 63 0 6 FG M - - 0.00 30.06 30.10 1.2 20 5.0 13 17 10 20 31 

78.8 66.3 72.6 -------- 64.1 67.0 .0 7.8 <Monthly Averages Totals> 0.00 30.04 30.09 2.1 19.4 6.8 ~Monthly Average 

-2.l 1.2 -.5 -------- - Departure From Normal > -3.25 

IUegree J ays Monthly ~ eason to Vate ll.ireatest 14-hr .Prec1p1tat1on: u.uuc1ate: Sea Level PressureDateTime 

Total DepartureTotal Departure !Greatest 24-hr Snowfall: date: 

!Heating: 1 l 
Greatest Snow Depth: 0 date: 

tooling: 241 -10 

Number of Days with -----> 

·1i.G°F 

l,ttn·//nl~ • ,,.. nn~~ o-nv/rai •. hin/nnrlr./o-~n~mh.ci:ri 

Maximum: 
Minimum: 

Max temp >= 90: 0 Mm temp <= J.l: u 
Max temp <= 32: 0 Min temp<=0 : 0 
Thunderstorms : 2 Heavy Fog : 2 

~g . ?1/J~o/ 
411/'. 

30.36 
29.90 

20 0930 
1 1803 

.Prec1p1tat1on >= .u J mch: M 
Precipitation >= .10 inch : M 
lSnowfall >= 1.0 inch : 0 

b ' '? MjJl1//9y' D 

ff !t.tt 9/25/00 



LCD For-... 

Ui~l!,!Jllh.V LOCAL I 'I u~ "'.! 11 I H.!II 'A.I UATA 
[NOAA, National Climatic Data Center] MONTH: 09/1996 

d Temperature ueguays 

a (Fahrenheit) Base 65 Degrees 
t 
e Max Mm !Avg. Uep IAvg. £Avg Heating Coollng 

From !Dew pt. lwet ... Nonna! IBulb 

IOI 80 ot 71 l .'.)8 (>j u b 

k>2 87* 71 79* 9 58 65 0 14 
K)3 84 66 75 5 64 68 0 IO 
04 79 67 73 4 68 70 0 8 
05 83 71 77 8 69 71 0 12 
06 80 67 74 5 64 68 0 9 
K>7 73 68 71 2 54 62 0 6 
08 71 64 68 0 61 63 0 3 
09 M M M M - 45 M M 
10 M M M M - 43 M M 
11 M M M M - - M M 
12 70 64 67 0 60 63 0 2 
13 M M M M - 51 M M 
14 74 57 66 -1 56 59 0 1 
15 71 53 62 -5 54 58 3 0 
16 72 58 65 -1 51 61 0 0 
17 64 51 61 -4 51 59 4 0 
18 63 55 59 -6 54 56 6 0 
19 72 51 65 0 51 57 0 0 
20 75 53 64 -1 53 58 1 0 
21 76 54 65 1 57 61 0 0 
22 67 57 62 -2 60 61 3 0 
l23 66 53 60 -4 53 55 5 0 
124 61 47 54* -9 50 53 11 0 
25 67 53 60 -3 52 56 5 0 
l26 63 47* ·55 -7 48 52 IO 0 
127 65 59 62 0 55 58 3 0 
l28 74 61 68 6 62 65 0 3 
l29 67 55 61 0 56 58 4 0 
30 70 53 62 I 50 55 3 0 

72.1 58.8 65.5 ------- 59.l 

-2.1 1.2 -.4 ---·---- ~ 

uegree J ays Monthly ~eason to Uate 
Total DepartureTotal Departure 

!Heating: 58 4 
ie:ooling: 74 -7 

Page 1 of 1 

!Station Location: BRIDGEPORT, CT (BDR)lat: 41 ° 1 0', Ion: -73° 09' 
IE!ev(Ground): 26 Feet Time Zone: · WBAN: 94702 

:snow/Ice on Prec1p1tauon Pressure (mches ot Hg) W ,:speed=mph d 

Gnd(In) (In) indDir-=tens of degrees a 
I,. 

Significant Weather 
UbUU }LUU ..l'fVV ..l'fVV Avg. Avg. Kesultam IKeS lAVg. max max le 
LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

level 
Uepth 1water !:Snow water l:Speea IUII !:Speed iUlf 

Equiv Fall Equiv 

M - - U.UU 29.YJ L':J.':J8 8.U J 9.2 :.!4 l 18 l Ul 
M - - 0.00 29.83 29.88 10.4 35 11.0 28 2 20 2 02 
M - - 0.00 29.96 30.00 2.4 25 5.8 15 21 14 22 03 

IFGHZ M - - T 30.00 30.05 1.9 7 2.9 8 15 8 13 04 

FGHZ M - - T 30.07 30.12 2.6 18 4.2 11 21 IO 21 05 

FGHZ M - - 0.00 30.04 30.07 6.6 9 8.2 18 10 16 10 Kl6 

RAFG+FGHZ M - - 0.05 29.87 29.92 18.5 10 18.7 37 10 31 10 07 

!RAFGHZ M - - 0.11 29.83 29.88 8.7 8 8.8 25 9 22 9 08 

IFG+FGHZ M - - O.ot 29.80 29.84 6.4 24 6.1 18 24 15 23 09 

IRAFGHZ M - - T 29.82 29.89 3.0 26 6.1. 18 36 15 23 10 
.. M - - 0.00 - - - - 5.9 13 16 ·10 15 11 

IFG M - - T 29.85 29.89 11.2 7 11.7 24 8 21 8 12 

. IFGHZ M - - 0.25 29.65 29.71 10.7 6 10.9 21 6 17 8 13 
M - - 0.00 29.65 29.71 5.2 32 8.8 18 28 15 28 14 
M - - 0.00 29.83 29.89 0.9 11 3.2 14 13 13 13 15 
M - - 0.01 29.90 29.96 4.7 24 5.9 20 22 17 22 16 

RAFG M - - 2.41 29.68 28.62 17.8 8 20.3 47 9 39 9 17 

RAFG M - - 0.25 29.60 29.65 12.4 35 12.7 29 2 20 35 t8 
M - - 0.00 29.73 29.79 9.6 35 9.4 29 34 23 1 19 
M - - 0.00 29.88 29.92 5.4 31 7.4 17 29 15 31 120 
M - - 0.00 29.87 29.94 6.2 23 7.8 18 22 16 22121 

IRAFG M - - 0.89 29.66 29.71 3.0 18 5.4 28 16 23 16 122 

IRAFG M - - 0.01 29.73 29.79 7.6 1 8.0 24 2 18 I 123 
IRAFG M - - 0.45 29.89 29.95 1.3 17 5.8 16 16 14 21 24 

tFG M - - 0.01 29.95 30.00 7.6 30 7.9 21 33 18 32 25 
M - - 0.00 30.29 30.35 1.3 17 6.4 14 22 IO 20 26 
M - - 0.00 30.35 30.39 10.l 18 10.3 23 18 18 19127 

IRAFG M - - 0.13 30.05 28.98 15.9 20 17.3 37 20 28 20128 

RAFG M - - 0.23 30.01 30.06 5.0 27 7.0 15 24 13 23 l29 
M - - 0.00 30.24 30.30 5.3 32 5.8 22 1 16 IBO 

KMonthly Averages Totals> 4.81 29.90 29.87 1.3 4.9 8.6 !<Monthly Average 

Departure From Normal > 

Greatest :t4-nr nec1p1tatton: l.41 date: 11 
Greatest 24-hr Snowfall: date: 
Greatest Snow Depth: 0 date: 

Number of Days with-----> 

1.74 

Sea Level PressureDateTime 
Maximum: 30.45 27 0938 
Minimum: 29.57 23 0253 

IMax temp >= 90: M 1Mm temp <= 32: M .l'rec1p1tat1on >= :01 mch: u 
IMax temp <= 32: M Min temp <= 0 : M Precipitation >= . IO inch : 8 

trhunderstonns : 0 Heavy Fog : 2 Snowfall >= 1.0 inch : 0 

/Jvf/2 , VJ I Al ;::.Jt>, /<J 
J spee<:L 

-=-) $1,, (, m11/ i/(J o i".:/Vlz. 

http://ols.ncdc.nmrn. p0v'r.r:i-bin/nndc/gensub.cgi 1/'f(, 9/25/00 
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lJI'.£,JJ.l I D.IJ LUCAL 1 1 """' 11 II 
1

" 
11 '\L JJATA Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 

[NOAA, National Climatic Data Center] MONTH: 10/1996 Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature 
Deg Days Snow/Ice on 1Prec1p1tat1on Pressure ltncnes 01 Hg) Windsl?eed=mpl1 kt 

D1r=tens of degrees a 
: (Fahrenheit) 

Base 65 Degrees Gnd(In) (In) 

e ,Max Mm Avg. Dep Avg. Avg Heatmg cooung uovu Lwv :.l4UU 

From Dew pt. Wet Significant Weather LST LST LST 

- Normal Bulb 
Deplli Water snow 

Equiv Fall 

DI 7U .'.>U bU -r .'.>4 .'.>b -5 u M - -
I02 68 61 65* 5 59 61 0 0 RAFG M - -
K)3 66 41 54 -6 41 49 11 0 M - -
04 55 34 45 -15 30 39 20 0 M - -
12 57 33* 45* -1 l 38 42 20 0 .M - -
l3 64 45 55 -1 50 53 10 0 FG M - -
14 75* 46 61 5 47 54 4 0 RQ M - -
15 58 38 48 -8 28 40 17 0 M - -
16 68 47 58 3 51 55 7 0 FGHZ M - -
17 69 51 60 5 56 58 5 0 FGHZ M - -
18 61 53 57 2 49 52 8 0 fG M - -
19 M M M M - 40 M M IRAFGHZ M - -
20 M M M M - 38 M M M - -
l21 58 48 53 -1 48 51 12 0 RAFG M . - -
22 61 49 55 l 50 52 10 0 RAFGHZ M - -
23 64 49 .57 4 56 57 8 0 RAFG M - -
l24 66 54 60 7 47 53 5 0 FG M - -
25 68 49 59 6 46 51 6 0 M - -
26 61 41 51 -1 44 48 14 0 M - -
27 65 44 55 3 52 54 10 0 rs FGHZ M - -
l28 63 46 55 3 51 55 10 0 RAFG M - -
~9 59 40 50 -1 35 43 15 0 I- M - -
30 60 43 52 1 49 52 13 0 RAFG M - -
31 60 49 55 4 36 46 10 0 M - -

62.7 45.4 54.1 -------- <Monthly Averages Totals> 

-1.4 -1.7 -1.S ------- < Departure From Normal ..... 

Uegree I •ays Monthly Season to uate ureatest:l4-hr l:'rec1p1tat1on: 4.J/ctate: l ':l-2U 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: 

!Heating: 300 -2 
Greatest Snow Depth: 0 date: 

tooling: 0 -11 

IMax temp >= 90: M 
Number of Days with-----> !Max temp <= 32: M 

lfhunderstorms : I 

littn·//ol~\, , H~ nmrn _ ,mv/cqj-hin/nndc/gensub.cgi 

:.l4UU Avg. Avg. Resultant Kes Avg. max max le 
LST Station Sea Speed Dir Speed 5-sec 2-min 

level 
water Speea IUU 10:,peea UII 

Equiv 

U.00 JU.J8 JU.4J Lb B 7.5 14 21 ll :.lU Ul 

0.08 30.17 30.22 8.5 21 9.2 17 21 15 22 02 
T 30.10 30.15 11.7 35 14.1 32 2 26 1 ()3 

0.00 30.45 30.50 7.8 36 8.7 22 1 18 2 04 
0.00 30.26 30.33 3.7 24 4.9 17 21 15 23 12 
0.04 30,11 30.17 7.8 23 8.7 20 22 16 22 13 
0.00 29.86 29.90 9.4 30 11.5 29 31 24 31 14 
0.00 30.05 30.12 6.9 33 7.5 24 1 18 36 15 
0.00 29.89 29.95 8.3 26 8.1 17 25 15 24 16 
0.00 29.93 29.98 1.4 17 3.9 17 9 15 9 17 
0.00 29.95 30.02 18.3 10 18.7 34 9 30 10 18 
4.12 29.62 28.56 29.7 8 30.4 56- & 48 8 19 
0.25 29.70 29.75 1.9 18 6.5 31 7 25 6 120 
0.48 29.86 29.91 1.7 25 5.8 14 24 13 1 21 
0.11 29.92 29.99 4.7 25 6.1 16 24 13 24 22 
0.25 29,82 29.89 5.0 12 6.8 20 22 16 20 23 
0.00 29.77 29.82 9.7 27 IO.O 25 28 20 28 24 
0.00 30.02 30.08 7.3 27 8.7 22 24 18 24 25 
0.00 30.31 30.37 0.7 20 3.8 11 24 10 24 26 
0.00 30.19 30.25 1.4 21 3.9 14 22 13 22 27 
0.29 29.78 29.83 7.7 29 9.4 30 31 24 31 28 
0.00 29.90 29.96 6.6 31 6.0 21 32 18 30 129 
0.19 29.67 30.20 6.7 18 8.7 23 22 20 18 130 
0.00 29.70 29.75 10.5 27 11.1 28 30 23 30 31 

6.64 kMonthly Average 

3.53 

S.ea Level PressureDateTime 

Maximum: 30.68 
IMinimum: 29.26 

Mm temp <- ,.;i: M 
Min temp <=0 : M 
Heavy Fog : 0 

5 1159 
8 2348 

.Prec1p1tauon >= .u 1 men: N 
Precipitation >= .10 inch : M 
Snowfall >= 1.0 inch : 0 

sro e Qt>~ s-~ 
4" y(?. ~() .• ')_ .-f.,/,f ( ,✓ 

/0/t;,t; 9/25/00 
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iU.l'lil!,J.JllE.U LUCAL CLlMAl • ' ..... A I IIA'l'A Station Location: BRIDGEPORT, CT (BDR)liJt: 41 ° 1 O', Ion: -73 ° 09' 
[NOAA, National Climatic Data Center) MONTH: 11/1996 IElev(Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature Veg Days ~now/lee on Prec1p1tat10n Pressure (mches ot Hg) wr .~peect=mph d 
mdDir=tens of degrees 

a (Fahrenheit) . Base 65 Degrees Gnd(In) {In) 

t 
e Max i Mm ! Avg. vep IA vg. IA vg tteatmg Coolmg 

Significant Weather 
UoUU l:LUU !.l4VV 

From IDew pt. IWet LST LST LST 

i-- Normal !Bulb Uepth 1waTer !Snow 
Equiv Fall 

U1 48 38 4_; -8 :;i :;y 22 u M - -
02 49 34 42 -8 30 36 23 0 M - -
03 48 33 41 -9 25 34 24 0 I- M - -
04 53 34 44 -6 32 40 21 0 M - -
05 56 46 51 2 42 47 14 0 M - -
06 54 49 52 3 47 50 13 0 RAFG M - -
07 66 53 60 11 58 58 5 0 IRAFG M - -
I08 68* 61 65• 17 63 63 0 0 IRAFG M - -
k)9 66 41 54 6 49 52 11 0 IRAFG M - -
IO 49 39 44 -4 35 41 21 0 IFG M - -
11 45 33 39 -8 28 34 26 0 M - -
12 43 30 37 -10 22 31 28 0 .. M - -
13 40 26 33 -14 21 29 32 0 I- M - -
14 37 28 33 -13 18 28 32 0 ... M - -
15 38 23 31 -15 14 25 34 0 .. M - -
16 46 21 34 -12 11 26 31 0 M - -
17 53 26 40 -5 21 33 25 0 M - -
18 51 32 42 -3 28 38 23 0 M - -
19 46 37 42 -2 38 41 23 0 iRAFG M - -
120 43 32 38 -6 28 33 27 0 I- M - -
121 41 31 36 -8 26 32 29 0 lo, M - -
122 43 31 37 -6 26 33 28 0 M - -
123 47 29 38 -5 25 35 27 0 M - -
124 44 35 40 -3 23 34 25 0 M - -
25 53 39 46 4 30 39 19 0 HZ M - -
26 54 34 44 2 41 43 21 0 RAFGHZ M - -
27 34 23 29 -12 17 25 36 0 M - -
28 30 19* 25* -16 15 22 40 0 I- M - -
129 41 22 32 -8 22 28 33 0 M - -
130 47 27 37 -3 33 36 28 0 IFG M - -

47.8 33.5 40.7 ------- 30.0 36.8 24.0 .0 kMonthly Averages Totals> 

-5.2 -4.7 -4.9 -------- < Departure From Nonna~ > 

Uegree J »ays Monthly ~ eason to Vafe ~reatestl.4-hr Prec1p1tat1on: 2.ue1ate: 20 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: 

[Heating: 721 139 
Greatest Snow Depth: 0 date: 

!Cooling: 0 0 
IMax temp >= 90: 0 

Number of Days with-----> !Max temp<= 32: I 
rl'hunderstorms : 0 

;WJ· -f~ ~ LJo, 7 ->r 

httn'.//ols.ncdc.noaa.rrov/cgi--bin/nndc/gensub.cgi 

a 

:.!4UU Avg. Avg. IKesultant IKes !Avg. max max le 
LST Station Sea Speed Dir Speed 5-sec 2-min 

level 
1water l~peeo IUil Speed IUH 
Equiv 

l 29.78 .l~.M lS.3 27 9.3 _;1 l-'O u. ll.lS IUl 
0.00 29.73 29.79 3.6 30 6.1 23 34 18 33 b2 
0.00 30.03 30.09 11.4 30 11.7 26 29 22 32 03 
0.00 30.29 30.35 10.2 25 10.8 23 24 20 24 04 

T 30.30 30.36 2.8 27 5.3 15 23 13 23 05 
0.07 30.35 30.41 9.2 9 10.4 18 11 16 11 06 
0,07 30.16 30.21 7.3 14 10.9 25 19 18 19 07 
0.24 29.76 29.82 20.6 19 20.8 36 18 29 18 lo8 
0.73 29.68 29.72 12.0 22 14.6 40 19 32 18 I09 
0.02 29.89 29.94 7.2 27 9.8 21 24 17 24 10 
0.00 30.03 30.09 9.1 28 9.4 21 29 '18 30 11 
0.00 30.32 30.37 11.2 30 11.5 30 29 24 29 12 
0.00 30.50 30.55 4.7 31 5.9 18 31 16 31 13 
0.00 30.52 30.56 8.0 2 8.5 18 5 15 5 14 
0.00 30.71 30.77 8.2 1 8.4 22 2 18 1 15 
0.00 30.67 30.72 6.2 35 5.9 13 32 11 1 16 
0.00 30.40 30.45 2.2 31 4.7 13 25 11 23 17 
0.00 29.99 30.04 2.8 5 4.l 9 2 9 9 18 
0,03 29.76 29.80 6.2 34 7.3 20 33 16 34 19 

T 29.75 29.79 7.7 31 8.5 25 34 22 32 120 
0.00 29.77 29.82 7.4 30 7.8 20 30 17 30121 
0.00 29.84 29.91 11.8 35 12.0 25 33 20 33 122 
0.00 29.98 30.04 5.5 28 8.3 20 36 16 26123 
0.00 30.13 30.17 4.3 36 5.8 21 2 15 l 124 

T 30.10 30.15 2.0 14 6.2 16 21 14 21 125 
2.17 29.71 29.89 6.8 2 11.5 32 33 25 33 t26 
0.00 30.21 30.26 16.5 35 16.7 34 35 28 35 t27 

T 30.33 30.39 5.0 33 7.1 18 36 15 1 28 
0.00 30.30 30.36 6.3 33 5.8 21 33 16 34 29 
O.o2 30.29 30.34 J.9 17 6.8 18 18 15 21 30 

3.35 30.11 30.17 3.6 30.6 9.l !<Monthly Average 

-.46 

Sea Level PressureDateTime 
!Maximum: 
!Minimum: 

!Mm temp<= J:l: 15 
Min temp <= 0 : 0 
Heavy Fog : 0 

30.83 15 2057 
29.51 26 1055 

.Prec1p1tatton >= :m mch: 8 
lPrecipitation >= .10 inch : 3 
Snowfall >= 1.0 inch :O 

A;J -;:;12ef c1tl/' 

II /4~ 

q,rj":,00" 

9/25/00 
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. LUL:AL 1 . ~,. A.... .. .. .. '"-!.. VA.TA Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 
[NOAA, National Climatic Data C~nter) MONTH: 12/1996 Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

Cl Temperature ueguays :snow/Ice on f Prec1p1tat1on Pressure ,mches ot Hg) IWi ,:speect-mph K1 

a (Fahrenheit) · Base 65 Degrees Gnd(In) (In) 
10dDir=tens of degrees la 

t coolmg 12UU Avg. Avg. IKesultant IKes :Avg. 
e Max • Mm • Avg. uep Avg. iAvg tteaung 

Significant Weather 
uouu iL.4UU L.4UU max max e 

From loew pt. !Wet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Nonna! !Bulb level 
: uepth !Water !Snow 1vvater 1:speeo IUII 1:speeel IUII 

Equiv Fall Equiv 

IU1 :,1 47 :,..:;T 13 51 52 13 u lKAFU M - - U.44 :.l'i.93 L.'-),'-)'-) 14.L. 19 T.lJ3 JU IL.1 :.lJ 2U IV! 

02 57* 36 47 8 39 44 18 0 RAFG M - - 1.20 29.75 30.05 8.4 27 13.5 38 20 32 20 !02 

03 45 30 38 -1 30 36 27 0 M - - T 30.11 30.16 2.3 20 4.8 14 18 10 19 !03 

04 43 36 40 2 37 38 25 0 RAFG M - - 0.06 30.05 30.11 4.9 2 5.8 11 33 10 33 lo4 

05 44 32 38 0 33 36 27 0 M - - 0.00 30.13 30.18 2.9 12 6.8 23 13 20 13 05 

06 45 34 40 3 35 37 25 0 TS TSRA TSSN RA SN FG M - - 0.87 29.67 29.84 13.5 5 18.4 46 8 39 8 06 

07 43 33 38 l 35 37 27 0 RASNFG M - - 1.73 29.78 30.06 6.8 9 9.7 24 2 21 3 '07 

08 46 30 38 1 32 35 27 0 SNFG M - - 0.08 29.52 30.43 8.2 29 8.9 23 31 18 32 08 

09 43 29 36 0 28 32 29 0 IFG M - - 0.00 29.76 29.82 6.9 36 7.6 18 34 t3 33 09 

10 41 26 34 -2 27 32 31 0 M - - 0.00 29.98 30.04 4.4 25 7.4 22 25 20 24 IO 

11 44 38 41 5 35 38 24 0 MFG M - - 0.20 29.93 30.00 1.7 3 6.6 18 24 15 24 11 

12 44 39 42 7 39 40 23 0 MFG M - - 0.03 30.16 30.21 12.5 5 12.6 24 8 20 8 12 

13 44 38 41 6 37 40 24 0 IFG M - - 0.00 30.15 30.20 14.9 8 16.6 29 9 25 9 13 

14 41 38 40 5 37 39 25 0 tRAFG M - - 0,07 30.15 30.20 15.2 3 15.3 28 1 22 2 14 

15 43 38 41 7 36 39 24 0 M - - 0.03 30.31 30.38 12.1 3 12.6 25 I 18 2 15 

16 44 40 42 8 38 40 23 0 FG M - - 0.00 30.22 30.25 7.1 5 7.5 16 9 14. 9 16 

17 55 42 49 15 48 48 16 0 RAFG M - - 0.62 29.85 29.91 4.8 18 10.6 25 22 20 20 17 

18 54 47 51 18 47 48 14 0 RAFGHZ M - - 0.02 29.85 29.91 3.3 21 4.0 10 20 8 30 18 

19 49 32 41 8 36 39 24 0 DZSNFGHZ M - - 0.38 29.66 29.71 4.6 I 6.5 26 33 20 33 19 

20 32 22 27 -6 12 22 38 0 SNFG M - - T 30.02 30.08 15..7 29 16.1 34 30 28 29 20 

121 32 20 26 -6 15 23 39 0 M - - 0.00 30.46 30.50 6.4 27 7.5 20 24 16 23 121 

!22 38 26 32 0 23 30 33 0 M - - 0.00 30.35 30.42 8.3 26 8.6 21 24 17 24 122 

123 43 31 37 5 32 36 28 0 M - - 0.00 30.24 30.29 0.9 29 2.8 9 13 8 13123 

t24 55 40 48 16 45 47 17 0 MFG M - - 0.39 29.82 29.87 15.7 22 16.4 39 29 32 20 124 

125 46 28 37 5 18 29 28 0 M - - T 30.05 30.10 14.2 30 14.6 31 29 26 29125 

26 41 27 34 3 23 29 31 0 tFG M - - O.ot 30.39 30.45 4.2 25 5.9 17 27 14 27 !26 

127 48 32 40 9 33 37 25 0 MFG M - - 0.01 30.18 30.24 2.8 36 5.5 14 2 11 20127 

28 47 30 39 8 36 38 26 0 lRAFGHZ M - - o.oi 30.16 30.22 0.9 17 4.3 11 20 10 21 128 

29 51 44 48 17 47 47 17 0 RAFG+FG M - - 0.29 29.92 29.98 7.0 23 7.7 21 30 15 29 t29 

30 50 31 41 10 28 36 24 0 M - - 0.00 30.12 30.18 8.8 34 10.5 23 30 18 30 l30 

31 31 14* 23* -7 13 21 42 0 SNFGFZFG M - - 0.03 30.19 30.25 11.6 3 12.4 29 1 23 1 31 

(5.0 33.2 39.l -------- 33.l 36.9 25.6 .0 <Monthly Averages Totals> 6.47 30.03 30.13 1.9 34.2 9.8 kMonthly Average 

4.0 5.6 4.8 ----- < Departure From Normal > 2.97 

:Uegree J •ays Mont.Illy ::: eason to Date Ureatest:.l4-hr Prec1p1tatton: UH ctafo: pg Sea Level PressureDateTime 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: !Maximum: 30.57 21 1039 

!Heating: 794 -158 
Greatest Snow Depth: 0 date: Minimum: 29.42 7 2323 

:Cooling: 0 0 
!Max temp >= 90: 0 lMm temp <- J:l: 16 .l'rec1p1tat1on >= .u I men: t ':J 

Number of Days with-----> !Max temp <= 32: 3 !Min temp <= 0 : 0 !Precipitation >= .10 inch : 9 

hounderstorms ; 1 !Heavy Fog : I !Snowfall >= 1.0 inch : 0 

21..I T- ~'- '?' I s £./? ,, 

htto://ols~v .-c.noaa.gov/cgi-bin/nndc/gensub.cgi 12/16 9/25/00 



LCDForrr• 
~age l of l 

UN" I • 11• 1 LOl.:AL-CLIMAl• 11 ... U Al UA'lA Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 
[NOAA, National Climatic Data Center) MONTH: 01/1997 tElev(Ground): 26 Feet Time Zone: WBAN: 94702 

ct Temperature uegDays :snow7Iceon IPrec1p1tat1on !Pressure tmcnes ot Hg) 1w ,:speed-mph kl 

a (Fahrenheit) Base 65 Degrees Gnd(ln) (In) 
1" dDir=tens of degrees la 

t Heating coolmg U()UU l.tUU ~4UU :l4UU Avg. Avg. iKesultant IKes IAVg. 
e Max Mm Avg. Uep Avg. IA vg Significant Weather 

max max le 

From loew pt. IWet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Nonnal iBulb 
level 

Depth 1water :snow water Speea Utr ::;peea iUU 
Equiv Fall Equiv 

UJ J:l 1:1 2U -!U j 14 45 u rU M - - l .,;u.u .,;u,.,;1 3.4 l o.:> '/.:}. '1. lo '1. Ul 

02 40 28 34 4 30 33 31 0 SNFGHZ M - - 0.05 29.75 29.81 4.5 27 5.6 17 26 14 20 02 

tl3 53* 38 46* 16 37 41 19 0 FGHZ M - - 0.03 29.61 29.66 4.0 26 6.1 17 24 14 24 03 

04 44 36 40 10 38 40 25 0 iRAFG M - - T 29.90 29.97 4.9 10 6,9 16 11 14 9 K:>4 

05 48 42 45 15 45 45 20 0 FG+FG M - - 0.10 29.54 31.13 4.4 10 7.8 17 8 15 8 !05 

06 49 33 41 11 28 36 24 0 FG+FG M - - 0.00 29.62 30.18 13.9 29 14.4 33 30 30 30 06 

tl7 36 26 31 1 14 26 34 0 M - - 0.00 29.79 29.84 17.8 30 18.5 38 31 31 30 tl7 

08 38 26 32 3 14 25 33 0 M - - 0.00 29.92 29.97 14.8 31 15.9 33 32 28 31 08 

()9 39 23 31 2 19 26 34 0 FZiRASNFG M - - 0.10 29.79 30.24 3.2 8 7.4 40 11 34 11 09 

10 41 35 38 9 28 34 27 0 RASNFG M - - 0.03 29.31 31.68 10.7 27 15.3 38 28 30 27 IO 

11 35 20 28 -1 15 24 37 0 SNFGFZFGHZ M - - 0.13 29.61 30.43 11.0 29 12.8 32 28 25 29 11 

12 27 18 23 -6 9 19 42 0 M - - 0.00 30.01 30.06 13.6 27 14.6 26 31 23 30 12 

13 34 20 27 -2 16 23 38 0 M - - 0.00 30.15 30.20 8.6 29 9.5 23 32 18 31 13 

14 34 22 28 -1 17 24 37 0 M - - 0,00 30.22 30.26 8.2 30 9.3 21 34 17 32 14 

15 35 20 28 -1 21 26 37 0 M - - 0.00 30.17 30.21 5.9 23 7.4 17 21 15 22 15 

16 47 26 37 8 32 37 28 0 iRAFG M - - 0.84 29.46 31.68 9.6 26 13.3 46 31 33 29 16 

17 26 10 18 -11 -5 11 47 0 HZ M - - T 29.81 29.87 17.4 30 18.8 44 30 37 30 17 

18 17 5 11 -18 -4 8 54 0 FG M - - T 29.92 29.96 9.8 31 11.8 28 30 22 31 18 

19 20 2* 11• -18 -3 9 54 0 M - - 0.00 30.05 30.11 8.8 28 10.0 25 26 18 26 19 

[20 32 18 25 -4 17 23. 40 0 M - - T 29.88 29.93 8.9 26 9.7 24 25 18 24 20 

21 36 24 30 2 13 25 35 0 M - - 0.00 30.31 30.35 7.6 34 8.9 26 36 20 35 21 

122 45 31 38 IO 31 35 27 0 HZ M - - 0.08 30.07 30.12 8.6 24 9.0 21 23 17 23 22 

123 M M M M - 33 M M fGHZ M - - 0.00 29.94 30.00 7.0 32 11.0 26 I 23 l 23 

124 37 19 28 0 19 26 37 0 M - - 0.13 30.38 30.44 15.6 9 17.6 33 11 29 IO 24 

125 50 35 43 15 38 41 22 0 RA FG+ fG M - - 0.95 29.69 29.74 7.4 24 11.4 30 19 24 18 125 

126 35 21 28 0 10 23 37 0 M - - T 30.24 30.29 13.9 31 15.3 36 30 28 31 126 

27 37 18 28 0 12 22 37 0 SNFG M - . T 30.54 30.59 5.6 10 8.9 18 14 14 14 27 

28 46 26 36 8 28 35 29 0 RAFG M - . 0.43 30.00 30.05 9.6 27 14.2 36 22 30 31 128 

29 29 19 24 -4 7 20 41 0 M - . 0.00 30.44 30.49 8.2 34 10.5 31 31 24 31 129 

30 30 15 23 -5 12 20 42 0 M - - 0.00 30.37 30.44 9.3 7 11.3 22 9 20 9 30 

31 35 26 31 2 28 30 34 0 J:QHZ M - . 0.08 29.86 29.92 3.9 5 7.2 17 2 15 3 l31 

36.9 23.0 30.0 ------ 18.8 26.9 34.9 .0 <Monthly Averages Totals> 2.95 29.96 30.25 5.7 l29.4 11.2 kMonthly Average 

.9 1.1 1.1 -------- < Departure From Nonna! > -.29 

IUegreel ays Monthly !:: eason to uate vreatest 24-hr t'rec1p1tat1on: l .msctate: 24·..l:> Sea Level PressureDateTime 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: !Maximum: 30.72 27 1023 

!Heating: 1047 -72 
Oreatest Snow Depth: 0 date: !Minimum: 29.20 10 0511 

Cooling: 0 0 
Max temp>= 90: M Mtn temp <- 3'1.: M .Prec1p1tat1on >- .o I mch: I :l 

Number of Days with----> Max temp<= 32: M IMin temp <= 0 : M !Precipitation >= .10 inch : 5 

Thunderstonns : 0 Heavy Fog : 3 Snowfall >= 1.0 inch :O 

3u~f? //, :2-.- 111/11/ 29~ ~ 

http://ols.ncdc.noaa.gov/cgi-bin/nndc/gensub.cgi ;h "7 9/25/00 
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Uf"11.11 111••LUCAL''I IMA_p111H-U'AI IJAfA Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 
[NOAA, National Climatic Data Center) MONTH: 02/1997 Elev(Ground): 26 Feet Time Zone: WBAN:94702 

• a rremperature Ueg uays Snow/lee on wrec1p1tat1on I Pressure lmches ot Hg) :w· d::speea-mph lct 
an Dir-tens of degrees la 

: (Fahrenheit) Base 65 Degrees Gnd(In) (In) 

e •Max Mm Avg. Uep IAVg. !Avg tteatmg coolmg 0600 LlUU i.l4UU 

From IDewpt. twet Significant Weather LST LST LST 

- Nonna) !Bulb Uepth water :snow 
Equiv Fall 

Ul 4Y j.) 4.l J4 j.) j~ 23 u RA HJ Ur' .HL.. M - -
02 41 30 36 7 29 33 29 0 M - -
03 44 34 39 10 35 37 26 0 RAFGUPHZ M - -
04 36 30 33 4 29 32 32 0 RASNFG M - -
05 51 36 44 15 38 40 21 0 RAFG+FG M - -
06 44 30 37 8 27 34 28 0 - M - -
07 39 27 33 4 23 29 32 0 M - -
08 33 30 32 3 22 28 33 0 M - -
09 38 25 32 3 12 25 33 0 M - -
IO 36 21 29 0 14 24 36 0 M - -
11 37 27 32 3 24 30 33 0 M - -
12 37 29 33 3 27 31 32 0 SNFGHZ M - -
13 34 23 29 -1 12 24 36 0 SNFG M - -
l4 43 30 37 7 31 34 28 0 RASNFGHZ M - -
15 46 35 41 11 32 37 24 0 lRAFGUPHZ M - -
16 35 27 31 1 19 27 34 0 SNFG M - -
17 33 22 28 -3 19 26 37 0 SNFGHZ M - . 
18 48 33 41 10 28 35 24 0 M - -
19 61 38 50 19 36 42 15 0 M - -
20 51 34 43 12 26 35 22 0 M - -
121 52 32 42 11 41 42 23 0 FG+FG M - -
122 61 37 49 17 40 45 16 0 IFG+FG M - -
123 42 30 36 4 21 31 29 0 M . -
124 46 24 35 3 20 31 30 0 M - -
!25 33 16* .25"' -8 9 21 40 0 M - -
26 49 33 41 8 29 36 24 0 lHZ M - -
27 67* 41 54* 21 44 47 11 0 FG+FGHZ M - -
28 61 34 48 15 - - 17 0 M - -

44.5 30.1 37.3 ------- 26.8 33.1 27.4 .0 <Monthly Averages Totals> 

6.9 6.9 6.9 ----- < Departure From Normal > 

Degree J ays Monthly ~ eason to uate IUreatest 24-hr Prec1pnauon: l _j'/0ate: 4-=> 

Total DepartureTotal Departure K]reatest 24-hr Snowfall: date: 

Heating: 768 -201 
breatest Snow Depth: 0 date: 

Cooling: 0 0 

Number of Days with-----> 
IMax temp>= 90: 0 
Max temp<= 32: 0 
[hunderstonns : 0 

f1;3 ° f 

httn·//ol~:~ •• ,dc.noaa.gov/cgi-bin/nndc/gensub.cgi 

It 

.l4UU Avg. Avg. Resultant IKes Avg. max max e 
LST Station Sea Speed Dir Speed 5-sec 2-min 

Jevel 
water ISpeect Ulf ::speea J.JH 
Equiv 

U.16 .l':J.IU 2';).'/.) I.~ 28 Y.2 JO ji .lJ 3I Ul 

0.00 30.12 30.16 2.6 25 4.8 10 18 10 31 02 
0.02 30.25 30.29 0.3 9 4.3 24 I 20 1 b3 
0.04 30.46 30.51 I l.0 9 12.5 26 IO 23 10 04 
1.35 29.89 29.94 5.8 28 10.4 30 22 24 22 05 
0.00 30.01 30.07 8.8 32 8.9 24 33 20 33 06 
0.00 30.17 30.22 4.4 27 5.8 15 30 13 31 '07 

T 30.20 30.25 10.0 5 10.4 22 6 18 4 08 
0.00 30.11 30.18 8.6 35 10.3 25 I 20 l 09 
0.00 30.12 30.16 5.6 31 7.7 18 24 . 16 23 IO 

T 30.06 30.l 1 5.4 l 9.3 22 2 18 2 11 
T 30.05 30.08 7.9 25 9.2 22 27 18 24 12 
T 30.43 30.49 6.1 35 10.6 31 1 25 1 13 

0.38 30.08 30.13 8.7 9 13.S 28 8 25 10 14 
0.06 29.88 29.95 6.7 29 8.2 20 30 16 29 15 

T 30.25 30.31 1.8 25 7.8 25 31 21 31 16 
O.ot 30.38 30.43 4.5 35 11.7 29 2 23 1 17 
0.00 30.22 30.27 13.7 24 14.0 25 23 22 24 18 

T 29.90 29.94 IO.I 26 11.0 56 31 45 31 19 
0.00 30.23 30.30 4.8 31 10.4 38 31 31 31 20 
0.00 29.95 30.00 6.1 23 7.3 31 21 26 22 21 
0.04 29.60 29.91 9.8 26 13.1 40 30 31 30 22 
0.00 30.21 30.25 9.4 27 11.7 30 30 23 29123 
0.00 30.22 30.27 9.7 30 1 J.5 32 32 26 32 124 
0.00 30.26 30.32 6.4 28 11.9 23 24 21 23 125 
0.04 30.03 30.09 13.8 24 14.2 24 25 20 24126 
0.05 29.63 29.69 5.4 23 7.6 37 30 30 30 l27 
0.00 - - - - 7.4 28 32 23 31 128 

2.15 30.09 30.15 3.8 l28.2 9.8 kMonthly Average 

-.86 

Sea Level PressureDateTime 
!Maximum: 
!Minimum: 

!Mm temp <= Sl: l 1 
IMin temp <= 0 : 0 
!Heavy Fog : 4 

Cl,\</ 
/,. 

30.63 13 1830 
29.49 22 1342 

:Prec1p1tauon >= .u l men: tu 
!Precipitation >== . l O inch : 3 
!snowfall >= 1.0 inch : 0 

:2 g,,:2- () 

9-(C/1 9/25/00 
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II •••• '}';lJ LUCAL CLlMA l" I Ill .:u Al_ UATA Station Location: BRIDGEPORT, CT (BDR)lat: 41 ° IO', Ion: -73° 09' 
[NOAA, National Climatic Data Center] MONTH: 03/1997 . IElev(Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature Veg Uays Snow/lee on nec1p1tat10n Pressure (mches 01 ttg) W' d~peed=mph ct 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) 
18 Dir-tens of degrees a 

t tteatmg Cooling UbUU uuu :.l4UU -Avg. Avg. IKesu1tan1 IKes IAvg. 
e .Max Mm I Avg. vep !Avg. !Avg Significant Weather 

•-'"¼VU max max ~ 
From tDew pt. lwet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Normal Bulb level 
Depth water 1:snow vvater 1:speea Ull 1:speea IUil 

Equiv Fall Equiv 

IU1 41 35 JIS 4 37 38 l.7 u lKA ~N tv-i- ru M - - U.UI 30.18 JU.24 Y5 9 9.3 l/ y J5 lO Ul 

02 59 38 49 15 40 42 16 0 tRAFGtFG M - - 0.o7 29.70 29.15 4.9 25 1.9 30 32 24 32 02 

03 42 32 37 2 29 34 28 0 isNFG M - - 0.14 30.09 30.14 7.8 7 10.6 25 7 20 8 03 

04 37 31 34 -1 31 33 31 0 SNFGHZ M - - 0.02 30.10 30.15 4.4 6 7.8 21 5 17 6 04 

05 43 34 39 4 36 37 26 0 IRAFGHZ M - - 0J7 30.06 30.10 2.4 21 7.l 18 8 16 8 05 

!06 45 33 39 4 27 35 26 0 tRAFG M - - 0.11 29.51 31.04 18.2 30 23.0 62 30 47 31 06 

K>7 40 26 33 -3 14 28 32 0 M - - 0.00 30.J l 30.16 15.2 30 14.4 33 27 26 30 07 

08 50 27 39 3 27 33 26 0 M - - T 30.13 30.19 6.2 26 10.S 37 36 25 36 kl8 

I09 33 23 28* -8 12 24 37 0 M - - 0.00 30.47 30.53 3.6 11 JO.I 23 1 20 36 !09 

IO 51 32 42 5 30 36 23 0 IRASNFGUP M - - 0.39 29.88 29.94 3.2 27 7.7 23 32 20 32 10 

11 49 31 40 3 28 35 25 0 M - - T 29.78 29.85 3.0 25 7.8 29 32 24 32 11 

12 44 29 37 0 13 28 28 0 M - - 0.00 30.08 30.13 13.6 32 14.0 36 34 29 35 12 

13 38 22 30 -8 5 23 35 0 M - - 0.00 30.38 30.42 10.8 34 I 1.7 26 33 22 33 13 

14 50 28 39 l 24 32 26 0 PEFG M - - 1.28 30.00 30.06 8.0 11 12.4 29 13 24 12 14 

15 49 29 39 l 22 33 26 0 HZ M - - T 29.83 29.89 ]5.3 32 16.3 39 30 33 31 15 

16 33 24 .29 -10 8 22 36 0 M - - 0.00 30.29 30.32 13.l 31 13.5 31 31 25 32 16 

17 42 22 32 -7 21 30 33 0 - M - - 0.00 30.22 30.27 11.8 24 12.7 28 22 23 22 17 

18 47 34 · 41 2 21 34 24 0 M - - 0.00 30.18 30.24 5.9 35 8.7 21 I 17 36 18 

19 39 33 36 -4 22 31 29 0 M - - 0.00 30.15 30.20 6.6 8 9.2 18 9 16 9 19 

120 40 30 35 -5 33 35 30 0 IRAFG M - - O.ll 29.79 29.84 5.3 22 8.0 21 22 18 21 120 

121 46 26 36 -4 28 34 29 0 FGHZ M - - 0.00 29.69 29.99 5.3 23 6.5 23 22 20 21 121 

122 52 30 41 0 32 39 24 0 IRAFGHZ M - - 0.20 29.45 31.34 7.l 33 10.9 33 32 25 33 122 

23 38 25 32 -9 8 24 33 0 M - - 0.00 29.93 29.99 11.2 33 11.7 29 29 22 30 123 

124 46 22+ 34 -7 15 28 31 0 M - - O.ll 30.32 30.37 7.7 31 9.3 24 32 21 32 124 

125 49 28 39 -2 28 35 26 0 M - - O.ot 30.26 30.32 4.0 19 8.5 29 23 23 23 125 

126 51 39 45 3 35 42 20 0 RAFG 0.0 - - 0.00 29.69 29.75 16.l 28 20.1 40 30 31 31 126 

27 65 35 50 8 31 40 15 0 - M - - 0.00 29.81 29.86 8.5 24 9.5 21 23 18 21 '(].7 

28 57 38 48 6 33 41 17 0 HZ M - - 0.00 29.93 29.98 6.3 9 7.8 17 8 15 9 l28 

29 53 43 48 5 34 41 17 0 RAFGtFGHZ M - - 0.13 29.58 30.50 8.4 8 8.4 16 9 14 8 29 

30 66+ 44 55+ 12 44 50 10 0 FG M - - 0.01 29.60 29.66 8.0 35 9.8 25 1 21 33 30 

31 49 33 41 -2 38 39 24 0 TS TSRA RA SN FG M - - 1.82 29.35 31.49 18.l 5 19.8 46 4 34 2 31 

46.6 J0.8 38.7 -··---- 26.0 34.l 26.l .0 <Monthly Averages Totals> 1.96 29.95 30.22 3.5 32 11.1 KMonthly Average 

.4 -.1 .1 -------- < Departure From Normal > -1.79 

.Degree Jays MOntnly :::ieason to Date Ureatest .t4-nr Prec1p1tat1on: 1.is-'oate: .; 1 Sea Level PressureDateTime 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: Maximum: 30.66 9 0903 

!Heating: 810 -8 
!Greatest Snow Depth: 0 date: !Minimum: 29.21 31 1434 

:Cooling: 0 0 
!Max temp >= 90: 0 Mm temp<= 32: l 9 .Prec1p1tation >= .0l men: M 

Number of Days with-----> !Max temp<= 32: 0 !Min temp <= 0 : 0 Precipitation >= .10 inch : M 

[hunderstorms : I !Heavy Fog :3 I.Snowfall >= 1.0 inch : 0 

zg,? ~ r //,//J2_1!J" 

l~H-· /1,,... t,., • ..,,...,.t,,.,, .... ,..,,..,,.., nAull"n-;_h1M/nnrl("/npn~11h 1"01 
3/17 9/?5/0() 
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IHwn• .. ■ "••LULALf I IMAl"lllfll II ".!..JJJ\.}J\. Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', lon: -73° 09' 
[NOAA, National Climatic Data Center] MONTfl: 04/1997 Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

C1 i'emperature Deg Days :snow7lce on 1!-'rec1p1tat1on Pressure tmct1es of Hg) Wind:speecl=rnph let 

a (Fahrenheit) . Base 65 Degrees Gnd(In) (In) Dir=tens of degrees la 

t 
It 

e Max Min Avg. Dep Avg. Avg tteatmg LOOlmg UbUU 1200 .l4UU .l4UU Avg. Avg. IKesuitant Kes IAvg. max max b 

From Dewpt. Wet Significant Weather LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Normal Bulb level 
Depth water 1:snow water Speea Ulr .:)peed uu 

Equiv Fall Equiv 

Ul 46 JU J8 -b :.l) jj "j,/ u .:)N FUfZFU M - - U.U2 .l':J.b':J 30.35 18.4 I 18.6 49 1 j/ I lH 

02 57 35 46 2 19 36 19 0 M - - 0.00 29.98 30.04 13.1 34 13.0 44 33 31 36 02 

03 57 31 44 0 26 37 21 0 M - - 0.00 29.99 30.02 5.0 24 7.6 23 21 20 21 03 

04 65 45 55 11 37 47 10 0 ... M - - 0.00 29.92 29.96 7.6 34 8.8 26 32 23 32 I04 

05 54 42 48 3 34 42 17 0 M - - T 30.21 30.25 2.9 15 6.4 16 20 14 21 IOs 

06 56 44 50 5 32 41 15 0 RAFGHZ M - - T 29.94 29.99 4.6 13 7.9 18 21 15 9 I06 

07 73* 45 59* 14 41 50 6 0 FG+FGHZ M - - 0.01 29.67 29.72 7.8 27 10.3 29 30 25 29 !07 

08 57 36 47 1 21 37 18 0 M - - 0.00 29.85 29.91 14.6 31 16.9 40 30 34 31 I08 

09 41 29 35* -11 15 28 30 0 SNFG M - - T 29.96 30.01 ·13.2 34 14.l 31 36 26 32 K>9 

10 49 26* 38 -8 9 29 27 0 M - - 0.00 30.12 30.18 11.7 34 12.3 36 34 28 34 10 

11 51 32 42 -5 23 35 23 0 - M - - 0.00 30.20 30.25 7.4 23 9.0 22 23 20 23 II 

12 51 41 46 -1 32 39 19 0 HZ M - - 1.27 29.95 30.00 10.4 8 10.5 21 19 18 8 12 

13 65 47 56 9 34 46 9 0 IFG+FGHZ M - - 0.01 29.52 30.07 3.8 25 7.9 25 30 21 31 13 

14 56 39 48 0 21 38 17 0 M - - 0.00 29.96 30.00 13.7 33 14.3 33 31 26 31 14 

15 58 34 46 -2 25 37 19 0 M - - 0.00 30.19 30.24 4.0 26 8.5 20 23 18 21 15 

17 50 44 47 -2 42 45 18 0 IRAFGHZ M - - 0.21 29.62 30.05 2.5 15 5.2 16 l 13 36 17 

18 47 36 42 -7 32 36 23 0 $NFGHZ M . - - 0.44 29.18 32.18 19.2 36 19.3 39 35 30 36 18 

19 49 35 42 -7 32 38 23 0 M - - 0.06 29.33 31.60 15.4 35 15.5 36 33 26 33 19 

20 56 39 48 -2 33 41 17 0 M - - 0.00 29.63 29.69 2.5 27 8.1 20 36 15 36 20 

21 57 41 49 -1 33 42 16 0 M - - 0.00 29.70 29.76 6.8 29 8.1 24 29 18 29 l21 

l22 58 38 48 -2 32 41 17 0 M - - 0.00 29.61 29.68 4.1 11 5.0 13 12 11 11 22 

23 M M M M - 38 M M m M - - 0.00 29.61 29.67 3.3 18 4.8 15 8 11 7 23 

t24 52 46 49 -2 35 42 16 0 M - - 0.02 29.59 29.65 11.4 5 12.5 32 2 28 2 124 

125 60 45 53 2 38 45 12 0 M - - 0.00 29.90 29.95 5.7 25 7.8 24 34 15 21125 

126 66 43 55 3 30 45 10 0 M - - 0.00 30.06 30.12 7.7 34 7.6 26 33 21 32126 

l27 61 42 52 0 34 45 13 0 M - - T 30.12 30.18 3.7 14 6.7 18 15 15 16127 

t28 57 46 52 0 45 47 13 0 IRAFG M - - 1.00 29.65 29.69 5.3 11 13.1 31 10 26 10 l28 

129 69 44 57 4 36 47 8 0 m M - - 0.00 29.70 29.75 8.5 34 10.0 33 l 24 I l29 

30 67 44 56 3 42 48 9 0 M - - 0.00 29.81 29.86 5.8 20 7.9 29 21 22 21 t3o 

56.7 39.1 47.9 -------- 30.8 40.6 16.9 .0 kMonthly Averages Totals> 3.04 29.82 30.10 3.9 33.6 10.3 <Monthly Average 

.1 -.7 -.3 ------- < Departure From Normal ~ -.71 

Uegree I ays Monthly :Season to Uate IUreatest 24-hr Prec1p1tat1on: l . ..!15aate: I :.l-J J Sea Level PressureDateTime 

Total DepartureTotal Departure !Greatest 24-hr Snowfall: date: Maximum: 30.34 11 0859 

!Heating: 489 -15 
k,reatest Snow Depth: 0 date: Minimum: 29.12 18 1541 

!cooling: 0 0 
Max temp>= 90: M Mm temp<._.;..!: M .Prec1p1tauon >= .u 1 1r1cfi: 9 

Number of Days with -----> Max temp<= 32: M Mintetnp<=0: M Precipitation >= : JO inch : 4 

Thunderstorms : 0 lHeavy Fog : 2 Snowfall >= 1.0 inch : 0 

L.;7,CJ() p /01?:, / J3G
0 

httn://ols: .. vac.noaa.gov/cgi-bin/nndc/gensub.cgi //k;,-, 9/25/00 
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II ~ ...... ■ ')!;U LUL:AL I 'I I IVI ~T• II f H ..;11 A I IJATA 
[NOAA, National Climatic Data C.enter] MONTH: 05/1997 

Station Location: BRIDGEPORT, CT (BDR)l!}t: 41 ° 10', Ion: -73° 09' 
tEiev(Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature ueguays Snow/Ice on 1nec1p1tat10n Pressure (mches ot ttgJ Win ,::speed~mph d 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) dDir=tens of degrees a 

t 
e Max Mm 'Avg. Vep !Avg. !Avg Heatmg cooling 

Significant Weather 
UbUU l..lUU '£'+VV £'tVV Avg. Avg, Resultant IRes IAvg. max max e 

From !Dew pt. IWet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min ... Normal !Bulb level 

' 
vepth !Water :,now 1water 1:speea IVII 1:speea IVU 

Equiv Fall Equiv 

U! t>J 46 :,:, 'l. 48 51 lU u I:::; fSRA KA J:(j M - - U.Jl :LY.)) JU.:>Y ·1.1 21 JU.U .i.:> 127 2U i"././ UJ 

02 66 46 56 2 29 44 9 0 M - - 0.00 29.83 29.88 14.9 31 14.3 40 30 31 30 02 

03 58 49 54 0 50 51 11 0 tRAFG M - - 0.69 29.69 30.24 5.7 18 9.5 29 19 23 20 kn 
04 63 46 55 1 33 45 10 0 tFG M - - 0.01 29.71 29.88 13.8 31 13.1 34 29 25 31 04 

05 64 42 53 -2 33 44 12 0 M - - 0.00 29.98 30.04 9.5 23 11.4 24 20 21 20 05 

06 60 45 53 -2 43 48 12 0 TSTSRARAFG M - - 0.30 29.79 29.83 8.0 26 11.5 38 29 29 29 06 

07 56 41 49• -6 23 38 16 0 L. M - - 0.00 29.93 29.99 15.0 31 15.9 37 32 30 31 07 

~8 63 40* 52 -4 31 43 13 0 .. M - - 0.00 29.99 30.05 8.0 27 10.4 26 30 20 31 08 

09 53 46 50 -6 47 48 15 0 IRAFG M - - 0.34 29.71 29.77 3.8 16 6.2 17 22 15 23 k)9 

10 62 48 55 -2 43 49 10 0 IFG M - - 0.06 29.58 29.64 8.6 31 9.9 29 30 25 30 10 

11 68 45 57 0 35 46 8 0 M - - 0.00 29.73 29.78 12.1 29 12.4 32 32 26 32 11 

12 68 48 58 1 47 52 7 0 M - - 0.00 29.68 29.72 9.3 20 10.4 29 18 23 21 12 

13 63 50 57 -1 47 51 8 0 IFGHZ M - - T 29.62 29.67 1.5 8 4.7 18 35 16 34 13 

14 67 46 57 -1 44 50 8 0 .. M - - 0.00 29.73 29.78 10.0 23 11.2 25 20 21 20 14 

16 61 49 55 -3 36 47 10 0 L. M - - 0.03 29.62 29.92 16.0 29 16.3 44 32 36 31 16 

17 61 47 54 -5 42 48 11 0 M - - 0,03 29.74 29.79 7.0 25 7.7 21 25 17 23 17 

18 64 44 54 -5 38 47 11 0 L.. M - - 0.03 29.88 29.92 6.8 24 10.6 22 21 20 22 18 

19 76* 50 63* 4 52 54 2 0 IRAFGHZ M - - 0.42 29.67 29.73 3.9 10 9.4 26 9 23 8 19 

20 68 49 59 -1 - 45 6 0 tRAFG+FGHZ M - - 0.03 29.69 29.75 4.9 35 6.7 22 36 16 36 20 

12 t 61 45 5~ -7 36 46 12 0 HZ M - - T 29.82 29.87 11.8 31 12.5 36 32 28 33 21 

122 61 46 54 -6 36 46 11 0 M - - T 29.85 29.92 14.9 31 15.0 37 32 31 31 122 

23 69 47 58 -3 39 49 7 0 I- M - - 0.00 30.02 30.07 9.5 33 9.8 26 I 21 32 123 

24 72 50 61 0 47 53 4 0 M - - 0.00 30.03 30.06 4.6 22 6.4 21 21 16 21 i24 

l25 60 55 58 -4 57 57 7 0 IRAFG M - - 0.76 29.74 29.79 2.5 14 4.3 11 20 10 20 l25 

l26 71 53 62 0 45 53 3 0 J.GHZ M - - 0.00 29.81 29.86 6.9 1 9.8 28 6 22 6 126 

27 61 47 54 -8 42 48 11 0 M . - 0.00 30.21 30.27 4.6 8 9.1 18 4 15 15 i27 

28 71 46 59 -3 46 52 6 0 M - - 0.00 30.31 30.37 4.9 22 6.5 21 21 17 21 i28 

29 69 49 59 -4 48 53 6 0 !Hz M - - 0.00 30.32 30.38 5.6 21 6.2 18 21 16 21 i29 

30 67 53 60 -3 55 56 5 0 L.. M - - T 30.22 30.26 5.0 12 7.0 18 6 14 10 30 

31 67 57 62 -1 59 60 3 0 !FG M - - 0.00 30.01 30.06 7.1 10 7.6 16 12 14 12 31 

.. 

64.6 47.6 56.1 -··----- 42.7 49.3 8.8 .0 kMonthly Averages Totals> 3.05 29.84 29.95 4.1 27.5 9.9 !<Monthly Average 

-2.l -2.4 -2.3 ----- < Departure From Normal > -.88 

uegree i •ays Monthly ~ eason to Uate ~reatest :.!4-hr Prec1p1tat1on: u. JOaaie: :L:> Sea Level PressureDateTime 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: Maximum: 30.42 29 0839 

!Heating: 268 49 
Greatest Snow Depth: 0 date: Minimum: 29.41 I 1735 

:Cooling: 0 -15 
!Max temp >= 90: 0 Mm temp <= 32: u .Prec1p1tatlon >= .01 inch: u 

Number of Days with-----> !Max temp <= 32: 0 Min temp<= 0 : 0 [Precipitation >= . IO inch : 6 

lfhunderstorms : 2 Heavy Fog : I Snowfall >= 1.0 inch : 0 

. 

St;,/~ c;. 9 / 2'1~. 

httn·//oknc<lc,nmrn. Pov/cgi-bin/nndc/gensub.cgi rlrJ-. 9/25/00 



LCD Form 
~~ge 1 01 1 

I ,n.••· I .r,u LUCAL ( I .!Ma. 1·111.I ••-·· 'AaL UAlA Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 
[NOAA, National Climatic Data Center) MONTH: 06/1997 Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

d temperature Deg Days ~now7Iceon 1Prec1p1tatlon I.Pressure ltnches ot g) Wi ,~peed"-·mph k1 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) 
ndDir-tens of degrees la 

t 
e Max Mm Avg. Dep Avg. IA.vg Heatmg cooling Significant Weather 

UoUU t.tvv ..::4VV ..::4VV Avg. Avg. ll<.esultanl !.Kes Avg. max max e 
From tDewpt. IWet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Nonna! !Bulb level 
Depth water 1~now water Speeo IUU l~peea lJII 

Equiv Fall Equiv 

Ul 6~ :,y C:>4 u C:>U ()J I u Hi M - - 0.01 :l':l.':IU 29.93 lU./ ~ 11.U -Z4 ~ 2U 1 UI 

02 62 52 57 -7 53 55 8 0 RAFG M - - 0.17 29.97 30.01 14.6 6 14.8 30 8 24 7 02 

kB 62 50 56 -8 44 49 9 0 M - - 0.09 30.03 30.08 9.8 7 11.5 23 11 20 9 03 

04 63 51 57 -7 45 51 8 0 M - - 0.00 29.95 30.00 8.8 7 10.7 25 3 20 7 04 

b5 68 49 59 -6 46 51 6 0 M - - 0.00 30.02 30.07 3.6 17 9.2 17 16 15 12 05 

06 66 55 61 -5 50 54 4 0 M - - 0.00 30.15 30.20 3.6 16 5.9 15 16 13 12 06 

07 60 52 56* -IO so 53 9 0 M - - 0.00 30.13 30.18 2.4 9 5.9 11 20 IO 20 07 

08 68 53 61 -5 49 54 4 0 M - - 0.00 30.09 30.13 2.5 17 7.5 16 21 15 22 08 

09 71 49* 60 -6 49 54 5 0 M - - 0.00 30.10 30.14 4.7 17 7.4 17 20 14 20 09 

IO 90 55 73 7 58 63 0 8 M - - 0.00 29.96 30.02 7.1 25 7.8 21 23 17 23 10 

11 85 62 74 8 61 66 0 9 M - - 0.00 29.83 29.87 6.5 24 7.1 17 22 14 22 11 

12 85 68 77 11 62 66 0 12 M - - T 29.66 29.72 8.3 23 9.1 26 20 21 21 12 

13 75 65 70 3 66 67 0 5 ~S TSRA RA FG HZ M - - 0.58 29.55 29.60 6.1 22 6.9 15 18 13 18 13 

14 81 62 72 4 55 61 0 7 tRAFG M - - O.ot 29.63 29.70 5.6 33 7.9 22 31 17 31 14 

15 72 53 63 -5 46 54 2 0 "' M - - 0.00 29.94 29.99 4.0 20 8.1 18 21 15 21 15 

16 68 53 61 -7 53 57 4 0 m M - - 0.00 29.93 29.97 5.8 12 7.3 20 10 17 9 16 

17 71 53 62 -6 51 59 3 0 M - - 0.00 29.83 29.89 0.9 15 4.5 9 10 8 10 17 

18 65 60 63 -5 61 62 2 0 RAFG+FG M - - 0.11 29.83 29.89 8.2 9 8.8 18 9 16 9 18 

19 84 62 73 4 63 67 0 8 RAFG M - - 0.23 29.79 29.85 4.3 34 6.2 20 1 15 32 19 

20 81 62 72 3 61 65 0 7 M - - 0.00 29.91 29.97 3.5 21 6.2 15 22 13 22 20 

rll 86 68 77 8 67 70 0 12 FGHZ M - - 0.00 29.85 29.90 7.1 23 8.7 23 20 18 20121 

22 85 68 77 8 67 69 0 12 RA FGHZ M - - 0.12 29.77 29.82 7.1 25 9.3 23 24 18 24 122 

123 86 63 75 6 56 64 0 10 M - - 0.00 29.94 30.00 6.8 33 7.7 23 31 17 34123 

124 78 64 71 1 59 63 0 6 "' M - - 0.00 29.99 30.05 2.0 9 5.7 13 33 10 12 124 

125 85 67 76 6 66 69 0 11 ~IZ M - - 0.00 29.82 29.88 1.6 21 5.8 13 23 IO 22 25 

126 87 67 77 7 67 70 0 12 IRA FG llZ M - - 0.13 29.76 29.82 4.0 27 8.5 41 1 33 1 26 

127 82 63 73 3 55 62 0 8 .. M - - 0.00 29.92 29.98 8.8 35 9.7 28 32 22 35 27 

128 82 62 72 l 54 61 0 7 M - - 0.00 30.06 30.11 2.9 21 6.9 15 21 13 20 28 

29 104* 61 83"' 12 59 65 0 18 M - - 0.00 30.05 30.10 6.2 22 6.4 21 20 17 21 129 

30 87 65 76 s 62 66 0 II M - - 0.00 30.03 30.07 7.0 22 7.7 18 22 16 21 BO 

76.9 59.l 68.0 -------- 56.7 60.9 2.2 5.4 <Monthly Averages Totals> 1.45 29.91 29.97 0.8 17.9 8.0 <Monthly Average 

.9 .0 .4 -------- < Departure From Normal > -2.01 

uegreeiays Monllly Season to Date ureatest 24-hr .Prec1p1tatton: o.:,':laate: 1 J-14 Sea Level PressureDateTime 

Total DepartureTotat Departure !Greatest 24-hr Snowfall: date: !Maximum: 30.24 7 0752 

Heating: 65 47 
!Greatest Snow Depth: 0 date: !Minimum: 29.54 13 1815 

tooling: 163 67 
IMax temp >= 90: 2 Mm temp<= :;i: u . .Prec1p1tat10n >= .u l mch: 9 

Number of Days with-----> !Max temp <= 32: 0 Min temp <= 0 : 0 Precipitation >= .1 O inch : 6 

rfhunderstorms : I Heavy Fog : I Snowfall >= 1.0 inch : 0 

(, 15 je> <is/179 t!J~ 

http://ol5~. 4c.noaa.gov/cgi-bin/nndc/gensub.cgi b/q7 9/25/00 
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t -M • IM •• LU\,;AL I ,rui A 1 , •• ,u_ .. _:_~!.. u..,_TA Station Location: BRIDGEPORT, CT (BDR)lat: 41 ° 10', Ion: -73° 09' 
[NOAA, National Climatic Data Center) MONTH: 07/1997 Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

ct Temperature ueg uays Snow/lee on wrec1p1tat1on Pressure (mches or ttg) w· ,:::;peect=mph d 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) mdDir=tens of degrees a 

t Avg. Avg. K.esultan1 IKes !Avg. e IMax Mm IAvg. uep tAvg. !Avg tteatmg cooung 
Significant Weather 

UtJUU LlUU l.l4UU .l4UU max max le 
From !Dew pt. !Wet LST LST LST LST Station Sea Speed Dir ~peed 5-sec 2-min 

~ Normal Bulb level 
Uepth 1water i:Snow water !:Speed llJII 1:speed llJII 

Equiv Fall Equiv 

01 !SI 06 /4 j 65 ois u 9 M - - u.uu Z!,IJS!S Z!7.!7) ::,.z :LU 6.6 HS IZI i::, l.lV Ul 

02 76 68 72 0 66 68 0 7 M - - 0.08 29.80 29.86 2.9 17 6.2 13 23 11 23 02 

03 78 70 74 2 69 70 0 9 ~ M - - 0.11 29.61 29.68 9.8 21 10.4 23 20 18 21 03 

04 86 69 78 6 58 65 0 13 FG M - - 0.00 29.57 29.63 11.0 28 12.4 31 30 25 29 04 

05 78 60. 69 -3 55 61 0 4 M - - 0.00 29.84 29.90 7.3 24 9.9 20 28 17 30 05 

06 81 60 71 -2 56 62 0 6 M - - 0.00 29.99 30.06 4.2 21 6.3 15 21 13 20 06 

07 80 63 72 -I 63 65 0 7 TSRAFGHZSQ M - - 0.74 30.04 30.10 1.7 20 4.5 36 33 28 33 07 

I08 80 62 71 -2 63 67 0 6 IFGHZ M - - 0.00 30.05 30.09 2.7 19 6.1 20 24 15 23 08 

lo9 83 67 75 2 67 69 0 10 ~STSRAFGHZ M - - 0.30 29.88 29.94 7.0 22 9.7 47 31 33 33 I09 

10 80 63 72 -1 57 63 0 7 M - - 0.01 29.99 30.04 6.5 36 8.1 21 2 17 4 10 

11 82 63 73 0 57 63 0 8 M - - 0.00 30.08 30.13 5.0 24 7.1 17 22 · 15 23 11 

12 84 62 73 0 59 65 0 8 M - - 0.00 29.98 30.05 4.9 24 6.9 17 23 15 23 12 

13 87 66 77 3 64 68 0 12 IFGHZ M - - 0.00 29.85 29.91 6.0 23 6.8 17 23 14 23 13 

14 92 69 81 7 65 70 0 16 IFGHZ M - - 0.00 29.80 29.86 5.8 23 6.6 17 23 15 23 14 

15 M M M M - 57 M M lRAFGHZ M - - 0.38 29.83 29.90 1.6 20 7.1 24 34 20 33 15 

16 81 70 76 2 71 72 0 11 FGHZ M - - 0.00 29.88 29.94 3.1 11 5.0 13 8 11 9 16 

17 92"' 71 82"' 8 70 73 0 17 FG+FGHZ M - - T 29.76 29.82 7.0 22 8.0 29 28 18 26 17 

18 87 71 79 5 69 72 0 14 TSTSRAFGHZ M - - O.Q7 29.67 29.72 5.7 26 7.0 21 31 17 30 18 

19 81 61 71 -3 56 63 0 6 M - - 0.00 29.79 29.84 8.6 33 10.6 31 30 25 31 19 

120 76 56* -66 -8 51 58 0 1 M - - 0.00 30.01 30.07 5.0 26 9.1 17 24 15 23 120 

121 81 61 71 -3 62 66 0 6 >- M - - 0.01 29.98 30.05 2.7 21 7.4 22 21 18 20121 

122 75 62 69 -5 61 64 0 4 IRAFGHZ M - - 0.83 30.02 30.08 1.2 5 7.2 21 1 18 1 122 

123 74 63 69 -6 61 64 0 4 M - - 0.00 30.16 30.20 7.3 9 9.0 21 9 18 9 123 
124 66 60 63* -12 58 60 2 0 IRAFG M - - 1.43 30.10 30.15 13.4 6 14.3 33 8 29 8 124 

125 79 60 70 -5 59 62 0 5 IFG M - - 0.24 29.89 29.94 8.7 2 10.2 25 2 20 2 125 

t26 85 57 ·71 -4 59 64 0 6 M - - 0.00 29.85 29.91 5.0 22 6.2 17 20 15 20 126 

127 83 67 75 0 70 71 0 10 FGHZ t M - - 0.00 29.76 29.82 3.6 20 5.3 20 20 16 20 127 

28 88 72 80 5 69 72 0 15 FGHZ M - - 0.00 29.69 29.75 5.4 28 8.0 20 31 16 30 128 

29 80 66 73 -2 51 61 0 8 - M - - 0.00 29.88 29.94 10.0 36 10.6 28 36 22 1 129 

30 79 60 70 -5 52 60 0 5 M - - 0.00 30.12 30.18 2.9 26 8.2 17 22 15 22 30 

31 84 61 73 -2 59 65 0 8 >- M - - 0.00 30.l l 30.17 4.5 25 7.3 17 22 16 23 31 

81.3 64.2 72.8 ------ 61.4 65.4 .I 8.1 kMonthly Averages Totals> 4.20 29.90 29.96 2.2 124.9 8.0 kMonthly Average 

-.4 -1.5 -.9 ----- < Departure From Normal > 0.42 

Uegree J lays Monthly !:ieason to -Uate !Greatest Z4-hr Prec1p1tat10n: l .63date: 24-2:> Sea Level PressureDateTime 

Total DepartureTotal Departure !Greatest 24-hr Snowfall: date: Maximum: 30.23 23 2318 

!Heating: 2 2 
!Greatest Snow Depth: 0 date: !Minimum: 29.57 4 0242 

!Cooling: 242 -28 
!Max temp>= 90: M !Mm temp<= Jl: M L.l:'rec1p1tat1on >= .0 l mch: 11 

Number of Days with ---> !Max temp <= 32: M !Min temp<= 0 : M !Precipitation >= .10 inch : 7 

trhunderstorms : 3 Heavy Fog : 1 Snowfall >= 1.0 inch :0 

7 J-, }( 
¥:' / 2-<.rq,) 

l,ttn·//nl~ nr-rlr- -nrn:Ul orw/r.01-hin/nnnr/n-pnc::uh.cQt ,/4·1 9/25/00 
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11 "~M • 11 I _El) LOCAL CLlMAi 111 IU..:u_:A!.. JJATA Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 
[NOAA, National Climatic Data Center] MONTH: 08/1997 iEiev(Ground): 26 Feet Time Zone: WBAN: 94702 

ct Temperature ueguays ::;now/lee on 1.Prec1p1tat10n Pressure (mcnes ot Hg) w·n ,::;peect=mpn (1 

a (Fahrenheit) Base 65 Degrees Gnd(ln) (In) 
1 dDir=tens of degrees la 

~ 

~ Max Mm !Avg. uep IAvg. !Avg tteatmg Coolmg 
Significant Weather 

vouu LlUU !l4UU .l4UU Avg. Avg. Kesultant IKes !Avg. max max le 
From !Dew pt. !Wet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Normal !Bulb Uepth !Water l:Snow !Water 
level 1::speed IUII l:::ipeed llJII 

Equiv Fall Equiv 

IUl lSo ().'.) ·10 1 (),! ()/ u l l M - - u.uu 3U.Uo 3U.U~ o.l 24 o.8 !() l.l4 15 123 IU l 

02 86 72 79 4 65 69 0 14 tFGHZ M - - 0.00 29.86 29.92 7.5 24 8.7 20 25 16 24 b2 

03 86 68 77 2 67 69 0 12 rrs TSRA FG HZ M - - 0.01 29.80 29.86 4.7 26 7.3 25 36 21 l 03 

04 74 64 69 -6 65 67 0 4 rTSRAFGHZ M - - 0.58 29.80 29.85 4.2 8 7.1 14 4 11 4 04 

05 75 61 68 -6 60 63 0 3 RAFG M - - 0.41 29.81 29.86 5.2 4 9.1 20 2 16 2 05 

06 76 59 68 -6 58 62 0 3 M - - 0.Ql 30.00 30.04 1.1 26 5.9 15 3 13 23 06 

07 78 59 69 -5 56 61 0 4 M - - 0.00 30.11 30.17 2.4 20 5.1 13 23 11 23 07 

08 77 60 69 -5 59 63 0 4 M - - 0.00 30.10 30.17 2.7 35 4.6 16 l 9 1 08 

I09 85 67 76 2 65 68 0 11 tHz M - - 0.00 30.09 30.13 4.9 21 7.8 18 12 15 20 lo9 

10 84 69 77 3 65 69 0 12 IFGHZ M - - 0.00 30.10 30.17 7.5 23 8.7 21 20 17 20 10 

11 82 71 77 3 66 70 0 12 I- M - - 0.00 30.05 30.11 8.4 22 9.2 21 19 17 20 11 

12 79 70 75 1 64 68 0 10 M - - 0.04 30.08 30.12 4.3 10 9.2 18 6 15 5 12 

13 76 69 73 -1 69 70 0 8 IFGHZ M - - 0.14 29.85 29.91 6.2 18 8.5 20 22 17 21 13 

14 82 69 76 2 61 66 0 11 HZ M - - 0.00 29.85 29.89 2.1 2 6.6 18 36 16 36 14 

15 80 68 74 1 66 69 0 9 M - - 0.00 29.88 29.94 5.6 14 7.9 16 17 14 17 15 

16 91* 72 82* 9 71 74 0 17 TS TSRA RA FG HZ M - - 0.43 29.81 29.87 10.0 24 10.4 38 28 28 28 16 

17 88 72 80 7 70 72 0 15 M - - 0.18 29.80 29.85 4.7 26 8.6 23 30 18 31 17 

18 76 61 · 69 -4 57 62 0 4 M - - 0.87 29.87 29.91 5.4 2 8.9 24 2 18 2 18 

19 75 59 67 -6 52 59 0 2 M - - 0.00 30.00 30.06 4.9 36 7.0 18 2 15 2 19 

120 72 60 66 -7 56 58 0 l I- M - - 0.41 .00 - 7.1 11 9.8 34 9 30 IO 20 

121 69 60 65* -8 63 64 0 0 M - - 1.53 29.69 29.74 12.4 9 17.1 40 9 33 10 121 

122 75 60 68 -4 62 63 0 3 M - - 0.01 .00 - 1.7 11 5.2 16 24 13 25 122 

23 76 60 68 -4 56 61 0 3 M - - 0.00 29.89 29.93 7.3 27 8.5 20 23 17 23 123 

24 74 58* 66 -6 56 61 0 l M - - 0.00 30.02 30.08 4.0 26 6.3 16 22 15 23 124 

25 76 60 68 -4 58 62 0 3 M - - 0.00 30.10 30.13 2.9 12 4.3 11 16 10 16 125 

26 78 60 69 -3 60 64 0 4 M - - 0.00 30.06 30.11 4.8 21 6.9 15 20 13 22 126 

27 79 65 72 1 61 65 0 7 M - - 0.00 29.96 30.01 8.1 22 8.7 18 19 16 20 27 

28 71 66 69 -2 64 66 0 4 RAFG M - - 0.20 29.78 29.84 0.3 17 3.7 13 20 10 21 128 

29 75 65 70 -1 63 64 0 5 TSTSRARAFG M - - 0.20 .00 - 4.1 3 5.0 17 5 14 2 29 

30 78 61 70 -1 62 65 0 5 M - - 0.00 29.89 29.95 3.0 26 7.0 16 22 15 22 30 

31 80 64 72 1 64 67 0 7 FG M - - 0.00 30.02 30.07 4.1 21 4.9 17 20 14 20 31 

78.7 64.3 71.5 -------- 62.0 65.4 .0 6.8 i<Monthly Averages Totals> 5.02 27.04 1.5 121.3 7.6 kMonthly Average 

-2.2 -.8 -1.6 ---·--- < Departure From Normal ..... 1.77 

Uegree J iays Monthly !:l eason to Uate !Ureatest 24-hr Prec1p1tatton: l .Y4cta1e: W-:l l Sea Level PressureDateTime 

Total DepartureTotal Departure !Greatest 24-hr Snowfall: date: Maximum: 30.21 10 1002 

Heating: 0 0 
!Greatest Snow Depth: 0 date: Minimum: 29.67 21 1550 

!Cooling: 209 -42 
!Max temp >= 90: 1 tMm temp <= 32: o .nec1p1tat1on >= .UJ men: M 

Number of Days with-----> Max temp <= 32: 0 IMintemp<=0 :0 • !Precipitation >= . IO inch : M 

Thunderstorms : 4 !Heavy Fog : 0 Snowfall >= 1.0 inch : 0 

71# sD r Z&Pj 2,1g ~, 

htto://ols.ritac.noaa.gov/cgi-bin/nndc/gensub.cgi ~/en 9/25/00 
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fUNiWl'J. J!,U LOLAL LLIMA'l I II ... - •• ..._!.. DATA. 
[NOAA, National Climatic Data Center] MONTH: 09/1997 

Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 
Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

c1 Temperature ueguays :snow/lee on Prec1p1tation I Pressure tmches ot Hg) lwind:speect=mph Id 
Dir=tens of degrees la 

a (Fahrenheit) . Base 65 Degrees Gnd(In) (In) 

t 
e Max Mm •Avg. Dep IAvg. IAVg Heatmg l,;OOllng 

Significant Weather 
UoUU 1...:vv ,...:"fVV 

From !oewpt. !Wet LST LST LST 

- Normal aulb Uepth water :Snow 
Equiv Fall 

Ul lH /U /OT 6 ()~ /U 0 1J RA.FU ttL, M - -
K)2 83* 67 75 5 70 71 0 10 lFGHZ M - -
K)3 75 56 66 -4 51 58 0 1 RAFGHZ M - -
04 68 51 60 -9 40 50 5 0 M - -
05 75 50 63 -6 48 56 2 0 M - -
06 76 56 66 -3 56 61 0 1 - M - -
07 77 59 68 -1 61 63 0 3 HZ M - -
08 73 63 68 0 61 63 0 3 M - -
09 68 61 65 -3 57 60 0 0 M - -
to 72 61 67 -I 58 61 0 2 HZ M - -
I I 73 65 69 2 66 67 0 4 MFG M - -
12 80 68 74 7 65 68 0 9 FGHZ M - -
13 77 61 69 2 59 63 0 4 lFGHZ M - -
14 80 63 72 5 59 64 0 7 .. M - -
15 78 61 70 3 56 62 0 5 M - -
16 81 61 71 5 58 63 0 6 HZ M - -
17 73 57 65 0 59 62 0 0 FGHZ M - -
18 79 60 70 5 - - 0 5 FGHZ M - -
19 80 56 68 3 56 62 0 3 M - -
20 80 56 68 3 61 65 0 3 FGHZ M - -
122 67 42* 55 -9 43 50 10 0 M - -
123 64 54 59 -5 51 55 6 0 M - -
124 60 47 54* -9 37 46 11 0 M - -
125 67 43 55 -8 46 52 10 0 M - -
126 72 54 63 1 50 56 2 0 M - -
27 64 48 56 -6 46 51 9 0 M - -
28 67 51 59 -3 54 56 6 0 RAFG M - -
29 71 61 66 5 58 62 0 1 RAFG M - -
30 74 59 67 6 51 58 0 2 - M - -

73.3 57.0 65.2 ------- 54.6 59.4 2.1 2.8 <Monthly Averages Totals> 

-.9 -.6 -.7 -------- < Departure From Nonnal > 

1uegree 1 •ays Monthly :season to Uate ureatest 24~nr .Prec1p1tat1on: u.J l date: l'6·'1.'i 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: 

!Heating: 70 16 
Greatest Snow Depth: O date: 

~ooling: 80 -1 
Max temp>= 90: 0 

Number of Days with-----> !Max temp <= 32: 0 
Thunderstorms : 0 

~ ~I ?-OP-

httn•//nk nrrlr nrrn~ mw/ru1-hin/nn<lc/Q'enc:;11h.c2:i 

It 

:l4UU Avg. Avg. !Resultant IKes IAVg. max max e 
LST Station Sea Speed Dir Speed 5-sec 2-min 

level 
water 1:speea VII :speea Vil 

Equiv 

0.04 .iU.lU .iU.lo s., u o.H 14 21 u 121 01 
0.00 30.01 30.07 3.9 23 5.7 18 21 16 22 02 

T 29.84 29.90 10.8 35 12.6 34 1 26 1 K.13 
0.00 29.91 29.97 9.4 35 9.9 26 36 20 36 !04 
0.00 29.98 30.02 5.0 27 7.1 20 23 16 22 PS 
0.00 29.96 30.03 3.8 22 4.7 16 20 14 20 K.l6 
0.00 29.85 29.91 0.5 24 3.3 10 36 8 2 '07 
0.00 29.90 29.95 9.1 4 9.7 18 4 16 3 08 
0.00 30.00 30.05 5.8 7 7.5 21 10 17 9 !09 

T 30.00 30.05 10.4 9 12.7 24 IO ·21 9 to 
0.24 29.96 30.02 12.9 12 15.5 28 10 24 IO 11 

T 29.96 30.01 6.8 22 7.7 15 25 13 24 12 
0.00 29.97 30.02 3.6 26 5.2 17 24 16 23 13 
0.00 29.99 30.02 5.3 34 6.4 17 36 14 I 14 
0.00 29.95 29.99 3.5 30 6.5 17 30 14 31 15 
0.00 29.91 29.96 2.8 33 5.3 21 32 15 32 16 
0.00 29.94 29.99 5.4 10 8.8 16 9 )4 9 17 
0.00 - - - - 4.9 16 2 13 I 18 
0.00 29.94 29.98 5.0 23 6.4 16 24 14 23 19 

T 29.71 29.75 8.2 27 13.0 44 36 31 36 120 
0.00 30.18 30.23 7.1 24 8.1 22 22 20 22 ~2 

T 29.90 29.96 7.5 29 8.8 22 26 16 24 !23 
0.00 30.03 30.09 2.7 33 6.6 17 36 14 23 124 
0.01 29.69 29.74 4.9 23 6.3 16 22 15 22125 
0.00 29.76 29.81 7.6 34 8.7 25 31 17 l t26 
0.00 30.08 30.12 2.8 5 5.4 16 3 14 1 127 
0.21 29.90 29.95 15.2 8 16.3 34 9 29 9 128 
0.10 29.29 32.29 8.7 24 16.1 40 8 34 9 129 

T 29.36 31.98 13.l 27 14.5 34 29 29 29 30 

0.60 29.90 30.14 1.2 32.3 8.6 kMonthly Average 

-2.47 

Sea Level PressureDateTime 
!Maximum: 30.33 
Minimum: 29.22 

Mm temp <- .i:t: u 
Min temp<= 0 : 0 
Heavy Fog : 0 

22 0932 
29 0843 

:Prec1pnauon >= .01 mch: 5 
Precipitation >= .10 inch : 2 
Snowfall >= 1.0 inch : O 

3,e, / 323 ° 

ala~ 9/25/00 
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IUf I LUL:AL ' I """~ ! 11 • I .. 'I ... !.. JJATA Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 
[NOAA, National "Climatic Data Center] MONTH: 10/1997 Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

d f emperature Ueg Uays :snow7Iceon ll'rec1p1tat1on [Pressure tmcnes ot Hg) w· d:speect:...mph lct 

a (Fahrenheit) · Base 65 Degrees Gnd(In) (In) an Dir=tens of degrees la 

t ttea1mg l:OOlmg uouu I.WU !.l4UU .l4UU Avg. Avg. iKesultant IKes lAvg. 
e Max Mm ! Avg. Uep IA vg. IA vg Significant Weather 

max max e 
From !Dew pt. !Wet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Nonna! !Bulb 
level 

Depth water Snow water ISpeea Ulf ::speea Utr 

Equiv Fall Equiv 

Ul oU 41 )I -TU SI 4.) 14 u M - - u.uu '/.':JJI :l':JJSI "&JS J4 ':J.o '/.) ..1.1 ll l Ul 

02 62 37 50 -10 34 43 15 0 M - - 0.00 30.00 30.05 5.5 29 6.8 18 22 15 22 02 

03 65 51 58 -2 46 52 7 0 M - - T 29.99 30.03 6.2 21 7.0 18 20 16 20 03 

I04 67 55 61 1 55 58 4 0 .. M - - 0.00 30.03 30.10 4.0 11 6.3 14 9 13 9 04 
05 73 58 66 7 60 62 0 1 FGHZ M - - 0.03 29.98 30.04 3.5 23 5.4 14 23 11 23 '05 

06 86• 56 71 12 51 62 0 6 HZ M - - 0.00 29.96 30.02 4.6 29 5.9 22 28 17 30 06 

07 78 56 67 8 49 57 0 2 - M - - 0.00 30.11 30.16 4.0 35 6.8 18 36 14 35 '07 

08 65 53 59 0 50 55 6 0 M - - 0.00 30.25 30.31 3.2 7 4.2 15 9 13 9 08 

09 70 56 63 5 60 62 2 0 FGHZ M - - 0.00 30.21 30.26 2.3 12 5.0 14 9 11 9 09 

10 84 57 71• 13 53 61 0 6 FGHZ M - - 0.00 30.07 30.12 6.9 30 9.3 25 l 20 l 10 

11 M M M M - 40 M M . M - - 0.00 30.24 30.30 3.1 36 7.1 17 1 14 4 11 

12 64 44 54 -2 41 48 11 0 M - - 0.00 30.26 30.32 1.1 7 7.0 15 22 14 22 12 

13 66 47 57 1 50 54 8 0 FG M - - 0.00 30.21 30.25 3.1 20 4.5 13 19 10 19 13 

14 66 53 60 4 55 58 5 0 FG 
, M - - 0.00 30.10 30.16 5.5 13 6.5 17 10 15 11 14 

15 63 54 59 3 52 54 6 0 RAFG M - - 0.06 30.12 30.19 9.5 1 9.6 18 1 14 1 15 

16 55 51 53 -2 45 49 12 0 RAFG M - - 0.05 30.12 30.19 10.5 2 10.6 22 1 17 1 16 

17 60 41 51 -4 32 42 14 0 M - - 0.00 30.12 30.17 6.0 35 7.6 21 2 17 2 17 

18 58 45 52 -3 37 44 13 0 M - - T 30.08 30.13 5.9 5 7.8 20 3 16 2 18 

19 53 45 49 -6 41 46 16 0 M - - 0.00 29.88 29.93 12.2 3 12.3 23 1 18 2 19 

20 65 44 55 l 36 46 10 0 M - - 0.00 29.75 29.81 8.4 35 9.0 24 35 20 36 20 

21 57 40 49 -5 34 42 16 0 M - - 0.00 29.86 29.92 6.5 30 8.2 22 35 18 34 21 

122 54 33 44 -10 25 37 21 0 .. M - - 0.00 29.86 29.90 9.4 30 10.2 31 32 26 31 22 

123 51 30• 41• -12 23 35 24 0 M - - 0.00 29.98 30.02 9.1 28 9.6 23 24 20 23123 

M 56 44 50 -3 28 41 15 0 ~ M - - O.ot 30.00 30.07 2.5 32 7.0 17 27 14 27 l24 

25 48 42 45 -8 43 45 20 0 RA.FGHZ M - - 0.55 29.91 29.96 9.3 2 9.9 25 1 22 2 l25 
26 51 34 43 -9 37 42 22 0 RAFG M - - 0.50 30.07 30.12 9.4 9 12.6 34 10 (~% JO 26 

27 56 45 51 -l 45 49 14 0 RAFG M - - 0.71 29.49 31.03 5.1 3 12.6 39 9 9 '1'J 

28 50 34 42 -10 26 37 23 0 M - - 0.00 29.78 29.83 12.7 30 12.9 31 32 25 30 Z8 

29 55 32 44 -7 31 38 21 0 M - - 0.00 30.00 30.05 5.5 26 6.9 20 24 16 24 29 

30 61 36 49 -2 39 44 16 0 FG M - - 0.00 30.08 30.14 3.7 22 4.3 17 22 16 23 130 

JI 63 41 52 1 48 50 13 0 RAFGHZ M - - 0.16 30.13 30.17 4.5 9 6.9 16 8 14 8 31 

62.1 45.2 53.7 ------- 43.0 48.8 <Monthly Averages Totals> 2.07 30.02 30.13 2.6 35.1 <Monthly Average 

-2.0 -1.9 -1.9 -------- < Departure From Nonna! 
.._ -1.04 

Degree J ays Monthly :::i eason to uate ureatest 24-hr t'rec1p1tat1on: 1.21 elate: J.0-17 Sea Level PressureDateTime 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: !Maximum: 30.38 12 0858 

Heating: 348 46 
!Greatest Snow Depth: 0 date: !Minimum: 29.47 27 1359 

Cooling: 15 4 
Max temp>= 90: M Mm temp<:.. Jl: M .Prec1p1tauon >- .u l mch: 8 

Number of Days with-----> !Max temp<= 32: M Min temp<= 0 : M !Precipitation >= . IO inch : 4 

Thunderstorms : 0 Heavy Fog : 0 Snowfall >= 1.0 inch : 0 

httw//okc: :1c.noaa.Qov/cgi-bin/nndc/gensub.cgi ld/97 9/25/00 
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I LULALLLlMA1•• ... ' 'di DATA Station Location: BRIDGEPORT, CT (BDR)lat: 41 ° 10', Ion: -73° 09' 
[NOAA, National Climatic Data Center] MONTH: 11/1997 Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

ct Temperature uegUays Snow/Ice on wrec1p1tat1on . Pressure tmches ot Hg) 1W ,speed-mph ct 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) 
10dDir-tens of degrees a 

t 
e :Max Mm Avg. Uep Avg. IAVg tteatmg coolmg 

Significant Weather 
0600 l:lUU .l4UU .l4UU Avg. Avg. IResu1tant IKes Avg. max max e 

From Dew pt. IWet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Normal !Bulb 
level 

Uepth :water ~now water Speea Ulf ,~peea lJH 

Equiv Fall Equiv 

01 60 ::,J )':;J'f- 8 ::,1 YI 6 u RAl'U M - - U.':Jl L':J.<:>8 JU.IL 16.2 ':J 18.J .'.>L 8 44 ':} U! 

lo2 65* 50 58 8 54 56 7 0 RAFG M - - 0.05 29.46 31.05 10.6 22 13.4 36 20 30 20 02 

k)3 64 41 53 3 45 50 12 0 M - - 0.00 29.87 29.91 7.5 20 9.l 25 20 21 21 I03 

04 64 45 55 5 45 49 IO 0 '" M - - 0.00 29.94 30.01 2.4 28 10.0 29 26 22 26 I04 

05 55 37 46 -3 35 41 19 0 "' 
M - - 0.00 30.36 30.40 2.5 24 6.1 15 20 13 21 b5 

I06 56 39 48 -1 35 42 17 0 M - - 0.00 30.34 30.38 10.0 6 11.0 24 8 20 8 K)6 

01 51 46 52 3 40 45 13 0 M - - r· 30.00 30.06 16.1 6 17.9 32 5 26 6 Kl7 

08 49 46 48 0 43 45 17 0 tfS TSRA RA FG HZ M - - 0.85 29.72 29.76 15.2 5 16.4 36 5 24 5 08 

09 47 45 46 -2 44 45 19 0 RAFG M - - 0.65 29.48 30.83 7.2 2 9.9 28 4 22 4 09 

IO 55 41 48 0 36 42 17 0 M - - O.Ql 29.69 29.73 7.6 31 8.8 20 31 16 30 JO 

11 50 34 42 -5 29 38 23 0 M - - 0.00 29.85 29.91 7.3 32 M 0 - M M 11 

12 48 31 40 -7 22 32 25 0 M - - 0.00 29.90 29.97 4.3 31 M 0 - M M 12 

13 46 26 36 -11 17 29 29 0 M - - 0.04 30.07 30.12 6.0 5 M 0 - M M 13 

14 36 31 34 -12 28 31 31 0 IRA DZ FZRA FZDZ SN FG M - - 0.44 29.62 30.16 11.8 4 12.2 24 6 20 6 14 

15 36 31 34 -12 28 32 31 0 ISNFG M - - O.ot 29.72 29.77 5.3 31 7.1 18 33 16 33 15 

16 40 27 34 -12 24 31 31 0 SNFG M - - 0.01 29.79 29.84 12.8 30 13.0 31 30 26 30 16 

17 42 27 35 -10 21 29 30 0 M - - 0.00 30.10 30.14 10.0 29 11.0 31 30 25 31 17 

18 43 29 36 -9 23 31 29 0 M - - 0.00 30.22 30.26 3.5 29 5.4 14 23 11 23 18 

19 47 25 36 -8 25 32 29 0 FGHZ M - - 0.00 30.04 30.10 4.4 25 5.8 16 24 14 22 19 

20 48 30 39 -5 25 34 26 0 M - - 0.00 30.00 30.05 6.3 30 7.1 23 30 18 29 20 

21 54 28 41 -3 37 41 24 0 RAFG M - - 0.15 30.04 30.09 l.6 21 3.5 17 20 14 20 21 

22 47 36 42 -1 38 40 23 0 IRAFG M - - 0.52 29.83 29.89 10.l 5 10.4 22 4 17 4 22 

!23 41 35 38 -5 34 36 27 0 IFGUP M - - T 29.95 30.01 6.5 4 7.2 14 3 13 5 23 

24 41 29 35 -8 24 32 30 0 IRAFG M - . O.Q3 29.93 29.99 11.7 32 12.0 32 30 25 31 24 

125 42 23* 33* -9 18 28 32 0 M - - 0.00 30.08 30.14 9.1 27 10.7 29 27 21 26 25 

26 52 40 46 4 33 41 19 0 M - - 0.11 29.65 30.44 12.0 25 13.0 25 26 21 24 26 

l27 47 32 40 -1 17 33 25 0 M - . 0.01 29.77 30.41 14.4 31 16.1 44 29 36 29 27 

!28 46 32 39 -2 26 35 26 0 M . - 0.01 29.93 30.00 4.2 26 6.0 18 24 14 24 28 

29 50 34 42 2 27 36 23 0 fG M - - 0.00 29.96 30.01 4.0 34 5.3 20 1 16 2 29 

30 44 30 37 -3 30 35 28 0 RAFGHZ M - - 0.09 29.65 30.37 3.8 5 4.7 11 7 10 8 30 

• 9.1 35.2 42.2 -------- 32.0 38.3 22.6 .0 r<Monthly Averages Totals> 0.0 0.00 29.89 30.15 2.9 34 <Monthly Average 

-3.9 -3.0 -3.4 -------- < Departure From Nonnal > 0.00 

uegree l 'ays Monthly ~eason to Uate l(Jreatest 24-hr Prec1p1tat1on: u.uuaate: Sea Level PressureDateTime 

Total DepartureTotal Departure !Greatest 24-hr Snowfall: 0.0 date: Maximum: .00 0 0000 

Heating: 0 0 
!Greatest Snow Depth: 0 date:-@@ Minimum: .00 0 0000 

!Cooling: 0 0 
Max temp >= 90: 0 Mm temp<- J:t: u .Prec1p1tauon >- .Ul mch: U 

Number of Days with ----> Max temp <= 32: 0 Min temp <=0 : 0 Precipitation >= .10 inch : 0 

Thunderstonns : 1 Heavy Fog : 0 Snowfall >= 1.0 inch :0 

httn://o1s.ncdc.noaa.Qov/cgi-bin/nndc/gensub.cgi 9/25/00 
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Uf'H!,JJ.l 1 ~u LUL:AL L:LlMA'l 1 
11 
'" " "'• IJATA Station Location: BRIDGEPORT, CT (BDR)lat: 41 ° 1 O', Ion: -73° 09' 

[NOAA, National Climatic Data Center] MONTH: 12/1997 IElev(Ground): 26 Feet Time Zone: WBAN: 94702 

<1 Temperature Deg Days Snow/lee on wrec1p1tat1on Pressure (mches ot Hg) Win ,Speedc..mph Id 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) dDir=tens of degrees la 

t e [Max Mm Avg. Dep !Avg. Avg Heatmg coo1mg 
Significant Weather 

uovv LWU l.4VU l.4VU Avg. Avg. .Kesu1tant Kes IAvg. max max ~ 

From !Dew pt. Wet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Nonnal Bulb 
level 

Depth water 1:.snow water Speed Vtr speed llJlI 
Equiv Fall Equiv 

JI 44 .H .:Sl:S -1 :Lo .:S.:S 27 u KA Mi M - - 0.03 l.':J • .:S':J .H.64 13.l .:S4 l.5.1:S .:Sl:S .:S:l .:SU .:S4 Ul 

n 43 30 37 -2 18 29 28 0 M - - 0.00 29.78 29.83 11.8 32 13.0 33 30 25 32 02 

kn 50 28 39 0 27 34 26 0 M - - 0.00 29.93 30.00 6.1 28 7.6 18 31 15 31 03 

04 46 42 44 6 40 42 21 0 lRAFGHZ 0.0 - - T 29.58 29.65 4.5 25 6.2 16 22 14 23 lo4 

05 44 34 39 1 33 36 26 0 lRASNFG M - - 0.16 29.46 32.08 5.8 33 7.9 16 27 14 30 lo5 

06 39 30 35 -2 . 22 30 30 0 M - - T 29.50 30.54 10.2 28 10.3 22 28 18 28 K)6 

07 40 29 35 -2 23 31 30 0 M - - 0.00 29.62 29.68 10.l 29 10.8 22 31 18 30 07 

08 46 30 38 l 26 33 27 0 M - - 0.00 29.90 29.96 5.5 33 7.6 24 33 20 33 08 

09 39 24 32 -4 25 30 33 0 M - - 0.00 29.96 30.02 2.7 2 3.7 13 4 10 4 09 

10 39 31 35 -1 27 32 30 0 SNFG M - - 0.48 29.80 29.84 4.6 5 5.3 17 5 15 4 10 

11 34 31 33 -3 24 29 32 0 SNFGHZ M - - T 29.97 30.01 7.9 4 8.0 17 2 .13 4 II 

12 37 31 34 -1 29 32 31 0 RA FZRA SN FG UP HZ M - - 0.10 29.96 30.00 3.2 36 5.3 11 5 9 3 12 

13 39 28 34 -1 24 31 31 0 M - - 0.00 29.83 29.86 7.7 27 8.0 20 24 15 28 13 

14 41 24 33 -2 17 28 32 0 M - - T 29.79 29.86 10.7 30 12.6 40 31 32 31 14 

15 40 19 30 -4 17 26 35 0 M - - 0.00 30.02 30.07 8.0 24 9.2 24 24 18 24 15 

16 47 27 37 3 27 34 28 0 IFGHZ M - - 0.00 29.95 29.99 4.3 26 5.7 20 26 15 26 16 

17 51* 27 39 5 26 34 26 0 IFG M - - 0.00 29.81 29.86 1.8 32 3.3 16 34 13 34 17 

18 45 29 37 4 25 32 28 0 M - - 0.00 29.98 30.02 3.1 36 5.0 22 1 16 l 18 

19 47 29 38 5 30 37 27 0 HZ M - - 0.00 29.89 29.95 7.1 26 7.9 18 27 15 26 19 

i20 46 32 39 6 28 36 26 0 M . - 0.00 29.90 29.95 3.7 32 5.6 21 1 16 36 i20 

~I 35 22 29 -3 9 24 36 0 M . - 0.00 30.21 30.26 8.1 35 9.3 30 36 23 36 21 

22 35 20 28 -4 14 24 37 0 i.-zRA M - - 0.04 30.28 30.34 6.3 6 8.3 23 7 21 8 22 

123 38 33 36 4 31 34 29 0 RASNFG M - - 0.79 29.85 29.92 9.8 3 12.7 31 5 28 1 123 

124 42 30 36 4 27 33 29 0 M - - 0.00 30.07 30.13 1.4 9 6.3 22 2 20 3 124 

125 47 38 43 11 39 41 22 0 RAFG M - - 0.58 29.68 29.74 3.6 8 11.4 26 10 23 10 l25 

~6 49 38 44* 13 33 39 21 0 M - - 0.00 29.76 29.82 8.6 27 9.0 25 29 22 30 126 

27 40 32 36 5 29 33 29 0 RASNFGHZ M - - 0.13 29.71 29.76 3.3 34 6.5 20 4 15 4 127 

28 37 25 31 0 21 28 34 0 FG M - - 0.01 29.78 29.84 7.9 35 8.5 26 35 21 35 128 

29 42 24 33 2 26 31 32 0 - M - - 0.89 29.72 30.51 11.7 5 12.5 41 6 I 6 129 

30 46 33 40 9 28 34 25 0 SNFG M - - 0.02 29.03 32.03 17.2 25 20.6 44 23 23 30 

31 34 16* 25* -5 8 21 40 0 . M - - T 29.78 30.32 15.3 30 16.1 34 30 30 31 
360]?,BJ 

42.0 28.9 35.5 -------- 25.l 32.0 29:3 .0 <Monthly Averages TotaTs> 3.20 29.80 30.18 4.3 31.6 9.0 ~Monthly Average 

1.0 J.3 1.2 ------- - Departure From Nonnal > -.30 

UegreeJ ays Monthly ~ eason to uate µreatest 24-hr t'rec1p1tat1on: 0.9 l date: LY-JU Sea Level PressureDateTime 

Total DepartureTotal Departure 
!Greatest 24-hr Snowfall: date: Maximum: 30.45 22 1055 

Heating: 908 -44 
Greatest Snow Depth: 0 date: Minimum: 28.92 30 0701 

Cooling: 0 0 
!Max temp >= 90: 0 IMm temp <- J..t: 1.::i .Prec1pmmon >- .Ul mdi: M 

Number of Days with -----> Max temp <= 32: 0 !Min temp <= 0 : 0 !Precipitation >= .10 inch : M 

:Tounderstonns : 0 Heavy Fog : 0 Snowfall >= 1.0 inch :O 

s5~~ 0 /=-
C//3(6 D 

htto://ohf·'-'· -'1c.noaa.gov/cgi-bin/nndc/gensub.cgi /ry I/')~ 9/25/00 
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I • J:,V LUCALT:LlMA'l I I I., .. 'A I DATA Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 
[NOAA, National Climatic Data Center) MONTH: 01/1998 Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

c1 Temperature ueg Days Snow/lee on IPrec1p1tatton Pressure (inches ot Hg) IWi dspeect=mph d 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) n Dir=tens of degrees a 
t e Max Mm Avg. Dep lA vg. IA vg Heatmg CooJmg Significant Weather 

UoUU LlUU l4UU .l4UU -Avg. Avg. IKesultant Kes !Avg. max max e 
From Dew pt. !Wet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Normal !Bulb 
level 

uepUi 1water :Snow water Speea :Ulf ,speed IUU 
Equiv Fall Equiv 

Ul J:.l Ll"' ..l...l."' -~ () 1~ 43 u M - - U.UU jU.jl 30.37 11.~ :Lb 13.7 39 :L4 ~ 
:lj UI 

02 43 31 37 7 23 32 28 0 M - - 0.00 30.18 30.25 9.5 26 9.8 28 23 27 b2 

!03 52 34 43 13 31 39 22 0 M - - T 30.15 30.20 7.2 25 7.4 16 23 13 24 03 

1<>4 59* 42 51* 21 37 43 14 0 IFG M - - 0.04 30.28 30.32 1.4 15 7.3 25 8 22 7 04 

05 43 40 42 12 39 40 23 0 IFG+FG M - - 0.00 30.33 30.38 5.5 8 6.4 18 9 16 8 05 

06 51 40 46 16 12 36 19 0 IRAFG+FGHZ M - - 0.06 30.08 30.13 3.3 24 3.8 10 24 9 23 !06 

07 M M M M - 32 M M IRA SN FG UP HZ M - - 0.84 30.01 30.08 9.9 8 10.8 25 10 22 10 07 

08 M M M M - 32 M M IRAFG+FG M - - 0.16 29.66 29.73 3.0 16 8.1 20 22 17 22 08 

09 M M M M - 35 M M IRA FG+ FG MIFG M - - 0.01 29.62 29.68 3.2 7 7.3 20 33 16 7 09 

lO 46 30 38 9 36 38 27 0 FG M - - O.oI 29.98 30.04 3.8 25 4.4 15 23 13 24 10 

11 46 31 39 10 32 36 26 0 M - - 0.00 30.03 30.09 4.1 26 6.3 18 23 16 23 11 

12 38 28 33 4 20 28 32 0 M - - 0.00 30.26 30.32 1.0 7 7.6 21 1 17 I 12 

13 46 30 38 9 34 39 27 0 IRAFG M - - 0.12 30.03 30.08 7.3 26 10.9 30 30 25 30 13 

14 32 23 28 -1 16 24 37 0 .. M - - 0.00 30.33 30.37 7.7 34 9.7 29 32 24 32 14 

15 34 22 28 -1 17 27 37 0 IFZRAFZDZ M - - 0.31 30.16 30.21 12.1 6 12.5 25 9 22 9 15 

16 35 31 33 4 26 32 32 0 IDZFG M - - 0.16 29.70 29.73 19.0 4 19.1 37 l 30 3 16 

17 45 28 ·37 8 25 31 28 0 M - - 0.00 29.81 29.87 6.3 2 9.1 26 l 23 2 17 

18 33 30 32 3 26 29 33 0 SNFG M - - T 29.97 30.02 8.7 4 8.9 18 4 15 4 18 

19 35 29 32 3 29 31 33 0 SNFG M - - O.oI 29.97 30.03 4.7 3 5.9 11 6 IO 6 19 

20 38 29 34 5 25 30 31 0 M - - T 29.91 29.95 11.0 35 11.4 28 34 22 34 20 

21 38 28 33 5 18 27 32 0 M - - 0.00 30.12 30.18 10.8 35 11.1 25 36 20 35 21 

122 33 27 30 2 . 16 26 35 0 I- M - - 0.00 30.36 30.42 6.6 5 8.9 18 11 15 10 22 

!23 44 31 38 10 31 34 27 0 IRASNPEFG M - - 2.48 30.19 30.25 21.4 9 22.5 37 9 ~ 10 l23 

24 46 37 42 14 35 38 23 0 IRASNFG M - - 0.38 29.66 29.72 9.2 l 10.2 28 36 36 124 

125 41 31 36 8 22 31 29 0 IRA.SN FG M - - 0.04 29.82 29.87 12.8 32 13.8 36 34 28 31 25 

126 38 28 33 5 21 29 32 0 M - - 0.00 30.30 30.35 2.3 25 6.7 14 27 11 22 26 

127 37 24 31 3 20 28 34 0 M - - 0.00 30.33 30.40 14.4 8 14.9 28 9 23 8 27 

!28 36 32 34 6 27 31 31 0 M - - . T 29.84 29.89 19.3 4 20.0 36 5 28 3 28 

129 51 32 42 14 25 35 23 0 M - - 0.00 29.70 29.74 8.1 36 9.2 29 1 23 2 29 

30 46 33 40 12 35 37 25 0 FG M - - T 29.64 29.70 4.0 . 2 6.0 15 32 13 33 30 

31 42 31 37 8 26 32 28 0 M - - 0.00 29.88 29.93 10.9 35 11.3 25 1 20 1 31 

i2<]tou 

41.4 30.l 35.8 ------ 32.3 kMonthly Averages Totals> 4.62 30.02 30.08 4.0 2.1 10.2 <Monthly Average 

5.4 8.2 6.9 -------- < Departure From Nonna! > l.38 

iUegree J >ays Monthly ~ eason to Uate !Ureatest :l4-hr .Prec1p1tat1on: :l.M>0ate: 13-24 Sea Level PressureDateTime 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: Maximum: 30.52 22 2301 

Heating: 811 -308 
Greatest Snow Depth: 0 date: Minimum: 29.56 9 1401 

Cooling: 0 0 
Max temp >= 90: M IMm temp<:... j.i: M . .Prec1p1tat1on >= .01 mch: M 

Number of Days with-----> Max temp <= 32: M Mintemp<=0 : M !Precipitation >= .10 inch : M 
Thunderstorms : 0 !Heavy Fog : 4 Snowfall >= 1.0 inch : 0 

25 .. ~ 
6

1~ IV.').. /21 ° 

l-,tt,-,. //('\le, nl"rll" nn~H, onv/roi-hin/nndc/gernmb.cgi 1/q9 9/25/00 



LCDFoF Page 1 of 1 

11 l N.. " I EU LU CAL { . I IM A_ ... \I I II .... ·- A I IJATA Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 
(NOAA, National Climatic Data Center] MONTH: 02/1998 IElev(Ground): 26 Feet Time Zone: WBAN: 94702 

d iremperature ueguays :snow/lee on 1Prec1p1tat1on nessure(mches ot Hg) Windspeede-mph k1 

f (Fahrenheit) · Base 65 Degrees Gnd(In) (In) Dir=tens of degrees la 
It 

e Max Mm IAVg. uep !Avg. !Avg .tteatmg coolmg UoUU l2UU L.'+VV .t4UU Avg. Avg. Kesunant 1Kes IAvg. max max le 

From IDew pt. !Wet Significant Weather LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Normal !Bulb level 
ueptn 1water 1::snow ,water ;Speed llJtr ISpeed llJll 

Equiv Fall Equiv 

~I 39 26 jj j :lj JU :.;:2 0 M - - u.uu JU.(8 JU . .t,;j U.6 4 3.8 l1 19 9 17 IV l 

K>2 48 24 36 7 29 33 29 0 IFGHZ M - - 0.00 30.20 30.25 LO 20 2.3 10 19 9 19 02 

K>3 48 38 43 14 32 38 22 0 .. M - - 0.00 30.10 30.15 2.6 36 5.4 16 1 14 2 03 

04 41 34 38 9 29 35 27 0 RAFG M - - 0.22 29.91 29.98 16.8 5 16.9 33 5 28 5 04 

05 35 32 34 5 27 31 31 0 FZRAPEFG M - - 0.48 29.60 29.65 14.6 4 14.7 38 5 29 4 05 

06 45 31 38 9 18 30 27 0 M - - 0.00 29.81 29.87 4.3 3 6.3 20 5 15 4 06 

K>7 41 29 35 6 25 31 30 0 M - - 0.00 30.01 30.04 8.0 6 9.2 21 7 17 8 07 

k)8 41 28 35 6 24 30 30 0 M - - 0.00 30.01 30.04 11.5 5 11.9 22 2 18 2 lo8 

K)9 39 25 32 3 27 30 33 0 M - - 0.00 30.10 30.14 1.2 35 5.1 11 21 10 21 !09 

10 43 27 35 6 31 34 30 0 IFG M - - 0.00 30.18 30.25 4.2 9 5.4 15 9 14 9 10 

11 47 36 42 13 39 39 23 0 IRAFG+FG M - - 0.34 30.07 30.12 5.0 10 6.3 17 8 15 7 11 

12 52 42 47 17 43 45 18 0 IRAFG M - - 0.59 29.45 31.47 9.5 26 13.7 39 17 31 17 12 

13 46 29 38 8 24 34 27 0 M - - 0.00 29.83 29.88 12.5 32 13.5 32 29 26 29 13 

14 34 21 28 -2 2 21 37 0 M - - 0.00 30.10 30.14 10.3 36 11.2 28 36 22 1 14 

15 30 13* 22* -8 -3 17 43 0 M - - 0.00 30.44 30.48 3.6 34 7.5 20 2 16 1 15 

16 35 20 28 -2 11 24 37 0 M - - 0.00 30.50 30.55 3.0 8 4.5 10 14 9 5 16 

17 41 34 38 7 31 35 27 0 RAFG M - - 0.20 30.18 30.23 19.6 9 19.9 44 8 37 8 17 

18 45 39 42 11 40 41 23 0 RAFG M - - 1.03 29.63 29.69 15.3 6 16.0 45 8 36 8 18 

19 46 38 42 11 38 39 23 0 r::o M - - 0.11 29.63 29.69 2.3 27 5.2 14 31 11 31 19 

120 48 35 42 11 38 40 23 0 IRAFG M - - 0.05 29.63 29.69 3.6 27 4.8 14 31 11 30 [20 

121 48 37 43 12 31 38 22 0 IFG M - - 0.00 29.66 29.71 9.7 31 10.4 28 31 23 32 121 

122 50 33 42 10 29 37 23 0 M - - 0.00 29.99 30.05 4.2 29 7.1 20 33 16 34 122 

123 41 34 38 6 34 37 27 0 IRAFG M - - 0.20 29.89 29.94 14.5 7 15.4 36 5 6 123 

124 42 36 39 7 37 38 26 0 IRASNFG M - - 0.65 29.23 32.12 18.3 2 19.9 43 6 ~f' 4 124 

25 47 36 42 9 34 39 23 0 M - - T 29.43 31.34 19.1 35 19.2 43 33 34 125 

26 55 40 48* 15 30 40 17 0 ~ M - - 0.00 29.77 29.81 13.9 34 14.2 34 33 ~ 32 126 

27 55* 34 45 12 31 38 20 0 M - - 0.00 29.78 29.84 5.7 31 8.1 25 1 20 l 127 

28 47 38 43 10 39 41 22 0 IRAFG M - - 0.13 29.83 29.88 8.8 8 9.0 22 8 17 8 128 

' •. 

43.9 31.8 37.9 -------- 28.4 34.5 26.9 .0 kMonthly Averages Totals> 4.00 29.90 30.19 5.3 2.5 10.3 !<Monthly Average 

6.3 8.6 7.5 ------- < Departure From Normal > 0.99 

JJegree J ays Mommy ~eason to ITa1e Greatest :.!4-hr i'rec1p1tat10n: l .:LJClate: 11-1 is Sea Level PressureDateTime 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: Maximum: 30.59 16 1126 

Heating: 752 -217 
Greatest Snow Depth: 0 date: !Minimum: 29.18 24 1536 

!Cooling: 0 0 
Max temp >= 90: 0 IMtn temp <- J:L: 12 .Prec1p1tat1on >= .UI mch: 1 

Number of Days with-----> IMax temp<= 32: 1 !Min temp <= 0 : 0 Precipitation >= .10 inch : 0 

rrhunderstorrns : O !Heavy Fog : 1 Snowfall>= 1.0 inch :O 

37lq~ I()' 3 I':).}:; 

httn·//olc:: '- -· nr, noa~. Qov/cQi-bin/nndc/gensub.cgi 
Q/q~ 
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Ufui,.u.1lb1.1 LUt.:AL 1 ·• ■ NIA••" 01 -• __:-~- Ui\.TA 
[NOAA, National Climatic Data Center] MONfH: 03/1998 

Station Location: BRIDGEPORT, CT (BDR)l~t: 41 ° 10', Ion: -73° 09' 
Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

a Temperature ueguays :Snow/lceon Prec1p1tat1on !Pressure (mches or HgJ \: • ,speed:...mph kl 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) VmdDir-tens of degrees la 

t Avg. Avg. KesuJtant iKes !Avg. 
e I Max Mm I Avg. uep IA vg. Avg Heatmg t.:ooung 

Significant Weather 
uouu LWU l.l4UU .l4UU max max le 

From loew pt. !wet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Normal !Bulb level 
' Uepth !Water 1snow water 1::speea IUII 1speea l!JU 

Equiv Fall Equiv 

!VI 4() j.'.) 41 I 38 41 .l4 u .KA .Mfr t'U MltU .HK M - - 1 2':J.IU .l'i."lo J.U IS -6.7 2.'.> ':J u. ':J PJl 

K>2 45 35 40 6 38 39 25 0 FG+FG M - - 0.00 29.61 29.66 3.5 9 4.5 11 13 9 13 K>2 

K)3 46 40 43 8 36 40 22 0 FG M - - 0.03 29.46 31.49 1.8 2 5.7 16 33 13 33 K>3 

04 48 36 42 7 31 37 23 0 - M - - 0.00 29.71 29.75 6.0 27 7.6 17 24 15 23 K>4 

K)5 45 35 40 5 30 36 25 0 M - - T 29.90 29.94 4.4 31 5.5 20 33 16 36 05 

06 45 33 39 4 31 36 26 0 M - - 0.00 30.14 30.19 2.9 21 8.0 16 19 13 19 06 

07 46 37 42 6 38 40 23 0 M - - 0.00 30.16 30.21 3.9 19 5.1 15 20 13 20 07 

08 43 37 40 4 36 38 25 0 IRAFG M - - 0.38 30.13 30.19 16.6 9 17.7 33 9 29 10 I08 

k)9 58 40 49 13 48 48 16 0 tRAFG+FG M - - 2.14 29.54 31.07 6.4 17 15.2 45 18 32 19 I09 

10 49 29 39 2 29 37 26 0 FG+FG M - - 0.00 29.57 30.61 12.9 29 15.7 30 30 25 31 IO 

11 33 20 27 -10 4 21 38 0 M - - 0.00 30.02 30.08 15.9 32 16.3 31 29 24 31 11 

12 30 17 24• -13 2 18 41 0 M - - T 30.14 30.19 15.7 30 16.3 40 32 33 30 12 

13 35 16 26 -12 12 23 39 0 M - - 0.00 30.33 30.37 8.1 22 11.8 26 21 22 21 13 

14 42 34 38 0 27 33 27 0 RA M - - 0.17 29.93 29.98 10.0 22 14.8 45 28 36 28 14 

15 43 29 36 -2 19 30 29 0 M - - 0.00 30.12 30.17 8.3 33 10.3 25 36 21 36 15 

16 39 26 33 -6 19 28 32 0 M - - 0.00 30.41 30.47 2.9 35 7.5 18 2 15 2 16 

17 41 26 34 -5 20 30 31 0 M - - 0.00 30.48 30.54 3.7 20 7.6 17 21 14 22 17 

18 38 35 37 -2 34 36 28 0 RAFG M - - 0.30 30.28 30.32 5.4 II 9.3 20 8 17 9 18 

19 40 37 39 -1 36 38 26 0 RAFG M - - 1.38 29.89 29.95 10.6 6 10.8 18 4 16 4 19 

120 44 36 40 0 36 38 25 0 fG M - - 0.00 29.80 29.87 6.4 9 8.9 24 8 21 8 t20 
121 38 32 35 -5 31 33 30 0 IRA DZ FZRA SN PE FG M - - 0.25 29.63 29.93 17.9 7 18.4 37 7 29 7 121 

122 38 30 34 -7 27 31 31 0 IRA FZRA SN FG M - - 0.06 29.51 31.04 8.8 34 12.4 29 5 23 4 122 

23 46 30 38 -3 25 33 27 0 M - - 0.00 29.8.9 29.93 7.6 26 8.8 26 23 21 23 123 

124 48 29 39 -2 21 32 26 0 M - - 0.00 30.12 30.18 3.6 25 7.8. 23 23 20 23 124 

125 45 27 36 -5 19 31 29 0 M - - 0.00 30.48 30.53 4.2 21 7.8 17 23 15 23 125 

126 55 39 47 5 39 43 18 0 HZ M - - 0.00 30.26 30.31 8.7 22 9.3 20 21 16 20 126 

127 69 42 56 14 45 50 9 0 HZ M - - 0.00 29.98 30.03 7.5 25 8.0 21 24 16 24 127 

28 71 49 60 18 48 52 5 0 FGHZ M - - 0.00 29.87 29.93 10.6 22 11.5 30 21 23 20 128 

l29 80* 47 64* 21 45 54 1 0 - M - - 0.00 29.81 29.85 7.5 29 10.2 25 30 21 29 129 

~o 65 47 56 13 46 51 9 0 M - - 0.00 29.87 29.93 2.8 11 5.0 13 10 11 9 30 

t31 74 50 62 19 51 55 3 0 FGHZ M - - 0.00 29.81 29.86 5.7 22 6.9 22 20 18 20 l31 

47.9 34.0 41.0 -------- 31.0 37.2 23.8 .0 <Monthly Averages Totals> 4.71 29.95 30.21 1.6 27.2 10.l !<Monthly Average 

1.7 3.1 2.4 ______ ... _ < Departure From Normal > 0.96 

IUegree, ays Montnty ::i eason to !Jate !Greatest .L.4-nr Prec1p1tatton: 2 . .L.~oate: 8-)I Sea Level PressureDateTime 
Total DepartureTotal Departure !Greatest 24-hr Snowfall: date: Maximum: 30.62 17 0958 

!Heating: 739 -79 
Greatest Snow Depth: O date: !Minimum: 29.33 10 0212 

!Cooling: 0 0 
!Max temp >= 90: 0 !Mill temp<= 32: Ll .t'rec1p1tat1on >= .u J mch: M 

Number of Days with----> !Max temp <= 32: I !Min temp <= 0 ·: 0 Precipitation >= .10 inch : M 

roiunderstorms : 0 !Heavy Fog : 4 Snowfall>= 1.0 inch : 0 

Cf/ D °f7 

t..u ....... /1,..._ l,... ...,,..._r1,.. ..,..,...,..,,.., n,.,, .. ,/,..n-;_'h;n/nnrlt"/n-pn~nh !"01 ....., /~ ~· 9/25/00 
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.£.age 1 of 1 , 
rur-~-· ..... i:.;ucAL' 11 1\11~ 1111 • .. - 1~"'.LvAlA !Station Location: BRIDGEPORT, CT (BDR)lat: 41 ° 1 O', Ion: -73° 09' 
[NOAA, National Climatic Data Center] MONTH: 04/1998 Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature uegUays Snow/lee on wrec1p1tat1on Pressure tmches ot Hg) Wi d:speedo....mph Ki 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) n Dir=tens of degrees la 

t 
i. 

e Max Mm Avg. Uep Avg. Avg Hea1mg cooling 
Significant Weather 

Ut>UU 1.LVU i:£4VV .l4VU Avg. Avg. Resultant !Kes Avg, max max e 
From Dew pt. !Wet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Normal !Bulb 
level 

Uepth water 1Snow Water ISpeea VII :speed Un 
Equiv Fall Equiv 

Ul 55 44 :,u 6 47 41:S 1:) u 1::> fSRARAHi M - - Ul4 .l'i.lSl 29.86 lU.l ':) l:t.lS 32 ':) ;,as ':) Ul 

02 50 45 48 4 34 41 17 0 r:'GHZ M - - 0.01 29.72 29.79 5.1 8 6.8 17 I 15 2 02 

03 58 39 49 5 33 42 16 0 HZ M - - 0.00 29.77 29.82 7.9 33 9.5 26 29 23 30 03 

k:14 49 38 44 0 31 38 21 0 ... M - - 0.00 29.66 29.70 8.7 4 10.3 26 l 22 l 04 

05 50 37 44 -1 25 36 21 0 M - - T 29.64 29.69 13.0 36 13.3 33 33 25 36 05 

06 57 37 47 2 26 39 18 0 - M - - 0.00 29.69 29.73 10.3 32 10.9 28 31 22 31 06 

07 60 38 49 4 29 41 16 0 M - - 0.00 29.83 29.88 6.2 27 8.7 21 23 17 23 07 

08 50 41 46 0 38 42 19 0 M - . T 29.84 29.87 7.5 8 7.9 20 9 17 9 08 

09 49 37 43* -3 40 42 22 0 TSTSRARAFG M - - 1.19 29.54 30.71 14.5 7 16.3 39 4 32 4 09 

10 54 36 45 -1 27 38 20 0 RAFG M - - 0.37 29.55 30.35 10.8 35 11.6 29 36 22 36 10 

11 54 34 44 -3 24 37 21 0 M - - 0.00 29.98 30.03 2.1 21 7.4 16 1 14 1 11 

12 57 36 47 0 30 40 18 0 M - - 0.00 30.18 30.23 1.7 13 5.6 16 16 13 17 12 

13 64 36 50 3 31 42 15 0 M - - 0.00 30.11 30.16 4.6 21 5.4 16 21 14 21 13 

14 54 41 48 0 38 44 17 0 M - - 0.00 29.86 29.92 11.0 9 11.S 26 8 22 8 14 

15 53 46 so 2 45 47 15 0 RAFGHZ M - - 0.04 29.78 29.83 0.2 16 6.0 17 8 15 8 15 

16 50 45 48 0 47 47 17 0 FG+FG M - - O.ot 29.88 29.94 12.0 9 11.8 25 9 22 9 16 

17 57 49 53 4 53 54 12 0 RAFG M - - 0.50 29.79 29.84 3.9 21 7.4 22 22 18 21 17 

18 64 42 53 4 37 45 12 0 M - - 0.00 30.08 30.14 6.7 27 9.9 22 22 18 22 18 

19 53 47 50 l 45 48 15 0 RAFG M - - 0.60 30.00 30.05 7.3 IO 8.7 23 9 20 10 19 

20 58 44 51 l 42 47 14 0 RAFG M - - 0.05 29.82 29.87 8.4 32 9.3 29 32 23 36 20 

21 66 41 54 4 39 46 11 0 M - - 0.00 30.02 30.08 4.9 23 6.5 20 23 17 22 21 

l22 65 43 54 4 40 47 11 0 M - - 0.00 29.99 30.05 3.0 12 6.3 17 20 14 21 22 

123 52 44 48 -3 41 45 17 0 lRAFG M - - 0.59 29.65 29.71 14.6 2 16.3 40 36 33 2 123 

124 66 46 56 5 32 44 9 0 M - - O.ot 29.61 29.66 6.5 27 11.5 36 29 30 29124 

25 65 49 57 6 29 44 8 0 M - - T 29.77 29.82 11.5 32 12.7 33 30 28 31 25 

26 49 42 46 -6 36 42 19 0 RAFG M - - 0.29 29.93 29.97 5.2 7 6.7 22 9 18 9 26 

27 54 41 48 -4 28 40 17 0 M - - 0.00 30.01 30.06 10.6 36 11.0 30 36 22 32 27 

28 61 39 50 -2 28 41 15 0 M - - 0.00 30.20 30.24 7.6 36 8.7 26 32 23 32 28 

129 66 43 55 2 39 47 to 0 M - - 0.00 30.12 30.18 8.5 23 9.3 24 21 20 21 29 

30 66* 52 59• 6 51 54 6 0 HZ M - - T 29.95 29.98 7.7 24 7.9 18 24 16 23 30 

56.9 41.7 49.3 ------- 36.2 43.6 15.5 .0 <Monthly Averages Totals> 5.50 29.86 29.97 2.6 1.2 9.6 <Monthly Average 

.3 1.9 1.1 ------ < Departure From Nonna! > 1.75 

Uegree J ays Monthly ~eason to Uate Ureatest 24-hr Prec1p1tat1on: l .15.'.'>aate: 1-.t. Sea Level PressureDateTime 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: !Maximum: 30.29 29 0757 

!Heating: 464 -40 
Greatest Snow Depth: 0 date: !Minimum: 29.29 9 2151 

!Cooling: 0 0 
!Max temp >= 90: 0 Mm temp <- 32: u .Prec1p1tatton >= .0 I mch: 2 

Number of Days with-----> !Max temp <= 32: 0 Min temp <=O : 0 !Precipitation >=-= . 10 inch : 0 

[hunderstorms : 2 Heavy Fog : l Snowfall >= 1.0 inch : 0 

httn·//nlc:: 'i,,,tl~ noaa.gov/cgi-bin/nndc/gensub.cgi 9/25/00 
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I Li.1LULALC1-'"'"~ll! 1 " U'&I UA'fA. Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 
[NOAA, National Climatic Data Center] MONTH: 06/1998 Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature ueg uays ~now71ce on l.l:'rec1p1tat1on Pressure tmches of Hg) W nd~peee1:...mph Kl 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) 
1 Dir-tens of degrees ~ 

t 
.. 

e Max Mm Avg. Uep Avg. Avg Heatmg coolmg 
Significant Weather 

UoUU uuu .l4VU 24UU Avg. Avg. Resultant IKes Avg. max max e 
From Dew pt. iWet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

.... Nonnal Bulb 
level 

Uepffi water l~now water Speed IU1r ::,peeo LJir 

Equiv Fall Equiv 

Ul 74 56 0) l .SJ 5Y u u KA.t'l:t M - - U.Jo 29.)IS 2Y.64 .5.l J4 Y.1. }.j l HS 1. UJ 

02 70 50 60 -4 49 55 5 0 RAFG M - - 0.35 29.65 29.95 4.1 20 8.2 29 31 24 31 02 

03 67 54 61 -3 44 53 4 0 IFG M - - 0.05 29.53 30.33 11.9 31 13.1 36 31 26 31 03 

04 68 49 59 -5 37 48 6 0 I- M - - 0.00 29.67 29.72 11.8 30 12.2 34 30 28 31 k)4 

05 70 51 61 -4 37 49 4 0 M - - 0.00 29.63 29.68 12.1 30 12.6 30 31 23 31 05 

06 70 53 62 -4 42 51 3 0 M - - 0.00 29.73 29.79 6.9 33 8.4 26 32 21 30 06 

07 66 52 59 -7 41 50 6 0 ... M - - T 29.83 29.90 7.2 30 8.5 29 29 22 29 07 

08 68 49 59* -7 46 53 6 0 M - - 0.00 29.94 29.99 8.5 32 9.7 24 2 20 2 08 

09 67 53 60 -6 52 56 5 0 .. M - - 0.00 30.09 30.16 4.9 17 8.3 17 22 15 21 09 

10 69 52 61 -5 53 56 4 0 FG+FG M - - 0.00 30.10 30.15 2.5 16 4.6 16 20 14 20 10 

Ii 67 59 63 -3 58 60 2 0 lFG M - - 0.00 30.10 30.16 8.2 10 8.9 18 9 . 16 9 11 

12 63 60 62 -4 61 61 3 0 RAFG M - - 1.78 29.95 30.00 10.7 10 11.2 20 11 16 8 12 

13 66 60 63 -4 63 63 2 0 trS TSRA RA FG+ FG M - - 0.70 29.58 30.24 5.0 9 6.6 20 8 16 9 13 

14 71 61 66 -2 62 63 0 1 tRAFG M - - 1.03 29.42 31.93 4.2 14 8.1 23 lJ 20 10 14 

15 66 60 63 -5 63 63 2 0 RAFG+FG M - - 0.20 29.54 29.60 7.6 9 8.5 18 8 16 8 15 

16 80 62 71 3 65 67 0 6 RAFG+FGHZ M - - 0.02 29.59 29.64 5.2 19 9.0 20 20 16 20 16 

17 80 65 73 5 64 61 0 8 rrs TSRA RA FG HZ M - - 0.03 29.73 29.79 7.9 24 8.5 34 32 29 34 17 

18 79 64 72 4 65 67 0 7 r:o M - - 0.02 29.80 29.84 3.9 24 5.1 17 23 15 23 18 

19 83 65 74 5 64 68 0 9 M - - 0.00 29.75 29.79 5.2 23 6.9 20 23 16 23 19 

20 80 67 74 5 61 69 0 9 FG M - - 0.00 29.75 29.81 4.2 11 5.1 17 9 15 9 20 

21 78 65 72 3 67 68 0 7 J."GHZ M - - 0.00 29.98 30.02 7.3 10 8.3 17 9 15 8 21 

122 67 63 65 -4 62 63 0 0 IFG M - - 0.00 30.10 30.14 6.4 12 8.0 14 8 13 9 t22 

t23 71 65 68 -1 66 66 0 3 -r:a M - - 0.00 30.02 30.07 4.9 19 5.8 11 21 IO 22123 

124 80 67 74 4 68 70 0 9 l<'GHZ M - - 0.00 29.98 30.03 5.5 21 6.1 16 20 14 20 t24 

l25 88 66 .77 7 69 71 0 12 !FGHZ M - - 0.00 29.93 29.98 5.1 23 6.0 16 23 14 21 125 

26 94* 72 83* 13 70 73 0 18 J:GHZ M - - 0.00 29.68 29.74 8.2 25 8.6 22 21 18 20 l26 

27 84 65 75 5 65 68 0 10 FGHZ M - - T 29.64 29.69 5.2 34 11.7 32 6 25 30 27 

28 76 62 69 -2 59 63 0 4 .. M - - 0.00 29.96 30.01 7.4 20 10.9 22 21 18 22128 

29 71 65 68 -3 64 66 0 3 FG M - - T 29.82 29.89 10.9 22 11.1 21 21 17 22 29 

30 77 64 71 0 67 68 0 6 TSTSRARAFG M - - 0.54 29.46 31.36 6.3 24 8.0 29 31 25 30 30 

73.7 59.9 66.8 -------- 58.l 61.8 1.7 3.7 <Monthly Averages Totals> 5.08 29.79 30.04 1.7 23.8 8.6 kMonthly Average 

-2.3 .8 -.8 ------ < Departure From Normal 
~ 1.62 

IVegree J ays M0ntnly ~ eason to uate tureatesf24-hr Prec1p1tat1on: 1.~1e1aie: Ll-lJ Sea Level PressureDateTime 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: Maximum: 30.20 9 1145 

Heating: 52 34 
Greatest Snow Depth: 0 date: !Minimum: 29.36 30 1853 

Cooling: 112 16 
Max temp>= 90: 1 Mm temp<:.. J.l: u .Prec1p1tat1on >= .U! mch: I 

Number of Days with-····> Max temp <= 32: O !Min temp <= 0 : 0 Precipitation >= . l O inch : 0 

Thunderstorms : 3 I-leavy Fog : 4 Snowfall >= 1.0 inch : 0 

httn·//o1~ nrrlr. no::1~. Q"ov/r<ri-hin/nndc/g:ensub.cg:i 9/25/00 
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u.r...1,u.u.1u, LuCAL CLlMATv• • ---·· AAL uATA 
[NOAA, National Climatic Data Center] MONTH: 02/1999 

Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 
Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

ct Temperatur<: uegTiays Snow7lce on IPrec1p1tat1on 1 Pressure (mches of Hg) twind:sr:eect-mph ICI 

a (Fahrenheit} Base 65 Degrees Gnd(In) (In) D1r=tens of degrees la 

t 
It 

e Max Mm Avg. Dep Avg. AVg Heating cooling vovu l..WU .l4UU .l4UU -Avg. Avg. IKesultam Kes IAvg. max max le 

From Dew pt. Wet Significant Weather LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Normal Bulb level 
Uepth water 1:snow water Speed Un ::,peed IUn 

Equiv Fall Equiv 

Ul 39 .lV .:IV 'l. us 'l.6 35 u M - - U.UU JU.41 JU.45 7.6 25 8.l 2U ..l<f lb L4 UJ 

K:>2 49 34 42 13 40 41 23 0 RAFG+FG M - - 1.17 29.95 30.00 6.4 12 8.9 26 18 22 17 02 

03 53• 33 43 14 35 40 22 0 IFG+FG M - - 0.01 29.87 29.92 3.9 32 6.7 20 32 16 36 K)3 

K:>4 44 29 37 8 35 37 28 0 RAFG+FG M - - 0.22 29.83 29.89 3.6 4 6.7 18 8 15 7 K)4 

05 42 30 36 7 17 30 29 0 M - - 0.00 30.01 30.07 13.9 35 14.5 39 33 29 34 05 

06 38 29 34 5 17 28 31 0 M - - 0.00 29.89 29.94 3.8 27 5.8 15 34 11 31 06 

07 39 32 36 7 26 32 29 0 SNFG M - - 0.19 29.86 29.91 4.6 35 6.8 17 32 15 32 07 

08 38 26 32 3 18 28 33 0 SNFG M - - 0.02 29.91 29.95 6.1 1 8.0 18 2 16 2 08 

09 40 21 31 2 28 31 34 0 FG M - - 0.00 29.99 30.02 5.8 24 6.1 20 23 16 22 09 

10 50 32 41 12 27 35 24 0 FG M - - 0.00 30.00 30.05 8.7 32 10.2 26 31 23 31 IO 

11 44 26 35 6 28 34 30 0 M - - 0.00 30.22 30.26 2.1 17 3.8 18 20 16 20 11 

12 52 35 44* 14 45 45 21 0 RAFG+FG M - - 0.09 29.83 29.89 5.9 23 10.l 31 34 26 35 12 

13 42 27 35 5 22 30 30 0 I- M - - T 29.92 29.98 9.3 29 11.0 24 30 22 28 13 

14 29 21 25 -5 7 20 40 0 M - - 0.00 30.13 30.19 12.9 36 13.2 31 33 25 32 14 

15 39 19 29 -1 15 25 36 0 M - - 0.00 30.16 30.23 4.8 24 6.6 17 23 15 23 15 

16 43 26 35 5 31 33 30 0 f'G M - - 0.00 30.06 30.12 4.7 8 5.0 13 8 11 9 16 

17 46 36 41 lO 40 41 24 0 FG M - - 0.00 29.94 29.97 12.4 7 12.7 25 8 21 8 17 

18 43 35 · 39 8 38 39 26 0 RAFG M - - 1.01 29.79 29.86 8.4 2 9.0 20 I 16 1 18 

19 43 32 38 7 27 33 27 0 M - - 0.00 29.89 29.93 6.5 2 8.6 20 36 15 1 19 

20 41 31 36 5 22 30 29 0 M - - 0.00 29.81 29.88 10.8 36 J 1.4 23 l 17 36 20 

21 36 25 31 0 17 26 34 0 I<GHZ M - - T 29.88 29.93 10.7 36 11.7 25 33 21 36 21 

122 27 15 21 -11 -6 15 44 0 M - - 0.00 30.13 30.20 15.0 1 15.0 33 1 26 1 22 

!23 28 11 20* -12 -3 16 45 0 M - - 0.00 30.39 30.45 2.2 36 6.6 22 I 18 I 123 

24 34 22 28 -4 11 24 37 0 M - . 0.00 30.36 30.43 9.7 7 11.1 21 10 18 9 124 

25 33 26 30 -3 26 28 35 0 SNFGFZFG M - - 0.11 30.03 30.09 10.3 1 11.0 23 5 18 4 125 

26 47 29 38 5 20 31 27 0 M - - 0.00 29.83 29.89 12.7 34 12.9 31 33 25 33 126 

27 48 28 38 5 24 32 27 0 - M - - 0.00 29.93 29.98 3.8 28 5.8 22 29 18 30127 

28 46 30 38 5 38 38 27 0 RAFG+FGHZ M - - 1.20 29.54 30.83 8.0 8 9.6 28 8 23 7 128 

41.2 27.1 34.2 -------- 23.7 31.0 30.6 .0 <Monthly Averages Totals> 4.02 29.99 30.08 4.3 35.8 9.2 kMonthly Average 

3.6 3.9 3.8 -------- < Departure From Normal > 1.01 

Degreel ays Monthly ~ eason to uate ~reatest 24-hr Prec1p1tat1on: l .:LUdate: :LIS Sea Level PressureDateTime 

Total DepartureTotal Departure !Greatest 24-hr Snowfall: date: Maximum: 30.64 1 0003 

~eat~ng: 857 -112 
!Greatest Snow Depth: 0 date: Minimum: 29.15 28 2359 

vOOlmg: 0 0 
Max temp >= 90: 0 !Mm temp <- J'l.: 'l.J .Prec1p1tat10n >= .o l mch: o 

Number of Days with-----> Max temp<= 32: 3 Min temp <= 0 : 0 Precipitation >== .10 inch : 0 

Thunderstorms : 0 Heavy Fog : 5 Snowfall >= 1.0 inch :O 

httn'.//o1ib;,~dc.noaa.gov/cgi-bin/nndc/gensub.cgi 9125100 
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Uf-U,llfl EIJ LULAL I 'I • ~ A I I I 
11'- • ....:.~L IJJ\.TA Station Location: BRIDGEPORT, CT (BDR)l!¼t: 41 ° 1 O', lon: -73° 09' 

[NOAA, National Climatic Data Center] MONTH: 03/1999 Elev(Ground): 26 Feet Time Zone: • WBAN: 94702 

d Temperature ueg Uays :snow/lee on Prec1p1tauon Pressure (mches or ttg) w ,Speed=mph ct 

a (Fahrenheit) . Base 65 Degrees Gnd(In) (In) ' ndDir=tens of degrees la 

t tteatmg Cooling UoUU t:.lUU :l4UU :.l4UU Avg. AVg. Kesultant iRes lA.vg. 
e I Max Mm Avg. vep IA vg.. IA vg Significant Weather 

max max ~ 
From !Dew pt. lwet LST LST LST LST Station Sea Speed Dir Spee~ 5-sec 2-min - Normal !Bulb level 

Uepth 1water 1~now water 1~peeo 11Jlf !Speed IUU 
Equiv Fall Equiv 

Ul 48 38 4J y 'JI ,j~ u 0 RA:.ru M - - U.U/ :l~ . .ll Sl..U IU.l. :lb l l.7 :l() IJU u i.1V VI 

02 47 31 39 5 24 33 26 0 M . - 0.00 29.66 30.21 11.2 29 11.8 29 30 23 30 02 

03 55 28 42 7 38 40 23 0 ifS TSRA RA FG M . . 0.13 29.75 30.18 9.4 II 11.7 39 18 Jt 17 03 

04 53 31 42 7 30 36 23 0 RASNFG M - - 0.34 29.45 31.35 15.5 24 22.l 40 24 22 04 

k:>5 42 28 35 0 19 29 30 0 M - . 0.00 30.19 30.26 5.3 28 8.6 23 22 21 23 05 

06 41 31 36 1 29 34 29 0 RAFG M - . 0.46 30.04 30.09 10.5 8 12.0 29 10 24 10 K)6 

07 35 17 26 -10 13 22 39 0 RA SN FG FZFG HZ BLSN M . - 0.13 30.06 30.11 18.5 36 18.8 43 33 33 33 b7 
b8 32 14 23* -13 2 18 42 0 M - - 0.00 30.37 30.43 15.6 35 16.0 40 36 30 33 k>8 

b9 38 18 28 -8 3 22 37 0 M . - 0.00 30.11 30.16 7.6 35 9.4 24 36 21 36 k:>9 

10 40 25 33 -4 7 25 32 0 M - - 0.00 29.80 29.85 10.8 36 11.3 23 36 18 31 10 

11 40 24 32 -5 14 25 33 0 M - - 0.00 29.68 29.73 16.3 35 16.6 32 32 26 36 11 

12 34 24 29 -8 19 25 36 0 SNFG M . - T 29.74 29.80 17.8 36 17.9 32 32 26 36 12 

13 48 27 38 0 23 31 27 0 M - - 0.00 30.00 30.07 12.2 36 13.4 29 31 23 36 13 

14 41 31 36 -2 31 34 29 0 IRA SNFG M - - 0.42 30.02 30.07 7.9 8 9.8 21 JO 18 10 14 

15 40 32 36 -2 30 33 29 0 ~NFGUP M - - 0.43 29.59 29.77 14.2 I 16.2 38 I 29 l 15 

16 49 30 40 1 25 34 25 0 M - - 0.00 29.71 29.76 11.7 27 12.9 30 30 24 30 16 

17 58 38 48 9 37 42 17 0 M - - 0.00 29.73 29.78 8.6 24 9.5 21 23 18 23 17 

18 68 36 52 13 35 43 13 0 M - - 0.00 29.60 29.90 11.1 30 12.9 40 31 33 32 18 

19 48 34 41 1 26 35 24 .. 0 M . . T 29.93 29.98 14.0 32 14.8 33 31 25 31 19 

120 50 30 40 0 24 34 25 0 M - - 0.00 30.10 30.15 3.5 29 7.3 25 33 21 31 l20 

121 48 31 40 0 35 38 25 0 IRAFG M - - 0.23 30.01 30.06 10.0 10 11.3 31 15 24 14 121 
122 50 39 45 4 36 41 20 0 tRAFG M - - 0.69 29.61 30.64 12.3 23 17.8 39 15 30 15 122 

123 49 37 43 2 32 38 22 0 M - - 0.00 30.08 30.13 10.2 24 11.1 24 20 20 20 23 

M 51 36 44 3 44 44 21 0 IRAFG+FG M - - 0.10 29.91 29.98 1.3 13 4.4 14 22 11 22 24 

25 51 35 43 2 24 36 22 0 IFG M - - 0.00 29.98 30.02 10.4 36 11.3 24 1 18 32 25 

26 45 30 38 -4 25 33 27 0 M - - 0.00 30.15 30.20 1.3 35 6.7 23 1 18 1 26 

27 52 32 42 0 32 38 23 0 M - - 0.04 30.11 30.15 9.9 7 12.0 32 6 25 6 27 

28 48 38 43 1 39 41 22 0 IRAFG M . . 0.20 29.87 29.93 14.7 4 15.3 32 4 24 4 28 

129 68* 43 56* 13 36 45 9 0 0.0 - - 0.00 29.83 29.88 10.3 33 11.0 32 31 25 32 29 

30 61 43 52 9 25 41 13 0 M - - 0.00 30.08 30.12 12.3 31 14.0 38 30 31 30130 

31 63 36 50 7 37 44 15 0 M - - 0.00 30.05 30.10 8.8 24 9.5 28 23 22 24 31 

.s:.J (i!.·2,2.4, 

48.2 31.2 39.7 ------- 26.8 34.6 25.2 .0 kMonthly Averages Totals> 0.00 29.89 30.16 5.3 33.4 12.6 <Monthly Average 

2.0 .3 1.1 -------- - Departure From Normal > -3.75 

uegree J •ays Montmy ::: eason to Uate vreatest :l4-hr Prec1p1tat1on: o.uuctate: Sea Level PressureDateTime 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: Maximum: 30.48 8 0941 

!Heating: 780 -38 
Greatest Snow Depth: 0 date: Minimum: 29.08 1 0325 

Cooling: 0 0 
!Max temp >= 90: O 1Mm temp<= 32: l lJ !.Prec1p1tat1on >= :01 men: M 

Number of Days with -----> !Max temp <= 32: 1 Min temp <=0 : 0 !Precipitation >= .10 inch : M 

tfhunderstonns : 1 !Heavy Fog : 1 Snowfall >= 1.0 inch :0 

29, '7:> ;z,t/g?y~ 

htto://ols.ncdc.noaa.gov/cgi-bin/nndc/gen~ub.cgi /~ 
9/25/00 
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1"~"• '" Jl,ULUL:ALUIMA'pu I""""-.!. DATA Station Location: BRIDGEPORT. CT (BDR)lat: 41° 10', Ion: -73° 09' 
(NOAA, National Climatic Data Center) MONTH: 04/1999 Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

d tremperature . Ueguays Snow/Ice on 1Prec1p1tation !Pressure tmcnes ot Hg) 1w ,:::;peeo-mph k1 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) 
10dDir=tens of degrees la 

t 
I+ 

e Max Mm Avg. uep Avg. IA vg Heating cooung Significant Weather 
UoUU i.lUU ..!4UU ,!4UU Avg. Avg. Kesultant IKes IAVg. max max ~ 

From IDew pt. IWet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Nonna! Bulb 
level 

' Uepth water 1:snow water Speea JJI[ ;:,peeo IUU 

Equiv Fall Equiv 

Ul :HI 4J ~· I SI 4/ 14 u RA.Fu+.FUHL. M - - U.ut :.l':J.':14 2':J.':l':I :u 24 5.7 lb ,lj l3 12J 01 

02 54 42 48 4 34 44 17 0 "'G+FG M - - 0.00 30.00 30.07 5.5 11 6.9 17 14 15 13 02 

lo3 51 43 47 3 40 43 18 0 M - - T 30.06 30.13 3.8 17 5.6 15 19 13 19 !03 

K)4 57 39 48 4 31 43 17 0 IRAFG M - - 0,01 29.81 29.86 8.3 1 11.3 32 1 25 2 lo4 

05 55 32 44 -1 28 38 21 0 M - - 0.00 30.17 30.23 2.5 36 8.7 22 4 17 4 !05 

06 56 36 46 1 38 43 19 0 IRAFG M - - 0.04 30.15 30.20 3.9 15 7.5 21 21 16 20 lo6 

07 71 43 57 12 42 50 8 0 FGHZ M - - 0.00 29.90 29.95 8.1 30 9.3 31 30 26 31 K>7 

08 80* 45 63* 17 42 51 2 0 M - - 0.00 29.71 29.77 6.0 28 9.8 36 29 29 29 08 

09 57 42 50 4 39 44 15 0 tRAFG M - - 0.53 29.60 29.68 5.7 4 7.0 18 3 16 8 09 

10 56 41 49 3 33 42 16 0 - M - - 0.00 29.81 29.87 12.1 36 12.8 34 31 23 I 10 

It 45 35 40* -7 31 36 25 0 RAFG M - - 0.28 29.95 30.00 4.9 9 6.8 16 3 13 3 11 

12 57 37 47 0 33 41 18 0 M - - T 29.65 29.71 12.5 35 13.2 34 33 25 33 12 

13 57 37 47 0 26 39 18 0 M - - 0.00 29.65 29.70 12.4 34 14.3 38 31 28 34 13 

14 64 41 53 5 29 42 12 0 M - - 0.00 29.60 29.66 9.9 32 11.5 36 32 28 30 14 

15 64 38 51 3 37 45 14 0 M - - 0.00 29.64 29.69 6.3 24 9.l 20 9 17 8 15 

16 49 41 45 -3 42 44 20 0 iRAFGHZ M - - 0.32 29.53 29.58 8.2 9 9.9 22 9 18 10 16 

17 57 39 48 -1 42 46 17 0 IFGHZ M - - T 29.63 29.68 7.6 26 8.2 26 28 21 28 17 

18 63 43 53 4 40 46 12 0 M - - 0.00 29.76 29.82 9.8 28 10.6 25 28 21 29 18 

19 59 42 51 2 42 46 14 0 M - - 0.00 29.92 29.97 7.1 25 8.3 24 31 22 31 19 

20 48 38 43 -7 43 44 22 0 RAFG M - - 0.06 29.89 29.94 0.9 30 3.5 10 36 9 2 20 

21 60 38 49 -1 42 46 16 0 - M - - 0.00 29.95 30.01 6.0 22 8.4 20 21 16 21 21 

22 55 46 51 1 48 49 14 0 IRAFGHZ M - - O.ot 29.93 29.99 2.4 22 3.0 IO 21 9 20 22 

123 56 41 49 -2 48 49 16 0 IRAFGHZ M - - 0.55 29.86 29.92 6.4 3 8.0 18 36 14 36123 

24 57 36 47 -4 23 38 18 0 M - - 0.00 30.05 30.09 12.8 35 13.0 31 36 24 36 124 

25 59 38 49 -2 32 42 16 0 M - - 0.00 30.02 30.09 5.6 27 9.6 23 23 20 22 125 

126 72 47 60 8 39 48 5 0 M - - 0.00 29.70 29.75 6.9 29 12.8 32 1 25 1 126 

127 64 41 53 1 36 45 12 0 I- M - - 0.00 29.94 30.01 7.1 1 9.4 24 l 20 t l27 

128 58 45 52 0 42 47 13 0 M - - 0.00 30.15 30.21 2.3 19 8.0 15 26 13 22 128 

29 68 44 56 3 37 46 9 0 M - - 0.00 30.11 30.18 5.4 4 9.2 31 12 25 12 129 

30 60 41 51 -2 42 46 14 0 M - 0.00 30.22 30.29 4.4 JO 6.9 18 3 15 17 30 

58.9 40.5 49.7 -------- 37.3 44.3 15.1 .0 kMonthly Averages Totals> l.81 29.88 29.94 2.7 33 9.0 <Monthly Average 

2.3 .7 1.5 --------- < Departure From Nonna! > -1.94 

uegree J ays Monthly :season to Uate ureatest 24-hr Prec1p1tat1on: U.55date: 23 Sea Level PressureDateTime 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: !Maximum: 30.32 6 0715 

!Heating: 452 -52 
Greatest Snow Depth: 0 date: Minimum: 29.53 16 1758 

!Cooling: 0 0 
Max temp >= 90: O Mm temp <- j:t: 1 :Prec1p1tat1on >'- .ot men: u 

Number of Days with-----> Max temp<= 32: 0 Min temp<= 0 : 0 !Precipitation >= .10 inch : 0 

Thunderstorms : 0 Heavy Fog : 2 Snowfall >= 1.0 inch : 0 

t-.++. .... 11'"'1(' ',t,;,,-1,.. ,-,,.,<:\~ o-f"\·u/f"o-t-hin/nn<lc/Qemmb.cQi 9/25/00 
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IUf,..,,u.a.l..,,a., LULAL LL1MA1" • 111
~• "

1 DATA Station Location: BR1DGEPORT, CT (BDR)lat: 41 ° IO', Ion: -73° 09' 
[NOAA, National Climatic Data Center] MONTH: 05/1999 Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature UegUays Snow/lee on Prec1p1tat1on I Pressure tmches ot Hg) Wind:speeG'-mph Id 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) Dir=tens of degrees la 

t e Max Mm Avg. Uep Avg. Avg Heatmg coolmg Significant Weather 
UoUU lkUU .k4UU :l4UU Avg. Avg. Resultant IKes IAVg. max max le 

From Dew pt. !Wet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Normal Bulb 
level 

Uepth .water snow water Speea uu speea IUII 
Equiv Fall Equiv 

Ul 62 41 .'.>:t"' -I 4U 46 13 u M - - u.uo ..iU.:lU ..iU.26 5.U ':J IS.I 16 i.'.> 14 9 01 

02 62 43 53 -1 42 48 12 0 M - - 0.00 30.13 30.18 10.4 8 12.0 25 5 20 6 02 

03 62 49 56 2 47 51 9 0 IRAFG M - - 0.13 29.97 30.03 16.0 5 16.2 33 6 28 6 I03 

04 62 49 56 2 54 55 9 0 IRAFG M - - 0.14 29.90 29.95 10.2 3 10.4 22 3 17 4 I04 

05 64 54 59 4 57 58 6 0 FG M - - 0.00 29.92 29.97 2.5 20 3.9 11 12 11 12 I05 

06 63 53 58 3 56 56 7 0 FG+FG M - - 0.00 29.98 30.03 5.3 10 6.5 15 9 13 10 b6 

07 55 52 54 -1 53 53 11 0 RAFG+FG M - - 0.02 30.00 30.04 12.7 9 12.7 20 9 17 9 b7 

08 56 50 53 -3 53 53 12 0 RAFG+FG M - - 0.08 29.86 29.92 11.9 9 13.0 24 8 22 8 08 

09 M M M M - 37 M M FG+FGHZ M - - 0.01 29.83 29.90 5.0 26 6.4 21 23 18 23 09 

lO M M M M - 45 M M M - - 0.00 29.94 30.02 8.6 36 9.0 26 33 21 36 10 

11 66 49 58 l 41 49 7 0 M - - 0.00 30.14 30.18 4.0 20 8.8 21 21 17 21 11 

12 69 48 59 2 40 50 6 0 M - - 0.00 29.93 29.99 2.2 18 6.0 16 22 14 21 12 

13 65 50 58 0 34 46 7 0 M - - 0.00 29.93 29.96 4.9 10 9.2 20 1 16 2 13 

14 63 44 54 -4 39 47 11 0 M - - 0.00 30.18 30.21 2.8 16 8.5 17 21 15 21 14 

15 66 45 56 -2 42 49 9 0 M - - 0.00 30.28 30.34 5.4 9 6.2 15 10 13 10 15 

16 64 45 55 -3 46 50 10 0 M - - 0.00 30.30 30.35 6.6 9 8.4 16 11 14 11 16 

17 67 48 58 -1 50 53 7 0 M - - 0.00 30.24 30.29 9.0 8 9.6 17 9 15 9 17 

18 62 53 58 -1 57 51 7 0 RA FG+FG M - - 0.17 30.13 30.17 9.1 8 9.4 20 7 15 8 18 

19 63 56 60 l 59 59 5 0 RAFG+FG M - - 1.33 29.94 29.98 8.0 7 9.4 23 2 20 1 19 

20 71 56 64 4 46 54 I 0 FG M - - 0.o7 29.94 30.00 12.8 36 13.1 30 36 24 l 20 

21 77 50 64 4 41 52 1 0 M - - 0.00 29-.98 30.04 8.8 34 9.5 23 31 18 32 21 

122 70 53 62 2 51 56 3 0 M - - 0.00 29.94 30.00 4.5 11 5.2 15 9 13 9 22 

123 59 57 58 -3 58 58 7 0 tRAFG+ FG M - - 0.71 29.81 29.86 11.3 9 11.6 22 9 18 9 123 

124 63 56 60 -1 58 59 5 0 rs TSRA RA FG+ FG M - - l.12 29.57 29.99 3.5 14 8.1 22 21 20 8 124 

25 68 54 61 -1 48 54 4 0 M - - 0.00 29.69 29.74 10.8 23 11.7 23 21 21 23 125 

26 70 57 64 2 47 55 I 0 M - - 0.00 29.72 29.76 10.5 25 12.5 25 28 21 24 126 
27 72 54 63 1 45 53 2 0 M - - 0.00 29.78 29.83 6.2 33 8.0 25 29 18 35 127 

28 78 56 67 5 47 56 0 2 M - - 0.00 29.90 29.95 4.0 31 7.7 24 33 20 33 128 

29 88* 55 12• 9 55 60 0 7 M - - 0.00 30.01 30.06 4.8 22 5.8 21 30 17 21 129 

30 82 58 70 7 57 62 0 5 . M - - 0.00 30.10 30.15 2.1 21 3.9 10 22 8 23 JO 

31 82 59 71 8 58 63 0 6 J:GHZ M - - 0.00 30.05 30.10 2.2 18 4.1 15 22 13 22 31 

67.3 51.5 59.4 ------- 49.0 53.0 5.9 .7 <Monthly Averages Totals> 3.78 29.98 30.04 2.9 6.9 8.9 kMonthly Average 

.6 1.5 1.0 ----- < Departure From Normal - -.15 

IUegree J ays Monthly ::: eason to Uate µreatest:.l4-hr t'rec1p1tat10n: l.J':Jctate: !':1-:LU Sea Level PressureDateTime 

Total DepartureTotal Departure K}reatest 24-hr Snowfall: date: Maximum: 30.40 16 1137 

!Heating: 172 -47 
Greatest Snow Depth: 0 date: !Minimum: 29.50 24 1700 

Cooling: 20 5 
!Max temp >= 90: M Mm temp<:.... j:l: M .Prec1p1tat1on >= .u l mch: o 

Number of Days with ---> !Max temp<= 32: M Min temp<=0 : M Precipitation >= . IO inch : 0 

Thunderstorms : I Heavy Fog : 8 Snowfall >= 1.0 inch : 0 

1~u·~· fl,.... l,., ...,,._,.1,.... .,.,....,..,,.., n-,._.,,!,-,..,.L"h1n/-nnrlr-/o-pnc:11h ro-1 9/25/00 
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iUNJ!:lJHl!,lJ LUCALt:LIMA'1• 11 I u.:u 'A I UAfA Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 
(NOAA, National Climatic Data Center] MONTH: 06/1999 Elev(Oround): 26 Feet Time Zone: WBAN: 94702 

d tremperature Deg Days Snow/lee on I l:'rec1p1tat1on i Pressure (mches ot Hg) IW' ,Speed=mph ct 

a (Fahrenheit) Base 65 Degrees Gnd(ln) (In) mdDir=tens of degrees a 

t 
.. 

e Max Mm Avg. Uep Avg. Avg tteatmg C..:oolmg 
Significant Weather 

UoUU l.lUU .l4UU l4UU Avg. Avg. Resultant Kes IAVg. max max e 

From iDewpt. !Wet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

.... Normal Sulb level 
uepth .water snow water Speed lUtr [Speea Utr 

Equiv Fall Equiv 

Ut 81 bl Fl. 8 bl 65 0 I FUttL. M - - U.UU l':J.':J':, :moo J.6 16 6.6 22 l4 l1 2U 01 

D2 82 67 75 11 64 68 0 10 RAFGHZ M - - T 29.86 29.93 5.4 21 6.5. 20 20 16 20 02 

03 85 66 76 12 61 66 0 11 IFGHZ M - - T 29.78 29.82 8.0 28 11.5 28 33 23 29 03 

04 77 60 69 5 47 57 0 4 .. M - - 0.00 30.00 30.04 9.8 36 10.7 29 2 22 3 04 

05 75 56 66 1 53 58 0 I M - - 0.00 30.22 30.28 4.6 16 6.8 18 19 15 18 05 

06 74 55 65 -1 57 61 0 0 .. M - - 0.00 30.16 30.21 6.8 22 7.5 20 22 17 21 06 

07 88 65 77 11 66 69 0 12 IFGHZ M - - 0.00 29.89 29.95 8.7 24 8.8 18 24 16 23 07 

08 93* 69 81* 15 63 69 0 16 HZ M - - 0.00 29.75 29.79 9.1 28 10.9 29 30 24 31 08 

09 80 60 70 4 60 63 0 5 M - - 0.02 29.94 29.99 6.9 IO 9.8 22 11 18 11 09 

IO 67 59 63 -3 52 57 2 0 .. M - - 0.00 30.23 30.29 8.2 10 9.7 17 9 15 11 10 

11 71 55 63 -3 53 51 2 0 .. M - - 0.00 .30.27 30.33 7.0 10 8.6 17 13 · 15 13 11 

12 71 55 63 -3 60 62 2 0 FG M - - 0.00 30.23 30.29 8.1 7 9.8 18 9 15 9 12 

13 71 64 68 1 65 66 0 3 RAFG+FG M - - T 30.15 30.19 10.3 10 10.4 20 11 17 IO 13 

14 76 66 71 3 66 67 0 6 IRAFGHZ M - - 0.19 29.91 29.97 5.5 17 7.7 18 21 15 20 14 

15 81 62 72 4 54 61 0 7 IFG M - - O.ot 29.91 29.98 5.3 32 10.6 28 2 21 1 15 

16 69 57 63 -5 48 55 2 0 .. M - - 0.01 30.06 30.11 6.9 8 9.2 20 6 16 4 16 

17 64 58 61* -7 54 51 4 0 .. M - - 0.06 30.01 30.08 5.8 8 7.3 17 10 13 11 17 

18 74 56 65 -3 52 58 0 0 - M - - 0.00 30.12 30.19 5.3 I 6.3 18 33 14 35 18 

19 76 55 66 -3 52 58 0 l M - - 0.00 30.31 30.38 3.7 19 6.0 15 19 13 20 19 

20 70 58 64 -5 56 60 l 0 lFG M - - 0.00 30.34 30.38 5.7 11 7.0 16 12 14 12 20 

21 69 58 64 -5 55 59 1 0 RAFG M - - 0.11 30.23 30.27 3.1 7 4.6 13 1 11 1 21 

22 80 56 68 :..1 57 62 0 3 .. M - - 0.00 30.07 30.14 4.2 22 5.1 13 21 ]) 22 22 

23 87 63 75 6 58 65 0 10 .. M - - 0.00 30.02 30.07 5.9 22 6.4 15 21 13 22123 

24 85 65 75 5 57 64 0 IO M - - 0.00 29.99 30.04 8.5 23 8.8 22 20 18 21 24 

25 79 67 .73 3 62 66 0 8 M - - T 29.91 29.96 8.7 23 8.9 24 21 21 21 25 

26 88 70 79 9 66 70 0 14 HZ M - - 0.00 29.89 29.93 6.8 22 7.5 18 20 16 20 26 

27 87 67 77 7 67 71 0 12 FGHZ M - - 0.00 29.88 29.95 5.2 19 7.0 20 21 16 20 27 

28 85 72 79 8 71 73 0 14 FGHZ M - - 0.00 29.69 29.74 10.8 21 11.2 28 22 22 20 28 

29 84 72 78 7 71 73 0 13 rs TSRA RA FG+ FG HZ M - - 0.43 29.57 29.63 6.5 22 8.4 33 27 26 28 29 

l30 76 65 71 0 61 65 0 6 RAFG M - - 0.15 29.91 29.96 4.5 7 7.4 21 I 16 1 30 

78.2 62.0 70.1 ----·--- 59.0 63.4 .5 5.8 !<Monthly Averages Totals> 0.98 30.01 30.06 1.7 18.l 8.2 ~Monthly Average 

2.2 2.9 2.5 -------- < Departure From Nonnal > -2.48 

Degree) ays Monthly Season to uate 1ureatest 24-hr l:'rec1p1tatton: UAJdate: 'l.'i Sea Level PressureDateTime 

Total DepartureTotal Departure !Greatest 24-hr Snowfall: date: !Maximum: 30.43 20 0806 

Heating: 14 -4 
Greatest Snow Depth: 0 date: Minimum: 29.55 29 1340 

Cooling: 173 77 
Max temp >= 90: l Mm temp<- J'l.: u .Prec1p1tauon >= .o I mch: o 

Number of Days with----> Max temp <= 32: 0 Min temp <= 0 : 0 Precipitation >= .10 inch : 0 

Thunderstorms : I Heavy Fog :2 Snowfall >= 1.0 inch : 0 

littn•//"l~"t. rlf"' nn~~ oov/c0"1-h1n/nndc/Q:ensub.ci::d 9/25/00 
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U1'1~J.1.1.Ll!,V LOCAL CLIMA'1 1 ...... _ .. 'Al UATA Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 
[NOAA, National Climatic Data Center] MONTII: 07/1999 Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature Ueg Uays :snow/Ice on 1Prec1p1tat1on Pressure (mcnes of Hg) tw ,:speea=mph ct 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) 
10dDir=tens of degrees a 

t e Max Mm Avg. Uep Avg. Avg tteatmg coolmg Significant Weather 
UbUU 1200 ..G'¼VV :.l4UU Avg. Avg. Resultant 1Kes Avg. max max e 

From Dew pt. !Wet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Nonna! Bulb !Jepth water ,:snow water 
level speea llJlI i:Speed Ulf 

Equiv Fall Equiv 

Ul "I':> ois n l bY /U u I RAN.i+ tU.HL M - - U.Uo ,;u.uu ,;u.u:, 6.8 iu lU.5 25 2l 21 21 Ul 

02 82 71 77 5 70 71 0 12 TS TSRA RA FG HZ M - - 0.38 29.96 30.01 11.4 21 12.2 28 21 23 20 02 

K)3 86 69 78 6 62 68 0 13 IFGHZ M - - 0.00 30.06 30.10 2.7 17 4.7 14 22 II 22 03 

b4 94 73 84 12 73 75 0 19 IRAFGHZ M - - 0.04 29.92 29.96 5.9 26 7.1 24 29 18 30 04 

b5 100* 74 87 15 74 78 0 22 FGHZ M - - 0.00 29.82 29.87 7.3 27 8.0 23 30 18 30 k:>5 

KJ6 98 76 87* 14 71 75 0 22 IFGHZ M - - 0.00 29.73 29.79 6.8 26 8.7 36 34 29 35 06 

07 91 74 83 10 57 67 0 18 M - - 0.00 29.79 29.84 9.0 31 10.4 29 28 22 30 07 

K)8 85 65 75 2 52 62 0 10 .. M - - 0.00 29.83 29.88 9.1 30 10.8 29 34 23 33 08 

09 78 67 73 0 58 64 0 8 IFGHZ M - - T 29.85 29.91 3.3 21 4.5 15 19 11 19 09 
IO 83 64 74 I 62 67 0 9 FGHZ M - - T 29.73 29.78 6.6 28 10.0 28 30 21 31 10 

11 80 58 69 -4 49 58 0 4 M - - 0.00 30.07 30.11 6.9 36 7.8 26 1 22 1 11 

12 77 56 67* -6 54 60 0 2 M - - 0.03 30.20 30.27 3.9 11 5.7 15 11 13 11 12 

13 73 62 68 -6 57 61 0 3 .. M - - 0.04 30.15 30.20 6.6 11 9.3 21 8 18 9 13 

14 75 60 68 -6 59 · 62 0 3 M - - 0.00 30.17 30.22 3.9 21 4.6 13 22 10 23 14 

15 84 59 72 -2 60 65 0 7 M - - 0.00 30.06 30.13 6.4 22 6.8 23 21 18 21 15 

16 92 67 80 6 66 70 0 15 HZ M - - 0.00 30.03 30.09 6.3 23 6.8 20 21 16 21 16 

17 94 73 84 10 68 72 0 19 HZ M - - 0.00 30.03 30.08 8.7 23 9.2 23 21 18 20 17 

18 93 74 · 84 10 70 73 0 19 ifSFG HZ M - - T 29.98 30.04 5.8 23 7.3 21 20 18 20 18 

19 88 72 80 6 70 73 0 15 iTS TSRA RA FG HZ M - - 0.22 29.87 29.94 1.4 3 4.4 20 23 15 23 19 

l20 81 67 74 0 63 67 0 9 M - - 0.00 29.98 30.03 2.7 21 7.3 14 20 II 21 20 

21 78 66 72 -2 60 65 0 7 ... M - - 0.00 30.07 30.13 3.0 13 8.4 18 20 14 21 21 

122 M M M M - 45 M M IHZ M - - o.oi 29.95 30.00 5.7 20 6.7 20 16 15 18 22 

123 M M M M - 61 M M !FGHZ M - - 0.00 29.85 29.88 6.9 21 7.7 21 21 17 21 123 

!24 88 72 80 5 73 75 0 15 IFGHZ M - - 0.00 29.72 29.76 5.6 22 6.7 23 20 18 21 124 

!25 90 73 82 7 67 72 0 17 FGHZ M - - T 29.64 29.70 3.4 20 6.8 29 21 25 22125 

26 85 73 79 4 67 71 0 14 TSFGHZ M - - T 29.68 29.73 2.5 8 7.2 15 10 13 12 126 

27 91 73 82 7 67 72 0 17 FGHZ M - - 0.00 29.73 29.79 3.9 23 6.9 16 21 · 14 22 !27 

28 94 70 82 7 56 66 0 17 - M - - 0.00 29.75 29.79 6.1 31 8.5 31 30 21 30128 

29 85 68 77 2 66 70 0 12 FG M - - 0.00 29.64 29.69 3.2 11 7.0 14 21 13 10 29 

30 85 72 79 4 72 74 0 14 FGHZ M - - 0.00 29.63 29.70 5.2 12 7.2 17 11 14 12 30 

131 86 74 80 5 73 75 0 15 i::oHZ M - - 0.00 29.73 29.79 4.3 16 7.4 16 20 13 20 31 

85.9 68.6 77.3 -------- 64.3 67.9 .0 12.6 <Monthly Averages Totals> 0.78 29.89 29.94 2.9 22.8 7.6 kMonthly Average 

4.2 2.9 3.6 ------ < Departure From Nonna! > -3.00 

uegreeI ays Monthly Season to uate iureatest 24-hr nec1p1tat1on: 0.JMate: :.l Sea Level PressureDateTime 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: Maximum: 30.30 12 1057 

Heating: 0 0 
Greatest Snow Depth: 0 date: Minimum: 29.63 29 1757 

tooling: 364 94 
Max temp >= 90: M Mm temp <- JL: M .Prectpnauon >- .Ul mch: u 

Number of Days with-----> Max temp <= 32: M Min temp<= 0 : M Precipitation >= . l O inch : 0 

Thunderstorms : 4 Heavy Fog : 1 Snowfall >= 1.0 inch : 0 

httn•l/0l<:.nc,dc.noaa.2:ov/c2:i-hin/nndc/2:ensub.cgi 9/25/00 
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!Uj',jJ!.1Jll.1!.1JLU<..:AL<..:LIMA1•• 1 , .. • 'Al JJATA 
[NOAA, National Climatic Data Center] MONTH: 08/1999 

Station Location: BRIDGEPORT, CT (BDR)lat: 41 ° 101
, Ion: -73° 09' 

Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature Ueg Uays Snow/Ice on 1l'rec1p1tat1on Pressure (mches 01 Hg) IWind~peed=mph a 
a (Fahrenheit) Base 65 Degrees Gnd(In) (In) . Dir=tens of degrees a 

~ 

t coolmg 12UU Avg. Avg. !Kesultant IKes JAvg. 
e Max Mm Avg. uep IA vg. Avg Heaung Significant Weather 

uouu i.4UU i.4UV max max e 
'From !Dew pt. IWet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

i-- Normal Bulb level 
Uepth iWater 1::snow iWater 1:speea IUII 1::speea IUII 

Equiv Fall Equiv 

Ul 'il"' 77 IS4 ... 9 70 "/4 u 19 ~tutu. M - - j 29.69 i.'i./j 6.U 24 9.4 i.i l 17 l IU! 

02 86 70 78 3 55 65 0 13 M - - 0.00 29.89 29.93 3.3 4 8.9 18 2 15 1 I02 

I03 82 67 75 0 56 64 0 10 " M - - 0.00 30.01 30.05 2.1 22 9.0 17 19 15 20 b3 

04 83 65 74 -1 64 68 0 9 M - - 0.00 29.91 29.97 4.4 16 6.7 17 15 15 17 I04 

I05 83 68 76 2 65 68 0 11 FG M - - 0.01 29.74 29.79 4.2 22 6.5 21 21 17 21 k>5 

06 84 64 74 0 61 66 0 9 M - - 0.00 29.78 29.85 4.2 22 8.2 23 36 20. 1 b6 

07 83 64 74 0 57 64 0 9 ~ M - - 0.00 29.92 29.96 3.9 21 8.7 23 19 18 20 b7 

k)8 83 71 77 3 70 72 0 12 RAFGHZ M - - 0.96 29.66 29.71 6.2 25 8.3 26 24 21 24 b8 

k>9 79 60 70 -4 46 57 0 5 " M - - 0.00 29.73 29.79 10.2 36 10.6 30 32 22 32 09 

10 75 56 66 -8 51 58 0 I M - - 0.00 29.81 29.88 5.7 21 6.4 17 19 14 21 10 

11 72 69 71 -3 67 69 0 6 IRAFG M - - 0.69 29.80 29.85 6.7 13 8.5 17 7 15 7 11 

12 85 70 78 4 70 72 0 13 IFGHZ M - - 0.00 29.89 29.94 3.5 19 7.3 14 22 13 21 12 

13 85 73 79 5 74 75 0 14 IRAFGHZ M - - 0.01 29.85 29.90 10.5 20 11.0 26 21 20 22 13 

14 81 70 76 2 72 72 0 11 [S TSRA RA FG HZ M - - 1.79 29.76 29.81 4.4 22 7.3 28 23 21 24 14 

15 74 67 71 -2 66 68 0 6 FG M - - 0.02 29.96 30:01 6.9 3 8.0 20 l 14 4 15 

16 81 63 72 -1 64 67 0 7 " M - - 0.00 30.13 30.17 5.5 21 6.8 16 20 14 20 16 

17 84 71 78 5 71 73 0 13 fGHZ M - - 0.00 29.89 29.94 9.8 23 10.3 22 20 18 20 17 

18 87 72 80 7 64 69 0 15 FGHZ M - - 0.00 29.73 29.80 5.8 34 7.2 22 30 16 32 18 

19 78 67 73 0 60 64 0 8 - M - - 0.00 29.95 30.00 4,8 12 8.7 16 16 14 16 19 

20 73 58 66 -7 59 62 0 I RAFG M - - ·0.47 30.04 30.09 14.5 9 15.2 32 9 28 8 20 

121 65 57 61* -12 57 59 4 0 fG M - - 0.04 29.94 30.00 11.7 4 12.1 24 9 21 8 121 

122 70 61 66 -6 58 61 0 I M - - T 29.93 30.00 5.4 1 6.3 14 4 11 5 122 

23 84 59 72 0 61 65 0 7 M - - 0.00 29.98 30.02 3.3 25 5.3 16 24 14 24123 

24 81 61 71 -1 62 66 0 6 " M - - 0.00 30.03 30.09 2.7 16 4.3 15 20 11 20 124 

5 78 64 71 -l 66 68 0 6 lFGHZ M - - 0.00 30.05 30.09 4.7 13 5.5 14 17 11 17125 

26 73 69 71 -1 69 70 0 6 MFG M - - 0.27 29.89 29.93 12.2 8 12.4 23 7 20 9 126 

127 80 70 15 4 71 72 0 IO IRAFG M - - 0.08 29.81 29.88 5.5 11 9.0 25 9 22 9 'rl.7 

128 85 70 78 7 69 72 0 13 FGHZ M - - 0.00 29.78 29.83 7.9 24 8.4 18 23 16 23 128 

29 87 64 76 5 60 66 0 11 FGHZ M - - 0.00 29.83 29.86 5.9 33 9.8 31 2 25 1 129 

tlO 71 51 64 -7 33 48 1 0 M - - 0.00 30.09 30.14 11.4 2 11.7 25 2' 22 3 130 

131 73 60 67 -4 49 57 0 2 - M - - 0.02 30.17 30.22 9.3 7 11.6 22 3 18 4 131 

79.9 65.6 72.8 -------- 61.8 66.2 .2 8.2 <Monthly Averages Totals> 4.36 29.89 29.94 0.8 12.5 8.7 kMonthly Average 

-1.0 .5 -.3 ------- < Departure From Normal > 1.11 

1uegreei )ays Monthly ::: eason to Date Greatest 1.4-hr Prec1p1tat1on: l .lluoate: 14-1:, Sea Level PressureDateTime 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: Maximum: 30.26 31 1046 

Heating: 5 5 
Greatest Snow Depth: 0 date: Minimum: 29.59 8 1751 

:Cooling: 254 3 
IMax temp >= 90: I IMm temp <- 32: u .Prec1p1tatlon >= .U l men: 1 

Number of Days with---> !Max temp<= 32: 0 !Min temp <= 0 : 0 !Precipitation >= .10 inch : 0 

trhunderstonns : 1 !Heavy Fog : O ISnowfall >= 1.0 inch : O 

http://ols.: ~0.noaa.gov/cgi-bin/nndc/gensub.cgi 9/25/00 
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'L':~ M II I M I LULAL I I , ,.,. A Tl II 1\/_ II ' .. _!.. lJATA Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 
[NOAA, National Climatic Data Center) MONTH: 09/1999 Elev(Ground): 26 Feet Time Zone: , WBAN: 94702 

a Temperature ueguays Snow/lee on wrec1p1tanon .Pressure (mches or Hg) rw ,Speecl=mph cl 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) 
10dDir=tens of degrees a 

t 
. 

e •Max Mm A.Vg. uep !Avg. Avg Heating coolmg 
Significant Weather 

U6UU LlUU i..t4VU ..t4UV Avg. Avg. IKesultam 1Kes IAvg. max max le 
From IDewpt. IWet LST LST LST LST Station Sea · Speed Dir Speed 5-sec 2-min 

- Nonna! Bulb level 
uepth !Water :snow 1water 1:speea IUU Speea IUII 

Equiv Fall Equiv 

IU! 75 58 ()/ -J 5U 58 V 2 M - - U.UU JU.lU jU,ltJ 8.5 7 lU.U :lU 11 1/ ll Ul 

K)2 80 59 70 0 57 62 0 5 M - - 0.00 30.02 30.08 5.3 6 7.1 16 13 13 15 02 

03 78 58 68 -2 58 63 0 3 M - - 0.00 30.00 30.05 1.8 7 3.8 10 17 10 2 03 

04 77 66 72 3 68 69 0 7 FG M - - 0.00 30.08 30.14 7.5 8 8.5 15 IO 14 9 04 

05 75 69 72 3 70 71 0 7 tl{AFG M - - 0.13 30.08 30.14 13.5 9 13.7 24 9 22 9 05 

06 82* 72 77* 8 73 74 0 12 lRAFG M - - 0.06 29.96 30.02 7.1 14 8.4 18 IO 16 10 06 

07 80 72 76 7 72 73 0 11 lRAFGHZ M - - 0.03 29.85 29.90 8.3 18 9.5 20 17 16 17 07 

08 79 70 75 7 71 72 0 10 rrs TSRA RA FG HZ M - - 0.28 29.79 29.84 5.5 21 6.5 22 22 18 22 !08 

K)9 79 72 76 8 71 72 0 11 iFGHZ M - - 0.00 29.80 29.87 3.2 18 4.3 13 17 10 21 ~9 

10 75 67 71 3 69 70 0 6 RAFG M - - 1.67 29.72 29.77 0.8 13 4.6 15 26 13 26 10 

11 79 63 71 4 55 61 0 6 IFG M - - 0.00 29.88 29.93 6.6 35 7.4 20 31 15 28 ll 

12 78 60 69 2 56 62 0 4 M - - 0.00 30.12 30.18 1.3 32 6.9 22 36 14 22 12 

13 75 59 67 0 60 63 0 2 FGHZ M - - 0.00 30.15 30.19 4.6 13 6.5 16 11 14 11 13 

14 74 60 67 0 61 64 0 2 FG M - - T 30.06 30.12 2.6 6 4.1 11 3 10 2 14 

15 71 67 69 2 66 67 0 4 RAFG M - - 0.41 30.00 30.06 6.5 5 6.8 14 8 11 4 15 

16 76 60 68 2 67 67 0 3 RAFG M - - 3.00 29.47 30.88 14.0 9 20.5 45 14 33 11 16 

17 72 57 65 0 47 55 0 0 M - - 0.00 29.67 30.34 17.1 31 17.9 41 33 34 31 17 

18 75 52 64 -1 47 54 I 0 M - - 0.00 30.00 30.05 5.2 31 6.8 23 30 20 31 18 

19 73 53 63 -2 54 58 2 0 M - - 0.00 30.10 30.14 4.4 12 8.7 15 20 14 12 19 

120 73 59 66 1 57 61 0 1 M - - 0.00 29.96 30.02 6.2 19 6.8 17 18 13 20 l20 

21 68 54 61 -3 60 61 4 0 IRAFG M - - 0.79 29.76 29.83 2.8 35 7.7 20 35 16 35 121 

122 57 .49 53* -11 47 50 12 0 IFG M - - 0.01 29.65 29.71 12.6 35 12.9 30 36 23 1 l22 

23 73 46 60 -4 47 54 5 0 M - - 0.00 29.76 29.81 7.6 27 10.3 24 33 20 32 l23 

l24 74 57 66 3 56 60 0 l M - - 0.00 29.84 29.89 11.4 23 12.1 26 21 22 22 l24 

125 77 57 67 4 54 59 0 2 IRAFGHZ M - - 0.02 29.93 29.98 4.4 30 9.5 18 l 16 32 l25 

126 66 50 58 -4 51 55 7 0 M - - 0.00 30.23 30.28 4.6 8 7.8 16 2 13 16 26 

127 70 55 63 1 58 60 2 0 M - - 0.00 30.30 30.34 3.5 11 6.2 11 19 10 18 27 

128 73 62 68 6 63 65 0 3 IFG M - - 0.00 30.24 30.29 2.7 17 4.8 10 23 9 22 28 

129 73 66 70 9 63 66 0 5 FG M - - 0.00 30.02 30.08 8.3 18 9.1 20 16 15 16 29 

30 71 53 62 1 53 57 3 0 IRAFGHZ M - - 0.49 29.70 29.75 7.3 26 14.5 36 19 26 18 30 

74.3 60.1 67.2 
_,. _____ 

59.4 62.8 1.2 3.6 kMonthly Averages Totals> 6.89 29.94 30.06 0.9 9 8.8 ~Monthly Average 

.1 2.5 1.3 ------- < Departure From Nonna] > 3.82 

uegree 1 iays Monthly :i eason to Date Greatest :.!4-hr t'rec1p1tauon: 3.U.'.>date: l .'.>- i o Sea Level PressureDateTime 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: Maximum: 30.38 27 0932 

!Heating: 36 -18 
Greatest Snow Depth: 0 date: Minimum: 28.99 16 2054 

!Cooling: 107 26 
Max temp >= 90: 0 IMm temp <= J2: u .Prec1p1tat1on >= :m mch: I 

Number of Days with-----> !Max temp <= 32: 0 Min temp<= 0 : 0 Precipitation >= . l O inch : 0 

trhunderstonns : I IHeavyFog :0 Snowfall >= 1.0 inch :0 

t..++.,.., If,.... 1 eo ,-, ,.rf,... Mrv:l-:l rrrn r/r-n-i-hln /nnrl r ln-Pn~11 h r,0-1 9/25/00 
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!UN l!.Ul l J!,JJ LUCAL l 'I 11''" "'- !"1 • • •• • 'A I DATA Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 
· [NOAA, National Climatic Data Center] MONTH: 10/1999 Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

d tremperature veg Days ~now/lee on 1.Prec1p1tat1on I Pressure tmches of Hg) Win .~peect"-mph Id 

a (Fahrenheit) Base 65 Degrees Gnd{ln) (In) dDir-tens of degrees la 
I+ 

t lA.vg. lAvg Heating cooling 0600 LlUU ·2400 .l4UU -Avg. Avg. Resultant IKes Avg. 
e 1v1ax Mm •Avg. JJep Significant Weather 

max max le 

From Dew pt. !Wet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Nonna! Bulb 
level 

Depth water ~now water Speea !UH ~peed Ulr 

·. 
Equiv Fall Equiv 

Ol 70 41S 5':i -l. 46 YJ. 0 0 M - - o.uo 2':i.':i4 '1,':i.':i':i fd '1,4 8.J 26 22 22 21 KH 

02 69 49 59 -1 53 57 6 0 M - - 0.00 30.11 30.16 4.4 21 7.8 25 22 22 22 02 

03 73* 59 66* 6 58 61 0 1 IFG M - - 0.00 30.16 30.20 3.4 27 9.9 23 23 18 23 03 

04 66 45 56 -4 53 54 9 0 trS TSRA RA FG M - - 0.64 30.01 30.06 9.2 5 9.9 25 10 20 7 !04 

05 52 44 48 -11 44 46 17 0 IFG M - - 0.04 30.01 30.08 . 8.6 1 9.0 22 2 17 2 05 

I06 64 39 52 -7 41 46 13 0 IFGMIFG M - - O.ol 30.00 30.05 6.8 30 9.3 26 32 21 30 06 

07 53 37 45·•· ·, .-14 27 38 20 0 M - - 0.00 30.31 30.36 6.9 36 7.9 23 36 20 36 1()7 

08 61 36 49 -to 43 47 16 0 M - - 0.00 30.36 30.42 5.4 21 10.5 25 22 22 22 I08 

09 68 59 64 6 59 61 l 0 fG M - - T 30.12 30.18 10.2 24 10.7 29 23 24 23 09 

10 65 59 62 4 63 63 3 0 RAFG M - - 0.40 29.99 30.04 6.7 23 7.3 26 21 22 21 10 

11 68 51 60 3 50 56 5 0 FGHZ M - - O.Ol 29.98 30.04 6.4 33 8.5 26 33 21 35 11 

12 62 43 53 -3 42 49 12 0 .. M - - 0.00 30.24 30.31 4.4 21 7.8 17 21 15 21 12 

13 70 49 60 4 56 59 5 0 M - - T 29.98 30.02 10.3 21 11.4 24 21 22.--. 22 13 

14 65 40 53 -3 40 47 12 0 IRAFG M - - 0.33 29.78 30.45 10.8 32 15.4 43 29 _4}· 30 14 

15 56 36 46 -10 38 44 19 0 M - - 0.00 30.26 30.31 4.1 21 6.5 17 20 20 15 

16 67 44 56 1 53 55 9 0 FG M - - 0.00 30.15 30.22 2.7 22 4.3 18 23 13 23 16 

17 68 53 61 6 60 61 4 0 lRA FG+FG M - - 0.48 29.86 29.90 0.5 20 4.4 16 2 14 2 17 

18 61 44 53 -2 43 49 12 0 RAFG M - - 0.34 29.78 29.83 14.5 1 14.6 43 1 31 2 18 

19 54 37 46 -9 38 43 19 0 M - - 0.00 30.31 30.37 3.7 6 6.2 18 3 )6 4 19 

20 56 48 52 -2 51 52 13 0 RAFG M - - 0.58 30.09 30.14 3.9 1 5.8 17 9 14 9 20 

21 59 42 51 -3 41 46 14 0 fGMIFG M - - 0.01 29.98 30.04 3.0 33 5.8 16 30 13 22 21 

22 61 40 51 -3 47 50 14 0 RAFG M - - 0.37 29.66 30.09. 3.7 17 7.7 21 IS 17 16 22 

23 57 46 52 -1 41 46 13 0 FG M - - 0.05 29.46 31.48 12.I 28 12.7 32 28 23 29 23 

24 57 39 48 -5 38 43 17 0 M - - 0.00 29.78 29.82 8.9 30 9.5 22 33 18 30 24 

125 57 39 48 -5 37 44 17 0 M - - 0.00 30.04 30.09 8.0 26 8.6 21 25 17 24 25 

126 64 44 54 2 48 51 II 0 M - - 0.00 29.96 30.03 9.6 24 10.5 23 21 20 22 26 

27 61 43 52 0 38 45 13 0 M - - 0.00 30.12 30.16 7.7 I 8.1 24 35 18 36 27 

28 54 37 46 -6 40 43 19 0 M - - 0.00 30.31 30.36 1.9 2 8.2 22 1 17 23 28 

29 62 45 54 3 47 50 II 0 FG M - - 0.00 30.25 30.31 3.6 27 5.4 14 26 IO 26 29 

l3o 62 50 56 5 55 56 9 0 lFG+ FG M - - 0.00 30.38 30.42 4.7 8 7.6 15 8 14 9 30 

131 66 56 61 10 57 59 4 0 FGHZ M - - 0.00 30.15 30.21 7.8 25 8.4 18 23 16 24 31 

3.-<f' (!,_ 50d .) 

62.2 45.2 53.7 --------- 46.7 50.8 11.1 .0 kMonthly Averages Totals> 3.26 30.05 30.20 2.8 28.7 8.7 <;Monthly Average 

-1.9 -1.9 -1.9 ----- < Departure From Nonnal > 0.15 

Uegree l •ays Monthly -:: eason to Uate IOreatest 24-hr .Prec1p1tatJon: 0.IS.ldate: 11-1 is Sea Level PressureDateTime 

Total DepartureTotal Departure !Greatest 24-hr Snowfall: date: !Maximum: 30.50 8 0659 

Heating: 343 41 
!Greatest Snow Depth: 0 date: !Minimum: 29.39 23 0355 

!Cooling: 1 -IO 
Max temp >= 90: 0 Mm temp <- J.t: o .Prec1p1tat1on >= .0l mch: 2 

Number of Days with -----> Max temp<= 32: 0 Min temp<= 0 : 0 Precipitation >= .10 inch : 0 

Thunderstorms : I Heavy Fog :2 Snowfall >= 1.0 inch : 0 

~3.7<)F f,rr/2,t11 

httn://ols} .. ...,Jc.noaa.gov/cgi-bin/nndc/gensub.cgi I /)//'J/2 9/25/00 
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[JNEDITEffUJCAL-CUMA:TPLUG1CAL DATA lstation Location: BRIDGEPORT, CT (BDR)fat: 41° 10', Ion: -73° 09' 
[NOAA, National Climatic Data Center] MONTH: 11/1999 fElev(Ground): 26 Feet Time Zone: WBAN: 94702 

e 001ng Significant Weather 

I-

or--49 56 
67 48 58 
64 42 53 
51 39 45 
62 36 49 
64 50 57 
50 36 43 
44 30 37 
60 37 49 

10 67* 56 62* 
11 62 35 49 
12 51 32 42 
13 57 41 49 
14 57 37 47 
15 46 36 41 
16 43 30 37 
17 44 28 36 
18 49 31 40 
19 58 41 50 

61 42 52 
55 45 50 
56 52 54 
62 53 58 
58 46 52 
63 46 . 55 
62 46 54 
51 38 45 
46 32 39 
39 28 34* 

55.5 40.3147.9 

5 
8 
3 
-5 
0 
8 
-6 

14 
2 
-5 
2 
1 

-5 
-9 
-9 
-5 
6 
8 
6 
11 
15 
10 
13 
13 
4 
-1 
-6 

2.5 I 2.1 I 2.3 • --------

49 
59 
39 
27 
37 
35 
24 
24 
42 
54 
28 
30 
40 
43 
24 
20 
18 
29 
44 
52 
49 
53 
56 
48 
53 
48 
27 
27 
21 

38.4 

53 
60 
46 
38 
45 
47 
36 
32 
47 
57 
39 
37 
45 
47 
35 
31 
30 
36 
47 
53 
50 
53 
56 
49 
54 
51 
38 
34 
29 

44.2 

Degree Days-- Nonthly Season to Date 
Total DepartureTotal Departure 

IHeating: 507 -75 

9 
7 
12 
20 
16 
8 

22 
28 
16 
3 
16 
23 
16 
18 
24 
28 
29 
25 
15 
13 
15 
11 
7 
13 
10 
11 
20 
26 
31 

17.0 

u 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.0 

~FG 

I-

IFGHZ 

~GHZ 

;

~fa 
G+FG 

FG+FG 
FG 
FG+FG 
FG 

KM.011thly Averages 

<-------.Departure From Normal--------> 

rea est - r rec1pitiition: T.JTclafe: 26-27 
reatest 24-hr Snowfall: date: 
reatest Snow Depth: 0 date: 

rec1pifutiorilPressure (mches ot Hg)lu,indSpeed=mpll 
(In) I'· Dit=tens of degrees ~ 

It 

uouu ITIOOJ2400 I 24UU I Avg. I Avg. f RestiltanffR.es IA vg. I max 
LST LST LST LST Station Sea Speed IDir Speed 5-sec 

level 

max 
2-min 

~ 

Veplti ·I\Vafer1Snow1Water 
Equiv Fall Equiv 

IvI 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

Totals> 

U.UU 
1.04 

T 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

T 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.11 
O.ot 
0.02 
0.03 
0.46 
0.57 
0.87 
0.00 

T 
T 

3.15 

-.66 

30.ll 
29.75 
29.58 
30.07 
30.19 
30.00 
30.04 
30.13 
29.99 
29.75 
30.16 
30.28 
30.00 
29.64 
29.54 
29.46 
29.91 
30.23 
30.29 
30.12 
30.16 
30.22 
30.11 
30.15 
29.95 
29.77 
30.02 
30.19 
30.33 

.m.18 
30.32 
30.52 
30.14 
30.26 
30.07 
30.12 
30.21 
30.07 
29.81 
30.24 
30.34 
30.06 
29.83 
29.73 
31.39 
29.99 
30.30 
30.36 
30.18 
30.22 
30.30 
30.18 
30.21 
30.02 
29.84 
30.10 
30.26 
30.40 

l.8 
12.1 
15.2 
13.5 
9.1 
11.0 
12.2 
5.4 
8.5 
10.6 
10.1 
2.6 
2.8 
5.8 
15.5 
16.9 
8.7 
6.4 
6.4 
5.4 
1.1 
0.6 
3.4 
7.4 
7.2 
5.6 
10.l 
6.2 
12.1 

Y 5.6 
15 14.6 
25 16.7 
27 13.8 
24 10.0 
30 12.7 
34 12.9 
33 6.2 
23 9.0 
25 10.7 
3 10.9 
14 9.8 
31 6.9 
27 9.3 
32 16.1 
31 17.0 
33 9.8 
25 7.2 
21 6.8 
21 7.1 
8 2.3 
11 1.6 
20 5.5 
4 8.3 
12 12.6 
28 8.7 
30 10.6 
30 7.5 
2 12.4 

[SpeedlDfrJSpeedlDtr 

11 ~ TS 
53 16 36-1/ 16 
32 28 25 28 
29 29 23 29 
24 23 20 23 
37 31 2s· 29 
30 30 25 31 
22 32 18 30 
20 23 17 22 9 
23 23 20 24 10 
25 1 . 21 I 11 
21 23 17 22 12 
22 24 17 23 13 
36 31 26 32 14 
36 30 29 30 15 
37 32 30 30 16 
30 32 25 32 17 
20 23 16 23 18 
15 19 13 20 19 
23 20 20 20 0 
II 3 10 3 I 
7 24 6 8 3 
18 19 15 19 4 
18 2 15 2 5 
26 21 21 21 6 
28 19 22 19 7 
26 31 21 36 8 
25 32 21 34 9 
28 1 22 l 30 

30.01 30.20 3.7 28.91 9.8 l<Monthly Average 

Sea Level PressureDateTime 
Maximum: 30.48 12 0843 
Minimum : 29.46 16 1403 

lcooling: 0 0 

1iax temp>= 90· o ~m temp<= 32: 7 
Number of Days with----- ax temp<= 32~ o Min temp<= 0 : 0 

hunderstorms : o eavy Fog : 4 

1.Precipifalion >= .Ul mch: u 
Precipitation >= . IO inch : 0 
Snowfall >= 1.0 inch : O 

z;7q ct~ /2rq · 

httn·I IA1<: nrl'lr nn~~. trov/cQi-hin/nndc/gensub.cgi /1/tlt; 

:56 (['/6'" 

9/25/00 
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IIIN"''"TJ!;lJLUCAL''I ""'".!'()I IU'U di UATA Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 
[NOAA, National Climatic Data Center] MONTH: 12/1999 IE!ev(Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature ueguays ~now/lee on 1.l-'rec1p1tat1on Pressure (inches ot Hg) Wt dspeed=mph k:1 

a (Fahrenheit) Base 65 Degrees Gnd(In) (fn) m Dir=tens of degrees a 
t 

.. 
e 1Max Mm IAvg. Uep !Avg. !Avg Heating coollng 

Significant Weather 
UoUU LWU l.t'¼VU .t'¼VV Avg. Avg. Kesu1tant IKes [Avg. max max e 

From !Dew pt. lwet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Normal !Bulb level 
Uepth !Water 1:snow 1water !Speed IUII ISpeed IUII · 

Equiv Fall Equiv 

IVl JJ 22 :llS -11 7 1.1. SI u ~ M - - u.uu 30.23 jU,:l~ D.l 36 15.3 JU l :l4 l Ul 

02 47 27 37 -2 15 29 28 0 M - - 0.00 30.11 30.19 7.7 34 9.0 25 36 21 36 02 

03 50 30 40 1 29 37 25 0 M - - 0.00 30.10 30.16 2.8 25 4.0 11 23 10 23 03 

l04 60* 40 50 12 43 46 15 0 IRAFG M - - 0.06 30.03 30.10 4.5 28 6.3 24 30 21 30 04 

K)5 59 36 48 10 45 47 17 0 fGHZ M - - 0.00 30.03 30.11 2.6 20 3.7 20 20 15 20 05 

06 55 46 51* 14 51 51 14 0 RAFG M - - 0.76 29.80 29.87 l.0 36 4.4 18 1 16 I 06 

07 52 36 44 7 35 41 21 0 FG M - - 0.16 29.91 29.98 13.6 35 14.1 37 33 26 32 07 

K>8 48 33 41 4 30 36 24 0 ~ M - - 0.00 30.23 30.30 4.9 29 7.2 22 31 20 31 08 

K)9 46 32 39 3 33 36 26 0 M - - 0.00 30.26 30.32 0.5 28 2.2 8 5 7 4 09 

10 54 33 44 8 43 44 21 0 IRAFG M - - 0.12 29.82 29.89 6.2 25 9.7 41 32 e· 31 10 

It 44 34 39 3 21 33 26 0 M - - 0.00 29.78 29.84 20.1 30 20.5 53 31 29 11 

12 46 31 39 4 23 32 26 0 M - - 0.00 30.00 30.06 6.8 34 7.9 24 31 32 12 

13 46 30 38 3 35 37 27 0 IRAFG M - - 0.17 30.03 30.10 6.2 5 6.7 14 I II l 13 

14 43 37 40 5 37 39 25 0 IRAFG M - - 0.71 29.97 30.05 16.7 7 17.3 38 8 32 8 14 

15 47 42 45 11 43 43 20 0 IRAFG M - - 0.15 29.98 30.06 11.7 7 12.7 28 JO 23 10 15 

16 51 37 44 10 35 41 21 0 fG M . - - 0.01 29.81 29.89 IO.I 27 .10.9 32 29 25 28 16 

17 44 35 40 6 22 32 25 0 M - - 0.00 30.02 30.09 9.4 26 10.3 23 30 18 29 17 

18 41 31 · 36 3 19 30 29 0 M - - 0.00 30.21 30.30 2.8 3 4.7 15 31 11 2 18 

19 38 29 34 1 15 27 31 0 M - - 0.00 30.38 30.45 8.9 5 9.6 17 4 15 4 19 

120 57 31 44 11 37 39 21 0 RAFG M - - 0.24 30.13 30.21 9.7 8 14.0 30 18 24 16 20 

121 55 37 46 14 33 40 19 0 IRAFG M - - O.Ql 29.98 30.05 8.0 29 9.2 24 30 20 30121 

122 37 28 33 l 22 30 32 0 M - - T 30.12 30.20 5.2 34 6.0 18 30 15 30 122 

123 40 26 33 1 18 28 32 0 FG M - - T 30.10 30.16 6.8 27 8.9 25 31 22 32 123 

124 29 20 25 -7 7 20 40 0 FG M - - T 30.09 30.16 8.2 34 8.6 22 I 17 1 124 

i25 29 14 22* -10 3 17 43 0 .. M - - 0.00 30.18 30.25 6.0 31 7.8 21 30 16 36 125 

26 36 26 31 0 16 27 34 0 M - - 0.00 29.63 29.72 14.6 25 15.6 32 24 26 23 26 

27 36 28 32 1 14 26 33 0 M - - T 29.65 29.71 13.0 29 13.4 31 28 26 29127 

28 30 18 24 -7 8 20 41 0 M - - 0.00 29.66 29.73 6.5 28 8.4 21 33 17 33128 

29 37 26 32 l 15 26 33 0 M - - 0.00 29.64 29.72 11.1 28 13.2 29 23 24 23129 

30 49 37 43 12 29 36 22 0 M - - 0.00 29.72 29.79 11.0 25 11.8 33 22 29 23 30 

31 40 27 34 4 23 31 31 0 HZ M - - T 30.00 30.07 3.1 3 3.7 13 32 9 2 31 

3,r7(!_ 21cJ ... 

44.5 30.9 37.7 -------- 26.0 33.7 27.1 .0 <Monthly Averages Totals> 2.39 29.99 30.06 4.2 31.6 9.6 ~Monthly Average 

3.5 3.3 3.4 -------- < Departure From Normal > -1.11 

Uegree J lays Mommy ::: eason to Uate urealest :l4-hr Prec1p1tat1on: 0.9:Lctate: o-/ Sea Level PressureDateTime 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: !Maximum: 30.49 19 1051 

Heating: 839 -113 
Greatest Snow Depth: 0 date: [Minimum: 29.55 29 0414 

:Cooling: 0 0 
!Max temp >= 90: 0 tMm temp <= J:.t: 18 .. t'rec1p1tat1on >= .u l inch: u 

Number of Days with -----> Max temp <= 32: 3 !Min temp <= 0 : 0 Precipitation >= .10 inch : 0 

!Thunderstorms : 0 Heavy Fog : 0 Snowfall >= J .0 inch :0 

111✓ 7 °F 
Cl~ /316 ° 

htto://ols':'-i:;...,-..1c.noaa.gov/cgi-bin/nndc/gensub.cgi /?/c:;u 9/25/00 
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U.('1(.1:',U.l .l ~u LUCAL • ·1 ""'" 1 r 11 • •• • ...'A!.. .uAlA 
[NOAA, National Climatic Data Center] MONTH: 01/2000 

Station Location: BRIDGEPORT, CT (BDR)lat: 41 ° 10', Ion: -73° 09' 
tElev(Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature Veg !Jays 8now/1ce on nec1p1tatton Pressure (inches ot Hg) Wi ,::;peed'-mph Id 

a (Fahrenheit) Base 65 Degrees ; Gnd(In) (In) 
ndDir=tens of degrees a 

t . 
IL 

e I Max Mm Avg. uep lA vg. IA vg Heating (.;OOlmg 
Significant Weather 

U()UU lL.UU l.l4UU ..G'tVU Avg. f\Vg. ,Resultant IRes IAvg. max max ~ 
' From !Dew pt. IWet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

"""' 
Normal !Bulb Ueptll !Water ::snow water 

level 1::;peea llJlf 1::;peeo lJll 

Equiv Fall Equiv 

01 45 27 j() 0 jj j.) l,':} 0 Fu+ tu rLru tll, M - - u.uu 30.17 jU.L.4 L,,j 25 3.5 lo ll.J 14; ,j,j IOl 

02 51 31 41 11 40 41 24 0 FG+FGHZ M - - T 30.03 30.11 1.4 25 4.1 17 22 15 23 lo2 

i03 60* 45 53* 23 47 48 12 0 RAFG+FGHZ M - - 0.04 29.97 30.05 1.8 17 6.8 16 7 14 8 I03 

!04 56 44 50 20 49 50 15 0 RAFG+FG M - - 0.75 29.68 29.76 8.2 20 13.5 33 21 26 20 !04 

05 48 27 38 8 19 30 27 0 FG M - - 0.09 30.03 30.09 11.9 34 13.1 33 l 26 33 I05 

06 41 23 32 2 21 29 33 0 M - - 0.00 30.47 30.53 2.8 9 6.3 16 17 13 18 lo6 

m 46 29 38 8 28 33 27 0 -i::G M - - 0.00 30.10 30.18 6.3 29 7.3 33 30 29 31 lo7 

I08 39 28 34 5 18 29 31 0 M - - 0.00 30.20 30.27 8.5 26 9.4 21 23 17 23 08 

I09 48 37 43 14 32 38 22 0 IRAFG M - - 0.o3 29.97 30.07 4.5 24 7.4 23 23 20 23 lo9 

10 55 41 48 19 42 44 17 0 IRAFG M - - 0.39 29.63 30.94 6.3 12 14.6 34 21 29 21 IO 

11 53 40 47 18 32 40 18 0 M - - 0.00 29.50 30.31 11.7 26 13.l 36 29 28 29 11 

12 46 31 39 10 20 33 26 0 M - - 0.00 29.92 30.00 15.1 30 15.9 39 31 31 31 12 

13 35 17 26 -3 19 26 39 0 SN FGFZFG M - - 0.02 29.84 29.92 10.3 2 13.3 33 36 26 35 13 

14 21 12 17 -12 -5 12 48 0 M - - 0.00 30.29 30.37 15.0 33 15.6 38 32 30 32 14 

15 26 11 19 -10 1 15 46 0 M - - T 30.53 30.61 3.1 29 7.0 17 33 14 17 15 

16 43 21 32 3 22 31 33 0 M - - T 29.97 30.04 8.9 27 16.3 45 31 33 30 16 

17 21 3 12 -17 5 8 53 0 M - - 0.00 30.14 30.22 21.2 35 21.6 45 33 36 34 17 

18 19 l 10* -19 -9 7 55 0 M - - 0.00 30.01 30.07 9.8 35 10.l 23 34 18 35 18 

19 M M M M - 26 M M M - - 0.00 29.81 29.90 6.5 34 7.4 24 33 20 33 19 

l20 22 16 19 -10 13 18 46 0 SNFG M - - 0.03 29.58 30.27 JO.I 3 I0.8 23 I i} 36 l20 

l2l 23 8 16 -12 -2 12 49 0 M - - T 29.56 30.26 17.3 32 18.0 43 32 31 l21 

122 19 4 12 -16 -7 9 53 0 M - - 0.00 30.01 30.09 9.9 31 IJ.O 28 29 30 l22 

123 26 10 18 -10 8 17 47 0 M - - T 30.15 30.22 6.5 7 8.0 17 10 14 7 23 

124 33 24 29 1 18 25 36 0 M - - 0.00 30.01 30.08 3.9 4 5.6 17 3 14 2 l24 

l25 32 24 28 0 24 28 37 0 RA FZRA SN FG+ FG FZFG UP M - - 0.34 29.37 31.28 17.l 3 18.2 37 4 30 4 l25 

!26 31 19 25 -3 15 22 40 0 SN FG UP HZ BLSN M - - T 29.56 30.38 9.2 33 10.5 24 32 17 36 26 

127 22 9 16 -12 1 13 49 0 M - - 0.00 29.91 29.97 14.0 32 14.8 31 30 24 30 127 

!28 25 5 15 -13 -1 12 50 0 M - - 0.00 30.19 30.26 12.8 31 13.5 31 30 24 32 28 

!29 34 17 26 -2 -1 19 39 0 M - - T 30.40 30.47 8.7 35 9.7 29 36 22 36 29 

30 33 13 23 -5 15 24 42 0 RASNFG M - - 0.20 30.23 30.30 1.5 8 4.8 23 8 21 8 30 

31 38 30 34 5 26 31 31 0 RAFGHZ M - - 0.23 29.63 29.71 8.3 29 14.7 30 29 24 28131 

3~e3/a~ 

36.4 21.6 29.0 .. ------ 17.4 26.0 35.8 .0 <Monthly Averages Totals> 2.12 29.96 30.23 5.6 32.6 11.2 KMonthly Average 

.4 -.3 .l ------- < Departure From Normal > -1.12 

Uegree I ays Montnly !::i eason to Uate Ureatest 24-nr Prec1p1tat1on: U.Maate: 4-:> Sea Level PressureDateTime 
Total DepartureTotal Departure Greatest 24-hr Snowfall: date: Maximum: 30.71 15 1025 

Heating: 1074 -45 
!Greatest Snow Depth: 0 date: !Minimum: 29.14 25 2136 

tooling: 0 0 
IMax temp>= 90: M 1Mm temp<= 32: M . .l:'rec1p1tat1on >= :01 mch: M 

Number of Days with-----> Max temp <= 32: M IMin temp <== 0 : M Precipitation >= .10 inch : M 
Thunderstorms : 0 !Heavy Fog . : 5 Snowfall >= 1.0 inch :0 

:1. q. () t))(~ 
11. 2 I 6.21, .. 

httn://01~ ncdc.no:1A.Qov/cgi-bin/nndc/gensub.cgi 
fCrv 

9125100 
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Uf.,i:,u1 l .,,.., LUl:AL CL1MA' l' " 1 " 
11 

"' 
1 UA'lA lstation Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 

[NOAA, National Climatic Data ~enter] MONTH: 02/2000 IEtev(Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature Deg Days ::inowllce on 1Prec1pitatlon Pressure tmches or Hg) Win ,::;peed:..-mph d 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) • dDir==tens of degrees la 

t 
If. 

e Max Mm Avg. Dep !Avg. IAVg tteaTmg coolmg uovu Ii.VU i.4VV i.4VU Avg. Avg. IKesuitant IKes IAvg. max max le 

From Dew pt. Wet Significant Weather LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Normal Bulb 
level 

Depth water r~now water Speed Vtr :::>peed IUtr 
Equiv Fall Equiv 

Ul 36 i.':I :n ) IY 21 32 V M - - u.uu 2':i.'JJ 2':i.79 12.4 21 12.0 TI i.':I HS :,us 01 

02 M M M M - 25 M M M - - 0.00 29.89 29.95 17.5 30 17.9 34 31 29 29 02 

kn 28 18 23 -6 13 21 42 0 SNFG M - - 0.04 29.91 29.97 1.5 34 6.7 17 30 14 30 03 

K)4 30 25 28 -1 24 27 37 0 SNFGFZFGHZ M - - 0,02 29.78 29.86 1.7 l 5.7 14 4 Jl 5 !04 

05 34 23 29 0 17 25 36 0 SNFG M - - T 29.83 29.92 8.0 29 9.7 22 26 17 25 !05 

06 35 26 31 2 13 25 34 0 M - - 0.00 30.08 30.15 11.6 27 13.0 28 30 22 29 K)6 

07 42 25 34 5 18 29 31 0 M - - 0.00 29.97 30.04 11.7 28 15.7 33 32 28 29 K:>7 

08 29 16 23* -6 3 19 42 0 . M - - T 30.41 30.49 4.0 25 10.2 30 34 22 35 K:>8 

09 40 28 34 5 26 31 31 0 FG M - - 0.00 30.07 30.15 10.3 24 10.4 23 24 20 24 k:>9 

10 44 28 36 7 31 34 29 0 FGHZ M - - 0.00 29.95 30.02 3.6 10 5.8 14 2 13 2 10 

11 46 29 38 9 33 35 27 0 FG+FGUPHZ M - - T 29.73 29.81 3.8 3 9.2 33 32 24 34 11 

12 32 22 27 -3 8 22 38 0 M - - 0.00 30.17 30.25 2.7 35 6.6 22 36 16 I 12 

13 36 19 28 -2 21 27 37 0 IRAFGUP M - - 0.06 30.14 30.22 5.6 8 6.8 14 10 

~ 
10 13 

14 53 35 44 14 41 42 21 0 [S TSRA RA SN FG+ FG UP M - - 0.59 29.57 29.91 4.8 22 10.7 51 19 21 14 

15 44 27 36 6 20 31 29 0 .. M - - 0.00 29.95 30.02 9.9 33 11.3 28 32 32 15 

16 45 27 36 6 30 34 29 0 IFG M - - 0.00 29.96 30.03 4.5 26 7.4 31 33 25 30 16 

17 38 24 31 0 5 23 34 0 M - - 0.00 30.38 30.46 11.8 36 12.5 34 36 25 33 17 

18 33 23 28 -3 22 27 37 0 RAFZRASNFG+FGFZFG M - - 0.97 30.23 30.31 12.3 6 13.4 38 8 32 8 18 

19 32 27 30 -1 29 30 35 0 FZRASNFGUP 0.0 - - O.ot 29.90 29.96 4.8 4 6.6 17 5 15 5· 19 

20 38 31 35 4 27 31 30 0 FG M - - O.ot 30.08 30.15 7.7 29 8.2 24 30 20 29 120 

21 40 23 32 l 25 30 33 0 . M - - 0.00 30.32 30.39 5.5 25 6.6 14 22 13 22 21 

22 44 24 34 2 28 32 31 0 i::oHZ M - - 0.00 30.46 30.54 2.5 20 3.5 15 20 13 20 22 

23 48 28 38 6 35 37 27 0 IFGHZ M - - 0.00 30.40 30.47 2.2 23 4.0 18 21 15 20 23 

24 57* 35 46* 14 39 42 19 0 lFGHZ ·M - - 0.00 30.17 30.27 2.4 24 4.1 14 24 11 23 '4 

125 44 38 41 8 40 41 24 0 RAFG M - - 0.20 30.23 30.31 9.2 6 10.4 23 4 17 4 125 

26 42 37 40 7 38 39 25 0 lFG M - - 0.00 30.38 30.45 10.9 4 11.1 22 5 17 6 126 

27 50 39 45 12 42 42 20 0 RAFG+FG M - - 0.05 30.14 30.22 3.1 10 4.7 25 23 17 22127 

28 50 37 44 11 35 41 21 0 RAFG M - - 0.18 29.88 29.95 10.6 30 13.3 37 31 31 30 128 

29 53 35 44 11 20 35 21 0 M - - 0.00 30.01 30.08 11.6 34 12.5 34 32 29 32 29 

y/~2/0° 

40.8 27.8 34.3 -------- 25.1 31.2 30.4 .0 <Monthly Averages Totals> 0.45 30.06 30.14 3.4 31.3 9.3 <Monthly Average 

3.2 4.6 3.9 -------- < Departure From Normal > -2.56 

Degree J ays Monthly ::ieason to Uate IUreatest :l4~hr Prec1p1tat1on: u.uoate: :ll-2"6 Sea Level PressureDateTime 

Total DepartureTotal Departure !Greatest 24-hr Snowfall: date: Maximum: 30.63 17 2321 

!Heating: 852 -117 
!Greatest Snow Depth: 0 date: Minimum: 29.50 14 1044 

Cooling: 0 0 
IMax temp >= 90: M Mm temp<= 32: M .Prec1p1tat1on >= .u I mch: M 

Number of Days with -----> !Max temp <= 32: M Min temp<= 0 : M Precipitation >= .10 inch : M 

lfhunderstorms : 1 Heavy Fog : 4 Snowfall >= 1.0 inch : 0 

8l(/~ 1:;:= t?,3/ 313 ° 

http://oK ~~.noaa.gov/cgi-bin/nndc/gensub.cgi 2 ((3-i) 9/25/00 
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IUNEDUEDLOCAL CLIMATOLOGICAL DATA ~taiion Location: BRIDGEPORT, CT (BDR)lat: 41° IO', Ion: -73° 09' 
[NOAA, National Climatic Data Center} MONTH: 03/2000 lev(Ground): 26 Feet Time Zone: WBAN: 94702 

-snow/Ice on IPrecipifationlPressure (inches orHg) fv· dSpeea=mph ~ Id 
a 

lJegTiays 
Base 65 Degrees th-!,.... ..... .,.. ____________ .,_ _____ _. 

e oo~ 

~ 

[01 44 
02 49 
03 47 
lo4 51 
05 52 
'06 53 
07 55 
k>8 48 
k)9 58 
10 55 
11 40 
12 49 
13 47 
14 50 
15 56 
16 56 
17 49 
18 36 
19 40 

43 
44 
50 
55 
62 
57 

64* 
54 
56 

29 54 
30 55 
31 56 

30 37 
34 42 
32 40 
32 42 
36 44 
36 45 
31 43 
37 43 
40 49 
39 47 
37 39 
35 42 
31 39 
32 41 
32 44 
41 49 
27 38 
21 29* 
28 34 
32 38 
37 41 
38 44 
34 45 
39 51 
38 48 
44 54* 
34 44 
47 52 
43 49 
41 48 
33 45 

J 
8 
5 
7 
9 
10 
7 
7 
13 
10 
2 
5 
1 
3 
6 
10 
-1 

-10 
-6 
-2 
I 
3 
4 
10 
7 
12 
2 
10 
6 
5 
2 

2Y 35 
26 35 
18 32 
13 32 
26 37 
18 35 
29 38 
37 40 
44 45 
37 43 
36 37 
36 39 
15 31 
29 36 
35 40 
43 46 
25 32 
8 23 

22 30 
29 34 
35 38 
35 39 
34 39 
35 44 
39 43 
33 45 
36 42 
43 47 
37 43 
33 41 
28 38 

~ 
23 
25 
23 
21 
20 
22 
22 
16 
18 
26 
23 
26 
24 
21 
16 
27 
36 
31 
27 
24 
21 
20 
14 
17 
11 
21 
13 
16 
17 
20 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Significant Weather 

~G 

~

rrs TSRA FG+ FG HZ 
G+FG 

TSRARAFG 
FG 

~ FG 
SNFG 

I-

HZ 

~

FG: 

G 
FG 

FG 
:RAFG 

51.1 135.2143.21 -------- I 3004 I 38.0 I 21.6 .0 l<Monthly Averages 

4.9 I 4.3 I 4.6 • -------- <:-------Departure From Nonna!-------> 

IUegree Days ~onthly Season to Date 
Total DepartureTotal Departure 

Heating: 669 -149 
!cooling: 0 0 

rea est - TPfecip1tat1on:7.22ciafe: I I-TI 
reatest 24-hr Snowfall: date: 
reatest Snow Depth: 0 date: 

Gnd(In) (In) m Dir=tens of degrees 

0600 11200 12400 12400 I Avg.-~, Avg. le 
LST LST LST LST Station Sea 

level 
11 

~ 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

iofals> 

0.00 
0.00 
0.00 
0.00 

T 
0.00 
0.01 
0.00 
0.15 
0.00 
1.79 
0.53 
0.00 
0.00 
0.00 
0.34 
0.74 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.02 
0.09 
0.00 
0.29 
0.06 
0.00 
0,00 

4.02 

0.27 

2Y.Yl 
29.61 
29.64 
29.67 
29.67 
30.00 
30.05 
29.90 
29.66 
29.94 
30.04 
29.61 
30.17 
30.23 
30.16 
29.94 
29.90 
30.54 
30.48 
30.40 
30.39 
30.34 
30.21 
30.07 
29.85 
29.58 
29.61 
29.16 
29.52 
29.82 
29.98 

-2g:gg 
29.69 
29.71 
29.73 
29.76 
30.06 
30.12 
29.98 
29.73 
30.01 
30.10 
29.68 
30.24 
30.29 
30.22 
30.01 
29.97 
30.61 
30.56 
30.47 
30.45 
30.42 
30.28 
30.15 
29.92 
29.66 
29.92 
32.18 
30.46 
29.90 
30.05 

J.'l. 
14.0 
14.1 
8.3 
10.1 
10.2 
6.4 
8.5 
2.3 
3.2 
17.8 
8.4 
6.1 
5.2 
6.0 
4.0 
14.9 
5.8 
6.1 
10.7 
15.5 
10.8 
0.8 
0.7 
2.7 
8.0 
6.1 
9.0 
12.2 
6.1 
4.5 

lU 
30 
33 
31 
32 
34 
24 
8 
10 
35 
8 

35 
32 
22 
22 
23 
I 
5 
8 
9 
7 
7 

22 
II 
13 
31 
10 
21 
26 
25 
32 

TI 
14.6 
14.4 
9.7 
11.3 
11.8 
7.5 
8.8 
6.2 
9.7 
18.5 
11.5 
8.2 
7.9 
7.4 
6.1 
15.9 
9.4 
7.9 
12.3 
15.6 
11.8 
4.2 
6.3 
6.6 
9.8 
8.1 
15.0 
13.0 
9.2 
7.7 

36 29 1_::: 31 q::u-:-: 10 

36 35 8 34 
26 32 20 36 
33 32 26 31 
34 33 26 36 
21 23 17 24 
21 8 17 9 
25 32 20 33 
25 2 22 2 IO 
39 9 33 9 11 
32 l 25 35 12 
26 31 21 31 13 
23 21 18 20 14 
29 20 23 20 15 
16 19 13 19 16 
37 I 28 I 17 
25 1 21 1 18 
18 11 16 JO 19 
23 9 20 7 
25 6 21 7 
26 6 21 6 
13 1I 10 11 
20 18 16 19 
21 19 17 20 
28 31 22 29 
20 14 16 7 
30 28 26 9 
36 25 28 28 
20 I 17 22 
22 2 17 I 

29.94 30.14 2.2 ~~I 30 f TO:o l<Monthly Average 

Sea Level PressureDateTime 
!Maximum: 30.68 18 1118 
!Minimum : 29.06 28 0839 

Max temp>= 90: o ~-n temp <=u:11 
Number of Days with ----->IMax temp <= 32: o m temp <= 0 : 0 

IThunderstorms : 2 Heavy Fog : 2 

.Prec1p1tat1on >= .01 mch: 0 
Precipitation >= . IO inch : 0 
Snowfall >= 1.0 inch : 0 

1/3. ~" F /0, 0 / 3foO) 

1,H.,.., /I,-. t,... .., ,._,.t,.. ., ,....,... .... n"-u/ro-1-h1 r1 /nnrlr-/ rrPn~ll h f".0-1 ,..., I -

-S/ <!. -3/o ., 

9/25/00 
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lJN.MJH.t;U LULAL LL1MA1 1 11.f u.:u 'Al UATA Station Location: BRIDGEPORT, CT (BDR)lat: 41° 10', Ion: -73° 09' 
[NOAA, National Climatic Data Center] MONTH: 04/2000 Elev{Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature veg uays ::;now/Ice on 1Prec1p1tat10n 1 Pressure (mches ot Hg) Wi ,::;peed'--mph Id 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) 
ndDir=tens of degrees la 

t 
e Max Mm Avg. Uep IAVg. Avg tteatmg coolmg 

Significant Weather 
UbUU l.tUU .t'+UU L4UU Avg. Avg. iResultant IKes !Avg. max max e 

From IDewpt. Wet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

-- Normal Bulb level 
Depth water !:Snow water Speea lJH ~peea ilJlr 

Equiv Fall Equiv 

Ul 5Y j4 47 j 3:L 4U HI u M - - U.UU 3U.ll JU.HS 7.1 u. 7.5 u .. w 18 21 Ul 

02 58 42 50 6 43 47 15 0 M - - 0.00 29.98 30.04 7.0 21 7.5 22 20 17 20 02 

!03 53 46 50 6 47 49 15 0 i:;,G+FG M - - 0.00 29.82 29.88 5.6 9 6.6 15 8 13 8 03 

I04 57 46 52 8 49 51 13 0 IRAFG+FG M - - 0.36 29.42 31.83 7.9 23 11.7 25 33 22 20 I04 

05 50 39 45 0 22 35 20 0 I- M - - 0.00 29.62 29.69 16.2 29 16.7 34 28 28 29 k:)5 

K)6 57 37 47 2 35 42 18 0 M - - 0.00 29.62 30.42 2.2 21 7.3 22 31 17 31 I06 

07 59 46 53 8 35 44 12 0 M - - 0.00 29.87 29.95 3.4 21 7.6 18 22 16 22 I07 

08 64 45 55 9 47 51 10 0 IRA FG ,. M - - 0.01 29.59 30.02 9.3 18 12.4 31 20 24 20 b8 

09 52 32 42 -4 30 36 23 0 IRASNFG+FIJ M - - 0.36 29.43 31.22 14.5 30 17.0 36 29 28 28 K:19 

JO 52 37 45 -1 23 36 20 0 jj,i M - - 0.00 30.01 30.08 11.4 29 13.8 30 30 24 30 JO 

11 41 32 37* -10 29 34 28 0 SNFGHZ ft M - - 0.05 30.22 30.30 6.8 9 7.5 17 8 · 15 9 11 

12 53 34 44 -3 27 38 21 0 RAFG M - - 0.01 30.14 30.21 10.4 33 11.5 31 33 25 30 12 

13 49 30 40 -7 21 33 25 0 M - - 0.00 30.43 30.49 6.5 22 9.4 22 21 18 21 13 

14 52 33 43 -5 30 39 22 0 M - - 0.00 30.34 30.39 4.4 19 6.2 18 21 16 21 14 

15 53 43 48 0 - 44 17 0 IRAFG M - - 0.18 30.07 30.16 1.5 JO 2.3 JO 13 9 JO 15 

16 70* 49 60* 12 52 54 5 0 IRA FG+ FG BCFG HZ M - - 0.33 29.85 29.93 1.5 36 7.3 26 1 21 1 16 

17 50 40 45 -4 39 42 20 0 IRAFG M - - 0.27 30.09 30.17 13.7 9 14.8 32 9 26 10 17 

18 49 38 44 -5 34 39 21 0 IRAFG M - - 0.10 30.03 30.10 16.8 6 17.l 29 5 24 6 18 

19 56 41 49 0 41 45 16 0 IRAFG M - - 0.02 29.96 30.03 13.7 4 13.9 28 5 22 2 19 

20 59 45 · 52 2 44 47 13 0 M - - 0.00 29.95 30.04 2.1 15 6.0 14 16 13 23 20 

21 48 44 46 -4 45 45 19 0 TSTSRARAFG M - - 3.34 29.76 29.83 17.9 9 19.1 44 IO 39 10 21 

22 50 44 47 -3 46 46 18 0 RAFG M - - 0.13 29.48 30.29 13.5 3 13.9 31 5 23 6 22 

123 49 42 46 -5 41 44 19 0 IFG M - - 0.01 29.52 29.60 11.2 35 11.9 30 32 22 33 123 

124 67 42 55 4 38 47 10 0 M - - 0.00 29.70 29.77 9.7 35 11.8 31 33 23 32 124 

25 51 44 48 -3 36 42 17 0 M - - 0.00 29.87 29.94 12.3 9 13.7 29 6 24 6 125 
l26 44 38 · 41 -11 34 38 24 0 M - - O.ot 29.97 30.04 12.7 4 13.1 28 5 23 5 l26 

27 51 39 45 -7 38 42 20 0 I- M - - 0.00 29.95 30.01 4.4 23 8.0 16 21 14 22 l27 

l28 57 44 51 -1 45 47 14 0 IFGHZ M - - T 29.87 29.94 7.7 23 8.6 16 21 14 20 28 

29 60 41 51 -2 41 46 14 0 IFG M - - 0.00 29.83 29.90 1.0 16 8.0 20 10 16 10 29 

30 63 49 56 3 28 44 9 0 M - - 0.00 29.91 29.98 12.1 35 13.8 37 31 32 31 30 

54.4 40.5 47.5 ------- 37.0 42.9 17.2 .0 kMonthly Averages Totals> 5.18 29.88 30.15 1.9 1.5 10.9 kMonthly Average 

-2.2 .7 -.7 -------- < Departure From Normal > 1.43 

Degree J 1ays Monthly ~eason to Date 1Ureatest24-hr Prec1p1tatton: J.41oate: :ll·L:L Sea Level PressureDateTime 

Total DepartureTotal Departure 
!Greatest 24-hr Snowfall: date: Maximum: 30.57 13 0957 

!Heating: 516 12 
!Greatest Snow Depth: 0 date: Minimum: 29.25 9 0720 

tooling: 0 0 
Max temp>= 90: 0 tMm temp <= .;L: _; .Prec1p1tat1on >= .u t men: 4 

Number of Days with----·> lMax temp <c: 32: 0 lMin temp <= 0 : 0 Precipitation>= .10 inch : 0 

thunderstorms : I Heavy Fog : 4 Snowfall >= 1.0 inch : 0 

htto://ols~l~._,uc.noaa.gov/cgi-bin/nndc/gensub.cgi 9/25/00 
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Ul'u,.u1l.r-uLULALCLIMAfl_111 " "'Al DATA 
[NOAA, National Climatic Data Center) MONTH: 05/2000 

Station Location: BRIDGEPORT, CT (BDR)lat: 41° IO', Ion: -73° 09' 
Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature veg Days ~now/lee on !.Prec1p1tat10n I Pressure tmches ot Hg) Wi .~peect=mph Id 

a (Fahrenheit) Base 65 Degrees Gnd(ln) (In) 
ndDir=tens of degrees la 

t 
i. 

e Max Mm Avg. uep Avg. Avg Heating cooling 
Significant Weather 

UoUU LL.VU .L.4UU .L.4UU Avg. Avg. IK.esultant Kes !Avg. max max e 
From Dew pt. Wet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Nonna! Bulb 
level 

Depth water ~now water ~peea !UH :::speea UII 

Equiv Fall Equiv 

UI .:,y :;y 4Y -4 j/ 4) 16 u t'U M - - 0.05 2Y.Y4 30.U.l 0.0 u 8.1 24 .L.V .lV 21 Ul 

02 65 51 58 4 4S 51 7 0 RAFG M - - 0.08 29.85 29.91 6.9 34 9.4 32 30 24 31 02 

03 62 44 53 -1 40 47 12 0 M - . 0.00 30.24 30.31 4.2 10 6.9 15 9 13 20 03 

!04 65 45 55 I 47 51 10 0 IFG M - - T 30.22 30.29 7.7 21 8.0 23 20 18 21 04 

I05 83 53 68 13 57 60 0 3 rrs TSRA M - - 0.02 29.95 30.03 6.5 24 7.5 37 I 29 l I05 

K)6 81 54 68 13 58 60 0 3 FGHZ M - - 0.00 29.92 30.00 2.7 11 7.8 22 7 18 7 !06 

07 87 53 70 15 58 62 0 5 FGHZ M - - 0.11 29.83 29.90 7.3 23 8.0 45 30 39 30 !07 

08 87* 63 75* 19 61 66 0 10 TSFG M - - 0.02 29.76 29.81 5.9 23 6.7 21 20 17 20 08 

09 84 61 73 17 61 65 0 8 FGHZ M - - 0.00 29.57 29.66 8.9 23 10.2 26 34 22 20 09 

10 72 49 61 4 50 51 4 0 RAFGHZ M - - 0.36 29.71 29.78 15.3 10 17.8 39 10 30 JO 10 

11 73 50 62 5 48 54 3 0 FG M - - 0.09 29.72 29.79 5.2 32 7.4 32 30 23 30 11 

12 60 53 57 0 52 54 8 0 TSTSRARAFG M - - 0.25 29.77 29.85 6.5 9 7.2 15 8 14 7 12 

13 58 52 55 -3 53 54 10 0 rrs RA FG M - - 0.63 29.70 29.78 9.4 9 10.7 22 28 18 28 13 

14 72 53 63 5 46 54 2 0 M - - 0.01 29.81 29.90 5.5 31 9.8 23 I 20 1 14 

15 65 49 57 -1 36 47 8 0 M - - 0.00 30.01 30.08 5.3 27 8.3 23 30 18 31 15 

16 67 43 55 -3 40 48 10 0 M - - 0.00 30.05 30.13 7.9 22 8.3 22 20 20 20 16 

17 68 52 60 l 47 53 5 0 M - - 0.00 30.08 30.16 4.5 18 7.0 20 21 16 20 17 

18 69 56 63 4 58 60 2 0 TS TSRA RA FG HZ 0.0 - - T 29.93 30.00 IO.O 22 10.6 48 31 40 31 18 

19 62 46 54 -5 49 51 11 0 RAFG M - - 0.45 30.01 30.08 10.7 s 11.6 30 6 22 6 19 

20 51 45 48* -12 44 47 17 0 RAFG M - - 0.24 30.06 30.13 8.7 9 9.6 21 II 17 12 20 

21 54 50 52 -8 49 so 13 0 FG M - - T 29.99 30.05 6.6 11 6.9 15 IO 13 IO 21 

22 56 51 54 -6 50 51 11 0 RAFG M - - 0.15 29.86 29.93 8.0 11 8.9 20 IO 17 10 22 

123 60 51 56 -5 52 53 9 0 IRAFGHZ M - . 0.10 29.72 29.79 4.9 21 6.2 15 16 13 20 23 

t24 75 54 65 4 58 60 0 0 RAFGHZ M - - 0.83 29.46 31.25 4.5 21 7.8 21 20 17 20 24 

25 75 59 67 5 50 58 0 2 lHZ M - - T 29.47 31.16 7.9 28 10.2 39 30 29 31 t25 

26 75 55 65 3 45 54 0 0 M - - 0.00 29.77 29.83 8.0 30 10.3 28 32 22 29 26 

t27 69 50 60 -2 49 54 5 0 M - - 0.00 29.83 29.89 7.5 24 8.4 23 23 20 23127 

128 65 52 59 -3 46 53 6 0 M - - 0.00 29.80 29.86 2.7 11 6.9 14 1 11 2 128 

29 62 53 58 -5 47 52 7 0 M - - 0.00 29.99 30.06 10.4 10 11.l 20 7 17 10 129 

30 61 50 56 -7 47 51 9 0 0.0 - - 0.00 30.18 30.26 7.8 IO 9.7 18 12 15 13 30 

31 63 52 58 -5 48 52 7 0 M - - 0.00 30.12 30.19 2.1 20 4.2 11 23 10 24 31 

67.9 51.2 59.6 -------- 49.3 53.8 6.2 1.0 <Monthly Averages Totals> 0.00 29.88 30.06 1.6 17.2 8.8 kMonthly Average 

1.2 1.2 1.2 
_.,..,.. _____ < Departure From Nonna! > -3.93 

UegreeJ ays Monthly ~eason to Uate (Jreatesf24-hr Prec1p1tat10n: u.uuaate: Sea Level PressureDateTime 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: Maximum: 30.37 3 1057 

Heating: 192 -27 
K.ireatest Snow Depth: 0 date: Minimum: 29.46 25 0812 

!Cooling: 31 16 
Max temp >= 90: 0 [Mm temp<= j.l: v .Prec1p1tatton >- .u 1 mch: M 

Number of Days with ----> Max temp <= 32: 0 Mintemp<=O: 0 Precipitation >= . l 0 inch : M 

Thunderstorms : 5 Heavy Fog :0 Snowfall >= 1.0 inch :0 

httn://ol~ nrrlc noaa.gov/cgi-bin/nndc/gensub.cgi 9/25/00 
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Un.a:.,.u .. 1J<,uWC;\LLLlMA1• 11 
•

11 "~.!...UA.TA Station Location: BRIDGEPORT, CT {BDR)lat: 41° 10', Ion: -73° 09' 
[NOAA, National Climatic Data Center] MONTH: 06/2000 Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature Ueg Uays ~now7Ice on IPrec1p1tauon Pressure tmches ot Hg) IW'n .~peect:-mph k1 

a (Fahrenheit) . Base 65 Degrees Gnd(In) (In) 
1 dDir=tens of degrees la 

t 
.. 

e ,Max Mm Avg. uep Avg. 1Avg Heatmg coolmg 
Significant Weather 

uouu LlUU L4UU L4UU Avg. Avg. iResuttant IKes IAVg. max max ~ 

From Dew pt. Wet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Nonnal Bulb 
level 

Depth water i~now Water Speea VII :speect !Utr 
Equiv Fall Equiv 

01 82 )() (>~ 5 4~ 58 u 4 FUHZ u.u - - u.uu 2':J.':}j JU.OU 5.1 LJ 7.U 14 u u u. U! 

02 84 62 73 9 60 65 0 8 TSTSRAFGHZ M - - 0.1 I 29.79 29.88 5.7 24 9.0 38 33 36 33 02 

03 75 59 67 3 52 58 0 2 lF'G M - - 0.00 29.96 30.01 5.5 35 9.2 31 1 24 1 03 

k:)4 72 56 64 0 52 57 1 0 " M - - T 30.07 30.13 5.1 20 6.2 15 19 11 19 KJ4 

k:l5 64 59 62 -3 51 56 3 0 M - - T 30.06 30.13 12.3 9 12.7 25 9 20 9 k)s 

06 59 50 55* -11 51 53 10 0 RAFG M - - 2.21 29.76 29.83 14.5 4 15.4 34 4 26 4 b6 

07 73 48 61 -5 49 54 4 0 RAFG M - - 0.33 29.91 29.99 8.5 36 9.3 26 32 21 32 b7 

08 72 52 62 -4 54 58 3 0 M - - 0.00 29.99 30.06 5.6 21 6.2 22 20 18 20 08 

09 88* 63 76 10 62 66 0 11 FGHZ M - - 0.00 29.89 29.96 9.2 24 9.5 25 30 22 30 09 

10 87 64 76 IO 64 68 0 11 FGHZ M - - 0.00 29.91 29.98 8.7 24 9.0 21 23 .17 23 JO 

11 86 61 74 8 66 69 0 9 rs TSRA RA FG HZ . M - - 0.47 29.92 29.99 4.8 22 10.3 48 36 39 35 11 

12 63 56 60 -6 56 56 5 0 RAFG M - - 0.04 30.07 30.13 I 1.7 9 11.8 20 IO 18 9 12 

13 60 54 57 -10 50 53 8 0 RAFG M - - 0.08 30.11 30.20 9.4 10 10.5 21 10 17 10 13 

14 60 54 57 -11 51 54 8 0 " M - - 0.02 30.13 30.20 11.3 10 I 1.5 20 8 17 8 14 

15 65 58 62 -6 60 61 3 0 RAFG M - - 0.01 29.92 30.00 6.3 9 7.1 14 II ti 10 15 

16 82 63 73 5 67 68 0 8 FG+FGHZ M - - 0.00 29.86 29.93 6.6 21 8.2 23 19 18 20 16 

17 85 68 77 9 69 71 0 12 rs TSRA RA FG HZ M - - 0.38 29.88 29.96 6.3 26 8.4 39 33 31 34 17 

18 71 63 67 -1 60 63 0 2 M - - 0.03 30.01 30.07 4.4 8 5.3 15 9 13 7 18 

19 71 61 66 -3 60 62 0 1 M - - T 30.04 30.11 2.6 36 6.0 14 1 13 2 19 

20 81 56 69 0 56 62 0 4 M - - 0.00 30.03 30.11 2.6 33 5.1 20 30 16 31 20 

21 79 62 71 2 62 65 0 6 FG M - - T 29.88 29.95 12.0 21 12.7 30 19 24 20 21. 

122 83 67 75 6 67 69 0 10 RAFGHZ M - - 0.02 29.67 29.74 9.3 23 10.0 22 21 18 20 22 

[23 82 66 74 5 59 65 0 9 M - - 0.00 29.83 29.91 3.2 31 6.1 21 31 16 31 123 

24 81 61 71 1 60 65 0 6 M - - 0.00 30.03 30.11 2.3 17 4.3 17 19 14 20 124 

25 83 67 75 5 68 71 0 10 FGHZ M - - 0.00 29.94 30.00 8.3 21 9.6 29 20 20 21 l25 

26 84 70 77 7 71 72 0 12 rrs TSRA RA FG HZ M - - 0.21 29.86 29.93 6.1 20 7.4 22 22 18 20 126 

27 86 70 78* 8 69 71 0 13 RAFGHZ M - - 0.04 29.83 29.90 6.4 27 8.0 32 30 26 31 27 

28 80 67 74 3 60 65 0 9 M - - O.ot 29.91 29.97 3.3 20 5.2 14 20 13 21 28 

29 70 66 68 -3 62 64 0 3 RAFG M - - T 29.76 29.83 1.7 16 3.8 9 13 8 19 29 

30 79 62 71 0 58 63 0 6 FGHZ M - - 0.00 29.80 29.87 2.5 30 6.1 20 22 17 22 30 

.;.":"'\I;"' 

76.2 60.7 68.5 ------- 59.2 62.7 1.5 5.2 <Monthly Averages Totals> 3.96 29.93 30.00 1.4 19.5 8.4 <Monthly Average 

.2 1.6 .9 ------- < Departure From Normal > 0.50 

uegree J ays Monthly ::ieason to uate ureatest l.4.:Jlr Prec1p1tat1on: L5 J date: o-"/ Sea Level PressureDateTime 

Total DepartureTotal Departure K]reatest 24-hr Snowfall: date: tMaximum: 3'0.25 14 1159 

Heating: 45 27 
Greatest Snow Depth: O date: Minimum: 29.67 22 1844 

!Cooling: 156 60 
Max temp>= 90: 0 [Mm temp <= Jl.: u .Prec1p1tat1on :>= .Ul mch: M 

Number of Days with -----> Max temp <= 32: 0 !Min temp <= 0 : 0 Precipitation >= .10 inch : M 

Thunderstorms : 4 Heavy Fog : I Snowfall >= 1,0 inch :0 

1-.ttn•//nlci'"t .; ilr nrnrn. qov/cqi-bin/nndc/gensub.cgi 9/25/00 
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Un.a:.,.u.o.lA:..u LUCAL CL.lMAJ.' • ••~!' 'Al UATA Station Location: BRIDGEPORT, CT (BDR)lat 41 ° 1 O', Ion: -73° 09' 
[NOAA, NationaJ·cumatic Data Center] MONTH: 07/2000 Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature uegDays Snow/lee on IJ:'rec1p1tat1on I Pressure vncnes ot ttgJ IWi ,:speect=mpn Kl 

a (Fahrenheit) · Base 65 Degrees Gnd(In) (In) 
ndDir=tens of degrees la 

t e Max Mm Avg. uep Avg. 1Avg tteatmg coo1mg Significant Weather 
uouu l..::vv :.l4UU :.l4UU Avg. Avg. iResultant IKes !Avg. max max e 

From Dew pt. !Wet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

i-- Nonnal !Bulb level 
lJepth 1water Snow water Speeo Utr 1:speeo UII 

Equiv Fall Equiv 

!Ul 8U bU 'JU -I .'.>IS ()j 0 ) M - - u.uu 29.9':.> 30.Ul j_() 24 6.9 17 ..::.:, 1.) .t..:: Ol 

02 84 62 73 I 59 62 0 8 M - - 0.00 29.97 30.03 4.8 21 5.8 21 21 16 21 02 

03 M M M M - 52 M M IRAFGHZ M - - 0,07 29.92 30.00 4.4 22 6.0 22 29 17 30 03 

04 80 69 75 3 69 71 0 10 IFGHZ M - - T 29.77 29.86 5.3 24 6.0 14 24 13 23 04 

05 87 67 77 5 56 64 0 12 IFGHZ M - - 0.00 29.73 29.81 7.3 36 8.7 23 31 18 31 b5 

06 75 60 68 -5 51 59 0 3 M - - 0.00 29.80 29.90 3.6 5 7.9 16 2 14 2 06 

07 77 61 69 -4 49 58 0 4 M - - 0.00 29.90 29.96 10.0 36 10.4 25 2 18 1 07 

08 79 56 68 -5 50 58 0 3 >- M - - 0.00 30.00 30.07 7.9 34 9.6 26 33 21 33 08 

K)9 80 59 70 -3 60 64 0 5 iRAFG M - - 0.06 29.87 29.94 7.7 22 8.3 24 19 21 20 09 

10 90* 69 80* 7 66 70 0 15 RAFGHZ M - - 0.04 29.63 29.71 7.8 28 10.2 24 30 20 30 IO 

11 83 64 74 l 53 62 0 9 M - - 0.00 29.78 29.85 7.1 35 8.6 20 31 16 31 11 

12 80 62 71 -2 54 62 0 6 M - - 0.00 29.89 29.97 1.6 29 7.6 17 22 15 22 12 

13 83 62 73 -1 59 64 0 8 .. M - - 0.00 29.92 29.99 5.5 21 6.1 20 20 16 21 13 

14 79 68' 74 0 66 68 0 9 M - - T 29.81 29.88 5.6 20 7.9 21 19 17 20 14 

15 70 65 68 -6 67 67 0 3 TSTSRARAFG M - - 1.57 29.71 29.77 11.3 14 11.7 30 14 23 15 15 

16 77 65 71 -3 67 69 0 6 ~a M - - T 29.73 29.82 4.7 14 6.2 16 14 13 13 16 

17 77 67 72 -2 68 70 0 7 lFGHZ M - - 0.00 29.85 29.92 5.2 12 7.0 17 11 15 II 17 

18 89 66 78 4 65 69 0 13 lFGHZ M - - 0.00 29.78 29.85 5.5 26 10.2 26 30 22 30 18 

19 69 60 65* -9 55 59 0 0 M - - 0.03 29.88 29.96 1.8 31 3.7 15 36 11 36 19 

20 73 60 67 -7 59 62 0 2 M - - 0.00 29.79 29.86 2.4 13 8.3 18 5 16 8 20 

21 80 60 70 -4 64 66 0 5 lFGHZ M - - T 29.80 29.87 5.0 20 7.0 21 20 16 20 21 

l22 82 65 74 0 60 65 0 9 IFGHZ M - - T 29.88 29.94 7.0 27 8.6 24 31 20 30 22 

23 77 58 68 -7 58 63 0 3 .. M - - 0.00 30.04 30.11 3.7 22 5.8 16 21 13 22123 

24 75 63 69 -6 63 66 0 4 M - - 0.00 30.09 30.14 6.8 8 7.6 15 9 13 9 l24 

l25 72 64 68 -7 60 63 0 3 FG M - - T 30.16 30.21 8.5 8 9.6 18 9 16 8 25 

26 68 63 66 -9 65 65 0 I RAFG M - - 2.25 30.16 30.23 12.1 7 12.7 26 9 23 9 l26 

27 69 63 66 -9 64 65 0 1 RAFG M - - 0.33 30.01 30.10 9.8 5 10.0 20 5 15 5 27 

28 72 63 68 -7 63 65 0 3 M - - 0.00 30.00 30.06 2.0 3 5.4 13 2 10 2 28 

29 72 66 69 -6 66 67 0 4 lFG M - - 0.00 30.00 30.09 2.1 16 3.8 13 16 9 23 29 

30 70 65 68 -7 67 67 0 3 !RAFG M - - 0.51 30.07 30.13 7.3 9 7.4 15 8 14 9 30 

31 69 65 67 -8 67 67 0 2 RAFG M - - 0.87 30.09 30.15 16.5 9 16.6 30 8 25 9 31 

77.3 63.2 70.3 -------- 60.9 64.3 .0 5.5 kMonth1y Averages Totals> 5.73 29.90 29.97 0.8 9.4 8.1 <Monthly Average 

-4.4 -2.5 -3.4 ------- < Departure From Nonna! > 1.95 

ilJegree I ays Monthly Season to lJate 1Ureatest24-hr .l:'rec1p1tat1on: 2 . .:1:ldate: 2b-l.l Sea Level PressureDateTime 

Total DepartureTotal Departure Greatest 24-hr Snowfall: date: Maximum: 30.27 26 1129 

Heating: 0 0 
Greatest Snow Depth: 0 date: Minimum: 29.66 IO 1609 

!Cooling: 166 -104 
Max temp >= 90: M IMtn temp <= J.l: M :Prec1p1tat1on >= .u I inch: u 

Number of Days with----> Max temp<= 32: M !Min temp <= 0 : M !Precipitation >= . t O inch : 0 

Thunderstonns : 1 Heavy Fog : 0 Snowfall >= t .0 inch :0 

httn'.//ol~.ncdc.noaa.gov/cgi-bin/nndc/gensub.cgi 9/25/00 
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I 1!..ULUCALLTIMA't•• ,., l<'AI ·1'A Station Location: BRIDGEPORT, CT (BDR)lat: 41 ° 1 O', lon: -73° 09' 
[NOAA, National Climatic Data Center] MONTH: 08/2000 Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

d Temperature Deg Days snow/lee on 1Prec1p1tat1on !Pressure tmches ot Hg) Win ,Speed=mph Id 

a (Fahrenheit) Base 65 Degrees Gnd(In) (In) dDir=tens of degrees a 
t e Max Mm Avg. Dep Avg. IAVg Heating cootmg 

Significant Weather 
uouv u.uv .t4UV 24UU Avg. Avg. IKesunant IKes !Avg. max max e 

From Dew pt. !Wet LST LST LST LST Station Sea Speed Dir Speed 5-sec 2-min 

- Normal !Bulb 
level 

Depth water ::;now water ISpeed ID1r 1::speee1 uu 
Equiv Fall Equiv 

01 73 M {)~ -6 {)/ (J/ u 4 R.ArU M - - U.43 29.~IS 3U.U6 5.9 8 7.0 21 9 17 9 Ul 

02 80 69 75 0 72 72 0 10 RAFG+FGHZ M - - 0.02 29.90 29.97 2.8 17 5.9 15 23 II 21 02 

lo3 79 68 74 -1 72 72 0 9 TS TSRA RA FG HZ M - - 0.88 29.89 29.96 7.1 22 8.2 23 32 20 31 03 

04 78 69 74 -l 63 67 0 9 IFG M - - 0.01 29.90 29.97 2.1 31 6.4 15 22 14 22 04 

05 78 65 72 -2 57 63 0 7 M - - 0.00 29.90 29.97 1.0 34 7.5 16 22 14 22 K)5 

06 77 62 70 -4 64 66 0 5 lFG M - - O.o7 29.93 30.00 6.5 21 8.1 29 21 23 20 06 

07 88 72 80 6 72 74 0 15 tRAFGHZ M - - 0.15 29.80 29.88 10.l 24 10.4 20 24 17 24 07 

08 88* 72 80* 6 69 72 0 15 'FGHZ M - - 0.00 29.81 29.91 7.3 24 7.7 20 28 16 23 08 

09 85 73 79 5 71 73 0 14 FGHZ M - - 0.01 29.76 29.85 6.7 23 7.2 22 25 15 24 09 

10 83 69 76 2 68 71 0 11 RAFG M - - 0.07 29.78 29.87 2.9 25 6.9 17 22 16 22 10 

ll 80 65 73 -1 66 69 0 8 TSTSRARAFG M - - 3.99 29.81 29.90 5.9 7 7.7 30 36 24 36 11 

12 73 64 69 -5 61 64 0 4 RAFG M - - 0.29 29.84 29.92 11.3 7 11.9 28 9 23 8 12 

13 M M M M - - M M M - - 0.20 29.90 29.95 12.3 4 12.7 28 7 22 7 13 

14 M M M M - - M M TS TSRA RA FG HZ M - - 0.15 29.89 29.95 12.0 3 12.5 28 l 20 4 14 

15 80 65 73 0 64 66 0 8 J;'Q M - - 0.00 29.92 29.99 4.9 4 7.0 20 2 15 3 15 

16 85 64 75 2 60 66 0 10 tTS TSRA FG HZ M - - 0.07 29.78 29.85 8.1 28 9.7 28 29 23 29 16 

17 76 59 68 -5 53 59 0 3 ... M - - 0.00 29.90 29.98 4.2 32 6.4 21 29 16 29 17 

18 68 59 64 -9 58 60 1 0 lRAFGHZ M - - 0.05 29.86 29.95 4.1 5 6.8 16 21 13 20 18 

19 77 59 68 -5 54 60 0 3 M - - 0.00 29.92 30.01 9.1 36 9.5 21 1 16 1 19 

20 72 57 65 -8 46 55 0 0 M - - 0.00 30.10 30.18 7.8 35 8.4 25 1 20 1 20 

21 75 53 64* -9 49 56 1 0 M - - 0.00 30.20 30.27 5.0 36 6.6 18 30 15 31 21 

22 75 56 · 66 -6 54 59 0 l M - - 0.00 30.21 30.28 4.0 20 6.1 15 24 13 23 22 

23 74 65 70 -2 62 65 0 5 IRAFG M - - 0.22 30.05 30.12 I l.2 22 11.8 23 21 20 21 23 

24 75 62 69 -3 65 66 0 4 IFG+ FG HZ M - - 0.03 29.91 30.00 1.3 22 2.9 11 22 9 21 24 

25 79 62 71 -1 59 64 0 6 M - - 0.00 29.94 30.02 1.2 24 6.3 13 22 11 22 25 

26 81 59 70 -2 59 64 0 5 M - - 0.00 29.90 29.97 4.9 22 5.6 15 21 13 20 26 

27 81 63 72 1 65 68 0 7 IFG Ill M - - 0.00 29.90 29.96 4.5 23 5.3 15 20 13 20 27 

28 75 68 72 l 67 68 0 7 IFG+ FG Ill M - - 0.00 30.05 30.11 8.2 9 9.2 15 IO 14 IO 28 

29 73 65 69 ~2 - - 0 4 M - - 0.00 30.13 30.21 12.9 9 13.4 24 9 21 9 29 

30 75 63 69 -2 61 65 0 4 M - - 0.00 30.10 30.18 5.7 8 6.9 14 5 13 5 30 

31 79 70 75 4 60 66 0 10 FG+ FG Ill M - - 0.02 30.10 30.18 4.9 10 6.0 13 11 11 9 31 

78.0 64.2 71.l -------- .1 6.5 <Monthly Averages Totals> 6.66 29.94 30.0l 0.6 3.7 8.0 <Monthly Average 

-2.9 -.9 -2.0 -------- < Departure From Nonna! ..... 3.41 

uegree lays Monthly season to Date l<Jreatest 24~hr Prec1p1tatton: 4 . .tisaate: 11-1 L Sea Level PressureDateTime 

Total DepartureTotal Departure !Greatest 24-hr Snowfall: date: Maximum: 30.33 22 0729 

Heating: 2 2 
!Greatest Snow Depth: 0 date: !Minimum: 29.75 10 0237 

!cooling: 188 -63 
Max temp>= 90: M Mm temp <= .;i: M .Prec1p1tat1on >= .u I utch: 7 

Number of Days with-----> Max temp<= 32: M Min temp <= 0 : M Precipitation >= .10 inch : 0 

Thunderstonns : 4 Heavy Fog : 4 Snowfall >= 1.0 inch :O 

htto://ols.r:._..1\).noaa.gov/cgi-bin/nndc/gensub.cgi 9/25/00 
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!LJN~UH.1!:U Lvi...:AL 1 'I ,...,.. "'l'I U • "-' 11 '".!.. UATA 
{NOAA, Natio_nal Climatic Data Center] MONTH: 09/2000 Station Location: BRIDGEPORT, CT (BDR)lat: 41 ° 10', Ion: -73° 09' 

Elev(Ground): 26 Feet Time Zone: WBAN: 94702 

d ueg uays Snow/lee on IPrec1p1tat10n I Pressure (mclies ot Hg) W: ,::,peect:-mpfi kt 

a Temperature Base 65 Degrees Gnd(In) (In) 
rndDir=tens of degrees a 

t (Fahrenheit) ~ 
C. 

e t Max Mm Avg. Uep IA.vg. IAvg Heating coolmg UoUU 12UU l..lquu ..lquu Avg. Avg. Kesuttant !Res !Avg. 

From !Dew pt. !Wet Significant Weather LST LST LST LST Station Sea Speed Dir Speed max max 

Nonna! tBulb level 5-sec 2-min 

- ueptn 1water ISnow water 1speea IUII !Speed ilJll 
Equiv Fall Equiv 

Ul 82 71 1/" I 7J 74 u 12 RArv+.tu M - - U.U.'.> JU.05 JU.11 2.1 JIS 3.8 11 121 'i .,lj 01 

02 81 71 76 6 74 74 0 11 TS TSRA RA FG HZ M - - 0.45 29.90 29.98 3.3 22 4.6 17 2 15 2 I02 

03 75 71 73 3 73 73 0 8 FG M - - 0.00 29.83 29.89 4.9 11 6.0 16 13 14 13 kn 
04 84 61 73 4 67 69 0 8 RAFGHZ M - - T 29.77 29.85 4.6 36 9.4 31 1 26 2 !04 

05 68 52 60 -9 41 50 5 0 . M . - 0.00 30.20 30.27 11.8 3 12.5 30 3 24 3 05 

06 66 51 59* -10 49 54 6 0 M - - 0.00 30.36 30.44 5.1 7 7.6 18 4 15 3 06 

!07 72 51 62 -7 53 57 3 0 .. M - - 0.00 30.22 30.31 6.5 23 8.4 20 24 16 24 b7 

08 76 58 67 -1 61 64 0 2 M - - 0.00 30.05 30.11 9.5 25 9.9 22 23 20 23 !08 

09 78 65 72 4 67 69 0 7 tFGHZ M - - T 30.00 30.09 2.0 26 4.3 10 23 .9 23 !09 

10 77 64 71 3 64 67 0 6 IFG M - - 0.00 30.10 30.17 4.8 9 6.9 14 9 11 9 10 

11 75 64 70 3 65 67 0 5 FGHZ M - - 0.00 30.08 30.16 3.8 13 5.8 16 16 13 17 11 

12 81 69 75 8 69 71 0 IO M - - 0.00 29.92 29.99 9.3 21 9.8 23 22 20 22 12 

13 79 62 71 4 63 66 0 6 lRAFG M - - 0.64 29.83 29.92 5.4 33 8.6 22 22 18 29 13 

14 75 58 67 0 61 63 0 2 M - - 0.00 29.85 29.94 5.8 10 9.2 16 16 14 14 14 

15 74 58 66 -1 59 62 0 l TSTSRARAFG M - . 0.92 29.56 29.64 5.9 28 9.2 22 16 18 30 15 

16 68 53 61 -5 46 52 4 0 M - - T 29.77 29.84 7.9 31 9.1 23 30 20 30 16 

17 70 49 60 -5 48 54 5 0 M - - 0.00 29.93 30.00 I0.4 26 11.2 28 23 24 23 17 

-------- kMonthly Averages Totals:> <Monthly Average 

_.,. ............... < Departure From Nonnal > 

· 1uegree uays MOntnty ~ eason to Date Ureatest ..l4-nr Prec1p1tat1on:ctate: Sea Level PressureDateTime 

Tote,l DepartureTotal Departure Greatest 24-hr Snowfall: date: !Maximum: 

Heating: 
Greatest Snow Depth: date: !Minimum: 

Cooling: 

Max temp>= 90: 
Mm temp <- 32: .Prec1p1tat10n >- .u I men: 
Min temp<= 0 : Precipitation >= .10 inch : 

Number of Days with ___ :::, Max temp <= 32: Heavy Fog : 1 !Snowfall >= 1.0 inch : 0 
trhunderstonns : 2 

Jet!-. ~ 
hHr-• I /n l (1 nr•nf' t"I('\~~ nrY,rlr-n; hin/nnrldo-ensnh.cr:i 9/25/00 
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8. EASTERN LONG ISLAND SOUND 199 

(329) Welches Point, 0.8 mile westward of Pond Point, forms 
the east side of the entrance of The Gulf. A reef extends 0.3 mile · 
southward from the point and is marked by a buoy. 

(330> The Gulf, a bight between Welches Point and Charles 
Island, about 6.5 miles westward of New Haven Harbor entrance, 
affords anchorage in 6 to 15 feet and is sheltered in all but south
erly and southeasterly winds. The entrance is clear. The shoaling is 
gradual, and soundings are the best guide on the northwest side of 
the bight; the Western side of Welches Point and the reefs around 
Charles Island extending to the mainland should be approached 
with caution, as the shoaling is l!lbrupt. The mean range of tide is 
about 6.6 feet. 

<331) Milford Harbor, comprising the lower portion of the 
Wepawaug River. is entered at the mouth of the river between 
two jetties at the head of The Gulf. The westerly jetty extends 
southward from Burns Point, and the easterly jetty is marked by 
Milford Harbor Light I 0. The harbor is used chiefly for recre
ational boating, and occasionally for the receipt of shellfish and 
fish. The National Marine Fisheries Service, U.S. Department of 
Commerce, maintains a laboratory and research vessel base on the 
west side of the harbor, about 0.2 mile nqrthward of Burns Point. 

1332> A dredged channel leads from The Gulf through the jettied 
entrance to a point about 400 feet above the town wharf, 0.6 mile 
above Bums Point. In November-December 1991, the controlling 
depths were 6½ feet (8 feet at midchannel) in the entrance channel 
and 8 feet in the anchorage basin along the west side of the chan
nel except for lesser depths to 6 feet along the western edge. The 
channel is marked by a light and lighted and unlighted buoys. 

(333> Milford Harbor has several small-craft facilities. (See the 
small-craft facilities tabulation on chart 12364 for services and 
supplies available.) 

1334> A 5 mph speed limit is enforced in the harbor. 
1335> Charles Island, on the southwest side at the entrance to 

The Gulf. is low and partly covered with trees. A white flagpole, 
barely visible over the trees, is on the island. The island is con
nected to the mainland by The Bar, a narrow neck about 0.5 mile 
long and surrounded by rocks awash and shoals. A buoy marks the 
end of a shoal that extends 250 yards east-northeastward from the 
island, and a lighted bell buoy marks the end of a rocky area that 
extends 0.4 mile southward from the island. Northward of Charles 
Island is a good anchorage in 10 to 16 feet, sheltered from south
erly to southwesterly winds. 

1336> Between Charles Island and Stratford Point. about 3 
miles southwestward. several summer resorts are along the shore 
and the Housatonic River empties into Long Island Sound just 
above the point. The shoals which extend southward from Strat
ford Point toward Stratford Shoal Light (see chart 12354) consist 
of narrow ridges of hard sand with deeper water between, and 
have oyster beds marked with stakes. Depths of 12 feet or less 
extend l mile offshore. 

037> Stratford Point Light (41°09.l'N .. 73°06.2'W.), 52 feet 
above the water. is shown from a white conical tower, with brown 
band midway of its height. from the southerly part of the point. 

13381 Chart 12370.-Housatonic River rises in the Berkshire 
Hills of western Massachusetts and Connecticut. and empties into 
Long Jsland Sound about l O miles southwestward of the New 
Haven Harbor entrance. The river is joined by the nonnavigable 
Naugatuck River in the vicinity of Derby. conn. Housatonic 
River is navigable to a point about 1 mile above Shelton, Conn .. 
where it is-closed by a power dam. The head of navigation for· all 
practical purposes is at the towns of Derby and Shelton. J 1.5 miles 
above the entrance. Small vessels can anchor in the river abreast 

of Stratford, where the channel has an available width of about 
500 feet. The waterborne commerce on the river is principally in 
barge shipments of aggregate, fuel oil to the power plant at Devon, 
and seasonal commercial shellfishing. Navigation above Devon is 
limited to recreational boating. 

<339> On the east side of the entrance to Housatonic River, a 
breakwater extends out from Milford Point across the bar and is 
marked at its south end by Housatonic River Breakwater Light 
2A. The inner section of the breakwater is awash at high water. 

<340) c·hannels.-A Federal project provides for an 18-foot 
dredged channel from Long Island Sound between the breakwater 
on the east and Stratford Point on the west upriver for about 4.3 
miles to the lower end of Culver Bar. (See Notice to Mariners and 
the latest editions of the charts for controlling depths.) Above the 
lower end of Culver Bar, the river channel extends through several 
dredged sections across river bars to the towns of Derby and Shel
ton about 11.5 miles above the river entrance. In 1976-1978, the 
controlling depth was 5 feet (51/2 feet at midchannel) to Camp 
Meeting Bar, 7.1 miles above the channel entrance, thence 2 feet 
to Twomile Island Bar, thence:} foot (5 112 feet at·midchannel) 

across the bar, and thence 3 feet (5 112 feet at midchannel) to Derby 
and Shelton. In September I 978, shoaling to 3 feet was reported in 
the channel across Mill Bar. The channel is marked to a point 
about 2.5 miles below Derby and Shelton. 

13411 Stratford is a town on the west side of the river 2.3 miles 
above the entrance. The principal wharf has a depth of about 9 feet 
at its end. The harbormaster at Stratford controls anchorages and 
moorings, and has jurisdiction from the entrance of the river to the 
Shelton town line. Harbor regulations may be obtained from the 
harbormaster who may be contacted through the Stratford police 
or at the Town Hall. 

<3421 Stratford has several small-craft facilities. (See the small
craft facilities tabulation on chart 12364 for services and supplies 
available.) 

<343> Devon is on the east side about 1 mile above Stratford. 
Local small craft anchor near the east bank of the river, just north 
of the highway bridge, in depths up to l O feet. A 40-foot marine 
railway at a small-craft facility at Devon can haul out craft for 
engine and hull repairs: gasoline, water, ice, marine supplies, and 
storage are available. In July 198 l, depths of 4 feet were reported 
alongside the facility. 

<344) Shelton, a town on the west side of the river about J 1.5 
miles above the entrance is connected to Derby by two bridges: 
the town has several important factories. In 1971, the wharves at 
Derby and Shelton were in ruins and unsuitable for craft of any 
size. 

<34.5> Bridges.-About l mile above Stratford is U.S. Route 1 
highway bridge with a bascule span having a clearance of 32 feet. 
Two bridges cross the river about 0.3 mile farther up: the first. 
Interstate Route 95 fixed highway bridge. has a clearance of 65 
feet, and the second. a railroad bridge with a bascule span. has a 
clearance of 19 feet. The bridgetenders of the U.S. Route I bridge 
and the railroad bridge monitor VHF-FM channel 13; call signs 
KXJ-695 and KU-6035. respectively. An overhead power cable 
with a clearance of 135 feet crosses at the railroad bridge. Other 
cables, near Pecks Mill. 1.5 miles above. have minimum clear
ance of 79 feet. 

L1461 The fixed highway bridge about 3.7 miles above Stratford 
has a clearance of 85 feet. At Shelton. two fixed highway bridges 
and a fixed railroad bridge have a least clearance of 17 feet. In 
April 1983. the railroad bridge suffered severe structural damage. 
The area should be avoided. but if transit is necessary. extreme 
caution should be exercised. 
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(347> (See 117.1 through 117.59 and 117.207, chapter 2. for 
drawbridge regulations.) 

(348) Tides.-The mean range of tide is 5.5 feet at Stratford and 
5 feet at Shelton. The time of the tide becomes later and the range 
diminishes in progressing up th·e river. At Stratford the tide is 
about 0.8 hour later than at the entrance whereas at Shelton high 
water is about 1.8 hours later and low water about 2.8 hours later 
than at the entrance. The river water is fresh about 6 miles above 
the entrance. 

(349) Currents.-At the entrance near the end of the breakwater 
the flood has. a strong westerly set. Between Milford Point and 
Crimbo Point, flood and ebb have a velocity of about 1.2 knots. 
The flood sets about 330° and the ebb 135°. Just north of the draw 
of the railroad bridge above Stratford, the velocity of flood is 1.1 
knots and of ebb. 1.3 knots. In the openings of the bridge the flood 
current has some easterly set, but the ebb sets fair with the open
ings. Between that bridge and Shelton the tidal current has a 
velocity of about 'I knot: Because of the drainage flow of the river, 
the ebb is usually greater and the flood less than l knot. (Consult 
the Tidal Current Tables for current predictions and further 
details.) 

<350) Spring freshets at Shelton rise 10 feet or more above 
mean high tide. 

(351) Ice closes the river above Stratford during the winter and 
sometimes extends to the ·entrance. 

(352> Routes.-The channel in Housatonic River is narrow and 
crooked, with little depth on either side, and across the bars in the 
channel are dredged cuts l 00 feet wide. The tidal currents are 
strong, especially in the lower part of the river, and strangers are 
advised to take a pilot. Small craft, without a pilot, should proceed 
with caution and preferably on a rising tide. 

(353) When entering the river during a flood current, care must 
be taken to avoid being set on the shoals on the west side by strong 
westerly currents. In the vicinity of Milford Point care should be 
exercised to avoid a shoal that reportedly extends from Milford 
Point to the eastern edge of the channel. Care should also be exer
cised off the·-extreme northern end of Nells Island as a shoal is 
reported to have encrnached into the channel. By steering a mid
channel course no difficulty should be encountered. 

(354> Pilots and tugs can be obtained at New Haven. 
(355) A 5 mph speed limit is enforced on the river near anchor

age and mooring areas and near boat slips. 

<356> Chart 12354.-Stratford Shoal Middle Ground, 5.4 
miles south of Stratford Point and covered 4 1/ 2 to 18 feet, is 
marked by Stratford Shoal (Middle Ground) Light (41 °03.6' 
N., 73°06.l'W.), 60 feet above the water and shown from a gray 
granite octagonal tower projecting from a house on a pier, and by 
buoys that mark the outer ends of shoal areas extending 1 mile 
north, 0.9 mile northeast, and 0.5 mile south of the light. A fog 
signal is at the light. 

1357J North Shore of Long !s!and.-From Orient Point 
•(41°09.6'N., 72°14.0'W.), for about 11 miles to Horton Point, the 
south shore of Long Island Sound is generally bluff and rocky. 
The I 0-fathom curve is from 0.3 to 0.8 mile from shore, and the 
shoaling is generally abrupt. The outlying dangers are Orient 
Sh(?al and the rocky patch northward of Horton Point. 

13581 The prominent features are Browns Hills, a tower at 
Rocky Point. a tank and television tower at Greenport, and Horton 
Point Light. 

OS9J Several rocky shoals, including Orient Shoal with a least 
depth of 7 feet, are off shore in the vicinity of Rocky Point, about 

5 miles westward of Orient Point. The north end of Orient Shoal is 
marked by a buoy. 

(360) Horton Point Light (41 °05.1' N., 72°26.S'W.), 103 feet 
above the water, is shown from a white square tower attached to a 
dwelling on the northwest part of the point. The former lighthouse 
tower is close by, southwestward of the present light. 

(361) A rocky shoal with a least found depth of 26 feet is 1.6 
miles northward of Horton Point. The shoal is a ridge having a 
northeast-southwest direction, with abrupt shoaling on its north
west and southeast sides. 

(362) From Horton Point for about 32 miles to Old Field Point. 
the shore is fringed with shoals that extend off a greatest distance 
of 1.5 miles and rise abruptly from the deep water of Long Island 
Sound. Boulders are found near the shore on the shoals-which 
extend off 0.5 mile in places. A sand shoal, about 0.5 mile in 
extent with a least depth of 26 feet, is about 1.1 miles northwest
ward of Duck Pond Point. 

(3631 The bluffs begin about 1 mile westward of Goldsmith Inlet 
and reach their greatest elevation just eastward of Duck Pond 
Point. A valley, formed by a break in the bluffs, is just westward 
of the point; a bathing pavilion is on the beach. Boulders that bare 
at low water are on the shoals that fringe the shore between Duck 
Pond Point and Mattituck Inlet. 

(364) Chart 12358.-Mattituck Inlet, 6.7 miles southwestward 
of Horton Point Light, is entered between two short jetties. The 
inlet is marked by a long break in the bluffs, and numerous storage 
tanks inside the inlet are prominent. ·The outer end of the west jetty 
is marked by a light. A gong buoy about l mile north of the jetty 
light marks the entrance of the inlet. The sides of the channel are 
sandy, and, although shoaling is liable to occur at the entrance, 
strangers can enter the inlet without great danger. In September 
1987, the controlling depth was 4 feet (6 feet at midchannel) from 
the entrance for about 1.8 miles to the turning basin at Mattituck 
with 7 feet available in the basin. The channel is marked by buoys 
and private markers. The overhead power cable about l mile 
above the entrance has a clearance of 78 feet. 

(365) The tidal currents have an estimated velocity of about 3 
knots in the narrow parts of the entrance of Mattituck Inlet. Slack 
waters occur possibly 1 hour after the time of high and low water. 
With northerly and westerly winds, the sea is rough in the 
entrance. The mean range of tide is 5.2 feet at the entrance. The 
inlet is sometimes closed by ice during portions of cold winters. 

(366> Several marinas and a boatyard are inside the inlet. A 70-
ton mobile hoist at the boatyard can haul out craft for engine, hull, 
and radio repairs. Marine supplies, gasoline, diesel fuel, water, and 
covered and wet storage can be obtained. A transient dock, oper
ated by the Mattituck Park Commission, is at the head of the inlet; 
depths of about 6 feet are at the dock. A dockmaster is at the 
dock; water is available. 

(367) Mattituck is a village on the railroad at the head of the 
inlet. Provisions can be obtained. 

0681 Jacobs Point is about 11 miles southwestward of Horton 
Point Light. An aquaculture site, marked by private buoys, is 
about 1.4 miles west-northwest of Jacobs Point. 

<3691 Offshore Terminal, Northville-Riverhead.-An offshore 
platform for the delivery and receipt of petroleum products is in 
open roadstead, off Northville, NY (and Riverhead. NY), about 
1.2 miles northward of Jacobs Point. It is owned and operated by 
Northville Industries Corporation, Riverhead, NY. 

(370) A safety zone surrounds the offshore facility. (See 
166.155, chapter 2, for limits and regulations. • 



CLIMATOLOGICAL TABLE 

BRIDGEPORT, CT (41° l0'N,073° 08'W) Elevation 26 feet (7.9 m) 

SEA LEVEL PRESSURE 

Mean (Millibars) •.•• ; ••••..••••••...•.••••• 

TEMP£RA'MJR.E (DECREES Fl 

Mean ................... ••r • •• • • • • • ••• • • •· • • • • 
Mean Daily !taxi.mum ••.••••.•••••....•••••.• 
Mea.n Da.ily Minilll\.U!\ •••••••.....•••..•••..... 
E:xtrenu, Higheat •.••.••••••••.•••..•.••••••• 
Extrecne Lowest •.••.•••••..•..•.•..•..•••.•• 

RELATIVE HUMIDITY 

Average Percentage . ......................... . 

CLOUD COVER 

Percent of ti.me Clear ••••••••.••.•.•.•••••• 
Percenc. of time Sc:at.tered .................. . 
Percent of time Broken ••••••.••••••.•••••.• 
Percent of t.ime OVe.rc&•t . .................. . 

PRECIPITATION 

Mean Amount ( inches l ••••••••••••••••.•••••• 
Greatest Amc>unt (inchea) •.....•.••••.•••... 
Lea.at Afflount linchea) ••••••.•••• : . ••••••••• 
Ma.xittlWII in 24 h.re. (inehea} .••••.••••••.••• 
Hean Number of D&ya with Precipitation .•..• 

Mean snowh,ll Amount (incheal •.•.••..•••.•• 
Gr•ateat Snowfall Amount {inches) ••••...••. 
Least Snowfa.ll Amount (.inches) ••••••••••.•• 
Maximurn Snowfall in 24 hrs. (inches) .•••••• 
Mean Number of Days with Snow .••...••.••••• 

WIND 

Percent of Obaerva.tions with Gales (>34lcts) 
Mean Wind Speed (Knot.a) ••.•.•..••.....•••.. 

Direct.ion (percentage of Obs. ) 
North •..•.•..•••••.• , .••.• ••••••••••••·•• 
North Northeaat ••.••••••••.•..••••••••.•. 
Northeast ••.•••....•..•••......•....••.•• 
£ast Northea.at . .......................... . 
East .•••..•.•..•.•.....•......•.•.......• 
East Southeaat •••••...•.•••..........•••. 
Southauot •..•••••••..•••........•....•.•. 
South South,...st ....•..••...••...........• 
South •••.•..••••...••.••.• ·,············· 
South Soutbwe■ t ...•.•..................•. 
Southweat •••.•.•.....••..•..••.•.•••••••• 
Wea t Southweet .•.••...•••.•.....•.•..•••. 
Weat •.••..• ••.•• • .•. • • • • • • · • · · • · · · · · · · • • · 
Weat Northweat .••••••....•.•...•..•••..•• 
Northwest ...•.•.••.....•..•••.•.•••.•.... 
North Northweat, •........................ 
Calm ••••••.•.•.••••••••.•••..•.....•.•.•. 

Direction (Hean St,,!ed, knots 1 
North •••••••....••.••...•. ••••• ... , .•. ••• 
North Northeaat ••..•......••.•.•..•...•.. 
Northeaat •••.•••••.••••••...•.•..••••..• • 
East Northeast •.•...••....••......•...... 
.Ea.st •••••••••.•.•....•................... 
East Southeast ..•.•..•••.....•........... 
Southe&a"t • •.••••••.•.••••••.•••••.•••...• 
South Southe•st ••.....•••................ 
South ••..•.••.•.•...•.•.•••.••••.•...•••. 
South Southwest ..•••••••.•..•......••.... 
Southweat •.•.••••..••..•..•••.•.•.••••... 
West Southwest ••.•.••...••.•..•...•.••.•• 
West ..................................... . 
Weat Northwe:at ...•..•....•.........••••.. 
Northwest .••..••...••.••...•.......•...•. 
North Northwe.st ..•.•..•..•..••.•......••. 

VISIBILITY 

Hean Number ot Pays with fog 
Percent Obs "ith Visibility <= 1/2 mile ...• 

.1AN. FEB. MAR. 

1018.0 1017.5 1016 .o 

30.l 31.3 38. 7 
36.8 38. 3 4'.0 
22.8 23.S 30.8 

65 67 84 
5 4 

55. 3 50.0 34..5 

24.5 25.2 23. S 
14.8 15.S 15 .2 
l3 .4 l3 .o U.3 
43.2 42.0 42 .!I 

J. 18 2.!12 3. Bl 
ll.20 6. 65 9 .40 

0,40 0.4.3 o.u 
4 .30 2. 30 4.20 

17 16 17 

7. 4 7. 7 4.8 
26. 2 27 .9 21.8 

o. 5 T T 
15. 7 15.9 ll.l 

ll 10 

0.21 0.21 0 .15 
11.0 11.4 ll,4 

7. 7 7. 7 7 .9 
S .l 5.2 4. 7 
7. 9 1 .o '. 3 
s. 6 ,. 4 ,. 9 
2. 9 4. 5 6.8 
l.4 2 .l J. 6 
0.9 l. ~ 2 .1 
0.8 1.0 l.6 
l.S 2.1 3. 0 
2.0 2.4 J. 9 
4. 7 5.8 7 .o 
8.4 8.3 6. 6 

12. 3 ,.J 6. 8 
13.4 11.l 9. l 
13.4 12. 9 ll.4 

9. 3 10.0 9. 9 
3.0 3 .l 2 .5 

9.9 10.5 ll. 2 
10.0 10., 10. 7 
10. 8 11.3 11.1 
10. 6 12. 2 12. l 
9.' 10 .8 12. 0 
8 ., 

'. 7 , . ' 
8. 6 9.1 9 .0 
8. 2 9 .8 9. 4 
8. S 8. 9 9. 0 

10. 8 '.1 10. 8 
10. 7 10 ., 10. 5 
11., 10.9 10.4 
12.2 11. 6 ll. 5 
12 ., 13.6 u.o 
12. a 13.7 ll. 9 
ll.6 l2 .4 12. 7 

12 12 l4 
2.16 2 .ss 2. lO 

APR. MAY .nJNE 

1014.!I 1016. 0 1015. 1 

48.9 58.8 68.2 
57 .1 67 .3 76. 7 
40.l 45.9 59.l 

'1 !12 96 
l8 31 4l 

24.4 35. 2 26.4 

20 .9 17 .8 18.6 
15. 5 17 .3 20. 6 
16.3 17. 8 l!I. B 
41.7 41.2 34. 7 

3. ,. 3 .65 l .Ol 
10. 72 9.53 17. 70 

0. 69 0.41 0.07 
3. 15 3.21 ,.1e 

17 17 15 

D.4 T 0 .o 
6.0 T 0.0 
0 .o 0 .0 o.o 
6 .0 T o. 0 

2 Miss 0 

0. 09 0. 02 0.02 
11.0 9. 9 9.l 

6.1 4 .9 4. 4 
4. 0 3.' 3.3 
5.2 s. J 4 .o 
6. S '. 8 4. 3 
7 .1 9.0 6. 6 
4. 4 5.4 5.0 
2 .a 3. 4 l. 9 
2. 6 ) • 3 3.5 
4.8 5 ., 

'. 4 
5., 7. 5 8.8 
',2 10. 7 15.0 
8.' 10. 4 ll.4 

'.' 5.' fi.3 
7 ., «. 6 4.0 
8.' 5., ,. 7 
8 .0 s., LS 
2. 4 2 .4 L2 

10. I . 9. l 
10 10 '. 0 
1; l 10 , • 5 
u • 10 10. l 
L ~ 10 • 9. l 
1; ' ,. : 
• ' •. 6 I. 0 

• . 8. l ' 7 
'I ) , l .. ' 

ll I, • '. 7 
l'J • 1, ;i 'I • 
10 ~ .. . , 
lC 'I C I. l 
11 4 ll . 1:> .• 
14 C lJ ., ll.l 
!2 - 5 11.1 lC. ~ 

l4 H H 
.• ! ' .• t. .ea 

JUL. AUC. SEP. OCT. NOV. DEC. 

1015. 8 1016. g 10'1s ., lOH.5 1018 .1 1018.7 

74.2 73.0 65.9 55. 7 45. 6 34.6 
82 .2 so., 74.0 64.0 52.9 41.3 
65. 7 64.7 57 .2 46.9 37 .a 27. 4 
103 100 u es 78 65 

49 44 36 26 16 4 

33 .4 43.8 '3.5 69.9 55. 8 62. 4 

16.' 19.4 23.S 28. 8 22.8 24.2 
22. 7 23.!I 20.2 19 .2 l 7 .3 15 .l 
22. 5 20.6 17 .2 15.8 U.l 12. 8 
31.8 2!1.8 33. 4 31.4 40. 7 43. 6 

3.53 3. 75 3 .14 3 .24 3. 75 J. Sl 
12. 84 13 .29 7 .42 10. 72 10.22 7. 87 
o. 47 O. 72 0.43 0.33 0.36 0. 33 
5.95 4.66 4.46 4. 76 3.12 3. 69 

14 H l3 13 16 17 

0.0 0.0 0.0 o.o 0. 6 4 .9 
0.0 o.o o.o o.s 6.' 20 .8 
0 .o 0.0 o. 0 o.o o. 0 T 
0 .0 o.o 0.0 o.S 6. 2 15.0 

0 0 0 Miss 2 9 

o.oo 0. 04 0 ,06 0.12 0.16 0.13 
8.6 a., ,.s 10. l 10. 7 10 .9 

4. 7 5.9 7. S B. 5 7. 7 8. 4 
3 .3 5.0 7 .0 6 ., 5 .9 5. 6 
J ., 5.4 8.2 8.9 6. 3 8. 7 
3. 3 J.7 4. 7 4. 7 4 .5 5 .3 
4.6 4.3 4. 3 4,0 3.2 2. ( 
4.3 3. 7 3. 7 2.9 2 .1 1.5 
3 .4 3.4 3.1 2.4 l.B l.2 
4.2 3.8 3.4 2. 5 l. 7 1.3 
7 .3 7 .l 5. 3 3. 9 2. 9 l..7 

10. 6 9.1 ,., 4.2 3. 3 2 .o 
15 .3 14 .l 10. 8 8 .4 ,. 4 4.4 
13 .6 ll.1 a. 2 8. 6 8. 7 7. 7 

6 .6 6.2 5.9 8. 7 10 .8 ll.9 
4.3 4.3 5.6 8.2 11.6 13.4 
4 .6 5.1 '. 4 7 .9 10. 2 11.5 
4 .6 5. 3 '. 4 7 ., e. 3 9.6 
2 .l 2. 8 2. 6 2.4 2. 6 3. S 

7. 7 7. S 8. 4 , • 2 8. 6 9.5 
7. 7 B. 2 9 .1 9. 2 9. 2 9.5 
8 .l a. 7 9.9 10,4 10. l 10., 
9 .1 9. S 11.0 11-4 ll.l 10 .8 
e. 3 9.2 10. 3 10. 7 11.4 9, 7 
8 .5 9.4 10 .l 10. 6 11.1 11.2 
8 .o 8.l 9 .4 '. 5 10. 9 9 .4 
7. 7 ; .8 8. 9 9. l 10. l 10 .3 
8. 4 8.0 8. 8 8. 7 9. J 9. 2 
9. 6 9.4 10. 3 10. 8 12. 4 11.0 
9. J 9.4 10. 6 11.J 11. 9 11.B 
a. e 9. 4 10.4 11.4 1!.. 4 l:!.. 8 
7 .8 B. l 9.4 10., 11. 6 l!.. 9 
9.2 8. 9 9.' 10 .a l2 .o 12. 5 
5. 5 ,. 5 ,. 7 10 .8 ll. 6 12. 2 
9. 3 8.8 9. 3 10.1 10.8 11.4 

l6 l7 15 14 13 13 
0. 86 o. 35 O.l8 0. 86 0.93 l. 87 

T-7 

YEAR YEARS OF 
RECORD 

1017.l 40 

52. 2 ,1 
59.9 47 
44. 0 47 

103 47 
7 47 

46.S 47 

22.2 32 
18. l 32 
H.5 32 
38.0 32 

41.14 41 
73.93 47 
23. 01 47 

6.18 47 
186 39 

25.9 41 
59. 8 47 
6.8 47 

15. 9 47 
42 39 

0.15 40 
10. 2 40 

,. 8 40 
,. 9 40 

6.' 40 
5. 2 40 , ., 40 
l. J 40 
2. 5 40 
2. 5 40 
4. 3 40 
5. S 40 
9. 3 40 
9. 5 40 
8.1 40 
8. 2 40 
8.6 40 
7. 4 40 
2.' 40 

9. 4 • 40 
,. 5 40 

10. 3 40 
ll.l 40 
10.~ 40 
,. 7 40 
e. a 40 
8.' 40 
8. 7 40 

10.2 40 
10. 3 40 
10.2 40 
10. S 40 
4-2 .o 40 
12. 2 40 
ll.l 40 

172 39 
l. 54 40 
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MEAN SURFACE WATER TEMPERATURES (1l AND DENSITIES (D) 
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PUBLICATION DATE: 11/06/1986 

CONNECTICUT 846 7150 

U.S. DEPARTMENT OF COMMERCE 
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 

NATIONAL OCEAN SERVICE 

TIDAL BENCH MARKS 

BRIDGEPORT, BRIDGEPORT HARBOR 

LATITUDE: 410 10.4' N 
NOAA CHART: 12369 

LONGITUDE: 730 10.9' W 
USGS QUAD: BRIDGEPORT 

Page 1 

To reach the tidal bench marks from eastbound Interstate 95, take the east Main 
Street exit, proceed south on east Main Street for 0.1 mile {0.2 km), proceed 
left onto Stratford Avenue for 0.1 mile (0.2 km}, and right on Pembroke Street 
to Pauls Diesel Repair. The bench marks are located within a 1 mile {1.6 km) 
radius of the tide station. The tide house is at the end of the pier. 

BENCH MARK STAMPING: 14 1942 

MONUMENTATION: Survey Disk 
AGENCY: 
SETTING CLASSIFICATION: Granite Step 

VM#: 250 
PIO#: LX0852 

The bench mark is set in the granite step at the United Illuminating Company 
main entrance at 1115 Broad Street, 61 feet (19 m) north of the centerline of 
Cannon Street, 39.0 feet (11.9 m) north of the SE corner of the United 
Illuminating Company building, and 30.2 feet (9.2 m} WSW of the centerline of 
Broad Street. The bench mark is 0.5 foot (0.2 m) above the sidewalk. 

BENCH MARK STAMPING: A31 1963 

MONUMENTATION: Survey Disk 
AGENCY: 
SETTING CLASSIFICATION: Concrete Wall 

VM#: 251 
PIO#: LX0861 

The bench mark is located at the Stratford Avenue underpass beneath the 
Connecticut Turnpike, 87.0 feet (26.6 m) SE of light pole #9058, 37.9 feet 
(11.6 m) east of the centerline of Stratford Avenue, and 1.0 feet (0.3 m) east 
of the west corner of the south abutment of the underpass wall. The bench mark 
is 2.5 feet (0.8 m) above ground level, and is set vertically in the SE corner 
of the east headwall. 

BENCH MARK STAMPING: CHO D1310 BASELINE 

MONUMENTATION: Survey Disk 
AGENCY: 
SETTING CLASSIFICATION: Concrete Sidewalk 

VM#: 256 
PIO#: LX2343 

The bench mark is set in a concrete sidewalk located directly under the east
bound lane of Interstate 95 along Stratford Avenue just east of the Pequannock 
River bridge, 26.6 feet (8.1 m) west of light pole #528, 8.3 feet (2.6 m) north 
of a chain link fence, and 2.0 feet (0.6 m) south of the curb. 
D 
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BRIDGEPORT, BRIDGEPORT HARBOR 

BENCH MARK STAMPING: CITY OF BRIDGEPORT 

MONUMENTATION: Survey Disk 
AGENCY: 
SETTING CLASSIFICATION: Concrete Sidewalk 

VM#: 
PIO#: 

255 
LX0859 

The bench mark is set in concrete sidewalk located on the NE corner of the 
intersection of Stratford Avenue and Hough Avenue, 26.3 feet (8.0 m) north of 
the traffic island on Stratford Avenue, 22.9 feet (7.0 m) east of the 
centerline of Hough Avenue, and 7.0 feet (2.1 m) east of the east line of the 
curb of Hough and Stratford Avenues, and 2.4 feet (0.7 m) north of the north 
curb of Hough and Stratford Avenues. 

BENCH MARK STAMPING: NO 15 1964 

MONUMENTATION: Survey Disk 
AGENCY: 
SETTING CLASSIFICATION: Concrete Foundation 

VM#: 252 
PIO#: LX0857 

The bench mark is set flush in the concrete floor located inside the Hitchcocks 
Gas Engine Companys machine shop, 46.2 feet (14.1 m) SE of the most NE corner 
of Hitchcocks Gas Engine Company, 11 feet (3 m) SE of a stairway leading to the 
office, 8.8 feet (2.7 m) SW of the NE corner of the machine shop, and 4.5 feet 
(1.4 m) west of the interior face of the east wall of the building. 

BENCH MARK STAMPING: NO 16 1973 

MONUMENTATION: Survey Disk 
AGENCY: 
SETTING CLASSIFICATION: Concrete Headwall 

VM#: 253 
PIO#: LX2345 

The bench mark is set in the marine railway concrete headwall, located on the 
west side of the Hitchcock Marina building, 22.4 feet (6.8 m) east of the east 
door leading to the engine shop, 16.0 feet (4.9 m) east of the east rail of the 
railway, and 0.9 foot (0.3 m) north of the south end of the railway. 

BENCH MARK STAMPING: NO 17 1973 

MONUMENTATION: Survey Disk 
AGENCY: 
SETTING CLASSIFICATION: Concrete Footing 

VM#: 254 
PIO#: LX2344 

The bench mark is set in a concrete footing for a wire fence located on the 
east edge of the Hitchcock Gas Engine Company property, 45.7 feet (13.9 m) SE 
of the east corner of the two-story brick machine shop, 39.1 feet (11.9 m) 
south of a metal gate post in the yard, 23.6 feet (7.2 m) NE of the NE corner 
of the engine shop, 18 feet (5 m} south of the south end of an asphalt drive 
leading to the marina, and 5 feet (2 m) north of a fire hydrant. The bench 
mark is 0.7 foot (0.2 m) above ground level. 
□ ·~ 
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SETTING CLASSIFICATION: Granite Foundation 

The bench mark is located at the SE corner of the intersection of State Street 
and Main Street in the NW corner of the Connecticut National Bank granite 
foundation, 41.8 feet (12.7 m) ESE of the centerline of Main Street, 27 feet 
(8.2 m) south of the centerline of State Street, and 6.2 feet (1.9 m) east of 
the NW corner of the bank building. The bench mark is set 1.6 feet {0.5 m) 
above the sidewalk. 

BENCH MARK STAMPING: TIDAL 12 ELEV. 15.321 FT 

MONUMENTATION: Survey Disk VM#: 248 
PID#: LX0856 AGENCY: 

SETTING CLASSIFICATION: Concrete Foundation 

The bench mark is located in the front foundation wall at 445 Stratford Avenue, 
128 feet (39.0 m) east of the centerline of Pembroke Street, 34.2 feet (10.4 m) 
NW of the centerline of Stratford Avenue, and 1 foot (0.3 m) east of the SW 
corner of the building. The bench mark is set vertically 0.5 foot (0.2 m) 
above ground level. 

BENCH MARK STAMPING: V2 20.49 

MONUMENTATION: Survey Disk 
AGENCY: 
SETTING CLASSIFICATION: Stone Step 

VM#: 257 
PID#: LX0864 

The bench mark is set in the south end of the bottom step, located on Hollister 
Street at the southernmost entrance to McKinley School, 54.0 feet (16.5 m) east 
of the centerline of Hollister Street, 35.2 feet (10.7 m) north of the SW 
corner of the brickwork at the basement level, 12 feet (4 m) north of the south 
end of the building, and 7.6 feet (2.3 m) south of the north edge of the 
southerly entrance way on the west face of the building. The bench mark is 0.3 
foot {0.1 m) above ground level. / 

D 
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CONNECTICUT 846 7150 

BRIDGEPORT, BRIDGEPORT HARBOR 

Tidal datums at BRIDGEPORT, BRIDGEPORT HARBOR are based on the following: 

LENGTH OF SERIES 
TIME PERIOD 
TIDAL EPOCH 

18 YEARS 
1967-1984 '-( 1q,wi' 
19 6 0-19 7 8 VJ• • ) 

CONTROL TIDE STATION THE BATTERY, NY (851 8750) 

Elevations of tidal datums referred to mean lower low water (MLLW) are as follows: 

HIGHEST OBSERVED WATER LEVEL (09/21/1938) 
MEAN HIGHER HIGH WATER {MHHW) 
MEAN HIGH WATER {MHW) 
MEAN TIDE LEVEL (MTL) 

12.44 FEET 
7.33 FEET 
6.99 FEET 
3.62 FEET~ 
2. 92 FEET· *NATIONAL GEODETIC VERTICAL DATUM-1929 (NGVD) 

MEAN LOW WATER {MLW) 0.25 FEET . . 
0. 00 FEET+ 4).ev\ved .a<,-UUjtY\ 

-4.41 FEET 
MEAN LOWER LOW WATER (MLLW) 
LOWEST OBSERVED WATER LEVEL (02/02/1976) 

*NGVD reference based on adjustment of 1967 and NOS levels of 1967-1984. 

http://www.co-ops.nos.noaa.gov/benchmarks/8467150.html 9/26/00 



Bench mark elevation information: 

ELEVATION IN FEET ABOVE: 

D 

BENCH MARK STAMP/DESIGNATION 

14 1942 
A31 1963 
CHD D1310 BASELINE 
CITY OF BRIDGEPORT 
NO 15 1964 
NO 16 1973 
NO 17 1973 
T2 1922 ELEV. 16.772 FT 
TIDAL 12 ELEV. 15.321 FT 
V2 20.49 

MLLW 

21. 31 
23.37 
11. 54 
16.08\(:.... 
13. 36 ( 

9.37 
13.07 
19.69 
18.24 
23.34 

PUBLICATION DATE: 11/06/1986 

CONNECTICUT 846 7150 

BRIDGEPORT, BRIDGEPORT HARBOR 

MHW 

14.32 
16.38 

4. 5-5 
9.09 
6.37 
2.38 
6.08 

12.70 
11.25 
16.35 

Page 4 of 5 
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Mean Sea Level (MSL) is a tidal datum determined over a 19-year National Tidal -
Datum Epoch. It pertains to local mean sea level and should not be confused 
with the fixed datums of North American Vertical Datum of 1988 (NAVO 88). 

NGVD 29 is a fixed datum adopted as a national standard 'geodetic reference for 
heights but is now considered superseded. NGVD 29 is sometimes referred to as 
Sea Level Datum of 1929 or as Mean Sea Level on some early issues of Geological 
Survey Topographic Quads. NGVD 29 was originally derived from a general 
adjustment of the first-order leveling networks of the U.S. and Canada after 
holding mean sea level observed at 26 long term tide stations as fixed. 
Numerous local and wide-spread adjustments have been made since establishment 
in 1929. Bench mark elevations relative to NGVD 29 are available from the 
National Geodetic Survey (NGS) data base via the World Wide Web at 
www.ngs.noaa.gov. 

NAVO 88 is a fixed datum derived from a simultaneous, least squares, 
minimum constraint adjustment of Canadian/Mexican/United States leveling 
observations. Local mean sea level observed at Father Point/Rimouski, Canada 
was held fixed as the single initial constraint. NAVO 88 replaces NGVD ~9 as 
the national standard geodetic reference for heights. Bench mark elevati5ns 
relative to NAVO 88 are available from NGS through the World Wide Web at 
www.ngs.noaa.gov 

NGVD 29 and NAVO 88 are fixed geodetic datums whose elevation relationships 
to local MSL and other tidal datums may not be consistent from one location to 
another. 

The Vertical Mark Number (VM#) and PIO# shown on the bench mark sheet are unique 
identifiers for bench marks in the tidal and geodetic databases, respectively. 
Each bench mark in either database has a single, unique VM# and/or PID# assigned. 
Where both VM# and PIO# are indicated, both tidal and geodetic elevations are 
available for the bench mark listed. 

The NAVO 88 elevation is shown on the.Elevations of Tidal Datums Table Referred 
to MLLW only when two or more of the bench marks listed have NAVO 88 elevations. 
The NAVO 88 elevation relationship shown in the table is derived from an average 
of several bench mark elevations relative to tide station datum. As a result of 
this averaging, NAVO 88 bench mark elevations computed indirectly from the tidal 
datums elevation table may differ slightly from NAVD 88 elevations listed for 

http~.~-opsJ:)_osm~@ffl>en~hfimrks/-8467150.html 9/26/00 



PUBLICATION DATE: 05/10/2000 

CONNECTICUT 846 6791 

U.S. DEPARTMENT OF COMMERCE 
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 

NATIONAL OCEAN SERVICE 

TIDAL BENCH MARKS 

SNIFFENS POINT, HOUSATONIC RIVER 

LATITUDE: 410 11.2' N 
NOAA CHART: 12370 

LONGITUDE: 
USGS QUAD: 

730 6.8' w 
MILFORD 

Page 1 

To reach the tidal bench marks from the intersection of U.S. Highway 1 and Main 
Street (State Highway 113) in Stratford, proceed south on Main Street for 3.7 
km {2.3 mi) to the TEXTRON LYCOMING plant, then turn left on Sniffens Lane and 
continue east for 1. 0 km ( 0. 6 mi) to the Breakwater Key Condomi:1iums at 
Sniffens Point. The bench marks are located along Sniffens Lane and the tide 
gage and staff were located on the west side of the Breakwater Key marina. 

BENCH MARK STAMPING: 6791 A 1993 
DESIGNATION: '84 6 67 91 A 

LATITUDE: 410 11.2' N 

MONUMENTATION: Tidal Station disk 
AGENCY: National Ocean Service (NOS) 

LONGITUDE: 

SETTING CLASSIFICATION: Concrete catch basin 

730 6.8' W 

VM#: 12455 
PIO#: 

The bench mark is a disk set in the SE end of a concrete catch basin at the SE 
end of the westernmost row of condominiums at Breakwater Key development, 15.33 
m (50.3 ft) SSE of the SW corner of condo Number 220, 15.09 m (49.5 ft) SW of 
the west edge of the marina bulkhead, 3.96 m (13.0 ft} NE of the centerline of 
the driveway, and 0.18 m (0.6 ft} above the pavement. 

BENCH MARK STAMPING: 6791 B 1993 
DESIGNATION: 846 6791 B 

LATITUDE: 410 11.2' N 

MONUMENTATION: Tidal Station disk 
AGENCY: National Ocean Service (NOS) 
SETTING CLASSIFICATION: Concrete pad 

LONGITUDE: 

The primary benth mark is a disk set in the NW corner of a 1.62 m x 1.31 m -(5.3 
ft x 4.3 ft) concrete pad west of Breakwater Key Condominiums, 27.52 m (90.3 
ft) west of a fire hydrant, 6.22 m (20.4 ft) south of the centerline of 
Sniffens Lane, 1.98 m (6.5 ft) ESE of power pole Number 3828, and at ground 
level. 

PUBLICATION DATE: 05/10/2000 

CONNECTICUT 846 6791 

SNIFFENS POINT, HOUSATONIC RIVER 

BENCH M.~RK STAMPING: 6791 C 1993 
DESIGNATION: 846 6791 C 

http://wv.:w.co-ops.nos.noaa.gov/benchmarks/8466791.html 
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LATITUDE: 410 11.2' N LONGITUDE: 

, MONUMENT.Z\TION: Tidal Station disk 
AGENCY: National Ocean Service (NOS) 
SETTING CLASSIFICATION: Concrete foundation 

730 6.8' w 

VM#: 12457 
PIO#: 

The bench mark is a disk ·set in the SW corner of a 2.29 m (7.5 ft) square 
concrete foundation for a sewer access, 13.14 m (43.1 ft) east of power pole 
Number 6071, 11.92 m (39.1 ft) WSW of the employee's entrance at Number 360 
Sniffens Lane (Industrial Heating Company), 11.46 m (37.6 ft) north of the 
centerline of Sniffens Lane, and 0.09 m (0.3 ft) below ground level. 

BENCH MARK STAMPING: 6791 D 1993 
DESIGNATION: 846 6791 D 

LATITUDE: 410 11.2' N 

MONUMENTATION: Tidal Station disk 
AGENCY: National Ocean Service (NOS) 
SETTING CLASSIFICATION: Concrete footing 

LONGITUDE: 730 6.8' W 

VM#: 12458 
PIO#: 

The bench mark is a disk set in the east end of a concrete footing for a 
crossover pipeline near the contractor's entrance to the TEXTRON plant, 16.79 m 
(55.1 ft) SW of the SW corner of a large stone and aluminum building, 9.33 m 
(30.6 ft) NNW of the centerline of Sniffens Lane, 6.22 m (20.4 ft) ENE of the 
SE corner of the guard shack, and 0.88 m (2.9 ft) above the pavement. 

BENCH MARK STAMPING: 6791 E 1993 
DESIGNATION: 846 6791 E 

LATITUDE: 410 11.2' N 

MONUMENTATION: Tidal Station disk 
AGENCY: National Ocean Service (NOS) 
SETTING CLASSIFICATION: Concrete pad 

LONGITUDE: 730 6.8' W 

VM#: 12459 
PIO#: 

The bench mark is a disk set in the NE corner of a 3 m x 2 m (11 ft x 6 ft) 
concrete pad in front of the Engineering Technologies Laboratory {Building 6) 
at the TEXTRON plant, 19 m (62 ft) west of the centerline of the front entrance 
driveway, 14.72 m (48.3 ft) north of the north wall of the building, 14.05 m 
(46.1 ft) south of the centerline of Sniffens Lane, and 0.37 m (1.2 ft) above 
ground level. 
LJ 

PUBLICATION DATE: 05/10/2000 

CONNECTICUT 846 6791 

SNIFFENS POINT, HOUSATONIC RIVER 

BENCH MARK STAMPING: F 31 1965 
DESIGNATION: F 31 

LATITUDE: 410 10.1' N LONGITUDE: 

MONUMENTATION: Bench Mark disk 
AGENCY: US Coast and Geodetic Survey (USC&GS) 
SETTING CLASSIFICATION: Brick wall 

730 7.5' w 

Page 3 

VM#: 124 60 

The bench mark is a disk set vertically in the west brick face and in the 
center of a high brick wall which is 3 m (10 ft) wide and 12 m (40 ft) high, 
directly beween hangers 1 and 2 at AVCO Flight Services on the east side of 
Igor Sikorsky Memorial Airport, and 0.73 m (2.4 ft) above the pavement. 

http://vvw-w.co-ops.nos.noaa.gov/benchmarks/8466791.html 
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CONNECTICUT 846 6791 

SNIFFENS POINT, HOUSATONIC RIVER 

Page 4 

Tidal datums at SNIFFENS POINT, HOUSATONIC RIVER are .based on the following: 

LENGTH OF SERIES 
➔TIME PERIOD 

TIDAL EPOCH 
CONTROL TIDE STATION 

3 MONTHS 
June 1993 - August 1993 
1960-1978 
BRIDGEPORT, BRIDGEPORT HARBOR (846 7150) 

Elevations of tidal datums referred to mean lower low water {MLLW) are as follows: 

. MEAN HIGHER __ HIGH_ WATER .. (MHHW). 2 .136 ·METERS 
MEAN HIGH WATER (MHW) . -- ·---······ - ---··········-·····-•···-·-•··-·-. ·2 ... 032 .MET°ERS . 

. - ME.Al\J .. TI DE"" LEVEL { i"1TL J. ---~ .. · ~ ~ .•-~· ..... -~ ............ ~ -~.~~ --~.•- ... -~ ... ~ ._ .. ·, ·-~ ·•··-·•Y- • 1 . cYs·2·· t~,fE"TE R·s - ' 

-·· ~MEAITSEA __ LEVEL ___ {MSL) -· _ ··-···-···------- -·· ····-. .... . . . . . 1. 036 METERS .. 
MEAN LOW WATER {MLW) --- 0. Ci°73 METERS- . 

~ .... MEAN ·r.:ot,JER LOT~ -~~ATER···.(MLLW) _···---· .. ·· ·····• .. ·•·•-·-··-·•• ............... ·-•---~·-•-so•.•o ~ Qo"o:···METE'I~,s · _· ··-

Bench mark elevation information: 

ELEVATION IN METERS ABOVE: 

BENCH MARK STAMP/DESIGNATION MLLW MHW 

6791 A 1993 3.942 1. 910 USPl:6 6791 B 1993 4.005 cri,,q) 1. 973 . csee.. 
6791 C 1993 4.433 2.401 
6791 D 1993 4.048 2.016 
6791 E 1993 3.486 

(1'2 .q,) 
1.454 

F 31 1965 3.935 l. 903 

L.i 
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CONNECTICUT 846 ~?91 

SNIFFENS POINT, HOUSATONIC RIVER 

Mean Sea Level (MSL) is a tidal datum determined over a 19-year National Tidal 
Datum Epoch. It pertains to local mean sea level and should not be confused 
with the fixed datums of North American Vertical Datum of 1988 (NAVO 88). 

NGVD 29 is a fixed datum adopted as a national standard geodetic reference for 
heights but is now considered superseded. NGVD 29 is sometimes referred to as 
Sea Level Datum of 1929 or as Mean Sea Level on some early issues of Geological 
Survey Topographic Quads. NGVD 29 was originally derived from a general 
adjustment of the first-order leveling networks of the U.S. and Canada after 
holding mean sea level observed at 26 long term tide stations as fixed. 
Numerous local and wide-spread adjustments have been made since establishment 
in 1929. Bench mark elevations relative to NGVD 29 are available from the 
National Geodetic Survey (NGS) data base via the World Wide Web at 
www.ngs.noaa.gov. 

NAVD 88 is a fixed datum derived from a simultaneous, least squares, 
minimum constraint adjustment of Canadian/Mexican/United States leveling 

ht$1 ~ -~l:)S. noo ~<t~-s/~~litrfit Father. ? 0 int/ Rim OU ski , Can a da 

s. i)vr'1dP'\r) 
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was held fixed as the single initial constraint. NAVO 88 replaces NGVD 29 as 
the national standard geodetic reference for heights. Bench mark elevations 
relative to NAVO 88 are available from NGS through the World Wide Web at 
www.ngs.noaa.gov 

NGVD 29 and NAVO 88 are fixed geodetic datums whose elevation relationships 
to local MSL and other tidal· datums may not be consistent from one location to 
another. 

The Vertical Mark Number (VM#) and PIO# shown on the bench mark sheet are unique 
identifiers for bench marks in the tidal and geodetic databases, respectively. 
Each bench mark in either database has a single, unique VM# and/or PIO# assigned. 
Where both VM# and PIO# are indicated, both tidal and geodetic elevations are 
available for the bench mark listed. 

The NAVO 88 elevation is shown on the Elevations of Tidal Datums Table Referred 
to MLLW only when two or more of the bench marks listed have NAVO 88 elevations. 
The NAVO 88 elevation relationship shown in the table is derived from an average 
of several bench mark elevations relative to tide station datum. As a result of 
this averaging, NAVO 88 bench mark elevations computed indirectly from the tidal 
datums elevation table may differ slightly from NAVO 88 elevations listed for 
each bench mark in the NGS database. 

http://wvvw.co-ops.nos.noaa. gov /benchmarks/8466791.html 10/17/00 



Data Sheet Retrieval 

The NGS Data Sheet 

DATABASE= Sybase ,PROGRAM= datasheet, VERSION= 6.27 
Starting Datasheet Retrieval ... 
1 National Geodetic Survey, Retrieval Date= OCTOBER 17, 2000 

LX0871 *********************************************************************** 
LX0871 TIDAL BM This is a Tidal Bench Mark. 
LX0871 DESIGNATION - F 31 
LX0871 PID LX0871 
LX0871 STATE/COUNTY- CT/FAIRFIELD 
LX0871 USGS QUAD BRIDGEPORT (1984) 
LX0871 
LX0871 
LX0871 

*CURRENT SURVEY CONTROL 

LX0871* NAD 83(1986)- 41 10 04. (N) 073 07 29. 
LX0871* NAVD 88 2. 779 {meters} 9.12 
LX0.871 

(W) 
(feet) 

SCALED 
ADJUSTED 

GEOI099 LX0871 GEOID HEIGHT
LX0871 DYNAMIC HT 
LX0871 MODELED GRAV
LX0871 

-29. 89 (meters) 
2. 778 (meters) 9.11 (feet) COMP 

NAVD 88 

LX0871 VERT ORDER 
LX0871 

980,303.4 (mgal) 

FIRST CLASS I 

LX087l.This mark is at Igor I Sikorsky Mem Airport (BDR) 
LX0871 
LX0871.The horizontal coordinates were scaled from a topographic map and have 
LX0871.an estimated accuracy of+/- 6 seconds. 
LX0871 
LX0871.The orthometric height was determined by differential leveling 
LX0871.and adjusted by the National Geodetic Survey in June 1991. 
LX0871 
LX0871.This Tidal Bench Mark is designated as VM 12460 
LX087 l. by the ~~-P.LE;;"_ Jq::- Qper:a.t_:i..::::[:§,J._ Q~.~-:~.r:...Qg£9-p;:1_;C P_r_pJJ:J.:~~-$. :~G.Q __ $§.r_y.~ __ ce_s,. 
LX0871 
LX0871.The geoid height was determined by GEOID99. 
LX0871 
LX0871.The dynamic height is computed by dividing the NAVO 88 
LX0871.geopotential number by the normal gravity value computed on the 
LX0871.Geodetic Reference System of 1980 (GRS 80) ellipsoid at 45 
LX0871.degrees latitude (g = 980.6199 gals.). 
LX0871 
LX0871.The modeled gravity was interpolated from observed gravity values. 
LX0871 

Estimated Accuracy 

Page 1 of2 

LX0871; 
LX087l;SPC CT 
LX0871 

North 
18 9 ,· 610. 

East 
273,350. 

Units 
MT (+/- 180 meters Scaled) 

LX0871 
LX0871 
LX0871 NGVD 29 
LX0871 

SUPERSEDED SURVEY CONTROL 

3.107 (m) 10.19 ( f) ADJ UNCH 

LX0871.Superseded values are not recommended for survey control. 

1 1 

LX0871.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums. 
LX0871.See file dsdata.txt to determine how the superseded data were derived. 
LX0871 
LX0871 MARKER: DB= BENCH MARK DISK 
LX0871-SETTING: 30 = WALL 
LX0871-STAMPING: F 31 1963 
LX0871 STABILITY: D MARK OF QUESTIONABLE OR UNKNOWN STABILITY 
LX0871-
LX0871 HISTORY 
LX0871 HISTORY 
LX0871 HISTORY 
LX0871 HISTORY 
LX0871 HISTORY 
LX0871 

- Date 
- 1963 
- 1965 
- 1982 
- 1985 

Condition 
MONUMENTED 

.GOOD 
MARK NOT FOUND 
GOOD 

Recov. 
CGS 
NGS 
NGS 
USPSQD 

By 

http>.tb»wiv.ngs.noaa.gov/cgi-bin/ds2.prl?r~w~!__fji'd&PID=LX0871 10/17/00 



Data Sheet Retrieval 

LX0871 
LX0871'DESCRIBED BY NATIONAL GEODETIC SURVEY 1965 
LX0871'AT BRIDGEPORT AIRPORT. 
LX0871'AT THE BRIDGEPORT MUNICIPAL AIRPORT, 0.4 MILE NORTHEAST -OF THE 
LX0871'ADMINISTRATION BUILDING, SET VERTICALLY IN THE WEST BRICK FACE 
LX0871'AND IN THE CENTER OF A HIGH BRICK WALL, 10 FEET WIDE AND 40 FEET 
LX0871'HIGH, DIRECTLY BETWEEN HANGARS 1 AND 2, 2.4 FEET ABOVE THE 
LX0871'LEVEL OF THE GROUND. 
LX0871 
LX0871 STATION RECOVERY (1982) 
LX0871 
LX0871'RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1982 
LX0871'MARK NOT FOUND. 
LX0871 
LX0871 STATION RECOVERY (1985) 
LX0871 
LX0871'RECOVERY NOTE BY US POWER SQUADRON 1985 
LX0871'EXCEPT THAT AIRPORT IS NOW CALLED 'IGOR SIKORSKY MEMORIAL AIRPORT'. 
LX0871'BENCH MARK IS LOCATED IN BRICK WALL OF HANGAR USED BY AVCO FLIGHT 
LX0871'SERVICES. WALL AND BENCH MARK HAVE BEEN PAINTED RED. BENCH MARK IS 
LX087l'STILL VISIBLE TROUGH PAiNT. 

*** retrieval complete. 
Elapsed Time= 00:00:02 

http://WVvw.ngs.noaa.gov/cgi-bin/ds2.prl?retrieval_type=by _pid&PID=LX0871 
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COOPS/NGS Elevation Data Graphics Page I of I 

Date created 
Fri Mar 9 14:30:17 EST 2001 

Elevation Information for PID = LX0871, VM = 12460 
Station ID --- 846679~ 
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Date created 
Fri Oct 20 15:32:05 EDT 2000 

Elevation Information for PIO= LX0871, VM = 12460 
Station_ID --- 8466791 

- l1HHW 

- MHW 

-NA\/088 

-11TL 

-- NGV029 

7.01 feet 

6.67 feet 

= 3.8 feet 

= 3.45 feet 

= 2.72 feet 

0.24 feet 

0.00 feet 

The NAVO 88 and the NGVD 29 elevations related to MLLW were computed 
from Bench Mark, F 31, at the station. O. l'l , r·J I. /~ 

~lvt.AV\-'\0/1,,<. '-'-

Displayed tidal datums are Mean Higher High Water(MHHW), 
Mean High Water (MHJJ), Mean Tide Level(MTL), Mean Low Water(MLW), 
and Mean Lower Low Water(MLLW) 

I /, .. .r. - - J -



4 

2 

0 

-1 

Date created 
·Fri Oct 20 15:43:14 EDT 2000 

Elevation Information for PIO= LX0861, VM = 
Station_ID --- 8467150 

- NAV088 

-11TL 

- NGV029 

-MLW 

- tu..W 

7.33 feet 

6.99 feet 

= 4.02 feet 

= 3.62 feet 

= 2.93 feet 

0.25 feet 

o.oo feet 

The NAVO 88 and the NGVD 29 elevations related to MLLW were computed 
from Bench Mark, A 31, at the station. ~Q.fi\~ 'w\CJ,A/t(, @_j_~ ?/I I Q..N)(J\J{ . MUJ ()J 
Displayed tidal datuns are Mean Higher High Water(MHHW), 
Mean High Water (MHW), Mean Tide Level(MTL), Mean LOI.II Water(MLW), 
and Mean Lower Low Water(MLLW) 
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NOAA/NOS/CO-OPS 
Preliminar~ 6 Minute Water Level (A1) Plot 

8467150 Bridgeport, CT 
from 10/01/2000 - 10/31/2000 
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Tidal Differences and 

CONNECTICUT, Long Island Sound 

Station 
Stonington, Fishers Island Sound 
Noank, Mystic River entrance 
West Harbor, Fishers Island, N.Y. 
Silver Eel Pond, Fishers Island, N.Y. 
Thames River 

NEW LONDON, State Pier 
Smith Cove entrance 
Norwich 

Millstone Point 
Connecticut River 

Saybrook Jetty 
Saybrook Point 
Lyme, highway bridge 
Essex 

Connecticut River 
Hadlyme #7 
East Haddam 
Haddam #7 
Higganurn Creek 
Portland #7 
Rocky Hill #7 
Hartford #7 

Westbrook, Duck Island Roads 
Duck Island 
Madison 
Falkner Island 
Sachem Head 
Money Island 
Branford Harbor 
New Haven Harbor entrance 
New Haven (city dock) 
Milford Harbor 
Stratford, Housatonic River 
Shelton, Housatonic River 
BRIDGEPORT 
Black Rock Harbor entrance 
Saugatuck River entrance 
South Norwalk 
Greens Ledge 
Stamford 
Cos Cob Harbor 
Greenwich 
Great Captain Island 

NEW YORK 

Long Island Sound, north side 

c;tation 
ort Chester 

\ye Beach 
Mamaroneck 
New Rb._chelle 
Davids-Island 
City Is'trrfd 

,..Throgs Neck 

http://www.co-ops.nos.noaa.gov/tab2ec2a.html 

How to apply differences(+,-) 
and ratios (*) 

Other Constants 

Time Diff. Hgt. Diff. 
High Low High 

-0 32 -0 41 *1.05 
-o 22 -0 08 *0.89 

0 00 -0 06 *0.97 
-0 16 -0 04 *0.89 

Daily Predictions 
0 00 +0 10 *0.97 

+0 13 +0 25 *1.16 
+0 09 +o 01 *1.05 

+l 11 +0 45 *l.36 
+l 11 +o 53 *1.24 
+1 25 +l 10 *1.20 
+l 39 +l 38 *1.16 

+2 19 +2 23 *1.05 
+2 42 +2 53 *1.12 
+2 48 +3 08 *O. 97 
+2 55 +3 25 *1.01 
+3 51 +4 28 *0.85 
+4 44 +5 44 *0.78 
+5 30 +6 52 *0.74 
-0 24 -0 32 *O. 61 
-0 26 -0 35 *O. 67 
-o 21 -0 30 *0.73 
-0 14 -0 25 *O. 80 
-0 11 -0 15 *0.80 
-o 12 -o 23 *0.83 
-0 08 -0 18 *0.88 
-o 09 -0 14 *O. 92 
+O 01 -0 01 *0.89 
-0 08 -0 10 *0.98 
+0 26 +l 01 *0. 82 { 
+l 35 +2 44 *0.74 

Daily Predictions 
-0 04 
-o 02 
+O 09 
-o 02 
+0 03 
+0 05 
+0 01 

0 00 

Time 
High 

-0 03 
-o 22 
-0 02 
-o 18 
+0 04 
+O 03 
+o 08 

-o 03 *1.02 
+0 01 *1.04 
+o 15 *l.05 
-o 01 *l.07 
+0 08 *1.07 
+0 11 *1.07 
+0 01 *1.10 
+0 01 *1.08 

Diff. Hgt. 
Low High 

-0 14 *1.01 
-0 31 *1.01 
-0 13 *1.02 
-o 21 *l.02 
-o 09 *l.01 
-0 05 *l.01 
+0 12 *0.98 

Low 
*l.05 
*0.90 
*0.97 
*0.89 

*0.95 
*l.15 
*l.05 

*l.35 
*l.25 
*l.20 
*1.15 

*l.05 
*1.10 
*0.95 
*1.00 
*0.85 
*0.80 
*0.75 
*0.60 
*0.68 
*0.72 
*O. 80 
*0.80 
*0.84 
*0.88 
*0.92 
*0.88 
*0.96 
*0.80,>· 
*0.72 

*1.04 
*1.04 
*1.04 
*1.08 
*l.08 
*1.08 
*l.08 
*1.08 

Diff. 
Low 

*l.01 
*1.01 
*l.04 
*1.04 
*1.00 
*1.00 
*0.98 

Ref. Station 
New London 
New· London 
New London 
New London 

New London 
New London 
New London 
New London 

New London 
New London 
New London 
New London 

New London 
New London 
New London 
New London 
New London 
New London 
New London 
Bridgeport 
Bridgeport 
Bridgeport 
Bridgeport 
Bridgeport 
Bridgeport 
Bridge go rt 
Bridgeport 
Bridgei:2ort 
Bridge:eort 
Bridgeport 
Bridge1:2ort 
Bridgeport 
Bridge:eort 
Bridgeeort 
Bridge2ort 
Bridgeeort 
Bridge12ort 
Bridge12ort 
Bridge2ort 
Bridge1:2ort 

Ref. Station 
Willets Point 
Willets Point 
Willets Point 
Willets Point 
Willets Point 
Willets Point 
Willets Point 

Page 1 of5 
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Secondary Station Adjustments Instructions 

The publication of full daily tide predictions is necessarily limited to a comparatively small number of stations. 
These stations are referred to as "reference stations". Tide predictions for more than 3000 other locations can be 
obtained by applying certain differences to the daily tide predictions for the reference stations. 

These pages provide a listing of the more than 3000 "subordinate stations" for which such predictions can be 
made, the differences or ratios to be used, and a link to the appropriate reference station. The stations in the 
listing are arranged in geographical order to make it possible to find stations which are available for an area you 
are interested in. 

Caution: The time and height differences and ratios are derived from a comparison of simultaneous tide 
observations at the subordinate station and it reference station. Because these figures are constant, they may not 
always provide for the daily variations of the actual tide, especially if the subordinate station is some distance 
from the reference station. Therefore, although the application of time and height differences will generally 
provide reasonably accurate approximations, they cannot result in predictions as accurate as those listed for the 
reference stations which are based on much larger periods of analysis. 

Time Differences: To determine the time of high and low tide at any station listed in this table there is given 
the columns headed "Time Differences"in which the hours and minutes to be added or subtracted from the time 
of high or low tide of the reference stations. A plus sign ( +) indicates that the tide at the subordinate station 
occurs later than at the reference station and the difference should be added; a minus sign(-) indicates that it is 
earlier and should be subtracted. 

To obtain the tide at a subordinate station on any date, apply the difference to the tide at the reference station for 
that same date. In some cases, however, to obtain an AM tide it may be necessary to use the preceding day's PM 
tide at the reference station or to obtain a PM tide it may be necessary to use the following day's AM tide. For 
example, if a high tide at a reference station occurs at 0200 on July 17, and the tide at the subordinate station 
occurs 5 hours earlier, the high tide at the subordinate station will occur at 900 PM on July 16. For the second 
case, if the high water at a reference station occurs at 1000 PM, and the tide at the subordinate station occurs 3 
hours later, then high tide will occur at 100 AM on July 3 at the subordinate station. 

The results obtained by application of the time differences will be in local time for the subordinate station. The 
necessary allowances for the change in date when crossing the international date line, or for different time zones 
have been included in the time differences listed. 

Height Differences: The height of the tide, referred to the datum of nautical charts, is obtained by means of the 
height difference or ratios. A plus sign ( +) indicates that the difference should be added to the height at the 
reference station, and a minus sign (-) indicates that it should be subtracted. For most stations, use of a predicted 
height difference would give unsatisfactory predictions. In such cases they have been omitted and one or two 
:atios, indicated by an asterisk(*), are given. To obtain the height of tide at the subordinate station in these 
cases, multiply the height of tide at the reference station by the ratio listed. The result is normally rounded to the 
nearest .1 foot. 

http:/ /www.co-ops.nos.noaa.gov/t2help.html 10/30/00 
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For some subordinate stations there is given, in parentheses, a ratio as well as a correction. In those instances, 
each predicted high and low water at the reference station should be first multiplied by the ratio and then the 
~orrection is added or subtracted from each product. 

Example Tide Calculations 

For Atlantic City, New Jersey, the time and height adjustments listed in the tables are: 

-0 27 -0 35 *0.88 *0.88 

and the reference station is Sandy Hook, New Jersey. If the times in column I are the tides for a day at Sandy 
Hook, column 2 are the time corrections and column 3 are the height corrections, column 4 will be the predicted 
tides at Atlantic City. 

(1) (2) ( 3} ( 4) 
446am 0.3ft -0 35 *0.88 4llam 0.3ft 

1052am 4.2ft -0 27 *0.88 1025am 3.7ft 
502pm 0.2ft -0 35 *0.88 427pm 0.2ft 

1127pm 4.3ft -0 27 *0.88 llOOpm 3. 8ft 

For Monterey California, the time and height adjustments listed in the tables are: 

-1 08 -0 47 -0.5 0.0 

and the reference station is San Francisco, California. If the times in column 1 are the tides for a day at San 
Francisco, column 2 are the time corrections and column 3 are the height corrections, column 4 will be the 

·edicted tides at Monterey. 

(1) {2) ( 3) ( 4) 

237am 5.1ft -1 08 -0.5 129am 4.6ft 
828am 1. 9ft -0 47 0.0 74lam 1. 9ft 
23lpm 4.2ft -1 08 -0.5 323pm 3.7ft 
820pm 1. 6ft -0 47 0.0 733pm 1.6ft 

http://www.co-ops.nos.noaa.gov/t2help.html 10/30/00 
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Tide Prediction Accuracy Table 

B' 90% 

Distribution Level I 
Standard Deviation of I Average Differences Differences 

Station Name High Low High Low High Low High Low High Low High Low 
Water Water Water Water Water Water Water Water Water Water Water Wate 
(Hour) (Hour) (Feet) (Feet) (Hour) (Hour) (Feet) (Feet) (Hour) (Hour) (Feet) (Feet 

jEastport, ME 1!1995!1 o. 211 0.211 0. 711 0. 611 o.osll 0.0911 0.3911 0.4111 0. 0011 -0. 0111 0.1911 -0.0 
!Portland, ME 111995!1 0.211 0.211 o. 611 0. 611 o.1sll 0.1311 0.4111 o. 4211 o.0511 0. 0711 0. 0611 0.0 

!Boston, MA !1199511 0.211 0.211 o. 611 o. 611 0.1411 0.1411 0. 4011 0.4311 o .. osll 0. 0311 o.oall -o.o 
!Newport, RI !1199511 0. 311 0. 711 0. 611 0. 711 0.2411 0. 4611 0.4211 o. 4411 0.0011 o. osll o.osU -o.o 
1~;w London, ll1995IGGGGBBBGEJEJEJ~ 

~ 
Bridgeport, l1995IGGGGBBBBEJBBE CT 

Willets l1995113GGGBBGGEJBBE Point, NY 

The Battery, l1995IGGGGBGG~3ll -0
•

07 ll -0
-
06IG~ NY 

, 
<1> 

1:~ndy Hook, I 
Philadelphia, 
PA 

Reedy Point, 
DE 

Breakwater 
Harbor, DE 

Baltimore, MD 
<2> 

Washington, 
D.C. 

Hampton 
Roads, VA 

Wilmington, 
NC 

Charleston, 
SC 

Savannah, GA 
<1> 

Savannah 
River Ent., 
GA-

Fernandina 
!Beach, FL 

IMayport, FL I 
I I 

http://co-ops.nos.noaa.gov/accuracy .html 10/30/00 



Page 2 of2 

St. 
Petersburg, 
FL 

Pensacola, FL 
<2> 

Mobile, AL 
<1><2> 

Galveston, TX 
<2> 

!Honolulu, HI I 
jsan Diego, CAI l~s _Angeles, I 
1san 
Francisco, CA 

1~;:ru'oldt Bay, I 
•crescent 
!city, CA 

jAstoria, OR I 
Aberdeen, WA 
<1> 

Port 
Townsend, WA 

• 
jKetchikan, AK!l1995II 0.111 0. 111 o. sll 0. 711 o.oal! o.osll 0.4811 0.4711 0.0211 0.0111 -0.0311 0.0 

lsitka, AK lfl995fl 0.111 0 .111 0. 711 o. 711 0.0911 0. 0911 0.4511 0.4411 0. 0111 0. 0111 0.0411 -0.0 
!Juneau, AK 11199su 0.111 o. 111 o. sjl o. ajl 0.1011 0.1111 o. sojl o. 4911 0. 0111 0. 0011 0.1611 -0.1 
lcordova, AK !119951! 0.211 0.211 o. ell o. all o.1sll 0.1411 o. s2II o.s1II 0. 0611 0. 0311 -0. 0311 0.0 

lvaldez, AK u199s11 0.211 0.211 o.sll o. sll 0 .1411 0.1111 o.s2II o. s2jl 0.0211 -0.0411 -0.0711 0.0 

!seldovia, AK 11199511 0.111 0 .111 o. all 0. 911 o. oajj o. 0911 o.s2II 0.5611 -0.0111 0. 0311 -0. 0411 0.0 

INikiski, AK 

ll
1995IGGGGGGGGEJEJBE <3> 

Anchorage, 

AKl
19951GGGGGGGGGGG~ <3> 

IKodiak, AK 111983!1 0 .211 0.211 0. 911 0. 911 0 .1611 0.1511 o.5sll o.ssll 0.0111 0.0411 -0.0911 -0.2 
Sweeper Cove, l1995113GGGGGGGGGl-0

·
02I~ AK 

junalaska, AK 11199511 0. 411 o. 411 o.sll o. all 0.3011 0.2211 0.4711 0. 4 711 0 .1211 0.1311 -0.0111 0.0 

1. These stations are no longer active, no recent data is available to conduct analysis. 
2. These stations have strong non-tidal influences normally caused by short-term meteorological events. 

Such areas are difficult to predict accurately. 
3. These stations have tidal ranges in excess of 20 feet. Although differences between predictions and 

observations may be greater than 1 foot, this difference represents less than 5% of the total range of the 
station. 

http://co-ops.nos.noaa.gov/accuracy .html 10/30/00 
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Monthly Means (W5) 

Station Unique seven character identifier for the station 
Year Year of data 
Mo Month of data 
MHW Mean High Water 
MLW Mean Low Water 
MSL Mean Sea Level 
MN Difference between MHW and MLW 
MTL Mean of MHW and MLW 
MHHW Mean Higher-High Water 
MLLW Mean Lower-Low Water 
DHQ Difference between MHHW and MHW 
DLQ Difference between MLW and MLLW 
GT Difference between MHHW and MLLW 
DTL Mean of MHHW and MLLW 
HWI Greenwich Mean _High Water Interval in Hours 
LWI Greenwich Mean Low Water Interval in Hours 

Data are in Feet above MLLW 
Times are on UTC (GMT) 

8467150 BRIDGEPORT, BRIDGEPORT HARBOR, CT from 19790101 to 20000801 

Station Year.Mo MHW MLW MSL MN MTL MHHW MLLW 
8467150 1979 1 7.07 0.19 3.63 6.88 3.63 7.48 -0.18 
8467150 1979 2 6.54] -0. 16] 3 .19] 6. 70] 3 .19] 6.87] -0.46] 
8467150 1979 3 6.84 -0.11 3.36 6.95 3.36 7.10 -0.35 
')467150 1979 4 7.05 0.19 3.62 6.87 3.62 7.38 -0.09 

467150 1979 5 7.06 0.20 3.63 6. 86 3.63 7.32 -0.04 
J467150 1979 6 7.17 0.23 3.71 6.94 3.70 7.48 -0.03 
8467150 1979 7 7.19 0.27 3.74 6.91 3. 73 7.48 0.07 
8467150 1979 8 7.28 0.32 3.82 6.96 3.80 7.57 0.14 
8467150 1979 9 7.26 0.24 3.76 7.01 3.75 7.56· 0.06 
8467150 1979 10 7.22 0.21 3.73 7.01 3. 72 7. 49 0.02 
8467150 1979 11 6.96 0.01 3.50 6.94 3. 49 7.24 -0.19 
8467150 1979 12 6.67 -0.19 3.25 6.85 3.24 7.03 -0.45 
8467150 1980 1 6.67 -0.05 3.32] 6. 71 3.31 7.07 -0.32 
8467150 1980 2 6.75 0.07 3.43 6.68 3.41 7.08 -0.13 
8467150 1980 3 6.81 0.08 3.42 6. 73 3.44 7.14 -0.19 
8467150 1980 4 7.10 0.33 3. 72 6.77 3. 72 7.34 0.13 
8467150 1980 5 7.27 0.32 3.80 6.95 3.80 7.56 0.10 
8467150 1980 6 7 .17 0.17 3.68 7.00 3. 67 7.48 -0.11 
8467150 1980 7 7.23 0.16 3.70 7.07 3.70 7.51 -0.05 
8467150 1980 8 (7~ 0.26 3.80 7.08 3.80 7.58 0.10 
8467150 1980 9 7.17 0.19 3.69 6.98 3.68 7.42 0.04 
8467150 1980 10 6.97 0.21 3.60 6.77 3.59 7.30 0.01 
8467150 1980 11 6.77 0.02 3. 41 6.75 3. 40 7.14 -0.31 
8467150 1980 12 6.39 -0.20 3.11 6.59 3.10 6.75 -0.51 
8467150 1981 1 6.30 -0.26 3.03 6.56 3.02 6.68 -0.45 
8467150 1981 2 6.59 -0.12 3.24 6. 71 3.24 6.96 -0.31 
8467150 1981 3 6.82 0.14 3. 49 6.69 3.48 7.09 -0.12 
8467150 1981 4 6. 71 -0.14 3.29 6.85 3.29 6.94 -0.41 
8467150 1981 5 7.27 0.26 3.78 7.01 3.77 7.58 0.00 
8467150 .1981 6 7.27 0.21 3.74 7.06 3.74 7.61 -0.04 

167150 1981 7 7.30 0.25 3.77 7.05 3.77 7.62 0.02 
4 67150 1981 8 7.33 0.36 3.85 6.97 3.85 7.61 0.16 

d467150 1981 9 7.32 0.50 3.92 6.82 3.91 7.58 0.35 
8467150 1981 10 6.97 0.27 3.62 6.69 3.62 7.32 0.06 
8467150 1981 11 7.05 0. 41 3.73 6.64 3.73 7.36 0 .17 
8467150 1981 12 6.80 0.22 3.52 6.58 3.51 7.20 -0.05 

http://co-ops.nos.noaa.gov/cgi-bin/co-ops_ qry .cgi 10/30/00 
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8467150 1982 1 6.48 -0.14 3.17 6.62 3.17 6.90 -0. 43 
8467150 1982 2 6.68 -0.02 3.34 6.69 3.33 7.01 -0.26 
8467150 1982 3 6.75 0.00 3.38 6.75 3.37 6.99 -0.25 
1467150 1982 4 6.57 -0.20 3.19 6.77 3.19 6.93 -0.56 
84 67150 1982 5 7.15 0.24 3.70 6.91 3.69 7.41 0.01 
8467150 1982 6 7.57 0.65 4 .11 6.92 4 .11 7.91 0.36 
84 67150 1982 7 7.13 0.30 3.73 6.83 3. 72 7.46 0.07 
8467150 1982 8 7.12 0.33 3.73 6. 79 3. 72 7.41 0.10 
8467150 1982 9 7~~ 0.42 3.82 6.80 3.81 7.45 0.22 
8467150 1982 10 (7.33/ 0.62 3.99 6.70 3. 98 · 7.56 0.42 
8467150 1982 11 "6.81 0.13 3.48 6.69 3.47 7.15 -0.12 
8467150 1982 12 7.02 0.25 3.63 6.77 3.63 7.45 -0.01 
8467150 1983 1 6.91 0.23 3.57 6.68 3.57 7.32 -0.01 
8467150 1983 2 7.12 0.58 3.86 6.54 3.85 7.51 0.30 
84 67150 1983 3 7.32 0.63 3.96 6.69 3.97 7.59 0.37 
8 4 67150 1983 4 7.41 0.74 4.07 6.67 4.07 7.70 0.48 
8467150 1983 5 7.20 0.48 3.83 6. 72 3.84 7.52 0.20 
8467150 1983 6 7.25 0.48 3.86 6.77 3·_ 86 7.60 0.18 
8467150 1983 7 7.32 0.52 3.93 6.80 3.92 7.68 0.28 
8467150 1983 8 7.41 0.56 3.99 6.85 3.98 7.74 0.36 
8 4 67150 1983 9 

7~3t> 0.51 3.96 6.86 3.95 7.69 0.35 
8467150 1983 10 <--r. 42 0.69 4.06 6.73 4.05 7.74 0. 46 
8467150 1983 11 •. 7'~·40,·· 0.69 4.04 6. 71 4.04 7.80 0.36 
8467150 1983 12 6.92 0.32 3.63 6.60 3.62 7.30 -0.02 
8 4 67150 1984 1 6. 79 0.26 3.53 6.53 3.53 7.20 0.02 
8467150 1984 2 6.85 0.28 3.57 6.57 3.57 7.29 0.06 
8467150 1984 3 7.08 0.50 3.79 6.58 3.79 7.35 0.29 
8467150 1984 4 7.48 0.79 4.14 6.69 4.13 7.74 0.59 
8467150 1984 5 7.16 0.39 3. 76 6.77 3.77 7.50 0.14 
8 4 67150 1984 6 7.31 0.49 3.91 6.83 3.90 7.67 0.21 
'3467150 1984 7 7,>41_ 0.35 3.80 6.92 3.81 7.60 0.10 
8467150 1984 8 7 .51} 0.50 4.00 7.01 4.00 7.79 0.33 
8467150 1984 9 7.27 0.39 3.84 6.88 3.83 7.55 0.23 
8467150 1984 10 7.32 0. 62 3.99 6.70 3.97 7.61 0.44 
8467150 1984 11 7.12 0.53 3.83 6.59 3.82 7.52 0.26 
8 4 67150 1984 12 6.77 0.26 3.53 6.51 3.51 7.18 0.03 
8467150 1985 1 6.53 0.19 3.37 6.35 3.36 6.95 -0.16 
8 4 67150 1985 2 6.74 0.18 3.44 6.56 3. 46 7.08 -0.06 
8467150 1985 3 6.64 0.15 3.42 6.49 3.39 6.91 -0.04 
8467150 1985 4 6.87 0.26 3.56 6.60 3.56 7.14 -0.01 
8467150 1985 5 7.18 0.41 3.80 6.77 3. 79 7.52 0.15 
8467150 1985 6 7.17 0.37 3.78 6.81 3.77 7.52 0.06 
8467150 1985 7 7.21 0.41 3.81 6.80 3.81 7.55 0.11 
8467150 1985 8 7.23 0.50 3.88 6.73 3.87 7.52 0.30 
8467150 1985 9 7.18 0.58 3. 89 6.60 3.88 7.57 0.39 
8467150 1985 10 7.04 0.44 3.74 6.60 3.74 7.41 0.28 
8467150 1985 11 7.33 0.82 4.07 6.50 4.07 7.66 0.50 
8467150 1985 12 6.81 0.31 3.57 6.51 3.56 7.29 -0.02 
8467150 1986 1 6.47 -0.03 3.24 6.50 3.22 6.90 -0.37 
8467150 1986 2 6.91 0.39 3.65 6.52 3.65 7.19 0.15 
8467150 1986 3 6.62 0.06 3.34 6.56 3.34 6.98 -0.18 
8467150 1986 4 7.37 0.67 4.02 6. 71 4.02 7.68 0.44 
8467150 1986 5 7.24 0.54 3.91 6.70 3. 89 7.58 0.24 
8467150 1986 6 7.12 0.41 3.77 6.70 3. 76 7.47 0.13 
8467150 1986 7 7.29 0.68 3.99 6.61 3.99 7.63 0.39 
84 67150 1986 8 7.08 0.60 3.84 6.48 3.84 7.40 0.41 
84 67150 1986 9 7.02 0.45 3.74 6.57 3.73 7.33 0.27 
34 67150 1986 10 7 .14 · 0.66 4.00 6.48 3.90 7.43 0.44 
8467150 1986 11 6.87 0.41 3.68 6. 46 3.64 7.35 0.03 
8467150 1986 12 6.93 0.33 3.63 6.60 3.63 7.42 -0.04 
84 67150 1987 1 6.90 0.45 3.68 6.45 3.68 7.39 0.03 
8467150 1987 2 6.54 0.15 3.35 6.39 3.34 6.84 -0.05 
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8467150 1987 3 7.16 0.64 3.91 6.52 3.90 7.40 0.41 
8467150 1987 4 7.24 0.74 3.98 6.50 3.99 7.58 0.50 
8467150 1987 5 6.99 0.47 3.73 6.53 3.73 7.36 0.18 
14 67150 1987 6 7.19 0.54 3.87 6.65 3.86 7.57 0.23 

467150 1'987 7 7.28 0.60 3.95 6.67 3.94 7.66 0.34 
8467150 1987 8 7.26 0.58 3.93 6.68 . 3. 92 7.62 0.38 
8467150 1987 9 7.23 ·o.58 3.91 6.65 3.90 7.58 0.36 
8467150 1987 10 7.04 0. 43 3.75 6.61 3.74 7.39 0.17 
8467150 1987 11 6.85 0.35 3.61 6.50 3.60 7.23 0.10 
8467150 1987 12 6.95 0.51 3.74 6.43 3.73· 7.45 0.21 
8467150 1988 1 6.41 0.09 3.26 6.32 3.25 6.89 -0.16 
8467150 1988 2 6.67 0.32 3.50 6.35 3.50 7.15 0.05 
84 67150 1988 3 6.54 0.14 3.35 6.40 3.34 6.80 -0.05 
84 67150 1988 4 7.24 0.67 3.96 6.57 3.95 7.60 0.45 
8467150 1988 5 7. 09] 0.47] 3. 7 9] 6.62] 3.78] 7.48] 0.21] 
8467150 1988 6 7.13 0.49 3.81 6.64 3.81 7.53 0.18 
8467150 1988 7 7.09 0.30 3.70 6.79 3.69 7.43 0.08 
8467150 1988 8 7.21 0.37 3.79 6.84 3.79 7.48 0.18 
8467150 1988 9 7.07 0.36 3. 72 6. 71 3. 72 7.38 0.20 
8467150 1988 10 6.97 0.54 3.77 6.43 3.75 7.33 0.25 
8467150 1988 11 6. 71 0.30 3.52 6.42 3.51 7.16 0.01 
8467150 1988 12 6.52 0.20 3.37 6.32 3.36 6.89 -0.05 
8467150 1989 1 6.53 0.19 3.38 6.34 3.36 6.92 -0.02 
8467150 1989 2 6.57 0.13 3.34 6.44 3.35 6.95 -0.11 
84 67150 1989 3 6.60 0.24 3.44 6.36 3.42 6.86 0.03 
8467150 1989 4 6. 72 0.16 3.44 6.55 3.44 6.99 -0.12 
8467150 1989 5 7 .11 0.37 3.74 6.74 3.74 7.49 0.08 
8467150 1989 6 7.28 0.44 3.86 6.84 3.86 7.65 0 .11 
8467150 1989 7 7.15 0.42 3.79 6.73 3.78 7.51 0.15 
8467150 1989 8 7.29 0.57 3.93 6. 72 3.93 7.57 0.36 

467150 1989 9 7.19 0.55 3.88 6.64 3.87 7.47 0.36 
A67150 1989 10 7.13 0.52 3.83 6.61 3.83 7.44 0.29 
8467150 1989 11 6.82 0.30 3.56 6.52 3.56 7.33 -0.04 
8467150 1989 12 6.44 -0.04 3.22 6.48 3.20 6.89 -0.32 
8467150 1990 1 6.62 0.04 3.34 6.59 3.33 7.05 -0.24 
8467150 1990 2 6.66 0.16 3.42 6.50 3.41 7.01 -0.13 
8467150 1990 3 6.61 -0.01 3.31 6.62 3.30 6.92 -0.24 
8467150 1990 4 6.67 0.16 3.44 6.51 3.42 6.98 -0.04 
8467150 1990 5 7 .17 0.51 3.87 6.66 3.84 7.52 0.24 
8467150 1990 6 7.14 0.42 3.79 6. 72 3.78 7.51 0.16 
8467150 1990 7 7.14 0.53 3.85 6.61 3.83 7. 48. 0.30 
8467150 1990 8 7.25] 0. 7 9] 4. 03] 6. 46] 4.02] 7.58] 0.61] 
8467150 1990 9 7.20 0.57 3.90 6.63 3.89 7.46 0.42 
8467150 1990 10 7 .17 0.48 3.82 6.69 3.82 7.50 0.28 
8467150 1990 11 6.99 0.38 3.71 6.60 3.69 7.48 0.04 
8467150 1990 12 6.82 0.13 3.49 6.69 3.47 7.27 -0.17 
8467150 1991 1 6.93 0.24 3.58 6.69 3.58 7.32 -0.05 
8467150 1991 2 6. 72 0.19 3.48 6.53 3.46 7.04 -0.02 
8467150 1991 3 7.24 0.59 3 .·91 6.65 3.91 7.51 0.39 
8467150 1991 4 7.04 0.34 3.70 6.69 3.69 7.38 0.08 
8467150 1991 5 7 .11 0.40 3.76 6.71 3.76 7.51 0.11 
8467150 1991 6 7.30 0.55 3.93 6.75 3.92 7.67 0.25 
8 4 67150 1991 7 7.33 0.52 3.93 6.81 3.93 7.67 0.31 
8 4 67150 1991 8 7.28 0. 43 3.85 6.85 3.85 7.60 0.22 
8467150 1991 9 7~~ 0.40 3.82 6.83 3.81 7.50 0.23 
8467150 1991 10 ,/7. 4'Q) 0.62 4.04 6.78 4.01 7.81 0. 43 
8467150 1991 11 '<J----:-r:f9 0.57 3.84 6.52 3.83 7. 43 0.31 

467150 1991 12 6.87 0.31 3.60 6.56 3.59 7.41 0.03 
J467150 1992 1 6.83 0.42 3.62 6.41 3.62 7.32 0.16 
8467150 1992 2 6.96 0.44 3.70 6.52 3.70 7.30 0.21 
8467150 1992 3 6.93 0.39 3.66 6.54 3.66 7.28 0.15 
8467150 1992 4 7.13 0. 46 3.79 6.67 3.79 7.45 0.24 
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kLUJ 1'-,{~ HI\J fvlrL t1~~v0 ML~W 
8467150 1992 5 7.24 0.44 3.84 6.80 3.84 7.63 0.22 
8467150 1992 6 7.41 0.55 3.98 6.86 3.98 7.76 0.30 
8467150 1992 7 7.54 0.52 4.04 7.02 4.03 7.86 0.33 
3467150 1992 8 7.40 0.36 3.88 7.04 3.88 7.66 0.24 
3467150 1992 9 7.31 0.40 3.85 6.90 3.85 7.56 0.25 
8467150 1992 10 7.18 0.48 3.84 6.70 3.83 7.44 0.31 
8467150 1992 11 7 .11 0.47 3.80 6.64 3.79 7.41 0.23 
8467150 1992 12 7.05 0.55 3.81 6.50 3.80 7.50 0.24 
8467150 1993 1 6. 79 0.31 3.56 6.48 3.55 7.20 0.04 
8467150 1993 2 7.10 0.43 3.77 6.67 3. 77 · 7.40 0.20 
8467150 1993 3 6.85 0.32 3.61 6.53 3.59 7.16 0.02 
8467150 1993 4 o-:w 0.66 4.10 6.85 4.08 7.75 0.44 ..__, ___ 
8467150 1993 5 7.39 0.46 3.93 6.93 3.93 7.73 0.19 

-8467150 1993 6 7.32 0.37 3.85 6.95 3.85 7.64 0.10 
8467150 1993 7 7.45 0.51 3.98 6. 94 . 3.98 7.76 0.27 

~467150 1993 8 7.41 0.56 4.00 6.85 3.99 7.63 0.41 
8467150 1993 9 7.37 0.51 3.94 6.86 3.94 7.60 0.35 
8467150 1993 10 7.27 0. 48 3.87 6.79 3.87 7.61 0.25 
8467150 1993 11 6.91 0.26 3. 60 6.65 3.59 7.29 0.03 
8467150 1993 12 7.16 0.48 3.82 6._68 3.82 7.65 0.14 
8467150 1994 1 6.52 -0.08 3.23 6.60 3.22 6.95 -0.44 
8467150 1994 2 6.67 0.20 3.47 6.47 3.44 7.00 -0.09 
8467150 1994 3 7.07 0.18 3.63 6.88 3.63 7.36 -0.05 
8467150 1994 4 6.93 -0.04 3.45 6.98 3.44 7.22 -0.29 
8467150 1994 5 7.34 0.38 3.87 6. 96 3. 86 7.65 0.14 
8467150 1994 6 7.21 0.24 3.73 6.97 3. 73 7.54 0.02 
8467150 1994 7 7.24 0.40 3.83 6.84 3.82 7.53 0.21 
8467150 1994 8 7.20 0. 41 3.82 6.79 3.81 7.44 0.29 
8467150 1994 9 7.36 0.51 3.93 6.85 3.94 7.55 0.38 
8467150 1994 10 7.30 0.43 3.88 6.87 3.86 7.52 0.27 
1467150 1994 11 6.90 0.04 3.48 6.86 3.47 7.33 -0.24 
d467150 1994 12 7.12 0.25 3.70 6.86 3.68 7.56 -0.05 
8467150 1995 1 6.90 0.07 3.50 6.83 3.48 7.25 -0.18 
8467150 1995 2 6.60 -0.09 3.27 6.69 3.25 6.95 -0.27 
8467150 1995 3 7.09 0.18 3. 64 6.91 3.63 7.30 0.04 
8467150 1995 4 6.96 0.10 3.54 6.86 3.53 7.26 -0.14 
8467150 1995 5 7.36 0.48 3.94 6.89 3.92 7. 71 0.18 
8467150 1995 6 7.18 0.28 3.74 6.90 3.73 7.48 0.03 
8467150 1995 7 7.32 0.33 3.85 6.99 3.83 7.60 0.15 
8467150 1995 8 7.55 0.57 4.08 6.98 4.06 7.85 0.44 
8467150 1995 9 7.46 0.53 4.01 6.94 4.00 7.74 0.41 
8467150 1995 10 7.34 0. 4 6 3.90 6.88 3.90 7.65 0.23 
8467150 1995 11 7.37 0.52 3.95 6.85 3.94 7.73 0.20 
8467150 1995 12 7.04 0.26 3.65 6.78 3.65 7.42 0.00 
8467150 1996 1 7.16 0.64 3.90 6.52 3.90 7.63 0.23 
8467150 1996 2 6.95 0.17 3.57 6.78 3.56 7.24 0.01 
8467150 1996 3 6.88 0.20 3.55 6.68 3.54 7.10 -0.05 
8467150 1996 4 7.32 0.51 3.92 6.81 3.91 7.64 0.26 
8467150 1996 5 7.34 0.34 3.84 7.00 3.84 7.65 0.12 
8467150 1996 6 7.48 0.35 3.92 7.14 3.92 7.79 0.14 
8467150 1996 7 7.61 0.36 4.00 7.25 3.98 7.90 0.12 
8467150 1996 8 7.63 0.34 4.00 7.30 3.98 7.84 0.19 
8467150 1996 9 7.95 0.88 4.42 7.06 4.42 8.18 0. 72 
8467150 1996 10 7.68 0.82 4.25 6.86 4.25 7.98 0.60 
8467150 1996 11 7.~ 0.59 4.00 6.80 3.99 7. 67 0.34 
8467150 1996 12 ~a,,,, 0.76 4.13 6. 72 4.12 7.89 0.41 
8467150 1997 1 7.03 0.24 3.64 6.78 3.63 7.46 -0 .11 
q467150 1997 2 7.16 0.21 3.70 6.95 3.68 7.40 -0.02 
3467150 1997 3 7.20 0.33 3. 76 6.87 3.76 7.49 0.06 
8467150 1997 4 7. 67 0.62 4.14 7.04 4.14 7.87 0.35 
8467150 1997 5 7 ._34 0.26 3.80 7.09 3.80 7.62 -0.01 

6 
-. 

8467150 1997 7. 65) 0.54 4.10 7.12 4.09 8.00 0.27 _ __..,., 
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8467150 1997 7 7.44 0.37 3.91 7.07 3.90 7.76 0.15 
8467150 1997 8 7.56 0.52 4.0-5 7.04 4.04 7.84 0.33 
8467150 1997 9 7.50 0.52 4.02 6.99 4.01 7.77 0.36 
i467150 1997 10 7.49 0.60 4.06 6. 89 4.04 7.82 0.37 
467150 1997 11 7.44 0.68 4.07 6. 76 4.06 7.86 0.37 

8467150 1997 12 7.14 0.36 3.78 6.78 3.75 7.54 0.00 
8467150 1998 1 7.49 0.64 4.07 6.85 4.07 7.82 0.39 
8467150 1998 2 7.70 0.96 4.35 6.74 4.33 '8. 00 0.67 
8467150 1998 3 7.35 0.39 3.88 6.96 3.87 7.66 0.15 
8467150 1998 4 7.63 0.58 4 .11 7.04 4.10· 7.95 0.36 
8467150 1998 5 7.77 0.75 4.27 7.02 4.26 8.09 0.54 
8467150 1998 6 7.63 0.60 4.13 7.03 4.12 7.92 0.39 
8467150 1998 7 7.55 0.61 4.08 6.94 4.08 7.84 0.43 
8467150 1998 8 7.46 0.59 4.03 6.88 4.02 7.73 0.46 
8467150 1998 9 7.57 0.65 4 .11 6.92 4.11 7.83 0.54 
8467150 1998 10 7.30 0.39 3.85 6.91 3.84 7.54 0.19 
8467150 1998 11 7.20 0.27 3.74 6.93 3. 73 7.54 0.06 
8467150 1998 12 7.08 0.17 3.63 6.91 3.62 7.45 -0.15 
8467150 1999 1 6.91 0.16 3.54 6.76 3.53 7.29 -0.11 
8467150 1999 2 7.29 0.58 3.93 6. 71 3.93 7.54 0.38 
8467150 1999 3 7.06 0.27 3.67 6.79 3.66 7.35 0.00 
8467150 1999 4 7.37 0.48 3.92 6.89 3.92 7.65 0.24 
8467150 1999 5 7.39 0.50 3.95 6. 89 3.95 7.70 0.29 
8467150 1999 6 7.32 0.42 3.87 6.89 3.87 7.62 0.19 
8467150 1999 7 7.49 0.48 4.00 7.01 3.99 7.77 0.26 
8467150 1999 8 7. 64 0.59 4.13 7.05 4.12 7.91 0.42 
8467150 1999 9 7.53 0.59 4.06 6.95 4.06 7.81 0.41 
8467150 1999 10 7.34 0.38 3.86 6. 96 3.86 7.59 0.19 
8467150 1999 11 7 .11 0.17 3.64 6.94 3.64 7.43 -0.07 
8467150 1999 12 7.01 0.23 3.62 6.78 3. 62 7.37 -0.08 
'467150 2000 1 6.67 -0.03 3.34 6.70 3.32 7.19 -0.44 

d467150 2000 2 6.58 -0.08 3.25 6.66 3.25 6.86 -0.28 
8467150 2000 3 7.10 0.45 3.78 6.65 3.78 7.34 0.21 
8467150 2000 4 7.22 0.44 3.83 6.78 3.83 7.47 0.20 
8467150 2000 5 7.49 0. 49 3.99 7.00 3.99 7.75 0.25 
8467150 2000 6 7.47 0.38 3.93 7.09 3.92 7.79 0.11 
8467150 2000 7 7.70 0.51 4.12 7.19 4.10 8.01 0.27 
8467150 2000 8 7.62 0.47 4.07 7.15 4.05 7.87 0.31 
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dtation: 8467150 
Name: BRIDGEPORT, BRIDGEPORT HARBOR 
Note: [] Denotes Inferred Water Level Value 

1979 Jan Feb Mar Apr 

1979 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) 

Page 1 of9 

May Jun ·Jul Aug Se 

--------- -------- -------- -------- -------- -------- -------- -------- -------- -------
MHW 8.88 [ 8.35] 8.65 8.86 8.87 8.98 9.00 9.09 9.0-
MLW 2.00 [ 1.65] 1. 70 2.00 2.01 2.04 2.08 2.13 2.0 
MSL 5.44 [ 5.00] 5.17 5.43 5.44 5.52 5.55 5.63 5.5 
MN 6.88 [ 6.70] 6.95 6.87 6.86 6.94 6.91 6.96 7.0 
MTL 5.44 [ 5.00] 5.17 5.43 5.44 5.51 5.54 _)i~ 5.5 
MHHW 9. 29/' [ 8.68] 8.91 9.19 9.13 9.29 9.29 ( 9.~- 9.3 
MLLW 1.63 [ i~35}. 1.46 1. 72 1. 77 1. 78 1.88 ~---········ 1.8 
DHQ 0.41 [ 0.33] 0.26 0.33 0.26 0.31 0.29 0.30 0.3 
DLQ 0.37 [ 0.30] 0.24 0.28 0.24 0.25 0.20 0.17 0.1 
GT 7.66 [ 7.33] 7.45 7.47 7.37 7.50 7.40 7.43 7.5 
DTL 5.46 [ 5.02] 5.18 5.46 5.45 5.54 5.59 5.67 5.6 
HWI 3.73 3.79 3.89 3.84 3.92 3.91 3.80 3.8 
LWI 10.09 10.12 10.18 10.14 10.23 10.22 10.14 10.1 
D 

1980 MONTHLY WATER LEVEL DATA 
National Ocean Service {NOAA) 

Station: 8467150 
Tame: BRIDGEPORT, BRIDGEPORT HARBOR 
Note: [] Denotes Inferred Water Level Value 

1980 Jan Feb Mar Apr May Jun Jul Aug Se 

--------- -------- -------- -------- -------- -------- -------- -------- -------- -------
MHW 8.48 8.56 8.62 8.91 9.08 8.98 9.04 9.15 8.9 
MLW 1. 76 1.88 1. 89 2.14 2.13 1. 98 1. 97 2.07 2.0 
MSL [ 5.13] 5.24 5.23 5.53 5.61 5.49 5.51 5.61 5.5 
MN 6.71 6.68 6.73 6.77 6.95 7 .-00 7.07 7.08 6.9 
MTL 5.12 5.22 5.25 5.53 5.61 5.48 5.51 5_:_.§:t~ 5.4 
MHHW 8.88 8.89 8.95 9.15 9.37 9.29 9.32 .;9.39 I 9.2 
MLLW 1.49 1.68 1. 62 1. 94 1. 91 1. 70 1. 76 i:·91· 1.8 
DHQ 0.40 0.32 0.33 0.24 0.29 0.31 0.28 0.24 0.2 
DLQ 0.27 0.20 0.26 0.20 0.22 0.28 0.22 0.16 0 .1 
GT 7.38 7.20 7.32 7.22 7.46 7.59 7.57 7.48 7.3 
DTL 5.18 5.29 5.29 5.55 5.64 5.49 5.54 5.65 5.5 
HWI 3.70 3.74 3.73 3.80 3.85 3.83 3.80 3.74 3.7 
LWI 10.05 10.07 10.06 10.13 10.15 10.14 10.14 10.08 10.1 

□ 
1981 MONTHLY WATER LEVEL DATA 
National Ocean Service {NOAA) 

Station: 8467150 
Name: BRIDGEPORT, BRIDGEPORT HARBOR 
Note: [] Denotes Inferred Water Level Value 

1981 Jan Feb Mar Apr May Jun Jul Aug Se 
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--------- -------- -------- --------
MHW 8.11 8.40 8.63 
_MLW 1.55 1. 69 1.95 
1SL 4.84 5.05 5.30 
. .fN' 6.56 6.71 6.69 
MTL 4.83 5.05 5.29 
MHHW 8.49 8.77 8.90 

..... ··~---··· -···· "••·--~- ...... ···-- -- --
/MLLW 1.36 1.50 1. 69 

DHQ 0.38 0.38 0.26 
DLQ 0.18 0.19 0.26 
GT 7.12 7.27 7.21 
DTL 4.93 5.14 5.29 
HWI 3.75 3.67 3.76 
LWI 10.09 10.00 10.07 
D 

-------- -------- -------- -------- --------
8.52 9.08 9.08 9.11 9.14 
1.67 2.07 2.02 2.06 2.17 
5.10 5.59 5.55 ·5_5a 5.66 
6.85 7.01 7.06 7.05 6.97 
5.10 5.58 5.55 

~) 
5.66 

8.75 9.39 9.42 9.42 -- . -- -·· ....... , .. ·····-···-•·· ... --· ~----- ··-·-·--··· . ·---·. -·-. ·- -

1.40 1.81 1. 77 1. 97 
0.23 0.31 0.34 0.32 0.28 
0.27 0.26 0.25 0.22 0.21 
7.34 7.58 7.65 7.60 7.46 
5.08 5.60 5.59 5.63 5.69 
3.71 3. 70. 3. 76 3.83 3.79 

10.06 10.03 10.08 10.15 10.12 

1982 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) 

Station: 8467150 
Nam.e: 

, Note: 

j 
~-~1 ' 

1982 
---------
MHW 
MLW 
MSL 
MN 
!TL 

.~HW -···--· 
MLLW 
DHQ 
DLQ 
GT 
DTL 
HWI 
LWI 
D 

Station: 
Name: 
Note: 

1983 

---------
MHW 
MLW 
MSL 
MN 

BRIDGEPORT, BRIDGEPORT HARBOR 
[] Denotes Inferred Water Level Value 

Jan Feb Mar Apr May Jun Jul Aug 
-------- -------- -------- -------- -------- -------- -------- --------

8.29 8.49 8.56 8.38 8.96 9.38 8.94 8.93 
1.67 1. 79 1. 81 1. 61 2.05 2.46 2.11 2.14 
4.98 5.15 5.19 5.00 5.51 5.92 5.54 5.54 
6.62 6.69 6.75 6.77 6.91 6.92 6.83 6.79 
4.98 5.14 5.18 5.00 

~: ~~ -· ·-··--{~~ 
5.53 5.53 

8.71 8.82 8.80 8.74 9.27 9.22 
1.38 1.55 1.56 1.25 1.82 \ .. ~ .... 1.88 1. 91 
0.42 0.33 0.25 0.36 0.26 0.35 0.33 0.29 
0.29 0.25 0.25 0.37 0.23 0.28 0.23 0.23 
7.33 7.27 7.24 7.49 7.40 7.55 7.39 7.31 
5.05 5.18 5.18 4.99 5.52 5.95 5.58 5.57 
3.77 3.77 3.73 3.76 3.79 3.82 3.88 3.85 

10.13 10.11 10.08 10.11 10.14 10.16 10.19 10.15 

1983 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) 

8467150 
BRIDGEPORT, BRIDGEPORT HARBOR 
[] Denotes Inferred Water Level Value 

Jan Feb Mar Apr May Jun Jul Aug 
-------- -------- -------- -------- -------- -------- -------- --------

8.72 8.93 9.13 9.22 9.01 9.06 9.13 9.22 
2.04 2.39 2.44 2.55 2.29 2.29 2.33 2.37 
5.38 5.67 5.77 5.88 5.64 5.67 5.74 5.80 
6.68 6.54 6.69 6.67 6.72 6.77 6.80 6.85 

-------
9.1 
2.3 
5.7 
6.8 
5.7 
9.3 
2.1 
0.2 
0.1 
7.2 
5.7 
3.8 

10.1 

Se 
-------

9.0 
2.2 
5.6 
6.8 
5.6 
9.2 
2.0 
0.2 
0.1 
7.2 
5.6 
3.9 

10.2 

Se 
-------

9.1 
2.3 
5.7 
6.8 

MTL 5.38 5.66 5.78 5.88 5.65 5.67 5.73 5.7~ 5.7 
"'1HHW 9.13 9.32 9.40 9.51 .33 9.41 9.49 - ,A-:55" .. ·· 9.5 

.. -···· ------~- -···• ··-·. ··---····· ·-- --····-· . 

1'.LLW 1. 80 2.11 2.18 2.29 2 .. 01 1.99 2.09 \--2-.-1.--1 2.1 
..)HQ 0.40 0.39 0.27 0.29 0.32 0.36 0.36 0.33 0.3 
DLQ 0.25 0.28 0.26 0.26 0.28 0.30 0.24 0.19 0.1 
GT 7.33 7.21 7.22 7.22 7.32 7.43 7.40 7.38 7.3 
DTL 5.46 5.71 5.79 5.90 5.67 5.70 5.79 5.86 5.8 

http://co-ops.nos.noaa.gov/cgi-bin/co-ops _ qry .cgi 10/30/00 
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HWI 
LWI 

.□ 

3.71 
10.03 

Station: 8467150 

3. 77 
10.12 

3.76 
10.10 

Name: BRIDGEPORT, BRIDGEPORT HARBOR 

3.76 
10.10 

3.81 
10.11 

3.86 
10.17 

3.85 
10.15 

3.81 
10.16 

1984 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) · 

Note: [] Denotes Inferred Water Level Value 

1984 Jan Feb Mar Apr May Jun Jul Aug 

--------- -------- -------- -------- -------- -------- -------- -------- --------
MHW 8.60 8.66 8.89 9.29 8.97 9.12 9.08 9.32 
MLW 2.07 2.09 2.31 2.60 2.20 2.30 2.16 2.31 
MSL 5.34 5.38 5.60 5.95 5.57 5.72 5.61 5.81 
MN 6.53 6.57 6.58 6.69 6.77 6.83 6.92 7.01 

3.8 
10.1 

Se 
-------

9.0 
2.2 
5.6 
6.8 

MTL 5.34 5.38 5.60 5. 94 5.58 5.71 5.62 

0~ 
5.6 

MHHW 9.01 9.10 9.16 9.55 9.31 9.48 9.41 9.3 .. 
MLLW 1.83 1.87 2.10 2.40 1. 95 2.02 1. 91 -.....2-......!- 2.0 
DHQ 0.41 0.44 0.27 0.26 0.34 0.35 0.34 0.29 0.2 
DLQ 0.25 0.22 0.21 0.21 0.25 0.28 0.24 0.17 0.1 
GT 7.18 7.24 7.06 7.15 7.36 7.46 7.50 7.46 7.3 
DTL 5.42 5.49 5.63 5.97 5.63 5.75 5.66 5.87 5.7 
HWI 3.77 3.75 3.76 3.74 3.77 3.77 3.81 3.80 3.8 
LWI 10.11 10.08 10.07 10.06 10.06 10.07 10.10 10.12 10.1 
D 

1985 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) 

1tation: 8467150 
... .::rame: BRIDGEPORT, BRIDGEPORT HARBOR 
Note: [] Denotes Inferred Water Level Value 

1985 Jan Feb Mar Apr May Jun Jul Aug Se 

--------- -------- -------- -------- -------- -------- -------- -------- -------- -------
MHW 8.34 8.55 8.45 8.68 8.99 8.98 9.02 9.04 8.9 
MLW 2.00 1.99 1. 96 2.07 2.22 2.18 2.22 2.31 2.3 
MSL 5.18 5.25 5.23 5.37 5.61 5.59 5.62 5.69 5.7 
MN 6.35 6.56 6.49 6.60 6.77 6.81 6.80 6.73 6.6 
MTL 5.17 5.27 5.20 5.37 5.60 5.58 5~ 5.68 5.6 
MHHW 8.76 8.89 8.72 -~~ 95 ······9~.3~ 9!~3 ____ _../9,-36 / 9.33 9.3 -· ·, ... ·/· 

MLLW 1.65 1. 75 1. 77 1.80 1.96 1. 87 ···--1 .. 92" 2.11 2.2 
DHQ 0.41 0.35 0.27 0.28 0.34 0.35 0.34 0.29 0.3 
DLQ 0.35 0.24 0.18 0.27 0.25 0.30 0.30 0.21 0.1 
GT 7.10 7.14 6.95 7.15 7.37 7.46 7.44 7.23 7.1 
DTL 5.20 5.32 5.25 5.38 5.65 5.60 5.64 5. 72 5.7 
HWI 3.77 3.71 3.72 3.71 3.79 3.86 3.86 3.84 3.8 
LWI 10.12 10.04 10.05 10.04 10.11 10.18 10.18 10.14 10.1 
D 

1986 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) 

Station: 8467150 
Name: BRIDGEPORT, BRIDGEPORT HARBOR 
fote: [] Denotes Inferred Water Level Value. 

http://co-ops.nos.noaa.gov/cgi-bin/co-ops_qry .cgi 10/30/00 
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1986 Jan Feb Mar Apr May Jun Jul Aug Se 

--------- -------- -------- -------- -------- -------- -------- -------- -------- -------
MHW 8.28 8.72 8.43 9.18 9.05 8.93 9.10 8.89 

~Jw 1. 78 2.20 1.87 2.48 . 2.35 2.22 2.49 2..41 
.i.BL 5.05 5.46 5.15 5.83 5.72 5.58 5.80 5.65 

MN 6.50 6.52 6.56 6.71 6.70 6.70 6.61 6.48 
MTL 5.03 5.46 5.70 5.57 5.80 5.65 
MHHW 8.71 9.00 9.39 9.28 9.44 9.21 . ::;;_ --ctw -· •-···•·•-~ •·-•··-·---- - . •-·· ........ ·---'. 

-MLLW 1.44 1.96 1. 63 2 .. 2 
DHQ 0.43 0.29 0.36 0.30 
DLQ 0.34 0.23 0.24 0.22 
GT 7.26 7.04 7.16 7.23 
DTL 5.08 5.48 5.21 5.87 
HWI 3.72 3.75 3.72 3. 71 
LWI 10.08 10.07 10.04 10.04 
D 

Station: 8467150 
Name: BRIDGEPORT, BRIDGEPORT HARBOR 
Note: [] Denotes Inferred Water Level Value 

1987 Jan Feb Mar Apr 

2.05 1. 94 2.20 2.22 
0.34 0.35 0.34 0.33 
0.30 0.28 0 .29 0.19 
7.33 7.33 7.25 7.00 
5.72 5.61 5.82 5.72 
3.77 3.85 3.89 3.84 

10.09 10.16 10.18 10.15 

1987 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) 

May Jun Jul Aug 

--------- -------- -------- -------- -------- -------- -------- -------- --------
MHW 8.71 8.35 8.97 9.05 8.80 9.00 9.09 9.07 
MLW 2.26 1. 96 2.45 2.55 2.28 2.35 2.41 2.39 
'.tSL 5.49 5.16 5.72 5. 79 5.54 5.68 5.76 5.74 

J 6.45 6.39 6.52 6.50 6.53 6.65 6.67 6.68 
ATL 5.49 5.15 5.71 5.80 5.54 5.67 5~.) 5.73 
MHHW 9.20 8.65 9.21 9.39 9.17 9.38 9.47/ 9.43 

- - MLLW 1. 84 1. 76 2.22 2.31 1. 99 2.04 .i:~15 2.19 
DHQ 0.48 0.30 0.24 0.34 0.37 0.38 0.38 0.36 
DLQ 0.42 0.20 0.22 0.24 0.29 0.32 0.27 0.20 
GT 7.36 6.88 6.99 7.07 7.18 7.34 7.32 7.24 
DTL 5.52 5.20 5.72 5.85 5.58 5.71 5.81 5.81 
HWI 3.66 3.75 3.77 3.78 3.79 3.83 3.84 3.83 
LWI 10.00 10.08 10.11 10.11 10.07 10.16 10.14 10.15 
D 

1988 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) 

Station: 8467150 
Name: BRIDGEPORT, BRIDGEPORT HARBOR 
Note: [] Denotes Inferred Water Level Value 

1988 Jan Feb Mar Apr May Jun Jul Aug 

--------- -------- -------- -------- -------- -------- -------- -------- --------
MHW 8.22 8.48 8.35 9.05 [ 8.90] 8.94 8.90 9.02 
MLW 1. 90 2.13 1.95 2.48 [ 2.28] 2.30 2.11 2.18 
MSL 5.07 5.31 5.16 5.77 [ 5.60] 5.62 5.51 5.60 
MN 6.32 6.35 6.40 6.57 [ 6.62] 6.64 6.79 6.84 

"I'L 5.06 5.31 5.15 5.7~ [ 5.59] 5.62 5.50 5.60 
J:iHW . ----· ~ __ • .79_ 8 .. 96 __ 8.6'.l .. : .. ___ [:§::41) .L . ~-.2Ql .9.34 9.24. 9.29 _______ .. ..,_ 

-1LLW 1. 65 1.86 1. 76 ·-2. 26 [ 2.02] 1.99 1.89 1.99 
DHQ 0.48 0.47 0.26 0.36 [ 0 .39] 0.40 0.34 0.27 
DLQ 0.25 0.27 0.19 0.22 [ 0.27] 0.31 0.22 0.18 
GT 7.06 7.10 6.85 7.15 [ 7.27] 7.35 7.34 7.29 

http://co-ops.nos.noaa.gov/cgi-bin/co-ops_qry.cgi 

8.8 
2.2 
5.5 
6.5 
5.5 
9.1 
2.0 
0.3 
0.1 
7.0 
5.6 
3.8 

10.1 

Se 
-------

9.0 
2.3 
5.7 
6.6 
5.7 
9.3 
2.1 
0.3 
0.2 
7.2 
5.7 
3.8 

10.1 

Se 
-------

8.8 
2.1 
5.5 
6.7 
5.5 
9.1 
2.0 
0.3 
0.1 
7.1 

10/30/00 
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DTL 
HWI 
LWI 

5.18 
3.77 

10.11 

Station: 8467150 

5.41 
3.76 

10.06 

5.19 
3.78 

10.08 

Name: BRIDGEPORT, BRIDGEPORT HARBOR 

5.83 [ 
3.79 

10.12 

Note: [] Denotes Inferred Water Level Value 

1989 Jan Feb Mar Apr 

Page 5 of9 

5. 65] 5.66 
3.85 

10.13 

5.56 
3.83 

10.13 

5.64 
3.81 

10.14 

1989 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) 

May Jun Jul Aug 

5.6 
3.8 

10.1 

Se 

--------- -------- -------- -------- -------- -------- -------- -------- -------- -------
MHW 8.34 8.38 8.41 8.53 8.92 9.09 8.96 9.10 9.0 
MLW 2.00 1. 94 2.05 1.97 2.18 2.25 2.23 2.38 2.3 
MSL 5.19 5.15 5.25 5.25 5.55 5.67 5.60 5.74 5.6 
MN 6.34 6.44 6.36 6.55 6.74 6.84 6.73 6.72 - 6.6 
MTL 5.17 5.16 5.23 5.25 5.55 5.67 5.59 5.74 5.6 
MHHW 8.73 .. 8.76 8.67 8.80 9.30 (9.46) 9.32 9.38 9.2 
MLLW 1. 79 1. 70 1.84 1. 69 1. 89 1.92/ 1. 96 2.17 2.1 
DHQ 0.40 0.38 0.26 0.28 0.39 0.37 0.35 0.29 0.2 
DLQ 0.21 0.24 0.21 0.28 0.29 0.33 0.27 0.21 0.1 
GT 6.94 7.06 6.83 7.11 7.42 7.54 7.36 7.21 7.1 
DTL 5.26 5.23 5.26 5.25 5.59 5.69 5.64 5. 78 5.7 
HWI 3. 77 3. 76 3.73 3.78 3.82 3.88 3.89 3.82 3.8 
LWI 10.09 10.09 10.06 10.09 10.16 10.20 10.16 10.14 10.1 
D 

1990 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) 

Station: 8467150 
Name: BRIDGEPORT, BRIDGEPORT HARBOR 
Note: [] Denotes Inferred Water Level Value 

1990 Jan Feb Mar Apr May Jun Jul Aug Se 

--------- -------- -------- -------- -------- -------- -------- -------- -------- -------
MHW 8.43 8.47 8.42 8.48 8.98 8.95 8.95 [ 9. 06] 9.0 
MLW 1.85 1. 97 1.80 1. 97 2.32 2.23 2.34 [ 2.60] 2.3 
MSL 5.15 5.23 5.12 5.25 5.68 5. 60 5.66 [ 5.84] 5.7 
MN 6.59 6.50 6.62 6.51 6.66 6.72 6.61 [ 6. 46] 6.6 
MTL 5.14 5.22 5.11 5.23 /_?-.Q~\ 5.59 5.64 [ 5.83] 5.7 
MHHW .. _ .. ··--·------ 8. 86 .. __ .... 8. 82·-··--····-··• 8 ._73 __ . ·----· __ a_ ._7.9 ....... ···<9 .3), 9. ..•. 32 . 9.29 [ . .9.39] .... 9 .. 2 
MLLW 1.57 1. 68 1.57 1. 77 ·2·:-05 1. 97 2.11 [ 2.42] 2.2 
DHQ 0.42 0.35 0.31 0.31 0.35 · 0.37 0.35 [ 0.33] 0.2 
DLQ 0.27 0.29 0.23 0.20 0.27 0.26 0.23 [ 0.18] 0.1 
GT 7.28 7.14 7.16 7.02 7.28 7.35 7.19 [ 6.97] 7.0 
DTL 5.21 5.25 5.15 5.28 5.69 5.64 5.70 [ 5.90] 5.7 
HWI 3.79 3.75 3.72 3.67 3.84 3.90 3.95 3.8 
LWI 10.11 10.09 10.08 10.00 10.22 10.20 10.27 10.2 

□ 
1991 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) 

Station: 8467150 
fame: . BRIDGEPORT, BRIDGEPORT HARBOR 

.i::;fote: [] Denotes Inferred Water Level Value 

http://co-ops.nos.noaa.gov/cgi-bin/co-ops _ qry .cgi 10/30/00 
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1991 Jan Feb Mar Apr May Jun Jul Aug Se 

--------- -------- -------- -------- ----·---- -------- -------- -------- -------- -------
mw 8.74 8.53 9.05 8.85 8.92 9.11 9.14 9.09 9.0 
~w 2.05 2.00 2.40 2.15 2.21 2.36 2.33 2.24 2.2 

MSL 5.39 5.29 5.72 5.51 5.57 5.74 5.74 5.66 5.6 
MN 6.69 6.53 6.65 6.69 6.71 6.75 6.81 6.85 6.8 
MTL 5.39 5.27 5.72 5.50 5.57 5. 73-.. 5.74 5.66 5.6 

. --····~ \ 
MHHW 9.13 8.85 9.32 9.19 9.32 /··9. 48/ 9.48 _9 ._41_ -·--····· .9.3 
MLLW 

* ........ -----··-·-
•• • w•- •--•~ •• • • ·/ 

1. 76 1. 79 2.20 1.89 1.92 2...-0'6 2.12 2.03 2.0 
DHQ 0.39 0.32 0.27 0.34 0.39 0.38 0.34 0.32 0.2 
DLQ 0.29 0.22 0.20 0.26 0.29 0.30 0.21 0.21 0.1 
GT 7.37 7.06 7.12 7.29 ·7 .40 7.42 7.36 7.38 7.2 
DTL 5.44 5.32 5.76 5.54 5.62 5.77 5.80 5.72 5.6 
HWI 3.77 3.77 3.78 3.80 3.80 3.86 3.82 3.73 3:1 
LWI 10.08 10.09 10.11 10.10 10.13 10.19 10.13 10.08 10.1 
D 

1992 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) 

Station: 8467150 
Name: BRIDGEPORT, BRIDGEPORT HARBOR 
Note: [] Denotes Inferred Water Level Value 

1992 Jan Feb Mar Apr May Jun Jul Aug Se 

--------- -------- -------- -------- -------- -------- -------- -------- -------- -------
MHW 8.64 8.77 8.74 8.94 9.05 9.22 9.35 9.21 9.1 
MLW 2.23 2.25 2.20 2.27 2.25 2.36 2.33 2.17 2.2 

'SL 5.43 5.51 5.47 5.60 5.65 5.79 5.85 5.69 5.6 
.1."1:N 6.41 6.52 6.54 6.67 6.80 6.86 7.02 7.04 6.9 
MTL 5.43 5.51 5.47 5.60 5.65 

~ 
5.84 5.69 5.6 

MHHW 9.13 9.11 9.09 9.26 9.44 <9·_·5 9.67 9.47 9.3 
.. ----···-·-·•·· . ··-··•··· 

1. 97 2.02 1.96 2.05 2.03 2.11 2.14 2.05 2.0 MLLW 
DHQ 0.49 0.34 0.35 0.33 0.38 0.35 0.32 0.27 0.2 
DLQ 0.26 0.23 0.24 0.22 0.22 0.25 0.19 0.12 0.1 
GT 7.16 7.09 7.13 7.21 7.41 7.46 7.53 7.42 7.3 
DTL 5.55 5.57 5.52 5.66 5.73 5.84 5.90 5.76 5.7 
HWI 3.76 3.68 3.72 3.70 3.84 3.87 3.83 3.83 3.8 
LWI 10.09 10.02 10.03 10.04 10.20 10.19 10.13 10.16 10.1 
D 

1993 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) 

Station: 8467150 
Name: BRIDGEPORT, BRIDGEPORT HARBOR 
Note: [] Denotes Inferred Water Level Value 

1993 Jan Feb Mar Apr May Jun Jul Aug Se 

--------- -------- -------- -------- -------- -------- -------- -------- -------- -------
MHW 8.60 8.91 8.66 9.32 9.20 9.13 9.26 9.22 9.1 
MLW 2.12 2.24 2.13 2.47 2.27 2.18 2.32 2.37 2.3 
MSL 5.37 5.58 5.42 5.91 5.74 5.66 5.79 5.81 5.7 
l'1N 6.48 6.67 6.53 6.85 6.93 6.95 6.94 6.85 6.8 
frL 5.36 5.58 5.40 5.89 5.74 5.66 ?-·~~ 5.80 5.7 

i.'1HHW 9.01 9.21 8.97 9.56 9.54 9.45 "9.57_/ 9.44 9.4 
MLLW 1.85 2.01 1.83 2.25 2.00 1.91 ·--2~8 2.22 2.1 
DHQ 0.41 0.30 0.30 0.24 0.34 0.32 0.30 0.22 0.2 
DLQ 0.27 0.24 0.30 0.22 0.28 0.27 0.24 0.15 0.1 

http://co-ops.nos.noaa.gov/cgi-bin/co-ops _ qry .cgi 10/30/00 



Queried Data 

GT 7.16 7.20 7.14 7.31 
DTL 5.43 5.61 5.40 5.90 

. HWI 3.76 3.74 3.75 3.75 
·m 10.07 10.04 10.08 10.06 
J 

Station: 8467150 
Name: BRIDGEPORT, BRIDGEPORT HARBOR 
Note: [] Denotes Inferred Water Level Value 

1994 Jan Feb Mar .Apr 
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·7 .55 7.54 7.48 7.22 
5.77 5.68 5.83 5.83 
3.82 3.85 3.86 3.87 

10.14 10.16 10.16 10.20 

1994 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) 

May Jun Jul Aug 

7.2 
5.7 
3.8 

10.1 

Se 

--------- -------- -------- -------- -------- -------- -------- -------- -------- -------
MHW 8.33 8.48 8.88 8.74 9.15 9.02 9.05 9.01 9.1 
MLW 1. 73 2.01 1. 99 1. 77 2.19 2.05 2.21 2.22 2.3 
MSL 5.04 5.28 5.44 5.26 5.68 5.54 5.64 5.63 5.7 
MN 6.60 6.47 6.88 6.98 6.96 6.97 6.84 6.79 6.8 
MTL 5.03 5.25 5.44 5.25 5.67 5.54 5.63 5.62 5.7 ~------...... 
MHHW 8. 76 8.81 9.1_7 9.03 :9.46 r 9.35 9.34 9.25 9.3 

1 :-g-s.., -----·--
MLLW 1.37 1. 72 1. 76 1.52 1.83 2.02 2.10 2.1 
DHQ 0.43 0.33 0.30 0.29 0.31 0.33 0.29 0.24 0.1 
DLQ 0.36 0.29 0.24 0.24 0.24 0.22 0.18 0.13 0.1 
GT 7.39 7.09 7.41 7.51 7.51 7.52 7.32 7.16 7.1 
DTL 5.05 5.26 5.47 5.28 5.71 5.59 5.68 5.67 5.7 
HWI 3.69 3.65 3.71 3.75 3. 79 3.87 3.86 3.83 3.7 
LWI 10.04 10.07 10.03 10.07 10.07 10.17 10.18 10.11 10.1 
D 

1995 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) --.___ 

Station: 8467150 
Name: BRIDGEPORT, BRIDGEPORT HARBOR 
Note: [] Denotes Inferred Water Level Value 

1995 Jan Feb Mar Apr May Jun Jul Aug Se 

MHW 
MLW 
MSL 
MN 

MTL 
MHHW 
MLLW 
DHQ 
DLQ 
GT 
DTL 
HWI 
LWI 
D 

1tation: 
... -tame: 
Note: 

8.71 
1.88 
5.31 
6.83 
5.29 
9.06 
1.63 
0.36 
0.25 
7.44 
5.35 
3.77 

10.09 

8467150 

8.41 
1. 72 
5.08 
6.69 
5.06 
8.76 
1.54 
0.35 
0.18 
7.22 
5.15 
3.77 

10.10 

8.90 
1.99 
5.45 
6.91 
5.44 
9.11 
1. 85 
0.21 
0.14 
7.26 
5.48 
3.77 

10.09 

BRIDGEPORT, BRIDGEPORT HARBOR 

8.77 
1. 91 
5.35 
6.86 
5.34 
9.07 
1.67 
0.30 
0.24 
7.40 
5.38 
3. 79 

10.14 

[] Denotes Inferred Water Level Value 

http://co-ops.nos.noaa.gov/cgi-bin/co-ops _ qry .cgi 

9.17 
2.29 
5.75 
6.89 
5.73 
9.52 
1. 99 
0.35 
0.29 
7.53 
5.76 
3.79 

10.13 

8.99 
2.09 
5.55 
6.90 
5.54 
9.29 
1.84 
0.31 
0.25 
7.45 
5.57 
3.85 

10.15 

9.13 
2.14 
5.66 
6.99 
5.64 
9.41 
1. 96 
0.28 
0.17 
7.45 
5.70 
3.82 

10.14 

9.36 
2.38 
5.89 
6.98 

--~b 
'--2-~25 

0.30 
0.13 
7.40 
5.96 
3.77 

10.08 

1996 MONTHLY WATER LEVEL DATA 
National Ocean· Service (NOAA) 

9.2 
2.3 
5.8 
6.9 
5.8 
9~5 
2.2 
0.2 
0.1 
7.3 
5.8 
3.7 

10.0 

10/30/00 



Queried Data Page 8 of9 

1996 Jan Feb Mar Apr May Jun Jul Aug Se 
·-------- -------- -------- -------- -------- -------- -------- -------- -------- -------
HW 8.97 8.76 8.69 9.13 9.15 9.29 9.42 9.44 9.7 

MLW 2.45 1. 98 2.01 2.32 2.15 2.16 2.17 2.15 2.6 
MSL 5.71 5.38 5.36 5.73 5.65 5. 73 5.81 5.81 6.2 
MN 6.52 6.78 6.68 6.81 7.00 7.14 7.25 7.30 7.0 
MTL 5.71 5.37 5.35 5. 72 5.65 5.73 

~ .. 
5.79 6.2 

MHHW 9.44 9.05 8.91 9.45 9.46 9.60 ·-·- _9 •. 65 _____ 9. 9 
MLLW ------·· 2. 04 1.82 1. 76 2.07 1. 93 1.95 2.00 2.5 
DHQ 0.47 0.29 0.22 0.32 0.31 0.31 0.29 0.20 0.2 
DLQ 0.41 0.16 0.25 0.24 0.22 0.21 0.23 0.14 0.1 
GT 7.40 7.22 7.15 7.38 7.53 7.65 7.78 7.64 7.4 
DTL 5.74 5.44 5.34 5.76 5.70 5.77 5.82 5.83 6.2 
HWI 3.78 3.78 3.82 3.84 3.88 3.92 3.90 3.91 3.8 
LWI 10.11 10.08 10.10 10.18 10.21 10.24 10.21 10.24 10.2 

□ 
1997 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) 

Station: 8467150 
Name: BRIDGEPORT, BRIDGEPORT HARBOR 
Note: [] Denotes Inferred Water Level Value 

1997 Jan Feb Mar Apr May Jun Jul Aug Se 

--------- -------- -------- -------- -------- -------- -------- -------- -------- -------
MHW 8.84 8.97 9.01 9.48 9.15 9.46 9.25 9.37 9.3 

1LW 2.05 2.02 2.14 2.43 2.07 2.35 2.18 2.33 2.3 
... .fSL 5.45 5.51 5.57 5.95 5.61 5.91 5.72 5.86 5.8 
MN 6.78 6.95 6.87 7.04 7.09 7.12 7.07 7.04 6.9 
MTL 5.44 5.49 5.57 5.95 5.61 

c!P··· 
5.71 5.85 5.8 

MHHW 9.27 -- 9._21 _________ 9.30 ___ ········~-~ §?. -·-·· .... 9!43 . ... 9. 57 ·------ 9. 65 ____ .. .9.......5 
MLLW 1. 70 1. 79 1. 87 2.16 1.80 1.96 2.14 2.1 
DHQ 0.44 0.25 0.30 0.21 0.28 0.35 0.32 0.28 0.2 
DLQ 0.36 0.22 0.27 0.28 0.27 0.26 0.21 0.19 0.1 
GT 7.58 7.42 7.43 7.53 7.63 7.73 7.60 7.52 7.4 
DTL 5.48 5.50 5.59 5.92 5.62 5.95 5.76 5.89 5.8 
HWI 3.85 3.87 3.84 3.83 3.89 3.92 3.94 3.94 3.9 
LWI 10.19 10.18 10.14 10.20 10.21 10.23 10.26 10.26 10.2 
D 

1998 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) 

Station: 8467150 
Name: BRIDGEPORT, BRIDGEPORT HARBOR 
Note: [] Denotes Inferred Water Level Value 

1998 Jan Feb Mar Apr May Jun Jul Aug Se 

--------- -------- -------- -------- -------- -------- -------- -------- -------- -------
MHW 9.30 9.51 9.16 9.44 9.58 9.44 9.36 9.27 9.3 
MLW 2.45 2.77 2.20 2.39 2.56 2.41 2.42 2.40 2.4 
MSL 5.88 6.16 5.69 5.92 6.08 5.94 5.89 5.84 5.9 

1N 6.85 6.74 6.96 7.04 7.02 7.03 6.94 6 .. 88 6.9 
.a.'1:TL 5.88 6.14 5.68 5.91 

~ 
5.93 5.89 5.83 5.9 

MHHW 9.63 ·---··· _ 9 ._81 ___ -~_ •. 4:7 ......... . .... 9. .• 7.6 
. 

9. 73.: . - 9. 65 .. _ 9.54 9.--6 
' 

. . 

MLLW 2.20 2.48 1. 96 2.17 2.35 2.20 2.24 2.27 2.3 
DHQ 0.32 0.30 0.31 0.32 0.31 0.29 0.29 0.27 0.2 

http://co-ops.nos.noaa.gov/cgi-bin/co-ops _ qry .cgi 10/30/00 
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DLQ 0.25 0.29 0.24 
GT 7.42 7.33 7.51 
DTL 5.92 6.14 5.72 
WI 3.78 3.80 3.78 

i.aWI 10.14 10.17 10.13 

□ 

Station: 8467150 
Name: BRIDGEPORT, BRIDGEPORT HARBOR 

0.22 
7.59 
5.96 
3.83 

10.18 

0.21 0.21 0.17 0.12 
7.54 7.52 7.40 7.27 
6.12 5.97 5.95 5.91 
3.89 3.96 3.95 3.92 

10.21 10.27 10.24 10.24 

1999 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) 

Note: £] Denotes Inferred Water Level Value 

1999 Jan Feb Mar Apr May Jun Jul Aug 

--------- -------- -------- -------- -------- -------- -------- -------- --------
MHW 8.72 9.10 8.87 9.18 9.20 9.13 9.30 9.45 
MLW 1.97 2.39 2.08 2.29 2.31 2.23 2.29 2.40 
MSL 5.35 ·5_ 74 5.48 5.73 5. 76 5.68 5.81 5.94 
MN 6.76 6.71 6.79 6.89 6.89 6.89 7.01 7.05 
MTL 5.34 5.74 5.47 5.73 5.76 5.68 5.80 5.~ 
MHHW 9.10 9.35 9.16 9.46 . J~ .. -!?1 . 9 .. ~A.~ . . __ Q,!58 ...... 9'. 7. ···-· -~- ·--·~~---..... ~ ··-·· 

--MLLW 1. 70 2.19 1.81 2.05 2.10 2.00 2.07 2.23 
DHQ 0.38 0.25 0.29 0.28 0.31 0.30 0.28 0.27 
DLQ 0.26 0.20 0.26 0.24 0.21 0.23 0.22 0.17 
GT 7.40 7.16 7.35 7.41 7.41 7.42 7.51 7.49 
DTL 5.40 5.77 5.49 5.75 5.80 5.71 5.83 5.97 
HWI 3.82 3.84 3.82 3.88 3.93 3.94 3. 92 3.90 
LWI 10.18 10.20 10.19 10.18 10.24 10.25 10.23 10.21 

] 

2000 MONTHLY WATER LEVEL DATA 
National Ocean Service (NOAA) 

Station: 8467150 
Name: BRIDGEPORT, BRIDGEPORT HARBOR 
Note: [] Denotes Inferred Water Level Value 

2000 Jan Feb Mar Apr May Jun Jul Aug 

--------- -------- -------- -------- -------- -------- -------- -------- --------
MHW 8.48 8.39 8.91 9.03 9.30 9.28 9.51 9.43 
MLW 1.78 1. 73 2.26 2.25 2.30 2.19 2.32 2.28 
MSL 5.15 5.06 5.59 5.64 5.80 5.74 5.93 5.88 
MN 6.70 6.66 6.65 6.78 7.00 7.09 7.19 7.15 
MTL 5.13 5.06 5.59 5.64 5.80 5.73 

..... ~: .... 
5.86 

MHHW 9.00 8.67 9.15 9.28 9.56 9.60 _SL 68 
·----- 1. 37 ·---- -.'----.. - .. ·---·------~ --·---.. ...... ____ , __ ··-·~•----~--. 

MLLW 1.53 2.02 2.01 2.06 1.92 2.12 
DHQ 0.52 0.29 0.24 0.25 0.27 0.32 0.31 0.25 
DLQ 0.41 0.19 0.24 0.24 0.24 0.27 0.24 0.16 
GT 7.63 7.14 7.12 7.27 7.51 7.68 7.74 7.56 
DTL 5.19 5.10 5.59 5.64 5.81 5.76 5.95 5.90 
HWI 3.90 3.82 3.88 3.86 3.89 3.91 3.92 3.91 
LWI 10.22 10.13 10.20 10.18 10.21 10.23 10.25 10.24 

http://co-ops.nos.noaa.gov/cgi-bin/co-ops _ qry .cgi 

0.1 
7.2 
5.9 
3.9 

10.2 

Se 
-------

9.3 
2.4 
5.8 
6.9 
5.8 
9.6 
2.2 
0.2 
0.1 
7.4 
5.9 
3.8 

10.1
1 

Se 
-------

9.3 
2.3 
5.8 
6.9 
5.8 
_9 ~ s. 
2.2 
0.2 
0.1 
7.3 
5.8 
3.9 

10.2 

10/30/00 
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TABLE 2- CURRENT DIFFERENCES AND OTHER CONSTANTS 

No. PLACE 

LONG ISLAND SOUND-cont. 
Time meridian, 75° W 

Connecticut River-cont 
2861 Eustasla Island, 0.6 mile ESE of ....•....... 
2866 Eddy Rode Shoal, west of ••••••.• , _ ...•••. 
2871 Higganum Creek, 0.5 mile ESE of .......... . 
2876 . WIicox Island Park, easl of •............... 
2881 . :: ~ Rocky f1111 , : ~, • ............. '.- •.• : ; ...... ·'. ;_ ~ 
2~8(;. i: •, • ·-;::,t~artford;JettY <42> ..... _. .•....•..•.•..•... 
2891<- ·-$ar.rook Breakwater, t.5.miles SE o! ..•.. ~-.,. 
2896 Mu ford Point. 3.1 miles nol1hwest or . ;. •: •.. : ..•. •: 
2901 .. -. ,9tte.nt Poinl, 1 ,nlla WNW of; .. _..·: •..... .1 •• '.,. 

2906 ., f:IO.CkfPolnk0.3 mile n~rttl of .. : .•.. ·•: •.•... : •.: 
2911' . qtimfield polflt,~·;B.n IT)4. SE of .. . • • .-..... ~ .. 

I is1:e ~ Cq~~eld P~int,;(mife_s!:;outh.of ....• <: .... , .. :.; 
:i 2921' Comf~d P9i~t.J,1 :"'.1•1es south.of •• .- ........... , 
1

: 2_926 , CoroJ1eld Pqfnt, 1.9,,n.ml. SW of . . • . . . • . . ..... ; 
293~ Kel~ Poln(2.1 miles•.sou1beasl of .......... .. 
2936 • SI~ ,.;.u1e .Reid, 1;5 miles north o! ..... ,·; ......•. 
i9t..1 .· . SO(Miie Reef; 2-m11es. east of .•.....••.••...•.. 
2946 .: '. HQrtoo Poin( 1.•f rriiles:NNW of ............. , . 
295 t : .· ,t<~lsey Point 1 mlfe south ol . . . . . . . . . . . . . .. 
295C · Ham.monasset Po1111. 1,2 fTlif&s SW of • . . . .... . 
296 t Hammonasset Point, 5 m11es south of .......... . 
2966 .· Duck Pond Point, 3..2 n.ml. NW of . • . ...... _ .. 
2971 . • . ·, Mattliuck Inlet, i mile northwest ol . . . . . . ..•••. 
2ri( ·,, S11chem-Head, 1 mile SSE or ..... , . . . . . . . . • • • 1 

4!98 1 .. Sachem Head 6.2 mllel? south of ............. . 
l:!'986 ,,· Roanoke Point, 5,6 mfles north of . • • . . . . . .•.. 
2991 R~ookft Pofnt,.2.3 miles NNW of ..• _ •.....•.. 
2996 . Sachem Head, .i mlle south of ............... . 
3001 l:ferod.Polnt.-2.8 miles north of ............... . 
3.006 · Herod Point, 6.5 miles north of ...•....... , ... . 
3011. Herod Point, 5.0 n.mi. NW ol •.. , .... _ •.... ; .. 
3016 · New Haven Harbor entrance <12~ ...........•. 
3021 City Point, 1.3 miles nonheast of .......••....• 
3026 Oyster River Pl, 1.3 mHes SSE or <1 > •..••...•. 
3031 Pond Polnl, 4.2 miles SSE of .......•........ _ 
3036 Stratford Shoal, 6 miles east of ....••.......•. 
3041 Sound Beach, 2.2 miles north of ...•.. ; ...... . 
3046 Charles Island, 0.8 mile SSE of .....• , ..•.•... 

Housatonic River 
Milford Point, 0.2 mile west oi ..•........... 
Railroad drawbridge, above .••••.•...... ; •. 
Fowler Island, 0.1 mile NNW of .......•...•. 
Woosler Island, O .1 mile southwest of ....... . 
Derb)':-Shel!on Bridge. below <13> ...... , .. . 

Point No Point. 2.1 mfl~s south of •••..•...•... 
Old Field Point, 1 mile east of ..•....•...••.•.. 
. . . do ...• ·-·.' ...•..•. ' .. ' ...••.....•.•• 

3086 Old Aeld Point, 2.9 n.ml. NNW of ........•...•• 
3091 Old Field Point, 2 miles northeast of •.... _ ..•••• 

. . • do ..••.•.••.••.•.•.•.••.•.... ' ...... . 

Endnotes can be found at the end of table 2. 

Meter 
Depth 

ft 

15 

9 
·9,~ 

,.,.. 
1,5. 

15 . 
1sd. 
. 1 . 

15 
·1M. 

15 
15 
15d 
15 

15 
15 

15 
15 
15d 

10. 
5 
5 
5 

15 
15 
22 
15d 
15 
40 

POSITION 

latitude 

North 

41° 23.30' 
41° 26.57' 
41° 30-02' 
41" 34.33' . 
41~ ~9.82°, l, 

'4f!'45:07.' .: 
;_;iffi• '14.78' -
41'° 12;00' 

/ft.~ ,~0.02' 

longitude 

West 

72° 24.23' 
72" 27.78' 
72" 32.62' 
72°38.68' 
72°37.73' 
72°39.02' 
72°-19.05' 
72° -19.0B' 
72° 15.11' 

': 41;~·be.s3• - 12° 2, ... 2· 
41,." 13Ji5'.. 72°,20.33' 

· 41'?12.9':· 72°.22.4'. 
. ·4l0 14 ,65'. 72° ·23'.40' 
'. '41" ;14.48' 72" 25.30'. 
. 41"' '14.10' 72" 27.93' 

t' 41~ j 2.66' ~ 72" 28.87' 
. 41° 10.83' - 72° 26.90' 

41 a 06.30' 72° 27.40; 
41° 14' 72" 30' 
41 • 14 .22' 72" 34 .00' 
41• 09.80' 72° 34.17' 
41 • 04 .73' 72" 33.91' 
41• 01.68' 72° 34.22' 
.. ,. 13.85' 72° 42.30' 
41 8 08.73' 72•42.30' 
41•04_37• 72°42.53' 
41"00.92' 72°42.97' 
41 1 14' 72°43' 
41 ° 00.97' 72° 49.93' 
41" 04.65' 72° 49 .80' 

. 41-0 01.64' 72°-54.73' 
41"14', 72°55' 
41° 17.8:-3' . 72° 54.42' 
41° 12.87' 72° 58.00' 
41 ° 08.60' 72° 58.08' 
41 ° 04.52' 72" 58 .43' 
41°00.33' 72°58.45' 
41° J0.77' 73°02.63' 

41° 10.35' 
41" 12.53' 
41"14.40' 
41"16.67' 
41" 18.73' 
41°06.75' 
40° 58.47' 
40"58.47' 
41° 01.32' 
41"00.23' 
41°00.23' 

73°06.82' 
73°'06.67' 
73°06.23' 
73°05.20' 
73°04.78' 
73° 07.13' 
73°05.80' 
73°05.80' 
73°08.37' 
73°05.70' 
73°05.70' 

TIME DfFFERENCES 

Min. Min. 
before Flood before 
Flood Ebb 

h m h m h m 

on The Race. p.24 

+2 14 
+2 02 
+3 27 
+4 27 
+5 02 
+606 
-1 09 
+O 15 
-0. 48 

+1 59 
+2 37 
+313 
+357 
+3 58 
+5 00 
-050 

.. -0.44 

. -1.41 
: -0 38 
. +0.12 

-0 OB· - -0 41 
-1· 14. '. -0•'35' 
-0 45 · _.· +0'.01 
-0 40' 

1 
-1 13' 

-0 56 -114 
-o 14 .. -0.41 
+0 04 +():09 
-0 15 , +0' 09 . 
+O 25 +O 29. 
-1 21 · -0 42 
-0 38 -0 54 
+0 18 +O 18 
-0 12 +O 12 

0 00 +0 08 
-0 17 -0 15 
+0 50 +0 45 
+0 19 +0 f9 
-0 58 -o 01 
-0 35 +O 21 

. -0 OB +0 04 
: -0 06. +O 27 

+0 04 +0 04 
-1 00 -1 15. 
+O 32 +O 51· 

+O 01 
+O 22 
+0 18 
-0 30 

+ti 15 
+0 55 
+1 09 
+1 40 

-009 
+3 47 
+2 51 
+0 40 
+O 54 
+043 

+0 06 
+O 25 
+0 19 
+0 15 
-015 

+022· 
+034 
+031 
+0 54 

+O t5 
+2 52 
+215 
+0 10 
+O 34 
+0 29 , 

+1 32 
+2 10 
+2 44 
+3 16 

'+330 
..,3·31 

;_o 46 
. +004 
.-024 

-0 52 
-0.'33 
-o:oe 

'-0\.53 
· -1-25 
;_0'·45 
.-014 
. +0.02 
: +0-06 
-1 08 
-035 
-0 15 
-007 
+001 

. -o.:·~e 
-003 
-006 
-0 01 
-o as 
-0 18 
+O 21 
-028 
-0 42 
+042 

+0 05 
+O 02 
-006 
-0 21 

+O 24 
+038 
+0 39 
+029 

+0 01 
+2 34 
+2 26 
-036 
-0 02 
-0 03 

Ebb 

h m 

+1 15 
+1 09 
+2 50 
+3 24 
+3 19 
+4 1i3 
-2 08 
-035 -_, 26 

-039 
...:1 43 
..:034 

·--214 
: . ..:1.22 
-1 U 
-0 52 
..:o 46 
-029 
-2 05 
-1 42 
-017 

. ,.:.p 1 /$ 
:.:o 37 
-1 13 
..:o 15 
-0 35 
-0 40 
-0 52 
-017 
-018 
000 

-1 29 
-003 
-0 58 
-0 25 
-0 20 
-036 
-1 05 

-1 06 
-1 06 
+037 
+0 11 
-017 
-0 12 
+1 45 
+1 33 
-o 14 
+0 47 
+030 

SPEED 
RATIOS 

flood Ebb 

0.4 0.5 
.0.3,. 0.2 
0.3 0.3 

:0.3-: ,.0.3 
0 :;p2 1_..:.; 0.3 
.-, .;o.~i,,::,0.2 
·:·'0.1;..._ · 0.7 

:0.1-' .· o.e 
<: 0 5'.''. 1 0 
';.•. ;0~3 ;·, · . 

0.8 
0.7.. 0.7 

:··g}·.it: 
• :o.s.• ·. o.!i 
: ·o.5.·.:.· o.s 
. ; ·,p.6,},;,0-6 
. 0.4 ... • .. 0.4 
,~. :;o.6' : o.7 
... o.s:. · 0.7 
:·::o.T . O.S 
· ·o.4 · o.3 
, ._0.5, 0.5 
~ ?0.5 0.4 
1 ··0,4·.: 0.3 
: ,;0,4, ::c_:_.0.3 
- ·.,0.2 .. ,:, .0.3 

0.3 ,..0.3 
. o.~·-:,·o.~ 
:. :Q.3 ,0A 
:; -0.2 0.2 
· :.o.3 · 0.2 

0.2·. 0.2 
·o.s o.a 

"0.1 0.1 
0.1 0.1 
0.2 0.2 
0.2 0.2 
0.3 0.3 
0.2 0.1 

0.4 0.4 
· :o.4· OA 

0.4 . 0.4 
0.2 0.2 
-- 0.1 
0.5 0.4 
0.1 0.2 
0.1 0.2 
0.2 02 
0.4 0.4 
0.2 0.2 

AVERAGE SPEEDS AND DIRECTIONS 

Minlmum 
before 
Rood 

Maximum 
Flood 

Minimum 
before 

Ebb 
Maximum 

Ebb 

knots Oir. I knots Dir. I knots Olr. I knots Oir. 

0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
o.o 
0.0 

0.0 
0.1 
0.0 
0.0 
G.1 
0.0 
0.0 
0.0 
0.0 
O.C, 
O.u 
0.0 
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0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0,1 
0.0 
0.0 
Q_O 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

~7~

0 I 
~~" i 

161° 

020° 

179° 

1.1 290° 
0.8 350° 
0.8 270° 
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0.6 335° 
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1.9 269° 
1.4 245° 
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1.4 293° 
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0.9 270° 
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0.4 290° 
0.9 254° 
0.6 271° 
1.4 319° 
0.3 015b. 
0.3 255" 
0.6 265° 
0.6 265° 
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0.4 250° 

1.2 330° 
1.1 350"· 
1.1 040'=' 
0.6 020° 
-- --
1.3 251" 
0.2 105° 
0.2 110° 
0.5 254° 
1.0 266° 
0.5 236° 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o_o 
0.0 

0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,1 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
0.1 
0.0 
0.0 

.0.0 
0.0 
0.0 
0.0 
_o.o 
0.0 
0.0 

0.0 · 
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0.0 
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0.1 
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0.0 

358" 

343° 

020° 

338° 

1.4 070° 
0.6 155° 
1.0 080° 
1.0 160" 
0.8 - 135° 
0.7 095° 
2.0 070" 
2.3 066" 
3.1 055" 

2.1 041° 
1.4 085° 
1.7 094° 
1 .6 108" 
1.5 091° 
1.8 070° 
1.3 095° 
2.1 040° 
2.0 040" 
1.5 118° 
1.0 106° 
1.5 090° 
1.2 071" 
1.0 053° 
1.0 065" 
o.9 oss0 

0.9 050" 
0.7 070" 
1.2 084" 
0.6 090" 
0.7 070° 
0.7 089° 

. 0.9 152° 
0.4 215° 
0.3 0fW 
0.6 065" 
0.6 060° 
0.9 075° 
0.4 070" 

1.2 135° 
1.3 185° 
1.1 270° 
0.7 220° 
0.4 095° 
1.2 074° 
0.6 308° 
0.5 297° 
0.6 076° 
1.1 092° 
0.6 081° 
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the Sound, extreme hurricane winds generally coming from between the SW 
and SE. Locally generated waves were not part of the WES study. There
fore, wave height and period for these waves· must be estimated based on 
wind speed, duration and fetch distance. 

(2) Wind Data for Estimating Locally Generated Waves 

An estimate of wind speed is one of the essential i'ngredients· in any 
wave hindcasting effort. The most accurate estimate of winds at sea, 
which generate waves and propel them landward, is obtained by utilizing 
isobars of barometric pressure recorded during a given storm. However, 
actual recorded wind speed and direction data observed at a land based 
coastal meteorological station can serve as a useful guide when more 
locally generated waves and currents are of interest. The disadvantage 
with using land based wind records is th.at they may not be totally indica
tive of wind velocities at the sea-air interface where the waves are 
generated. However, often they are the only available source of informa
tion and adjustments must be made to develop overwater estimates from the 
land based records. 

The National Weather Service (NWS) recorded 13 complete years of 
hourly one-minute average wind speed and direction data at Bridgeport 
Municipal Airport in Stratford, Connecticut from 1949 through 1974. 
Bridgeport is the closest .location to the study area for which· relatively. 
complete, systematically recorded, wind data are available. These wind 
speed data were then adjusted to a standard 33-foot·observation height, 
and one-minute average wind speeds were conve.r.ted to· one-hour average wind 
speeds. Since Briogeport Municipal Airport is almost directly adjacsnt to 
the ocean, no land-sea conversion was applied. ·However, a wind stability 
correction was made except between Wand NW where fetches of interest are 
less than 10 miles. All adjustments were made in accordance with ETL 
1110-2-305 on the subject of determining wave characteristics on sheltered 
waters. Utilizing these one-hour average wind data, the percent 
occurrence of wind direction and wind speed range has been computed. 
~ince only on-shore winds are of.interest~ the wind directions utilized in. 
this analysis have·been limited to those between east-northeast (ENE) and 
northwest (NW). This analysis, the results of which are shown in Table 7, 
indicates that the principal onshore wind direction for wind. speeds <5 mph 
is from the NW and, for wind speeds >5 and <15 mph it is from the sw: 
Winds >15 mph and <30 mph generally come from the NW to W-NW. Winds 
exceeding 30 mph seem to come from the E and W to NW. The maximum average 
wind speed (10.2 mph) is from the WNW and the greatest maximum speed was 
47.S mph from the E. Overall average speed is 9.3 mph. The greatest 
percentage of wind speeds is shown to be >10 and ~15 mph. 

Utilizing the above mentioned height adjusted data base, average wind 
speeds· and resultant directions were computed over various durations with 
the other previously mentioned adjustments being made subsequently. 
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12 

9 

16 
13 

14 
13 

19 
139 

TABLE 7 

STRATFORD, CONNECTICUT 
ADJUSTED HOURLY WI ND OBSERVATIONS BETWEEN 11 ENP1 AND 11 NW 11 

(One-Hour Average Values) 

Percent of Onshore Windspeed and Direction Observations (X 10} 

Windseeed Ran~e (MPH} 
A11 

5-10 10:..15 15-20 20-25 . 25-30 Over 30 Inclusive -- --
18. . 27 10 5 2 0 73 
19 28 9 5 2 1 74 
15 16 4 2 0 0 45 
14 11 2 0 0 0 36 

14 10 2 0 0 0 34 
23 22 5 2 1 0 65 

21 28 8 3 0 0 70 

39 55 12 4 1 0 · 126 

39 49 13 5 1 0 120 

36 46 14- 8 2 1 120 

27 44 17 11 4 l 117 
26 41 19 12 3 1 121 

291 377 115 57 . 16 4 1,000 

NOTE: Windspeed ranges indicated include. values greater than the lower 
limit and less than or equal to the higher limit 

Average Maximum 
Speed 2Qeed 

9.5 41.9 
9 .. 6 47.5 
9.3 36.9 
7.9 38.9 

7.7 26.6 I 

8.8 38.9 
9.7 37.9 
9.3 32.8 
9.7 44.1 
9.4 36.3 

l 0.2 36.3 
-10.0 34.5 

9.3 47.5 



Annual maximum values were then determined for each onshore direction. 
The frequency of these annual values has been determined using a Pearson 
Type III distribution function with expected probability adjustment. The 
systematic record alone was used for all analyses. In some cases severe 
extratropical storm winds were identified as high outliers in a 
statistical test and sometimes high skews were observed. These cause some 
inconsistency in the estimates which can best be accommodated by a 
graphical smoothing of the tabular data. All resu.lts are summarized in 
Table 8. It should be noted that frequency estimates are generally quite 
accurate for return periods up to twice the period of record, 26 years in 
this case. To obtain estimates of wind speed-duration relationships for a 
particular return period and direction, it is recommended that a graphical 
curve fitting analysis employing engineering judgment be conducted using 
the tabul~rized values. Figure 8 is an example of this technique for the 
WSW direction which may be a critical wave generation direction in the 
study area. Analysis of_ other directions is left to a potential user. 

Additionally, wind speed persistence was determined on a directional 
basis. The resulting-wind speed persistence data, shown on Table 9, for 
directions east-northeast through northwest, indicate the maximum number 
of consecutive hourly wind speed observations that occurrei at or above a 
given speed from a particular direction. Data on Table 9 indicate an 
occurrence of winds in excess of 25 mph for five consecutive hours from 
the south •. Three consecutive hourly values greater than 30 mph and five 

.. · consecutive hourly vaiues greater than 25 mph from the wesc-·southwest are 
shown. The' highest average wind speed listed-is 47 mph from the E. Winds 
greater than 30 mph from the west for three consecutive hours are 
presented in the table. All this information demonstrates that high 
onshore winds can occur for extended periods of time in the study area. 
Lower speed winds seem to come mainly from the SSE with an increasingly 
westerly or easterly trend as the speed class increases. 

TABLE 8 

FREQUENCY OF ADJUSTED ANNUAL MAXIMUM WIND SPEEDS (MPH) 
STRATFORD, CONNECTICUT 

(Based on 13 Years of Hourly Observations, 1949-1974) 

Direction: ENE 

Duration ExEected Return Period (Yea.rs) 
(hours) 1 2 s 10 25 so 100 

1 min 24 33 41 46 52 58 64 
1 19 27 33 37 42 47 52 
3 18 24 27 29 32 35 37 
8 16 22 24 25 26 27 28 
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Direction: E 

Duration ExEected Return Period (Years) 
(hours) l 2 5 10 25 50- 100 

1 min 25 36 46 52 60 67 74 
1 20 29 37 42 48 54 60 
3 17 26 33 38 45 .so 55 
8 15 22 29 33 40 46 52 

Direction: ESE 

Duration ExEected Return Period (Years) 
(hours) 1 2 5 10 25 so 100 

1 min 22 31 36 41 46 51 56 
1 18 25 29 33 37 41 45 
3 13 21 24 26 27 28 29 

:t· 8 13 19 22 24 27 29 31 '· "•\ 

Direction: SE 
., 

.~; ... Duration ExEected Return Period (Ye~rs) 
(hours) 1 2 5 10 25 so 100 -

1 qii,n 19 - 27 36 41 48 55 62 
l 15 22 29 33 39 44 ?0 
3 , "" , g 21 22 23 24 25 44 .I.V 

8 7 15 18 19 20 20 21 

Direction: SSE 

Duration ExEected Return Period (Years) 
(hours) 1 2 5 10 25 50 100 

::.• 1 min 18 30 32 33 34 35 35 
1 15 24 26 27 28 28 28 

~ti' 3 14 20 23 26 29 31 34 
:., .i::;·:· 8 7 16 18 20 22 23 24 

Direction: s 

Duration ExEected Return Period (Years) 
(hours) 1 2 5 10 25 50 100 

i min 23 35 40 44 48 51 54 
l 19 28 33 35 39 41 44 
3 18 25 28 30 32 34 36 
8 5 20 24 26 28 29 30 

~•: 
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Direction: SSW 

Duration ExEected Return Period (Years) 
(hours) 1 2 5 10 25 so 100 

1 min 24 34 40 44 48 52 55 
1 19 28 32 35 39 42 45 
3 18 23 25 27 29 3.0 32 
8 15 19 23 27 32 36 40' 

Direction: SW 

Duration ExEected Return Period (Years) 
(hours) 1 2 5 10 25 50 100 

1 min 22 32 37 39 42 45 47 
1 18 26 30 32 34 36 38 
3 18 22 26 30 35 39 43 
8 13 20 23 24 26 27 29 

Direction: WSW 

Duration ExEected Return Period (Years) 
(hours) 1 2 5 10. 25 50 100 

l min 17 35 45 51. 59 65 71 
1 14 29 36 41 47 52 57 
3 15 24 30 34 40 44 48 
8 13 22 27 29 33 36 38 

Direction: W 

Duration Ex2ected Return Period (Years) 
(hours) 1 2 5 10 25 50 100 

1 min 19 35 41 44 47 49 52 
1 15 29 33 35 38 40 42 
3 12 26 30 31 33 34 35 
8 10 22 25 27 28 29 30 

Direction: WNW 

Duration ExEected Return Period (Years) 
(hours) 1 2 5 10 25 so 100 

l min 24 36 41 43 46 49 51 
1 19 29 33 35 38 39 41 
3 17 26 29 30 32 33 34 
8 15 22 25 27 29 30 31 
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Direction: NW 

Duration Ex2ected Return Period (Years) 
(ho·urs) 1 2 s 10 ll 50 100 

1 min 22 35 40 42 45 47 50 
1 18 28 32 34 37 38 40 
3 16 24 27 29 31 33 35 
8 16 21 24 26 28 30 32 

Waves generated during coastal storms are particularly potent as an 
erosive and flooding force. Therefore, it is useful to examine wind 
conditions occurring during past storms when estimating the severity of 
wave conditions. Table 10 presents available National Weather Service 
wind observations recorded between 1947 and 1975 at Bridgeport Airport 
during days of storm-induced tidal flooding. It can be seen that the 
strongest winds recorded on these dates generally occurred between north. 
and east. The highest speed Listed, 64.5 mph from the east, was recorded 
on 25 November 1950. 

The most reliable data on experienced hurricane wind velocities in 
New England begin with the September 1938 hurricane. The maxi~um velocity 
in New England during this storm was a recorded gust of 186 mph at the 
Blue Hills observatory in Milton, Massachusetts, where a sustained 5-
minute wind of 121 mph was also recorded. At other locations in southern 
New England~ sustained 5-minute velocities ranging from 38 to 87 mph were 
experienced. 

During the hurricane of 14 September 1944, a maximum gust of 109 mph 
was registered at· Hartfor4, Connecticut. Sustained 5-minute velocities 
ranging from 33 to an estimated 85 mph were recorded at a number of 
locations between New York.City and Block Island, Rhode Island, during 
this same hurricane. 

19 



TABLE 9 

WINDSPEEO PERSISTENCE 
STRJ\TFORD, CONNECTICUT 

Maximum Duration, Hours and (Average Windspeed, MPH) 

WindsQeed Class, MPH 
Direction .>~i :-•1 0 >15 >20 . > 25 -:>30 ?35 >40 ~45 

ENE 24 (18) 24 (18) 23 (23) 13 (22.} 3 (29) 2 (35) 1 (39) 1 (42) 

E 24 ( 9) 23 (12) 18 (27) 14 ( 26) 1 0 ( 37) 9 ( 39) 7 ( 40) 2 ( 43) 1 (47} 

ESE 12 (19) 12 (19) · 12 ( 25) 12 ( 25) 4 (26) 1 (34) 1 ( 37) -
SE 13 (12) 7 ( 14) 7 (17) 2 (24) 2 {28) 1 ( 39) 1 ( 39) 

SSE 14 (16) 14 (16) 6 ( 18) 3 (23) 1 (26) 

s 13 (11) 12 (13) 7 ( 19.) 6 (24) .5 ( 32) 2 ( 31) 1 (38) 

SSW 17 (Hi) 16 {17) 10 (21) 5 (26) 3 (27) 2 (35) 1 (38) 

SW 21 {14) 21 (14) 15 { 26) 15 ( 26) 4 (27) 1 (33) 

WSW 17 (11) 14 (21) 14 ( 21) 9 (24) 5 (26) 3 (34) 1 (40) 1 (43) 

w 24 (16) 24 (17) 14 ( 23) 12 (26) 6 (26) 3 (33) 1 (36) 

WNW 22 {15) 22 (19) 16 ( 20) 7 (24) 3 (30) 2 (35) 1 (36) 

NW 24 ( 17) 24 ( 17) 14 (19) 8 (28) 8 (28) 2 (32) 

NOTE: Based on 13 years of hourly observation, 1949-1974 
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TABLE 10 

BRIDGEPORT, CONNECTICUT 
NATIONAL WEATHER SERVICE 

MAXIMUM ONE-MINUTE AVERAGE WIND OBSERVATIONS 
DAYS OF MAXIMUM· TIDAL FLOODS 

(1947-1975) 

Date Maximum SEeed 
(mph) 

21 Sep 1938 (Hurricane) * 
31 Aug 1954 (Hurricane-Carol) 41.7 
14 Sep i944 (Hurricane) * 
25 Nov 1950 64.5 

6 Feb 1978 * 7 Nov 1953 35.4 
12 Sep 1960 (Hurricane-Donna) 41.7 
25 ~Oct 1980 * 
14 Oct 1955 48.l 
19 Feb 1960 * 
29 Mar 1984 * 
12 Nov 1968 41.7 
27 Sep 1985 (Hurricane-Gloria) * 13 Apr 1961 55.7 

6 Mar 1962 41.7 
25 Dec 1978 * 
·30 Nov 1944 * 

4 Apr 1973 41.7 
9 Jan 1978 * 

16 Feb 1958 41.7 
. 20 Mar 1958 * 

21 Sep 1961 * 
10 Nov 1962 * 
26 Dec 1969 35.7 
19 Feb 1972 40.S 

2 Dec 1974 32.9 
14 Oct 1977 * 
31 Oct 1947 39.2 
12 Mar 1959 36.7 
14 Feb 1960 i.· 

9 Mar 1961 * 
16. Sep 1971 12.7 

*Wind Data Not Available 

Direction 

* 
NNE 

* 
E 

* 
SSE & NE 
NE 

* 
NE & ENE 

* 
* 
ENE 
* 
E 
ENE 
* 
* 
E 

·* 
E 

* 
* 
* 
ENE 
NE 
ENE 
* 
NNE 
E 

* 
* 
NNE 

(Events are listed in order of decreasing stillwater tidal level to 
conform with Table 12) 
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In southern New England, during Hurricane Carol (31 August 1954) 
gusts of 125 and 135 mph were experienced at Blue Hill, Massachusetts, and 
Block Island, respectively. Sustained 1-minute velocities ranging from 38 
to 98 mph were registered. 

Recorded wind velocities at a number of locations in southern New 
England and New York City, for the three great hurricanes of 1938, 1944, 
and 1954, are given in Table 11. More recent hurricanes, "Donna" (12 
September 1960) and "Gloria" (27 September 1985), did not pack as much 
punch as the great hurricanes. 

The wind data in Table 11 are for historical hurricanes that passed 
to the east of Stratford and caused high surges to enter the east entrance 
of Long Island Sound. The winds at Stratford in these three hurricanes 
were, in general, from the northern sector. This tended to decrease wave 
action in the study area. Hurricanes passi~g to the west of the area ·by a 
distance of 50 miles or so would produce critical winds from the southern 
sector. These winds would cause greater wave action. 

c. Effects of Storms On Water Levels 

Three distinct processes may produce an increased water level near 
the coast during storms. 

(1) The Inverted Barometer Effect 

In the deep sea, a reduction in atmospher-ic pressure is accompanied 
by a rise in the sea surface which will lead.toward a constant press~re 
level at some distance below the water surface. Although for equilibrium 
to be achieved the water would have to rise about 13.25 inches for a 
pressure drop of one inch of mercury, the approximation of a one-foot rise ' 
in water level for one-inch fall in atmospheric pressure is often used. 
Nearshore boundary conditions at the bottom or sides may alter the 
response of the sea to pressure changes so that the actual rise is 
generally less than that indicated above, but it can be greater. This 
tendency for the water level to rise under low atmospheric pressure is 
often called the "inverted bat:ometer effect." 

(2) Wind Setup 

Friction between the wind and the water surface g~nerates a current,· 
which is initially parallel with the wind, but which, because cf the 
rotation of the earth, rotates toward the right with increasing time and 
increasing depth so that the water transport due to a steady wind on very 
deep water is about 90° to the right of the wind. In shallow water, far 
from the shore, the direction of the current differs little from the 
direction of the wind. Near the shore the current is· constrained to flow 
parallel to the shore but, because of the earth:s rotation, the mean free 
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TABIE 11 

WIND VELOCITIES 

New England Hurrica~1es of 1938, 1944, and 1954 

Velocity in Miles Per Hour 

Sustained Sustained Maximum 
Lccation 5-Min. 1-Min. Gusts Direction 

_.............. 

Htn"ricane of 21 September 1938 

New York., N.Y. 70 80 
~ew Haven, Conn. 38 46 
Hartford, Conn. · 46 59 
Block Island, R.I. 82 91 
Providence., R.I. 87 95 125* 
Milton, Mass. 
(Blue Hill Observatory) 121 186 

Hurricane of 14 September 1944 

New York., N.Y. 
new Haven, Conn. 
Hartford, Conn. 
Point Judi th., R.I. 
Block Island, R. I. 
Providence, R.I. 
Milton, Mass. 
(Blue Hill Observatory-) 

81 
33 
50 
85* 
82 . 

43 

67 

99 
38 
62 
9<» 
88 
49 

77 

65 
10~ 

100 
90 

Hurricane of 31 August 1954 

New York., N.Y. 61 
Bridgeport, Conn. - 60 
Hartford, Conn. 56 64 
Mew Haven; Conn. 38 65 
Block Island, R.I. 98 135 
Providence, R.I. 90 105 
Milton, Mass. 
(Blue Hill Observatory) 93 125 

• * Estimated 
~ Taken from indicator; clocked £or 4 seconds 
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This image shmvs the wave model outputji-orn Oceanweather's EC2000 Regional Forecast as contours 
of significant wave height (in meters) with vectors representing vector mean direction (to which the 
waves are traveling). The valid time is given in GMT - Greenwich Mean Time. 

The ~vinds driving Oceanweather's Ocean Wave Models are derivedjimn an assimulation of real-time 
buoys, ships, CMAN stations, altimeter, and scatterometer measurements along with a background wind 
field providedji-om NCEP's Aviation model. The wind observations are incorporated interactively by a 
skilled marine-nieteorologist using Oceanweather's Wind WorkStation. Tropical systems are added to 
the final wind fields using Oceanweather's Tropical Bounda,y Layer Mode!. 

Return to Oceanweather's Current Data Page 

httff//www .oceanweathP.r comhbt~/P.c?OOO northP'-lc-h1c- html 
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NOTES: 

1. TH£ SCX.E PURPOSE OF THIS PLAN IS TO OE:PICT THE TOPOCRAHY SIT£ 
DETAIL AND LOCAnONS OF 14£"LLS. BORINGS FROM A PARTTAL FIELD 
SURVEY CONDUCTrO BETWffN OCTOBE:R 15 &: 17, 2000. 

2. TH£ LOCATIONS OF TH£ POINTS DEPtCT£D HEREON ARE FOR PICTORAL 
PURPOSES ONLY. FOR POINT COORDINATE INFORMATION AND £L£VAT10N 
SEE ACCESS ALE PRODUCED BY MERIDIAN ENGINEERING, INC. 

J. HORIZONTAL AND VE:RrlCAL CONTROL POINTS l\£RE PROVIDED BY MICHAEL 
C. WILV£S, L.S. OF URS GREINER WOODWARD a.. YD£. TH£ OA TUMS WERE 
REPORTED ro 8E ON THE NORTH AMERICAN OAlVM OF 1983 AND 
NA noNAL C£()(JET!C VERTICAL OA TUM OF 1929. 

4. NO UTILITIES AR'£ DEPICTED ON THIS PLAN EXCEPT TH£ ELECTRIC CONDUIT 
LOCATED Kt THIN THE PENINSULA. 

PROPERTY UNES AR£ NOT DEPICTED ON THIS PLAN. MERIDIAN ENGINEERING 
INC DOCS NOT OFFER ANY OPINION AS TO THE LOCATION OF TH£ 
PROPER TY UNES. 

6. THIS PLAN 15 A TOPOGRAPHIC SURV[Y IN ACCORDANCE 'MTH THE MOST 
RECEN r CONNEcncur ASSOC/A TION OF LANO SURVEYORS, RECOVMENDEO 
STANDARDS FOR SURVEY ANO MAPS IN TH£ STA TE OF CONNECrlCUT. THIS 
MAP CONFOR/.IS WITH A Cl.ASS Ir.' VERTICAL ACCURACY ANO CLASS T-1 
TOPOGRAPHIC SURVEY ACCURACY. 
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(_o~ /a_, 
Elevation of Observed Wind 
Observed Wind Speed 
Air-Sea Temp. Difference 
Duration of Observed Wind 

·~ation of Final Wind 
itude of Observation 

Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

HmO: 
Tp: 

Wdir: 
Theta: 

30.00 
62.00 
-6 .40 
0.10 
l.00 

41.16 
ll.98 
l.83 

52.25 
79.50 
2.39 
2.81 

60.00 
34.00 

ft 
mph 
deg F 
hr 
hr 
deg 
ft 
mi 
mph 
mph 
ft 
sec 
deg 
deg 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 

'WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind 
Observed Wind Speed 
Air-Sea Temp. Difference 
Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
w--.re Height 

,e Period 
.. .1nd Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

HmO: 
Tp: 

Wdir: 
Theta: 

30.00 
62.00 
-6.40 
0.10 
l.00 

41.16 
ll.98 
1. 83 

52.25 
79.50 
2.39 
2.81 

60.00 
34.00 

ft 
mph 
deg F 
hr 
hr 
deg 
ft 
mi 
mph 
mph 
ft 
sec 
deg 
deg 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 
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RAYLEIGH DISTRIBUTION 
INPUT CONDITIONS Hmo = 2.39f Tp = 2.818 h = 11.98f 

0.6 . Hrms = 
+ Hmed = 

* HCl/3) = 
0.5 X HC11'10) = 

□ HCi/100) = 

0.4 

0.0 r__ __ --4----1--l--~-~-----i::t::::::::::::::=----l---__;__j. 

0 1 Z 3 4 5 6' 
Yaue Height (ft) 



WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind 
~erved Wind Speed 
,-Sea Temp. Difference 

Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average.Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

Hm0: 
Tp: 

Wdir: 
Theta: 

30.00 
62.00 
-6.40 
8.00 

60.00 
41.17 
11. 98 

1.83 
53.08 
81.20 

2.43 
2.83 

60.00 
34.00 

ft 
mph 
deg F 
min-~ 
min 
deg 
ft 
mi 
mph 
mph 
ft 
sec 
deg 
deg 

-------- ::::;: 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 
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RAYLEIGH DISTRIBUTION 
INPUT CONDITIONS Hmo = 2.43f Tp = 2.83S h = 11.98f 

.. Hrms = 
+ Hmed = 
* HCl/3) = 
x H(l/10) = 
□ HC1/100) = 

1.72 FT 
1.43 FT 
2.42 FT 
3.09 FT -if' 
4.03 FT 

0.0 L-----+-----1,----+---:ltc----H<~----F~=---+------4 

0 1 2 3 4 s 6 
Wave He_ight (ft) 



WIND ADJUSTMENT and WAVE GROWTH 

.Elevation of Observed Wind 
-erved Wind Speed 

-Sea Temp. Difference 
Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
.delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

Hm0: 
Tp: 

Wdir: 
Theta: 

30.00 
81.00 
-6.40 

0.10 
0.10 

41.16 
11.98 

1.83 
69.24 

116.35 
3.31 
3.28 

60.00 
34.00 

ft 
mph 
deg F 
hr 
hr 
deg 
ft 
mi 
mph 
mph 
ft 
sec 
deg 
deg 

WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind 
Observed Wind Speed 
Air-Sea Temp. Difference 
Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
T .r ""\gth of Wind Fetch 

.iv. Neutral Wind Speed 
~ujusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

Hm0: 
Tp: 

Wdir: 
Theta: 

30.00 
81.00 
-6.40 
0.10 
0.10 

41.16 
11.98 

1.83 
69.24 

116.35 
3.31 
3.28 

60.00 
34.00 

ft 
mph 
deg F 
hr 
hr 
deg 
ft 
mi 
mph 
mph 
ft 
sec ... 
deg 
deg 

C :::. (o C/, r.f 
1 

-. I cf, b ct· # i 
3, ~ 'lRe.- If 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 
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RAYLEIGH DISTRIBUTION D,t, "\ /4 
INPUT CONDITIONS Hmo = 3.31f Tp = 3.28S h = 11.98f) ~ =/,IS1l~C/2.·~(~ 

a Hrms = 2.34 FT 
+ Hmed = 

* HC1/3) = 
X HC1/10) = 

1.95 FT ~ o-
3.29 FT ➔T~ ;o.'ii xi,-'-'Or '2.~qs, 
4.21 FT-....._ ~ 

0 HCl/100) = 5.49 FT 

0.0 L---4-------'4-----~~-~----4--A-====1==-----4---~ 

0 1 2 3 4 S 
Wave Height (ft) 
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Cw lb,I 
Elevation of Observed Wind 
Observed Wind Speed 
Air-Sea Temp. Difference 
Duration of Observed Wind 

'~ation of Final Wind 
itude of Observation 

Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

HmO: 
Tp: 

Wdir: 
Theta: 

30.00 
81.00 
-6.40 
8.00 
8.00 

41.17 
11.98 
1.83 

69.24 
116.35 

3.31 
3.28 

60.00 
34.00 

ft 
mph 
deg F 
min~ 
min~ 
deg 
ft 
mi 
mph 
mph 
ft 
sec 
deg 
deg 

WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind 
Observed Wind Speed 
Air-Sea Temp. Difference 
Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
r.r~ve Height 

-e Period 
.. ind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

HmO: 
Tp: 

Wdir: 
Theta: 

30.00 ft 
81.00 mph 
-6.40 deg F 
8.00 min 
8.00 min 

41.17 deg 
11.98 ft 
1.83 mi 

69.24 mph 

1~' 
( 3 . 2 8 .. -sec~ •,\ 
~cr--- deg \ 
34.00 deg / 

/ 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 



I c.l 
WIND ADJUSTMENT 

Plevation of Observed Wind 
~erved Wind Speed 

. :-Sea Temp. Difference 
Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

HmO: 
Tp: 

Wdir: 
Theta: 

r· 
~41 & fJ o d I Jf wW-in-; 

ellect-~ oltan11.e/ 
J 

~tf~Mt,u_ 

30.00 
37.00 
-6.40 
3.00 
3.00 

41.16 
11.98 
23.77 
41. 79 
59.12 

2.97 
3.74 

60.00 
106.00 

ft 
mph,( 
deg F 
hr <f
hr 
deg 
ft 
mi·""" 
mph·"\ 
mph \ 
ft. \ 
se~ \ 
deg,, \ \ 
deg ) \ 

f l . .i 

,./ 
..,1' 

_,,,r 

I , 
! 

Wind Observation Typ
1

~-

Inland 

·wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 
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WIND ADJUSTMENT and WAVE GROWTH "' ;, 

.~levation of Observed Wind 
,served Wind Speed 

-Sea Temp. Difference 
Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: · 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

Hm0: 
Tp: 

Wdir: 
Theta: 

30.00 
60.00 
-6.40 
1.00 
1.00 

41.16 
11.98 
23.77 
61.03 
97.99 
4.72 
5.05 

90.00 
106.00 

ft 
mph•~ 
deg F 
hr 
hr 0 
deg 
ft 
mi· 
mph 
mph 
ft 
sec 
deg ~ 
deg 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 



·t~tc/J !<as:IIM b Cf:' 6SJ;1/~ 

WIND ADJUSTMENT and WAVE GROWTH 
VJ, n d CJ C/,,a O (6£) 

~levation of Observed Wind 
' served Wind Speed 

r-Sea Temp. Difference 
Duration of Observed Wipd 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

HmO: 
Tp: 

Wdir: 
Theta: 

30.00 
55.00 
-6.40 
3.00 
3.00 

41.16 
11.98 
23.77 
57.03 
89.41 
4.50 
4.89 

90.00 
106.00 

ft 
mph~ 
deg F 
hr/ ...__,_-
hr· 
deg 
ft 
mi 
mph 
mph 
ft 
sec 
deg 
deg 

Wind Observation TYJ?.~ 
-------------------· 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 



WIND ADJUSTMENT and WAVE GROWTH 

Blevation of Observed Wind 
~rved Wind Speed 

_-Sea Temp. Difference 
Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

Hm0: 
Tp: 

Wdir: 
Theta: 

30.00 
52.00 
-6.40 

8.00 
8.00 

41.16 
11.98 
23.77 
54.59 
84.30 
4.36 
4.79 

90.00 
106.00 

ft 
mph ......_ 
deg F 
hr ·· 
hr 
deg 
ft -
mi 
mph 
mph 
ft -
sec 
deg , 
deg 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 



/ f, / @elf 9<.etdrcJ b <2 B5m/. 
WIND ADJUSTMENT and WAVE GROWTH 

Rlevation of Observed Wind Zobs: 
served Wind Speed Uobs: 
r-Sea Temp. Difference delT: 

Duration of Observed Wind DurO: 
Duration of Final Wind DurF: 
Latitude of Observation LAT: 
Average Depth of Fetch d: 
Length of Wind Fetch F: 
Equiv. Neutral Wind Speed Ue: 
Adjusted Wind Speed Ua: 
Wave Height Hm0: 
Wave Period Tp: 
Wind Direction Wdir: 
Mean Wave Direction Theta: 

30.00 
28.00 
-6.40 
8.00 
8.00 

41.16 
11.98 
23.77 
33.54 
44.43 

2.48 
3 . .34 

60.00 
106.00 

ft / 
mph~ 
deg F 
hr ( 
hr 
deg 
ft 
mi 
mph 
mph 
ft ✓ 

~ 

sec 
deg 
deg 

Wind Observation Typ~_ ___________________ / 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 



WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind 
··served Wind Speed 

-Sea Temp. Difference 
Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

HmO: 
Tp: 

Wdir: 
Theta: 

30.00 
62.00 
-6.40 

0.10 
1.00 

41.16 
9.50 
1.83 

52.25 
79.50 

2.28 
2.77 

60.00 
34.00 

ft 
mph 
deg F 
hr 
hr 
deg 
ft 
mi 
mph 
mph 
ft 
sec 
deg 
deg 

L= 2,ri71~2,2.. xc;,€- -

C-== 4~,t;; 1
... -=- 17,l.fC/ s: 

;2,71 S 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 
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RAYLEIGH DISTRIBUTION 
INPUT CONDITIONS Hmo = 2.28f Tp = 2.77S h = 9.50f 

. Hrms = 
+ Hmed = 

* HCl/3) = 
X HCl/10) = 
□· H(l/100) = 

1.61 FT 
1.34 FT 
2.27 FT 
2.90 FT 
3.78 FT 

0.0 L-----+--+----+-~---¾+----B-;i=:::=----4------t 

0 1 2 3 4 5 6 
Wave Height (ft) 



z~,, 
WIND ADJUSTMENT 

Elevation of Observed Wind Zobs: 
erved Wind Speed Uobs: 

_-Sea Temp. Difference delT: 

and WAVE GROWTH 

30.00 ft 
62.00 mph 
-6.40 deg F 

Wind Observation Type 

Inland 
Duration of Observed Wind DurO: 8.00 min ~ 
Duration of Final Wind DurF: 60.00 min 
Latitude of Observation LAT: 41.17 deg 
Average Depth of Fetch d: 9.50 ft 
Length of Wind Fetch F: 1.83 mi 
Equiv. Neutral Wind Speed Ue: 53.08 mph 
Adjusted Wind Speed Ua: 81.20 mph 
Wave Height Hm0: 2.32 ft 
Wave Period Tp: 2.79 sec 
Wind Direction Wdir: 60.00 deg 
Mean Wave Direction Theta: 34.00 deg 

E--------
2. ry q ~ i2.Q. >( q, r.; . :::.. 

\' 
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C} bb2.· 
-""L-·----·-·-- )( 

I 
.::::;. 

/ 7, '-j£-j 60 

Trt'.J/U~1 TlJPnd 
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Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 
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RAYLEIGH DISTRIBUTION 
INPUT CONDITIONS Hmo = 2.32f Tp = 2.79S h = 9.50f 

. 
+ 

* X 

□ 

Hrms = 
Hmed = 
H(1/3) = 
HCl/10) = 
HC1/100) = 

1.64 FT 
1.37 FT 
2.31 FT 
2.95 FT 
3.85 FT 

0.0 t----+---+----+-~--44-----IR-+=----1-------+ 

0 1 2 3 4 5 6 
Wave Height (ft) 



WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind 
qerved Wind Speed 

-Sea Temp. Difference 
Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

HmO: 
Tp: 

Wdir: 
Theta: 

30.00 
62.00 
-6.40 
9.20 

60.00 
41.17 

9.50 
1.83 

53.45 
81.96 

2.34 
2.80 

60.00 
34.00 

ft /wind Observation Type 
mph / - - - - - - - - - - - - - - - - - - - - -
d~g ~__j Inland 
min ,, 
min 
deg 
ft 
mi 
mph 
mph 
ft ./ 
sec./ 
deg 
deg 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 
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0.6 
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0.4 

0.3 

~ 0.2 
~ 
0 
M 

P-4 

0.1 

RAYLEIGH DISTRIBUTION 
INPUT CONDITIONS Hmo = 2.34f Tp = 2.80S h = 9.50f 

a Hrms = 
+ Hmed = 
* HC1/3) = 
X HC1/10) = 
□ HCt/100) = 

1 2 3 4 
Uaue Height (ft) 

1.65 FT 
1.38 FT 
2.33 FT 
2.97 FT~ 
3.88 FT 

5 6 



WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind 
···•. ~erved Wind Speed 

-Sea Temp. Difference 
Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

Hm0: 
Tp: 

Wdir: 
Theta: 

30.00 
81.00 
-6.40 
0.10 
0.10 

41.16 
9.50 
1.83 

69.·24 
116.35 

3.11 
3.23 

60.00 
34.00 

ft 
mph 
deg F 
hr 
hr 
deg 
ft 
mi 
mph 
mph 
ft 
sec 
deg 
deg 

WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind 
Observed Wind Speed 
Air-Sea Temp. Difference 
Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
T-~gth of Wind Fetch 

.iv. Neutral Wind Speed 
rldjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

HmO: 
Tp: 

Wdir: 
Theta: 

30.00 
81.00 
-6.40 

0.10 
0.10 

41.16 
9.50 
1.83 

69.24 
116.35 

3.11 
3.23 

60.00 
34.00 

ft 
mph 
deg F 
hr 
hr 
deg 
ft 
mi 
mph 
mph 
ft 
sec 
deg 
deg 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 



0.4 

0.3 

RAYLEIGH DISTRIBUTION 
INPUT CONDITIONS Hmo = 3.11f Tp = 3.23S h = 9.50f 

. 
+ 

* X 

□ 

Hrms = 
Hmed = 
HC1/3) = 
HC1/10) = 
HCi/100) = 

2.20 FT 
1.83 FT --r-- _;:' O, ~ <'tX 3~~3 S ;;; -Z, ~ 1 
3.10 FT 1 

3.95 FT 
5.16 FT 

0.0 L-----1----i-+----+,if--__:~---+-A-~==--+------+ 

0 1 2 3 4 5 6 7 
l.Jaue Height (ft) 



WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind 
erved Wind Speed 

.... -Sea Temp. Difference 
Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF :· 

LAT: 
d: 
F: 

Ue: 
Ua: 

HmO: 
Tp: 

Wdir: 
Theta: 

30.00 
81.00 
-6.40 
8.00 
8.00 

41.17 
9.50 
1.83 

69.24 
116.35 

3.11 
3.23 

60.00 
34.00 

ft 
mph 
deg F 
m~n ~ 
min~ 
deg 
ft 
mi 
mph 
mph 
ft 
sec 
deg 
deg 

WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind 
Observed Wind Speed 
Air-Sea Temp. Difference 
Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
T ·gth of Wind Fetch 

1iv. Neutral Wind Speed 
~ujusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

HmO: 
Tp: 

Wdir: 
Theta: 

30.00 ft 
81.00 mph 
-6.40 deg F 
8.00 min 
8.00 min 

41.17 deg 
9.50 ft 
1.83 mi 

69.24 mph 

1~6. .11 ft 
(_ 3. 23 ,,., C .. 

G-o-~ oo··· deg \ 
\ 

34.00 deg \ 

j 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 

;Uo Vlt1M1 



Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Spe 

,,1;\.djuste<:1, Wind S/peed 
: 'Ve Height 

.ve Period 
Wind Direction 
Mean Wave Direction 

9. 

3.70 
4.58 

90. 00 
106.00 

Wave Growth Equations 

WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind 
Observed Wind Speed 
Air-Sea Temp. Difference 
Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

.HmO: 
Tp: 

Wdir: 
Theta: 

30.00 
52.00 
-6.40 
8.00 
8.00 

41.16 
9.50 

23.77 
54.59 
84.30 
3.70 
4.58 

90.00 
106.00 

ft Wind Observation Type 
mph/ ---------------------
deg F Inland 
hr -
hr 
deg 
ft./ 

:!h ~ ~:~~-~:~~~~-~~:~~~~: 
mph \ Restricted Fetch 
ft~ \shallow-water 
sec ✓ i\.etch-limited 
deg 
deg 

S~e ((}w 1!1 lS 

riitft1 / -/efcA 1

b 
1 

Cct11 vec/u,cz 

-,/4 I /1'/1I(? I 

~ :/3,/-q 



WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind 
--. -~erved Wind Speed 

-Sea Temp. Difference 
Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

Hm0: 
Tp: 

Wdir: 
Theta: 

30.00 
62.00 
-6.40 
0.10 
1.00 

41.16 
6.84 
1.83 

52.25 
79.50 

2.07 
2.69 

60.00 
34.00 

ft 
mph 
deg F 
hr 
hr 
deg 
ft~ 
mi 
mph 
mph 
ft 
sec 
deg 
deg 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 
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RAYLEIGH DISTRIBUTION 
INPUT CONDITIONS Hmo = 2.07f Tp = 2.693 h = 6.84f 

D Hrms = 1.46 FT 
+ Hmed = 1.22 FI 
* H(l/3) = 2.06 FT 
x H(1/10) = 2 .63 FT 
□- H(1/100) = 3 .43 FT 

~ 0.2 
,.t:I 
0 
~ 
~ 

0.1 

0.0 r.__--+----lc----11--...J-----¼~-...+--:~--11---~===--1----+-----¼ 

0.0 0.5 1. 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
Wave Height (ft) 



WIND.ADJUSTMENT and WAVE GROWTH 

Elevat1on of Observed Wind 
~rved Wind Speed 

.-Sea Temp. Difference 
Duration of Observed Wi~d 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

HmO: 
Tp: 

Wdir: 
Theta: 

30.00 ft 
62.00 mph 
-6.40 deg F 
8. 00 min (--

60. 00 min ~ 
41.17 deg 

6.84 ft 
1.83 mi 

53.08 mph· 
8~ 
(2 .11 ft ) 
1 2 72 , .A.'" \ . sec , 
6 6-:oo~--aeg \ 
34. oo deg } 

J 
_,/· 

/,r/ 
_,... / 

x:: 
.,~,.,,,,/,,..,.,. .. 

Wind Observation Type 

Inland 

· Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 

O>t !:f <f'ltJAI' c.Aaur , 



WIND ADJUSTMENT and WAVE GROWTH 

'Elevation of Observed Wind 
served Wind Speed 
:-Sea Temp. Difference 

Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

HmO: 
Tp: 

Wdir: 
Theta: 

30.00 
81.00 
-6.40 
0.10 
0.10 

41.16 
6.84 
1.83 

69.24 
116.35 

2.76 
3.13 

60.00 
34.00 

ft 
mph 
deg F 
hr 
hr 
deg 
ft 
mi 
mph 
mph 
ft 
sec 
deg 
deg 

Wind Observation Typ~ 
- - - - - - - - - - - - - - - - - - - .~, 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 
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RAYLEIGH DISTRIBUTION 

INPUT CONDITIONS Hmo = 2.76f Tp = 3.13S h = 6.84f 

0.5 
Hrms = 1.95 FT 

+ Hmed = 
* HC1.13) = 

1. 62 FT .- A Cf(/ -, \? ~ '2., ,t'-o 
2. 75 FT \ ~ v I b JI ~\ ::;;;> 

0.1 X HC1.110) = 
D HCi.1100) = 

3.51 FT-(-
4.58 FT 

0.3 

0.2 

0.1 

0.0 t__---+------4-81--~c--+-~--4----R--~F----1----+ 

0 1 2 3 4 5 6 7 
Waue Height (ft) 



WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind 
,. · · served Wind Speed 

c-Sea Temp. Difference 
uuration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: . 

Ue: 
Ua: 

HmO: 
Tp: 

Wdir: 
Theta: 

30.00 ft 
81.00 mph 
-6.40 deg F 
8.00 min~ 
8.00 min -:&--

41.17 deg 
6.84 ft 
1.83 mi 

69 .24 mph 
116.3.5---~ _,,,.,.., 

;'2... 76 ft 
\3 .13 sec.,. \ 

6 b-;-G-G--deg \ 
34. 00 deg ) 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 

Uf'lch~ef-



WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind 
~erved Wind Speed 

~Sea-Temp. Difference 
0uration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

HmO: 
Tp: 

Wdir: 
Theta: 

30.00 
62.00 
-6.40 
0.10 
1.00 

41.16 
5.15 
1.83 

52.25 
79.50 
1.86 
2.62 

60.00 
34.00 

ft 
mph 
deg F 
hr 
hr 
deg 
ft 
mi 
mph 
mph 
ft 
sec 
deg 
deg 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 
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RAYLEIGH DISTRIBUTION 
INPUT CONDITIONS Hmo = 1.86f Ip= 2.62S h = 5.15f 

II 

+ 

* X 

□ 

Hrms = 
Hmed = 
HC1/3) = 
H(i/10) = 
H(l/100) = 

1.32 FT 
1.10 FT 
1.85 FT 
2.36 FT 
3.08 FT 

0.0 t.----t---+--t-----+--~-t---¾----f----1--B--==-+---+----+ 

0.0 0.5 1. 1.5 2.0 2.5 3.0 3.5 4.0 4.5 
Wave Height (ft) 



Ca(JL 4o,I 
WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind Zobs: 30.00 ft Wind Observation Type 
I 'erved Wind Speed Uobs: 62.00 mph ---------------------

_-Sea Temp. Difference delT: -6.40 deg F Inland 
Duration of Observed Wind DurO: 8.00 m~n<-' 
Duration of Final Wind DurF: 60.00 min 
Latitude of Observation LAT: 41.17 deg 
Average Depth of Fetch d: 5.15 ft 
Length of Wind Fetch F: 1.83 mi Wave Growth Equations 
Equiv. Neutral Wind Speed Ue: 53.08 mph ---------------------
Adjusted Wind Speed Ua: 81 .. ~~ Restricted Fetch ', 
Wave Height Hm0: 1.89 ft Shallow-water 
Wave Period Tp: 2. 6.4 sec Fetch-limited 
Wind Direction Wdir: 60.00 deg 
Mean Wave Direction Theta: 34.00 deg 

/_= '.L Gt/, 1 g,:i.~ >< St!€" - 8'f,O I _,,. 

C:::: ;Jt.f, Cl I 
::::::; /2, "2((( ~ -21 rot./ t 



WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind 
served Wind Speed 
r-Sea Temp. Difference 

Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

HmO: 
Tp: 

Wdir: 
Theta: 

30.00 
62.00 
-6.40 
12.50 
60.00 
41.67 

5.15 
1.83 

54.18 
83.45 
1.92 
2.67 

60.00 
34.00 

ft 
mph 
deg F 
min~ 
min 
deg 
ft 
mi 
mph 
mph 
ft 
sec 
deg 
deg 

Wind Observation Typ~ 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 
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RAYLEIGH DISTRIBUTION 
INPUT CONDITIONS Hmo = 1.92f Ip= 2.678 h = 5.15f 

. 
+ 

* X 

□ 

Hrms ..-

Hmed = 
H(11'3) = 
HC11'10) = 
HC11'100) = 

1.36 FT 
1.13 FT 
1.91 FT 
2.44 FT f-
3.18 FT 

0.0 t..----f---+--+---+--~IH--~>f+---+-q_:;:==1~---1-----4 

0.0 0.5 1. 1.5 2.0 2.5 3.0 3.5 4.0 4.5 
Wave Height (ft) 
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(\~2-~ /.,I/:) 
Elevation of Observed Wind Zobs: 30.00 ft Wind Observation Type 
Observed Wind Speed Uobs: 81.00 mph ---------------------
Air-Sea Temp. Difference delT: -6.40 deg F Inland 
Dµration of Observed Wind DurO: 0.10 hr 

ration of Final Wind DurF: 0.10 hr 
.:itude of Observation LAT: 41.16 deg 

Average Depth of Fetch d: 5.15 ft 
Length of Wind Fetch F: 1.83 mi Wave Growth Equations 
Equiv. Neutral Wind Speed Ue: 69.24 mph ---------------------
Adjusted Wind Speed Ua: 116.35 mph Restricted Fetch 
Wave.Height Hm0: 2.41 ft Shallow-water 
Wave Period Tp: 3.04 sec Fetch-limited 
Wind Direction Wdir: 60.00 · deg 
Mean Wave Direction Theta: 34.00 deg 

WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind 
Observed Wind Speed 
Air-Sea Temp. Difference 
Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
.Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
T,.1~ve Height 

re Period 
v-.Lnd Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

Hm0: 
Tp: 

Wdir: 
Theta: 

\..--.;i<'J -

30.00 
81.00 
-6.40 
0.10 
0.10 

41.16 
5.15 
1.83 

69.24 
116.35 

2.41 
3.04 

60.00 
34.00 

,, 

/.,= ~, o'+ 1 n .. ":!. >< 5"1; -..... 
C .:;· . a 1. --:2~ cl 

/~,o, 
,:::ir, 

- s(,~ -

ft 
mph 
deg F 
hr 
hr 
deg 
ft 
mi 
mph 
mph 
ft 
sec 
deg 
deg 

gq, 2 
I 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 
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RAYLEIGH DISTRIBUTION 
INPUT CONDITIONS Hmo = 2.12f Tp = 3.01S h = 5.15f 

0.6 . Hrms = 
+ Hmed = 
* H(1/3) = 

1. 71 FT 
1.12 rT ~ ,.,.._ q~ )( '2,6tf:: z,;z 
2.11 FT l ... V• 

0.5 X HC1/10) = 3 . 08 FT ----} 
□ HC1/100) = 1.01 FT 

0. 

0.3 

0.2 

0.1 

0.0 L..----+----4---+-~:_-~---~==---1-----4 

0 1 2 3 1 5 6 
Yaue Height (ft) 



1-/b 
Cnoidal Wave Theory 

Wave Wave Water Wave Wave Energy Energy Ursell. Order 
Ht Period Depth Length Celer Density Flux No. 
,ft sec ft ft ft/sec ft-lb/ftA2 ft-lb/s-ft 
.080 3.040 5.150 35.352 11.629 71.557 546.916 28.180 

Vert Coord: -2.000 ft 
Wavelen Frac: 0.250 Horiz Vertical 

Water Surf: -0.461 ft Velocity: -1.190 1.518 ft/sec 
Pressure: 117.857 lb/ftA2 Acceler: 5.530 l.798 ft/sA2 
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CNOIDAL WAVE THEORY 
Water Surface Elevation 

Water Depth= s.1s rt 
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X (FT) 

1 

20 30 40 



WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind 
served Wind Speed 
r-Sea Temp. Difference 

Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

HmO: 
Tp: 

Wdir: 
Theta: 

30.00 ft 
81.00 mph 
-6.40 deg F 
8.00 min <1---
8. 00 min~ 

41.17 deg 
5.15 ft 
1.83 mi 

69. 24 mph 

lJJ, ..... J-57D 
,/2.41 ft 

( ~ 

,, 3. 04 7· \ 
··'6··()-;·-0-0--·.-cteg \ 
34. 00 deg ! 

) 
/ 

¥-

r 
I 

I 
I 
I 
I 
i 
f. 

l 

* 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 



WIND ADJUSTMENT and WAVE GROWTH 

Elevation of Observed Wind 
·· ~rved Wind Speed 

-Sea Temp. Difference 
Duration of Observed Wind 
Duration of Final Wind 
Latitude of Observation 
Average Depth of Fetch 
Length of Wind Fetch 
Equiv. Neutral Wind Speed 
Adjusted Wind Speed 
Wave Height 
Wave Period 
Wind Direction 
Mean Wave Direction 

Zobs: 
Uobs: 
delT: 
DurO: 
DurF: 

LAT: 
d: 
F: 

Ue: 
Ua: 

Hm0: 
Tp: 

Wdir: 
Theta: 

30.00 
81.00 
-6.40 
12.50 
12.50 
41.67 

5.15 
1.83 

69.25 
116.38 

2.41 
3.04 

60.00 
34.00 

ft 
mph 
deg F 
min 
min 
deg 
ft 
mi 
mph 
mph 
ft 
sec 
deg 
deg 

Wind Observation Type 

Inland 

Wave Growth Equations 

Restricted Fetch 
Shallow-water 
Fetch-limited 
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RAYLEIGH DISTRIBUTION 
INPUT CONDITIONS Hmo = 2.41f Tp = 3.04S h = S.15f 

.. 
+ 

* X 

□ 

Hrms = 
Hmed = 
HC1/3) = 
HC1/10) = 
H(i/100) = 

1.70 FT 
1.42 FT 
2.40 FT 
3.06 FT 
4.00 FT 

0.0 L-----4--+------1--~----+~---m--:==-----l--------4 

0 1 2 3 4 5 6 
Waue Height (ft) 
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a. On a beach 

b. On a berm or reef 

Figure 3-2. Definition sketch of wave setup 
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cl'l~e 11. µHHiA' +i( 8,~-'-1 
LINEAR WAVE THEORY I SNELLS LAW 

Units Known Wave s:1,~j.,eoc . wa~ Deepwater Wave 
W:--.ve Height ft Hl: 3.290 : H2: 3. 09. HO: 3.385 
~ ~ Period sec T: 3.280 \, - - • - -••-♦--_, ... ,..---·· ... ~""' ... _, ...... -~ 

ti,. ~r Depth ft dl: 21.000 d2: 10.000 
Crest Angle deg Alphal: 0.000 Alpha2: 0.000 Alpha0: 0.000 
Wave Length ft Ll: 54.242 L2: 47.705 LO: 55.083 
Celerity ft/sec Cl: 16.537 C2: 14·. 544 CO: 16.794 
Group Veloc ft/sec Cgl: 8.889 Cg2: 10.036 Cg0: 8.397 
Energy Dens ft-lb/ftA2 El: 86.574 E2: 7'6. 677 E0: 91.649 
Energy Flux ft-lb/s-ft Pl: 769.563 P2: 769.563 PO: 769.563 
Ursell Param Ul: 1.045 U2: 7.046 HO/LO: 0.061 
COTAN NS Slope: 10.450 Breaker Hb: 3.676 db: 3.814 ft 

f1V\ d -r~ ( 

( 

?~~~ l 
LI '7.'l ~ i ,'2.% ~ ' P'' i 

L?- r f lofe. C,~ I \ T?-
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6w, 0. ~~ B,a ,.; 
LINEAR WAVE THEORY I SNELLS LAW 

Units Known Wave Subject 
~ 

Deepwater Wave 
w-.ve Height ft Hl: 3.100 H2: HO: 3.228 
, 

~ Period sec T: 3.230 

, __ 
\!, 

v. ,r Depth ft dl: 18 .·000 d2: 7.010 
Crest Angle deg Alphal: 0.000 Alpha2: 0.000 Alpha0: 0.000 
Wave Length ft Ll: 52.052 L2: 41. 825 LO: 53.417 
Celerity ft/sec Cl: 16.115 C2: 12.949 CO: 16.538 
Group Veloc ft/sec Cgl: 8.966 Cg2: 9.844 Cg0: 8.269 
Energy Dens ft-lb/ftA2 El: 76.863 E2: 70.009 E0: 83.341 
·Energy Flux ft-lb/s-ft Pl: 689.133 P2: 689.133 PO: 689.133 
Ursell Param Ul: 1.440 U2: 15.024 HO/LO: 0.060 
COTAN NS Slope: 10.450 Breaker Hb: 3 .520 db: 3.634 ft 



t,.T.:-cxre Height 
, · ·e Period 
\. er Depth 
Crest Angle 
Wave Length 
Celerity 
Group Veloc 
Energy Dens 
Energy Flux 
Ursell Param 
COTAN NS Slope: 

3 8.3-6 
Units 

LINEAR WAVE THEORY/ 
Known Wave 

SNELLS LAW 
Subject Wave Deepwater Wave 

ft 
sec 
ft 
deg 
ft. 
ft/sec 
ft/sec 
ft-lb/ftA2 
ft-lb/s-ft 

10.450 

t-h --- ;;.. 

H\ 

\,L 

Hl: 2. 750 H2: 2. 807 HO: 2.9!_0 
T: 3.130 

dl: 14 .450 
Alphal: 0.000 

Ll: 47.941 
Cl: 15.317 

Cgl: 8.973 
El: 60.487 
Pl: 542.746 
Ul: 2. 095 

Breaker Hb: 

d2: (~ 
Alpha2 : 'Q-~~\ Alpha0: 

L2: 31.499 I LO: 
C2: 10.064 CO: 

Cg2: 8.614 Cg0: 
E2: 63.011) E0: 
P2: 542.746 PO: 
U2: 54.979 HO/LO: 

3 .'207 db: ~,,,,,a< 271 ft 

. ~--/ 

l in., t- .A- d~ (ct 13~ 

0.000 
50.160 
16.026 

8.013 
67.735 

542.746 
0.058 
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Shallow water 

Figure 2-7. 

V + = 0.040 
d T = o.500. 

d gT2 = 0.00155 ·g~2 :: 0.0792 

Transitional water----~-Deep water 

(after Le Mehaute, 1969) 

Regions of validity for various wave theories. 
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Harding ESE, Inc Diffraction through Channel Entrance 
a MACTEC Company 

From linear (Airy) wave theory, Reference Bs Fig. 5-2: 

Wave celerity 'C' for linear wave in deep water: 

( 4.5) 32.2 · -- = 23.062 
2•1t 

Wave celerity 'C' for linear wave in transitional water: 

. [ ( tanh(2 · n · ::
3

) )-( 32.2 · :-~:)] = 20.502 

Wave celerity 'C' for linear wave combined with tidal 
current (flood) at 2 feet/sec in transitional water: 

C = 22.502 

Therefore, modified wavelength in transitional water, based on C : 

L:= C · 4.5 

·· L = 101.26 ft. 

Wave celerity 'C' for linear wave combined with tidal 
current at 2 feet/sec (ebb} in transitional water: 

C := [ tanh(2 · n · ::J-(32.2 · :-~:)]- 2 

C = 18.502 

Therefore, ebb current modified wavelength in transitional water, based on C : 

L:= C · 4.5 

L = 83.26 

diff _flood.mcd 

ft. 

byjnh 
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t,~-l 
Harding ESE, Inc Diffraction through Channel Entrance March 2001 
a MACTEC Company 

Ebb-Flood Velocity Effect on the design wave period in the near-shore region 

For radials 1-5, calculated mean wave direction is 34 degrees (from north). By 'adding' 
Vflood/ebb=2 fVsec (center:of Channel) totheH1110 wave celerity C=20 ft/sec is approxmately equal to C' 
= 21 ft/sec results in an!approxmate 10% reduction in period 'T' (period shift) and a corresponding 
change in the angle between wavecrest and shoreline (=bottom contour). 

From Plate C-6, Ref. G., calc sheet,B.5-2, shows that a slight angular·shift of a and a 0.only changes the 
refraction/shoaling coefficient '19<s' from approxmately 0.92 to 0.90. 

A 10% reduction in period, changes d/g(1.1 0T)2 (abscissa) by 20%, but Krf<s still remains approximately 
0.92. 

This is conservative because ebb/flood current velocity is likely to be even smaller near shore of the 
Causeway Point (boundary layer). 

Therefore, effect of ebb current on the design wave height can be neglected. 

diff_flood.mcd byjnh 
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Wave Runup and 
Item 

Overtopping on Impermeable Structures 

Sig. Wave Height at Toe 
~ak Wave Period 

~OTAN of Nearshore Slope 
Water Depth at Toe 
COTAN of Structure Slope 

Hs: 
T: 

ds: 

Structure Height Above Toe hs: 
Rough Slope Coefficient a: 
Rough Slope Coefficient b: 
Deepwater Sig. Wave Height HsO: 
Relative Height (ds/HsO): 
Wave Steepness (HsO/gTA2): 
Wave Runup for Sig. Wave Rs: 
Onshore Wind Velocity U: 
Overtopping Coefficient Alpha: 
Overtopping Coefficient QstarO: 
Overtopping Rate Q: 

Unit Value 
ft 3.870; 
sec 3.000· 

ft 

ft 

ft 

ft 
ft/sec 

ft,...3/s-ft 

10. 450•' 
7. 010,,,, 
3. 000,,,. 

10.000..-
0. 956,,, 
0. 3 98.,. 
4. 238.,,, 
1.654 
0.146E-01 
2.919 

90.933 
0.530E-01 
0.170E-01 
0. 013:-, 

Irregular 
Wave 

Rough Slope' 
Overtopping 



Wave Runup and Overtopping on Impermeable Structures 
Item Unit Value 

Sig. Wave Height at Toe Hs: ft 3.870 
~ak Wave Period T: sec 3.000 
,TAN of Nearshore Slope 10. 450 

Water Depth at Toe ds: ft 7.010 
COTAN of Structure Slope 3.000 
Structure Height Above Toe hs: ft 10.000 
Deepwater Sig. Wave Height ·Hs0: ft 4.238 
Relative Height {ds/Hs0): 1.654 

Irregular 
Wave 

➔Smooth SlopeE
Overtopping 

Wave Steepness (Hs0/gTA2): 0.146E-0l 
Wave Runup for Sig. Wave Rs: ft 4.460 
Onshore Wind Velocity U: ft/sec 90.933 
overtopping Coefficient Alpha: o_. 800E-01 -1· r, fl 

.
::::,ee ] __ 

Overtopping Coefficient Qstar0: 0.ll0E-01 
Overtopping Rate Q: ftA3/s-ft 0.277 / 



WAVE TRANSMISSION ON IMPERMEABLE 
Item Unit 

Incident Wave Height Hi: ft 
·ave Period T: sec 
.OTAN of Nearshore Slope 

Water Depth ds: ft 
COTAN of Structrue Slope· 
Structure Height Above Toe hs: ft 
Structure Crest Width B: ft 
Wave Run up R: ft 
Transmission Rate HT: ft 

STRUCTURES 
Value 

3.870 
3.000 

10.380 
7.010 
3.000 

10.000 
100.000 

4.'460 
0.000 

g,f,-q 

Smooth Slope 
Runup and 

Transmissio. 



0.14 

0.12 

'\ 0.10 
\. 

' (:)Di,?-;; 
u~ ~ ....___ 

0.08 r 
0.06 

0.04 

0.02 

0 ' . 
0 0.1': 

• I 

0 0'' I ::;;:... .. 6 t-.·/,t,•j\--• 
• , __ :i ( 1•··~1 

'- . 

0 

0.2 

•,. 

D /a= 0.06 - 0.0143 logE ( SIN 0) 

---~ ~ 
~ r-----_ 

6 

LEGEND 
-I 

0 " 1 TO 30 " SCALE 

0 " 1 TO 17 " SCALE 

6 '' 1 TO 2.5 " SCALE 

I 
' 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

SIN 8 e .::c / </.0 i if~~u~e 7-33. Variation of "' with structure slope e . 

slopes ~nly), based on this analysis is given by equation (7-13) 

a= 0.06 - 0.0143 1n- (sin 0) 

where 0 is the structure slope angle from the horizontal. 

* 

'lsh-lO 
f'-Moo ~ £ I e:r·ie 

~J 

1.0 

(7-13) 

The variation of Q between waves conforming to linear theory and to 
cnoidal theory was also in~estigated by Weggel (1976). The findings of this 

* investigation are illustrated in Figure 7-34. Q is shown as a function of 
depth at the structure d , estimated deepwater 0wave height R" , and period 
T, for both linear and tnoidal theory. 

0 

Calculation of wave overtopping rates· ls illustrated by the following example. 

* * * * * * * * * *******EXAMPLE PROBLEM 7 * * * * * * * * * * * * * * 
GIVEN: An impermeable structure with a smooth slope of 1 on 2.5 is subjected~ 

to waves having a deepwater height H~ = 1.5 m (4.9 ft) and a period T = a: 
s The depth at the structure O toe is d = 3.0 m (-9 .8 ft) ; crest 
elevation is 1.5 m· (4.8 ft) above SWL. Onslore winds of 35 knots are 
assumed. 

FIND: Estimate the overtopping rate for the given wave. 

7-54 
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Wave Runup and 
Item 

Overtopping on Impermeable Structures 

.Sig. Wave Height at Toe 
~ak Wave Period 

~OTAN of Nearshore Slope 
Water Depth at Toe 

Hs: 
T: 

ds: 
COTAN of Structure Slope 
Structure Height Above Toe hs: 
Deepwater Sig. Wave Height HsO: 
Relative Height (ds/HsO) : 
Wave Steepness (HsO/gTA2): 
Wave Runup for Sig. Wave Rs: 
Onshore Wind Velocity U: 
Overtopping Coefficient Alpha: 
Overtopping Coefficient QstarO: 
Overtopping Rate Q: 

Unit 
ft 
sec 

ft 

ft 
ft 

ft 
ft/sec 

ft"'3/s-ft 

Value 
3.870 
3.000 

10.450 
7.010 
4. ooo I 

10.000 \ 
4.238 
1.654 
0.146E-Ol 
3.345 

90.933 
0.750E-01 
O.llOE-01 
0.064 

Irregular 
Wave 

Smooth Slop( 
Overtopping 



Cof-e ~ q 
wave Runup and 

Item 
Overtopping on Impermeable Structures .,...-----~ ... " 

,,,,..,.,.,,,, ' ~.""" 
Sig. Wave Height at Toe 

eak Wave Period 
)TAN of Nearshore Slope 

~ater Depth at Toe 

Hs: 
T: 

ds: 
COTAN of Structure Slope· 
Structure Height Above Toe hs: 
Deepwater Sig. Wave Height. Hs0: 
Relative Height (ds/Hs0): 
Wave Steepness (Hs0/gTA2): 
Wave :Runup for Sig. Wave Rs: 
Onshore Wind Velocity U: 
Overtopping Coefficient Alpha: 
overtopping Coefficient Qstar0: 
Overtopping Rate Q: 

Unit Value 
ft 3.870 
sec 3.000 

ft 

ft 
ft 

ft 
ft/sec 

10.450 
7.010 
9.000 

10.000 
4.238 

-1.654 
0.146E-0l 
1.487 

90.933 
0.920E-0l 
0.ll0E-01 

/<'Irregular \ 
l Wave I . 

j Smooth Slope/ 
i. Overtopping / 

. ·. . --~·,.,,,,,,...-,;)' 

0.000 ~ 
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APPENDIXF 
TECHNICAL MEMORANDUM 

APPENDIXF 

DELINEATION OF CONTAMINATED SOILS ON THE CAUSEWAY REQUIRING 
EXCAVATION 

STRATFORD ARMY ENGINE PLANT 
STRATFORD, CT 

The objective of this technical memorandum is to support the design of a permeable erosion control cover 
system on the Causeway property of the Stratford Army Engine Plant in Stratford, Connecticut. This 
technical memorandum contains: 

1) a chronology and summary of soil sampling programs and analytical results from Causeway 
soils investigations conducted between September 1999 and September 2000, 

2) an interpreted delineation of contaminated soil areas requiring excavation prior to the 
placement of a permeable cover system on the Causeway. 

1.0 CHRONOLOGY AND SUMMARY OF SOIL SAMPLING PROGRAMS 

Three separate soil sampling programs were conducted on the Causeway in September 1999, May 2000, 
and September 2000. These investigations and corresponding analytical results are presented in the 
following subsections. 

1.1 PRE-DESIGN INVESTIGATION SAMPLING AND RESULTS (SEPTEMBER 1999) 

Results of Causeway field investigation activities, conducted by Foster Wheeler Environmental Corporation 
(Foster Wheeler) and Harding Lawson Associates (HLA) during the summer and fall of 1999, are presented 
in the Final Causeway and Dike Non-Time Critical Removal Action (NCRA) Pre-Design Investigation 
Report (Foster Wheeler/HLA, 2000a). Specific to the Causeway, a number of soil samples collected and 
analyzed during the September 1999 field investigations indicated concentrations of volatile organic 
compounds (VOCs), semivolatile organic compounds (SVOCs), and vanadium exceeding criteria presented 
in the Connecticut Department of Environmental Protection (CTDEP) Remediation Standard Regulations 
(RSRs ). The following paragraphs present a summary of the soils contamination. 

Environmental contamination was detected in the soils at concentrations above CTDEP residential Direct 
Exposure Criteria (DEC) and Pollutant Mobility Criteria for a GB-classified aquifer (GB PMC). VOCs 
were detected at boring locations CB-99-01, CB-99-02, CB-99-03, CB-99-04, CB-99-08, CB-99-11, and 
CB-99-13 (see Figure F-1). Other locations with VOC exceedances include TP-99-06, TP-99-10, TP
DEP-11, and TP-DEP-12. VOC exceedances were mostly confined to explorations located in southern 
and northern portions of the Causeway. 

The distribution of SVOC DEC and GB PMC exceedances indicates that contamination by these 
compounds is concentrated in the northern one-third of the Causeway. SVOCs were detected in eight 
explorations, with only two explorations (CB-99-02 and CB-99-09) being located near Building 59 
toward the southern end of the Causeway. The remaining exceedances are found in explorations CB-99-
11, CB-99-12, CB-99-14, CB-99-15, TP-99-10, and TP-DEP-11 (see Figure F-1). Detections occurred 
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generally at shallower depths (1-3 feet bgs); however, the fuel-related compounds were also found at 
deeper depths nearer the water table. This is evident at CB-99-09 (10-12 feet bgs), CB-99-12 (8-10 feet 
bgs), and in CB-99-15 (7-9 feet bgs). Polychlorinated biphenyl (PCB) exceedances were detected at CB-
99-02, TP-99-10, and TP-DEP-11. 

The extent of inorganic contamination above CTDEP criteria is limited primarily to the northern one-third 
of the Causeway. These are mostly for the willow soils and are residential DEC exceedances. The only 
inorganic exceedance away from the outer end of the Causeway was detected in CB-99-03, this being a 
GB PMC exceedance for vanadium at 4-6 feet below ground surface (bgs). 

Discussions with the CTDEP identified the need for synthetic precipitate leaching procedure (SPLP) analysis 
of soils on the Causeway which exceed the GB PMC. 

1.2 SPLP SAMPLING AND RESULTS {MAY 3, 2000) 

A Supplemental Work Plan (Foster Wheeler/HLA, 2000b) was prepared to address the SPLP data needs. 
Specifically, the CTDEP indicated that if it could be demonstrated that soils with GB PMC exceedances 
from previous sampling did not exceed 10 times (x 10) the Groundwater Protection Criteria using SPLP 
results, then the CTDEP RSRs would allow installation of a permeable soil cover on the Causeway, rather 
than an engineered barrier to prevent infiltration. 

In addition the CTDEP requested that SPLP results be compared to the USEP A Freshwater Acute Aquatic 
Water Quality Criteria (A WQC) as an additional screening value to indicate the need for 
remediation/excavation of contaminated soils on the Causeway. CTDEP' s Comment #7 on the Causeway 
Engineering Evaluation/Cost Analysis (EE/CA), dated July 31, 2000, regarding the use of the AWQC was 
as follows: 

"DEP understands that groundwater quality will be addressed in a separate operational unit. 
RCSA section 22a 133k 3(b)(2) mandates that groundwater discharging to the tidal flat conform 
with surface water quality criteria. Note that these values are lower than the Remediation 
Standard Regulation Appendix D Surface Water Protection Criteria, which incorporate a default 
attenuation factor. To ensure the interim remedy is consistent with the final remedy, DEP 
recommends that the proposed spot removal of soils with mobile pollutants also consider 
potential impacts of leachable pollutants on surface water. This would limit the risk for further 
action in a final remedy to address soil as a pollutant source if groundwater exceeds evaluation 
criteria. The degree of concern depends on the difference between a pollutant's GB Pollutant 
Mobility Criterion (the target interim removal criterion) and its Aquatic Water Quality 
Benchmark value, and also on the potential for attenuation between the soil location and the 
receptor tidal flat. For example, DEP recommends a value of 280 µg/1 for vanadium acute 
toxicity in water, as compared to a GB Pollutant Mobility Criterion of 500 µg/1. A removal 
criterion of 280 µg/1, as opposed to 500, would ensure that, even without any attenuation on the 
transport path from soil to surface water, there would be no possibility of acute toxicity ...... " 

Therefore, the Causeway SPLP soils data is compared to A WQC values within this document as a criteria 
for determining the extent of contaminated soil requiring excavation. 
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The field investigation and results of the May 3, 2000 SPLP sampling event are presented in an 
Addendum to the Final Pre-Design Investigation Report for the Causeway and Dike, which is included as 
Attachment A of this Appendix. The following paragraphs summarize the findings of this Addendum. 

As indicated in Section 1. 1, results of soil sampling and analyses conducted on the Causeway in 
September 1999 identified a number of samples with concentrations that exceed the GB PMC (Foster 
Wheeler/HLA, 2000a). Of these samples, only the soils at, or above, 4.5-feet bgs (the approximate water 
table at high tide) were re-sampled for SPLP analyses, and only for those parameters already found to 
exceed the GB PMC criteria. 

Ten (10) previously sampled exploration locations were re-sampled on the Causeway to collect additional 
subsurface soil· samples for SPLP analyses. For these samples, SPLP analyses were requested for those 
parameters that were previously detected at concentrations above the GB PMC. Exploration locations 
and sample analyses are listed on Figure F-1 and Table 1 of Attachment A, respectively. All re-sampled 
exploration locations were completed on May 3, 2000 using a backhoe and test-pitting techniques. Soil 
sample descriptions and sampling information were written on test pits logs, included in Attachment A. 

Detected analytes from SPLP soil analyses are presented in Table F-1, indicated by the sampling date of 
May 3, 2000. The CTDEP Groundwater Protection Criteria values multiplied by a factor of 10 are also 
presented on Table F-1. For contaminated soils in a GB area, or an area encompassing a non-potable 
groundwater aquifer, the CTDEP RSRs state, "A substance other than total petroleum hydrocarbons in 
soil above the seasonal high water table in a GB area may be remediated to a level at which the results of 
a TCLP or SPLP analysis of such soil does not exceed the ground-water protection criterion for any such 
substance multiplied by 10 .... " 

Of the eight locations sampled for VOCs, only one location, TP-DEP-12, exhibited concentrations above 
the CTDEP Groundwater Protection Criteria x 10 for VOCs. Vinyl chloride was detected at a 
concentration of 35 micrograms per liter (µg/L) versus a criterion of 20 µg/L, and trichloroethene (TCE) 
was detected at a concentration of 160 µg/L versus a criterion of 50 µg/L (see Table F-1). 

A total of five locations were sampled for SVOCs (see Attachment A, Table 1). Of these, only two 
locations (CB-99-15 and TP-99-10) indicated exceedances above the CTDEP Groundwater Protection 
Criteria x 10 (see Table F-1). 

At the two locations that were re-sampled for vanadium, TP-DEP-11 and TP-DEP-12, SPLP results were 
both below the CTDEP Groundwater Protection Criteria x 10 of 500 µg/L (see Table F-1 and Attachment 
A). However, the vanadium concentration of 415 µg/L at TP-DEP-12 exceeds the AWQC of280 µg/L. 

In summary, the results of the SPLP sampling and analyses conducted in May 2000 to address the 
locations with contaminant concentrations exceeding the CTDEP GB PMC indicated the following: 

• one location (TP- DEP-12) exhibited VOC concentrations exceeding the CTDEP 
Groundwater Protection Criteria x 10, 
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• two locations (CB-99-15 and TP-99-10) exhibited SVOC concentrations exceeding the 
CTDEP Groundwater Protection Criteria x 10, and 

• one location the vanadium concentration of 415 µg/L at TP-DEP-12 exceeds the AWQC of 
280 µg/L. 

1.3 SPLP SAMPLING AND RESULTS (SEPTEMBER 14, 2000) 

As a result of the criteria exceedances in May 2000 samples, additional SPLP sampling and analyses was 
performed in September 2000 to delineate the extent of contaminants at these locations exceeding the 
CTDEP Groundwater Protection Criteria x 10 and A WQC. Table F-2 presents a summary of the samples 
collected for SPLP analyses. The sample locations are presented on Figure F-1. 

In the Pre-Design Investigation Report (Foster Wheeler/HLA, 2000), groundwater elevations on the 
Causeway are known from measurements in the two willow wells MWCD-99-0 lA and MWCD-99-02A. 
Based on groundwater elevations in these two wells, the average depth to water bgs for the Causeway is 
approximately 4.5-feet bgs (4.27-feet bgs at MWCD-99-0lA and 4.65-feet bgs at MWCD-99-02A). For 
contaminated soils in a GB area, all soils at or above the seasonal high water table are to be considered for 
remediation based upon results of the SPLP analysis. 

Two locations, TP-DEP-11 and TP-DEP-12, which previously contained vanadium concentrations 
exceeding CTDEP Groundwater Protection Criteria x 10 or A WQC, were re-sampled. These locations 
are in areas where Honeywell removed radiologically contaminated soil in March 2000. These areas were 
re-sampled to assess whether vanadium levels in soils still exceed the GB PMC after the excavation was 
completed. 

Four samples were collected for VOC analyses from North, South, East, and West locations 10 feet out 
from TP-DEP-12 original location (see Figure F-1). Four samples were collected for SVOC analyses 
from North, South, East, and West locations 10 feet out from CB-99-15 original location (see Figure F-1). 
Three samples were collected for SVOC analyses from North, South, and East locations 10 feet out from 
TP-99-10 original location. The West location would have been in the tidal zone, and was therefore not 
collected. Additional samples were collected 15 feet out from original sample locations; however, these 
were not analyzed, as results from the samples collected 10 feet from the original explorations indicated 
that the contaminant concentrations exceeding screening criteria had been delineated. 

Samples were sent to the Pittsburgh, Pennsylvania Severn-Trent Laboratories lab for analysis. Split 
samples were also sent to the USACE laboratory (AMRO). 

Results of the SPLP analyses indicate that VOC, SVOC, and vanadium concentrations are all below 
CTDEP Groundwater Protection Criteria x 10. However, vanadium concentrations at locations TP-DEP-
11 (338 µg/L in the duplicate sample) and TP-DEP-12 (391 µg/L) exceed the AWQC of 280 µg/L (see 
Table F-1). 
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2.0DELINEATION OF CONTAMINATED CAUSEWAY SOILS REQUIRING 
EXCAVATION 

Based on the results presented in Section 1.0, six contaminated areas of soil (EA-1 through EA-6) on the 
Causeway require excavation prior to the placement of an erosion control cover system. The locations, 
and rationale for excavation are provided below. Note that the table describes a 5-ft excavation radius 
and a 2-ft. depth for developing cleanup volumes. Confirmation sampling will be performed on 4 
sidewalls and the bottom of the excavation for each of these initial 5-ft radius areas and additional 
excavation would be performed if the initial sampling showed that contamination above the cleanup 
criteria are exceeded. 

In addition to the six excavation areas indicated above, the CTDEP requested in comments (dated August 
2, 2001) on the 90% Design that soils with PCB concentrations greater than 1 ppm also be excavated. 
There are six locations on the Causeway where PCB concentrations in soil exceed 1 ppm: TP-DEP-11, 
TP-99-06, TP-99-10, TP-99-22, TP-99-23, and CB-99-02 (see Figure 1, attached). Total PCB 
concentrations in soils at these locations range from 1.6 to 11 ppm. Two of the locations (TP-DEP-11 
and TP-99-10) where PCBs in soil exceed 1 ppm, are co-located with proposed excavation areas (EA-3 
and EA-5) previously identified in the Causeway Design. The remaining four locations where PCB 
concentrations exceed 1 ppm will be added to areas requiring excavation in the Design, and will be 
designated as follows: 

EA-7, centered on TP-99-06 (minimum excavation depth 8 feet) 
EA-8, centered on TP-99-22 (minimum excavation depth 3 feet) 
EA-9, centered on TP-99-23 (minimum excavation depth 3 feet) 
EA-10, centered on CB-99-02 (minimum excavation depth 2 feet) 

The locations of these excavation areas (EA-7 through EA-10), and the estimated volume of soil to be 
removed, are provided below. Confirmation sampling will be performed on 4 sidewalls and the bottom of 
the excavation for each of these initial 5-ft radius areas and additional excavation would be performed if 
the initial sampling showed that contamination above the cleanup criteria are exceeded. 

Ex- Associated Contam- Criteria Radius of Excavation Excavation 
cavation Exploration inants Exceeded Excav. Depth Volume 

Area 
EA-1 CB-99-01 Zinc AWQC 5 feet 2 feet 5.8 cu yds 
EA-2 CB-99-03 Vanadium GBPMC 5 feet 2 feet 5.8 cu yds 

GW Prot.xl0 
AWQC 

EA-3 TP-DEP-11 Vanadium AWQC 5 feet 2 feet 5.8 cu yds 
PCBs 

EA-4 TP-DEP-12 Vanadium AWQC 5 feet 2 feet 5.8 cu yds 
TCE GW Prot.xl0 
Vinyl Chloride GW Prot.xl0 

EA-5 TP-99-10 SVOCs AWQC 5 feet 2 feet 5.8 cu yds 
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Ex- Associated Contam- Criteria Radius of Excavation Excavation 
cavation Exploration inants Exceeded Excav. Depth Volume 

Area 
PCBs 

EA-6 CB-99-15 SVOCs AWQC 5 feet 2 feet 5.8 cu yds 

EA-7 TP-99-06 PCBs CTDEP 5 feet 8 feet 23.3 cu yds 
RSRs 

EA-8 TP-99-22 PCBs CTDEP 5 feet 3 feet 8.7 cu yds 
RSRs 

EA-9 TP-99-23 PCBs CTDEP 5 feet 3 feet 8.7 cu yds 
RSRs 

EA-10 CB-99-02 PCBs CTDEP 5 feet 2 feet 5.8 cu yds 
RSRs 
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FIGURE F-1 
Causeway 

Sample Locations 

Stratford Army Engine Plant Soil Samples 
Stratford, Connecticut lilllllllRllllallllRIIIIRIIIIRIIIIIIIIIIIIRIIIIRIIIIIIIIIIII_IIIIIIII_IIIIIIIIIIIIIIIIRIIII____________________ Harding Lawson Associates 



CB-99-01 CB9901002XX 0 2SA 
CB-99-01 CB9901002XX 0 2SA 
CB-99-01 CB9901002XX 0 2SA 
CB-99-01 CB9901002XX 0 2SA 
CB-99-01 CB9901002XX 0 2SA 
CB-99-03 CB9903004XX 2 4 SA 
CB-99-03 CB9903006XX 4 6 SA 
CB-99-03 CB9903006XX 4 6 SA 
CB-99-03 CB9903004XX 2 4 SA 
CB-99-03 CB9903006XX 4 6 SA 
CB-99-03 C89903006XX 4 6 SA 
CB-99-03 CB9903006XX 4 6 SA 
CB-99-03 CB9903004XX ~ 4SA 
CB-99-03 CB9903006XX 4 SSA 
CB-99-15 CB9915003XX 1 3 SA 
CB-99-15 CB9915003XX 1 3SA 
TP-99-10 TP9910005XX 3 5 SA 
TP-99-10 TP9910005XX 3 5 SA 
TP-99-10 TP9910005XX 3 5SA 

ITP-DEP-11 TPDEP11001XX 0 1 SA 
TP-DEP-11 TPDEP11001XX 0 1 SA 
TP-DEP-11 TPDEP11001XX 0 1 SA 
TP-DEP-11 TPDEP11001XX 0 1 SA 
TP-DEP-11 TPDEP11001XX 0 1 SA 
TP-DEP-11 TPDEP11001XX 0 1 SA 
TP-DEP-11 TPDEP11001XX 0 1 SA 
TP-DEP-11 TPDEP11001XX 0 1 SA 
TP-DEP-11 TPDEP11001XX 0 1 SA 
TP-DEP-11 TPDEP11001XX 0 1 SA 
TP-DEP-12 TPDEP12003XX 1 3SA 
TP-DEP-12 TPDEP12003XX 1 3SA 
TP-DEP-12 TPDEP12003XX 1 3SA 
TP-DEP-12 TPDEP12003XX 1 '3 SA 
CB-99-01 CB9901002XX 0 1 SA 
CB-99-01 CB9901002XX 0 1 SA 
CB-99-03 CB9903003XX 0 3SA 
CB-99-03 CB9903003XX 0 3SA 
C8-99-03 CB9903003XX 0 3SA 
TP-99-10 TP9910003XX 0 3.5 SA 
TP-99-10 TP9910003XX 0 3.5 SA 
TP-99-10 TP9910003XX 0 3.5 SA 
TP-DEP-11 TPDEP11001XX 0 1 SA 
TP-OEP-11 TPDEP11001XX 0 1 SA 
TP-DEP-11 TPDEP11001XX 0 1 SA 
TP-DEP-11 TPDEP11001XX 0 1 SA 
TP-DEP-11 TPDEP11001XX 0 1 SA 
TP-DEP-11 TPDEP11001XX 0 1.5 SA 
TP-DEP-12 TPDEP12002XX 0 1.5 SA 
TP-DEP-12 TPDEP12002XX 0 1.5 SA 
TP-DEP-12 TPDEP12002XX 0 1.5 SA 
TP-DEP-12 TPDEP12002XX 0 1.5 SA 
TP-DEP-12 TPDEP12002XX 0 1.5 SA 
TP-DEP-12 TPDEP12002XX 0 1.5 SA 
TP-DEP-12 TPDEP12002XX 0 1.5 SA 
TP-DEP-12 TPDEP12002XX 0 1.5 SA 
TP-DEP-12 TPDEP12002XX 0 1.5 SA 

SPLP Data __ Summary 

T>- .: F-1 
DETECTED ANAL YTES • SPLP SAMPLING AND ANL YSES 

CAUSEWAY SOILS 

STRATFORD ARMY ENGINE PLANT 
STRATFORD, CONNECTICUT 

September 20, 1999 EPA 1312/SW846 60108 SPL:P :fnorganics Barium 
September 20, 1999 EPA 1312/SW846 60108 SPLP 'lnoraanics Coooer 
September 20, 1999 EPA 1312/SW846 6010B SPLP lnoroanics lead 
September 20, 1999 EPA 1312/SW846 60108 SPLP lnoraanics Nickel 
September 20, 1999 EPA 1312/SW846 6010B SPLP lnorganlcs Zinc 
September 20, 1999 EPA 1312/SW846 60108 SPLP lnorganlcs Arsenic 
September 20, 1999 EPA 1312/SW846 60108 SPLP lnorganlcs Arsenic 
September 20, 1999 EPA 1312/SW846 6010B SPLP lnoroanlcs Barium 
September 20, 1999 EPA 1312/SW846 60108 SPLP lnoroanics Cooper 
September 20, 1999 EPA 1312/SW846 60108 SPLP lnon:ianics Copper 
September 20, 1999 EPA 1312/SW846 60108 SPLP lnoraanlcs Lead 
September 20, 1999 EPA 1312/SW846 6010B SPLP lnorganics Nickel 
September 20, 1999 EPA 1312/SW846 60108 SPLP lnoraanics Vanadium 
September 20, 1999 EPA 1312/SW846 6010B SPLP lnoraanics Vanadium 
September 21, 1999 EPA 1312/SW846 6010B SPLP lnoroanics Barium 
September 21, 1999 EPA 1312/SW846 60108 SPLP lnoraanics Vanadium 
September 21, 1999 EPA 1312/SW846 60108 SPLP lnorganlcs Barium 
September 21, 1999 EPA 1312/SW846 6010B SPLP lnoraanics Coooer 
September 21, 1999 EPA 1312/SW846 60108 SPLP lnoraanics Vanadium 
September 21, 1999 EPA 1312/SW846 6010B SPLP lnoraanics Antimony 
September 21, 1999 EPA 1312/SW846 60108 SPLP lnoraanics Arsenic 
September 21 1999 EPA 1312/SW846 6010B SPLP lnorganics Barium 
September 21, 1999 EPA 1312/SW846 60108 SPLP lnoroanlcs Cadmium 
September 21, 1999 EPA 1312/SW846 60108 SPLP lnoraanics Chromium 
September 21, 1999 EPA 1312/SW846 60108 SPLP lnorganics Copper 
September 21, 1999 EPA 1312/SW846 6010B SPLP lnoraanics Lead 
September 21, 1999 EPA 1312/SW846 6010B SPLP lnoroanics Nickel 
September 21, 1999 EPA 1312/SW846 6010B SPLP lnorganics Silver 
September 21, 1999 EPA 1312/SW846 6010B SPLP lnoroanics Vanadium 
September 21 1999 EPA 1312/SW846 6010B SPLP lnoraanlcs Barium 
September 21, 1999 EPA 1312/SW846 60108 SPLP lnoraanics Cooper 
September 21, 1999 EPA 1312/SW846 60108 SPLP lnorganlcs Nickel 
September 21, 1999 EPA 1312/SW846 60108 SPLP lnorganics Vanadium 

May3,2000 SW8260B SPLPVOA Acetone 
May3,2000 SW82608 SPLPVOA Dichloromethane 
May3,2000 SW8260B SPLPVOA Acetone 
May3,2000 SW8260B SPLPVOA Dichloromethane 
May3,2000 SW8260B SPLPVOA Tetrachloroethene 
May 3, 2000 SW8260B SPLPVOA Acetone 
May 3, 2000 SW8260B SPLPVOA Dichloromethane 
May 3, 2000 SW8260B SPLPVOA Trlchloroethene 
May3,2000 SW8260B SPLPVOA Acetone 
May3,2000 SW82608 SPLPVOA cis-1,2-Dichloroethene 
May3,2000 SW82608 SPLPVOA Dichloromethane 
May 3, 2000 SW8260B SPLPVOA Tetrachloroethene 
May3,2000 SW82608 SPLPVOA Trlchloroethene 
May 3, 2000 6010A SPLP lnoraanics Vanadium 
May3,2000 SW8260B SPLPVOA 2-Butanone 
May3,2000 SW8260B SPLPVOA Acetone 
May3,2000 SW8260B SPLPVOA cis-1,2-Dichloroethene 
May 3, 2000 SW8260B SPLPVOA Dichloromethane 
May 3, 2000 SW8260B SPLPVOA Tetrachloroethene 
May3,2000 SW82608 SPLPVOA Toluene 
May3,2000 SW8260B SPLPVOA trans-1,2-Dichloroethene 
May3,2000 SW8260B SPLPVOA Trlchloroethene 
May3,2000 SW8260B SPLPVOA Vinvl Chloride 
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48.7 10000 10000 110 UG/L 
2.4 13000 · 13000 18 UG/L 
2.8 150 150 82 UGIL 
6.1 1000 1000 1400 UGIL 

t~,@$J 50000 50000 120 UG/L 
3.9 500 500 66 UGIL 
5.7 500 500 66 UG/L 

22.4 10000 10000 110 UGIL 
3.2 13000 13000 18 UG/l 
8.9 13000 13000 18 UGIL 

15.4 150 150 82 UGIL 
85 1000 1000 1400 UGIL 
10 500 500 280 UG/L 

ii,~!$~~ 500 500 280 UGIL 
8.2 10000 10000 110 UGIL 
3.5 500 500 280 UG/L 

21.3 10000 10000 110 UG/L 
1.2 13000 13000 18 UG/L 

11.7 500 500 280 UG/l 
17 60 60 180 UGIL 

3.6 500 500 66 UG/L 
30.5 10000 10000 110 UG/L 
0.54 50 50 3.9 UGIL 

2.9 500 500 16 UG/L 
14.9 13000 13000 18 UG/l 

25 150 150 82 UGIL 
19.6 1000 1000 1400 UG/L 

1.2 360 360 4.1 UG/L 
0;~i.J,f~l8(1Jt; 500 500 280 UGIL 

76.5 10000 10000 110 UG/L 
3 13000 13000 18 UGIL 

94.7 1000 1000 1400 UGIL 
IM~ii!~O,:Z:Q 500 500 280 UG/L 

9J NIA 7000 - UGIL 
1 J NIA 50 - UG/L 

16 NIA 7000 - UG/L 
10 NIA 50 - UG/L 

1 J NIA 50 5280 UG/l 
13 NIA 7000 - UGIL 
4J NIA 50 . UGIL 
1 J NIA 50 45000 UG/L 

13 NIA 7000 - UGIL 
1 J NIA 700 - UG/L 

30 NIA 50 - UG/L 
1 J NIA 50 5280 UG/L 
7 NIA 50 45000 UG/L 

164 500 500 280 UG/L 
4J NIA 4000 . UGIL 

11 NIA 7000 . UGIL 
70 NIA 700 . UGIL 

8 NIA 50 - UG/L 
2J NIA 50 5280 UGIL 
1 J NIA 10000 17500 UG/L 
2J NIA 1000 - UG/L - NIA 50 45000 UGIL 

NIA 20 . UG/L 
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CB-99-15E 
CB-99-15S 
CB-99-15S 
CB-99-15S 
TP-99-10E 
TP-99-10E 
TP-99-10N 
TP-99-10N 
TP-99-10S 
TP-99-10S 
TP-99-10S 
TP·99·10S 
TP-99-10S 
TP-DEP-11 
TP-DEP-11 
TP-DEP-12 
TP-DEP-12E 
TP-DEP-12E 
TP-DEP-12E 
TP-DEP•12N 
TP-DEP-12N 
TP-DEP-12N 
TP-DEP-12N 
TP-DEP-12N 
TP-DEP-12S 
TP-DEP-12S 
TP-DEP-12W 
TP-DEP-12W 
TP·DEP-12W 
TP-DEP-12W 
TP-DEP-12W 
TP-DEP-12W 
TP-DEP-12W 

NOTES: 

CB991502EXX 0 2SA 
CB991502SXX 0 2SA 
CB991502SXX 0 2SA 
CB991502SXX 0 2SA 
TP991002EXX 0 2SA 
TP991002EXX 0 2SA 
TP991002NXX 0 2SA 
TP991002NXX 0 2SA 
TP991001SXX 0 1 SA 
TP991001SXX 0 1 SA 
TP991001SXX 0 1 SA 
TP991001SXX 0 1 SA 
TP991001SXX 0 1 SA 
TPDEP11012D 10 12 DU 
TPDEP11012X 10 12 SA 
TPDEP12022X 0 2SA 
TPDEP12022E 0 2SA 
TPDEP12022E 0 2SA 
TPDEP12022E 0 2 SA 
TPDEP12022N 0 2SA 
TPDEP12022N 0 2SA 
TPDEP12022N 0 2SA 
TPDEP12022N 0 2SA 
TPDEP12022N 0 2SA 
TPDEP12022S 0 2SA 
TPDEP12022S 0 2SA 
TPDEP12022W 0 2SA 
TPDEP1202WD 0 2DU 
TPDEP12022W 0 2SA 
TPDEP1202WD 0 2DU 
TPDEP12022W 0 2SA 
TPDEP1202WD 0 2 DU 
TPDEP12022W 0 2SA 

TABLE F-1 
DETECTED ANAL YTES - SPLP SAMPLING AND ANL YSES 

CAUSEWAY SOILS 

STRATFORD ARMY ENGINE PLANT 
STRATFORD, CONNECTICUT 

Seotember 14, 2000 SW8270C SPLPSVOA Anthracene 
Seotember 14, 2000 SW8270C SPLPSVOA Carbazole 
September 14, 2000 SW8270C SPLPSVOA Naohthalene 
Seotember 14, 2000 SW8270C SPLPSVOA Phenanthrene 
Seotember 14, 2000 SW8270C SPLPSVOA Fluoranthene 
September 14, 2000 SW8270C SPLPSVOA Phenanthrene 
September 14, 2000 SW8270C SPLPSVOA Fluoranthene 
Seotember 14, 2000 SW8270C SPLPSVOA Phenanthrene 
September 14, 2000 SW8270C SPLPSVOA Benzo[a )anthracene 
Seotember 14, 2000 SW8270C SPLPSVOA Carbazole 
Seotember 14, 2000 SW8270C SPLPSVOA Fluoranthene 
September 14, 2000 SW8270C SPLPSVOA Phenanthrene 
September 14, 2000 SW8270C SPLPSVOA Pyrene 
September 14, 2000 SW6010B SPLP lnorganlcs Vanadium 
September 14, 2000 SW6010B SPLP lnoraanlcs Vanadium 
September 14, 2000 SW6010B SPLP lnoraanlcs Vanadium 
September 14, 2000 SW8260B SPLPVOA 2-Butanone 
Seotember 14, 2000 SW8260B SPLPVOA Tetrachloroethene 
Seotember 14, 2000 SW8260B SPLPVOA Trichloroethane 
September 14, 2000 SW8260B SPLPVOA 1,2-Dichloroethvlenes (els and trans) 
September 14, 2000 SW8260B SPLPVOA 2-Butanone 
Seotember 14, 2000 SW8260B SPLPVOA Acetone 
September 14, 2000 SW8260B SPLPVOA Tetrachloroethene 
Seotember 14, 2000 SW8260B SPLPVOA Trlchloroethene 
Seotember 14, 2000 SW8260B SPLPVOA 2-Butanone 
September 14, 2000 SW8260B SPLPVOA Acetone 
September 14, 2000 SW8260B SPLPVOA 2-Butanone 
Seotember 14 2000 SW8260B SPLPVOA 2-Butanone 
September 14, 2000 SW8260B SPLPVOA Acetone 
Seotember 14, 2000 SW8260B SPLPVOA Acetone 
September 14, 2000 SW8260B SPLPVOA Tetrachloroethene 
September 14, 2000 SW8260B SPLPVOA Tetrachloroethene 
September 14, 2000 SW8260B SPLPVOA Trlchloroethene 
,eptemoer 14, ,uuu _ tiPLPVUA I ncnioroethene 

Shaded values indicate exceedances of: 1) the CTDEP Pollutant Mobility Criteria (PMC) for a GB aquifer, 2) 10 x the CTDEP Groundwater Protection Criteria, or 
3) the USEPA Ambient Water Quality Criteria (AWQC) - Freshwater, Acute values 

- = no published AWQC value 
AWQC = USEPA Ambient Water Quality Criteria 
B = parameter detected in laboratory method blank 
CTDEP = Connecticut Department of Environmental Protection 
DU = duplicate sample result 
FT,BGS = feet below ground surface 
GB PMC = CTDEP Pollutant Mobility Criteria for a GB-classified (industrial/commercial) aquifer 
GW = groundwater 
J = estimated value 
NIA= not applicable (CTDEP GB PMC criteria for VOA and SVOA parameters must be compared against results for mass/mass analyses) 
SA = original sample result 
SPLP = synthetic precipitate leaching procedure 
SVOA = semivolatlle organic analysis 
VOA = volatile organic analysis 

SPLP L, .iummary of2 

0.03 J NIA 20000 - UG/L 
0.052 J NIA - - UG/L 
0.051 J NIA 2800 2300 UG/L 
0.046 J NIA 2000 30 UG/L 
0.043 J NIA 2800 3980 UG/L 
0.061 J NIA 2000 30 UG/L 

0.03 J NIA 2800 3980 UGIL 
0.037 J NIA 2000 30 UG/L 
0.026 J NIA 0.6 - UGIL 
0.041 J NIA . . UG/L 
0.062 J NIA 2800 3980 UGIL 
0.095 J NIA 2000 30 UGIL 
0.041 J NIA 2000 - UG/L 

~11:~a 500 500 280 UG/L 
223 500 500 280 UG/L 

~~]jg!:fif 500 500 280 UG/L 
4.4 JB NIA 4000 - UG/L 
2.4 J NIA 50 5280 UG/L 
14 NIA 50 45000 UG/L 

3.2 J NIA 700 11600 UG/L 
4.5 JB NIA 4000 - UGIL 
3.9 JB NIA 7000 - UG/L 
3.2J NIA 50 5280 UGIL 
16 NIA 50 45000 UG/L 

4.8 JB NIA 4000 - UG/L 
4.5 JB NIA 7000 - UG/L 
4.2 JB NIA 4000 - UG/L 
4.5 JB NIA 4000 - UG/L 
3.7 JB NIA 7000 - UG/L 
4.3 JB NIA 7000 - UG/L 
15 NIA 50 5280 UG/L 
15 NIA 50 5280 UG/L 

2.2J NIA 50 45000 UG/L 
,.:i:J NIA 50 45000 
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CB-99-01 CB9901002XX 0 2SA September 20, 1999 
CB-99-01 CB9901002XX ·O 2SA September 20, 1999 
CB-99-01 CB9901002XX 0 2SA September 20. 1999 
CB-99-01 CB9901002XX 0 2SA September 20, 1999 
CB-99-01 CB9901002XX 0 2SA September 20, 1999 
CB-99-03 CB9903004XX 2 4SA September 20, 1999 
CB-99-03 CB9903006XX 4 6SA September 20, 1999 
CB-99-03 CB9903006XX 4 6SA September 20, 1999 
CB-99-03 CB9903004XX 2 4 SA September 20, 1999 
CB-99-03 CB9903006XX 4 6SA September 20, 1999 
CB-99-03 CB9903006XX 4 6SA September 20, 1999 
CB-99-03 CB9903006XX 4 6SA September 20, 1999 
CB-99-03 CB9903004XX 2 4SA September 20, 1999 
CB-99-03 CB9903006XX 4 6SA September 20, 1999 
C8-99-15 C89915003XX 1 3SA September 21, 1999 
CB-99-15 CB9915003XX 1 3SA September 21, 1999 
TP-99-10 TP9910005XX 3 SSA September 21, 1999 
TP-99-10 TP9910005XX 3 SSA September 21, 1999 
TP-99-10 TP9910005XX 3 5SA September 21, 1999 
TP-DEP-11 TPDEP11001XX 0 1 SA September 21, 1999 
TP-DEP-11 TPDEP11001XX 0 1 SA Seotember21 1999 
TP-DEP-11 TPDEP11001XX 0 1 SA September21 1999 
TP-DEP-11 TPDEP11001XX 0 1 SA September 21, 1999 
TP-DEP-11 TPDEP11001XX 0 1 SA September 21, 1999 
TP-DEP-11 TPDEP11001XX 0 1 SA September 21, 1999 
TP-DEP-11 TPDEP11001XX 0 1 SA September 21, 1999 
TP-DEP-11 TPDEP11001XX 0 1 SA September 21, 1999 
TP-DEP-11 TPDEP11001XX 0 1 SA September 21, 1999 
TP-DEP-11 TPDEP11001XX 0 1 SA Seotember 21, 1999 
TP-DEP-12 TPDEP12003XX 1 3SA September 21, 1999 
TP-DEP-12 TPDEP12003XX 1 3SA September 21, 1999 
TP-DEP-12 TPDEP12003XX 1 3SA September 21, 1999 
TP-DEP-12 TPDEP12003XX 1 3SA September 21, 1999 
CB-99-01 CB9901002XX 0 1 SA Mav3 2000 
CB-99-01 CB9901002XX 0 1 SA May 3, 2000 
CB-99-01 CB9901002XX 0 1 SA May3,2000 
CB-99-03 CB9903003XX 0 3SA Mav3,2000 
CB-99-03 CB9903003XX 0 3SA May 3, 2000 
CB-99-03 C89903003XX 0 3SA May 3, 2000 
CB-99-03 CB9903003XX 0 3SA May3,2000 
CB-99-15 CB9915002XX-RE1 0 2SA Mav3, 2000 
CB-99-15 CB9915002XX-RE1 0 2SA Mav3, 2000 
CB-99-15 CB9915002XX-RE1 0 2SA Mav3, 2000 
CB-99-15 CB9915002XX-RE1 0 2SA Mav3 2000 
CB-99-15 CB9915002XX -RE1 0 2SA May3,2000 
CB-99-15 CB9915002XX-RE1 0 2SA Mav3 2000 
CB-99-15 CB9915002XX-RE1 0 2SA May 3, 2000 
CB-99-15 CB9915002XX -RE1 0 2SA Mav3,2000 
CB-99-15 CB9915002XX-RE1 0 2SA Mav3,2000 
CB-99-15 CB9915002XX-RE1 0 2SA May 3, 2000 
CB-99-15 CB9915002XX-RE1 0 2SA Mav3,2000 
C8-99-15 CB9915002XX-RE1 0 2SA Mav3, 2000 
CB-99-15 CB9915002XX-RE1 0 2SA Mav3 2000 
CB-99-15 CB9915002XX-RE1 0 2SA May 3, 2000 
C8-99-15 CB9915002XX -RE 1 0 2SA May 3, 2000 

'T'""i-1,...., r= 1 ~nt n n .... +~ ~,n·rH-n'::>nt 

T; . F-1 
DETECTED ANAL YTES - SPLP SAMPLING AND ANL YSES 

CAUSEWAY SOILS 

STRATFORD ARMY ENGINE PLANT 
STRATFORD, CONNECTICUT 

EPA 1312/SW846 60108 SPLP lnoraanics Barium 
EPA 1312/SW846 6010B SPLP lnoraanics Copper 
EPA 1312/SW846 60108 SPLP lnorganics Lead 
EPA 1312/SW846 60108 SPLP lnoraanics Nickel 
EPA 1312/SW846 60108 SPLP lnon:1anics Zinc 
EPA 1312/SW846 60108 SPLP lnorganlcs Arsenic 
EPA 1312/SW846 60108 SPLP lnorganlcs Arsenic 
EPA 1312/SW846 60108 SPLP lnorganlcs Barium 
EPA 1312/SW846 6010B SPLP lnoroanics Coooer 
EPA 1312/SW846 60108 SPLP lnorganics Copper 
EPA 1312/SW846 60108 SPLP lnoroanlcs Lead 
EPA 1312/SW846 60108 SPLP lnoroanics Nickel 
EPA 1312/SW846 6010B SPLP lnorganics Vanadium 
EPA 1312/SW846 60108 SPLP lnorganics Vanadium 
EPA 1312/SW846 60108 SPLP lnoroanics Barium 
EPA 1312/SW846 6010B SPLP lnorganics Vanadium 
EPA 1312/SW846 6010B SPLP lnorganics Barium 
EPA 1312/SW846 6010B SPLP lnoraanics Copper 
EPA 1312/SW846 6010B SPLP lnoroanics Vanadium 
EPA 1312/SW846 6010B SPLP lnoroanics Antimony 
EPA 1312/SW846 6010B SPLP lnorganics Arsenic 
EPA 1312/SW846 6010B SPLP lnoraanlcs Barium 
EPA 1312/SW846 60108 SPLP lnorganlcs Cadmium 
E:PA 1312/SW846 6010B SPLP lnorganics Chromium 
EPA 1312/SW846 6010B SPLP lnon:ianics Copper 
EPA 1312/SW846 6010B SPLP lnoraanics Lead 
EPA 1312/SW846 6010B SPLP lnoraanlcs Nickel 
EPA 1312/SW846 6010B SPLP lnorganics Sliver 
EPA 1312/SW846 6010B SPLP lnoroanlcs Vanadium 
EPA 1312/SW846 6010B SPLP lnorganics Barium 
EPA 1312/SW846 6010B SPLP lnorganics Copper 
EPA 1312/SW846 6010B SPLP lnoraanlcs Nickel 
EPA 1312/SW846 6010B SPLP lnorganics Vanadium 
SW8260B SPLPVOA Acetone 
8260B SPLPVOA 8romofluorobenzene 
SW8260B SPLPVOA Dichloromethane 
SW8260B SPLPVOA Acetone 
8260B SPLPVOA Bromofluorobenzene 
SW82608 SPLPVOA Dichloromethane 
SW82608 SPLPVOA Tetrachloroethene 
SW-846 8270C SPLPSVOA 2-Methylnaphthalene 
SW-846 8270C SPLPSVOA Acenaohthene 
SW-846 8270C SPLPSVOA Acenaphthylene 
SW-846 8270C SPLPSVOA Anthracene 
SW-846 8270C SPLPSVOA Benzo a) anthracene 
SW-846 8270C SPLPSVOA Benzo a) pyrene 
SW-846 8270C SPLPSVOA Benzo b) flouranthene 
SW-846 8270C SPLPSVOA Benzo 1 ghl) oerylene 
SW-846 8270C SPLPSVOA Benzo 1 k) flouranthene 
SW-846 8270C SPLPSVOA Carbazole 
SW-846 8270G SPLPSVOA Chrysene 
SW-846 8270C SPLPSVOA Dibenzo (a,h) anthracene 
SW-846 8270C SPLPSVOA Fluoranthene 
SW-846 8270C SPLPSVOA Fluorene 
SW-846 8270C SPLPSVOA lndeno (1,2,3-cd) pyrene 

Page 1 of 3 

48.7 1 10000 10000 110 UG/L 
2.4 1 13000 13000 18 UG/L 
2.8 1 1p0 150 82 UG/L 
6.1 1 1000 1000 1400 UG/L 

't~~:~I):3 J 1 50000 50000 120 UG/L 
3.9 1 500 500 66 UG/L 
5.7 1 500 500 66 UG/L 

22.4 1 10000 10000 110 UG/L 
3.2 1 13000 13000 18 UG/L 
8.9 1 13000 13000 18 UG/L 

15.4 1 150 150 82 UG/L 
85 1 1000 1000 1400 UG/L 
10 1 500 500 280 UG/L 

1~(~&;~$~~P 1 500 500 280 UG/L 
8.2 1 10000 10000 110 UG/L 
3.5 1 500 500 280 UG/L 

21.3 1 10000 10000 110 UGIL 
1.2 1 13000 13000 18 UG/L 

11.7 1 500 500 280 UG/L 
17 1 60 60 180 UG/L 

3.6 1 500 500 66 UGIL 
30.5 1 10000 10000 110 UG/L 
0.54 1 50 50 3.9 UG/L 

2.9 1 500 500 16 UG/L 
14.9 1 13000 13000 18 UG/L 

25 1 150 150 82 UGIL 
19.6 1 1000 1000 1400 UG/L 

1.2 1 360 360 4.1 UG/L 
tr~illl•eO;i 1 500 500 280 UG/L 

76.5 1 10000 10000 110 UG/L 
3 1 13000 13000 18 UGIL 

94.7 1 1000 1000 1400 UG/L 
~~i'f;Mlij\{)]j 1 500 500 280 UG/L 

9J 1 N/A 7000 . UG/L 
50 1 NIA . . UG/L 

1 J 1 NIA 50 . UG/L 
16 1 NIA 7000 . UG/L 
51 1 NIA - - UG/L 
10 1 N/A 50 . UG/L 

1 J 1 N/A 50 5280 UG/L 
0.66 J 1 NIA . . UG/L 
3.6J 1 N/A . 80 UG/L 

0.18 J 1 NIA 4200 - UG/L 
6.6 1 NIA 20000 . UGIL 

:~i~l&~ 1 NIA 0.6 . UGIL 
~~~;6-$~ 1 NIA 2 0.24 UG/L 

' .. ~!,; 1 NIA 0.8 . UG/L 
4.8 1 NIA - . UG/L 

~nl-5:j:I: 1 NIA 5 - UG/L 
8.1 1 NIA - . UG/L 
8.4 1 N/A - . UGIL 
1.9 1 NIA . . UG/L 
29 1 NIA 2800 33.6 UGIL 

5 1 N/A 2800 70 UGIL 
4.5 1 NIA - . UG/L 
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ICB-99-15 CB9915002XX-RE1 0 2SA May3,2000 
CB-99-15 CB9915002XX -RE1 0 2SA May3 2000 
CB-99-15 CB9915002XX-RE1 0 2SA May 3, 2000 
TP-99-10 TP9910003XX 3 3.5 SA May 3, 2000 
TP-99-10 TP9910003XX 3 3.5 SA May3 2000 
TP-99-10 TP9910003XX 3 3.5 SA May3,2000 
TP-99-10 TP9910003XX 0 3.5 SA May3 2000 
TP-99-10 TP9910003XX 3 3.5 SA Mav3,2000 
TP-99-10 TP9910003XX 3 3.5 SA May 3, 2000 
TP-99-10 TP9910003XX 3 3.5 SA May3,2000 
TP-99-10 TP9910003XX 3 3.5 SA Mav3,2000 
TP-99-10 TP9910003XX 3 3.5 SA Mav3,2000 
TP-99-10 TP9910003XX 3 3.5 SA Mav3,2000 
TP-99-10 TP9910003XX 3 3.5 SA Mav3, 2000 
TP-99-10 TP9910003XX 3 3.5 SA Mav3, 2000 
TP-99-10 TP9910003XX 3 3.5 SA May 3, 2000 
TP-99-10 TP9910003XX 0 3.5 SA May 3, 2000 
TP-99-10 TP9910003XX 3 3.5 SA May 3, 2000 
TP-99-10 TP9910003XX 3 3.5 SA Mav3,2000 
TP-99-10 TP9910003XX 3 3.5 SA Mav3,2000 
TP-99-10 TP9910003XX 3 3.5 SA Mav3, 2000 
TP-99-10 TP9910003XX 3 3.5 SA May 3, 2000 
TP-99-10 TP9910003XX 3 3.5 SA Mav3, 2000 
TP-99-10 TP9910003XX 0 3.5 SA Mav3, 2000 
TP-DEP-11 TPDEP11001XX 0.5 1 SA May3,2000 
TP-DEP-11 TPDEP11001XX 0.5 1 SA May 3, 2000 
TP-DEP-11 TPDEP11001XX 0 1 SA Mav3 2000 
TP-DEP-11 TPDEP11001XX 0.5 1 SA May 3, 2000 
TP-DEP-11 TPDEP11001XX 0.5 1 SA Mav 3, 2000 
TP-DEP-11 TPDEP11001XX 0.5 1 SA May 3, 2000 
TP-DEP-11 TPDEP11001XX 0.5 1 SA May 3, 2000 
TP-DEP-11 TPDEP11001XX 0.5 1 SA Mav3,2000 
TP-DEP-11 TPDEP11001XX 0.5 1 SA Mav3, 2000 
TP-DEP-11 TPDEP11001XX 0 1 SA May3,2000 
TP-DEP-11 TPDEP11001XX 0.5 1 SA Mav3, 2000 
TP-DEP-11 TPDEP11001XX 0.5 1 SA May3,2000 
TP-DEP-11 TPDEP11001XX 0 1 SA Mav3, 2000 
TP-DEP-11 TPDEP11001 XX 0 1 SA May 3, 2000 
TP-DEP-11 TPDEP11001XX 0.5 1 SA May3,2000 
TP-DEP-11 TPDEP11001 XX 0.5 1 SA May 3, 2000 
TP-DEP-11 TPDEP11001 XX 0.5 1 SA Mav3, 2000 
TP-DEP-11 TPDEP11001XX 0.5 1 SA Mav3, 2000 
TP-DEP-11 TPDEP11001XX 0.5 1 SA Mav3,2000 
TP-DEP-11 TPDEP11001 XX 0.5 1 SA May 3, 2000 
TP-DEP-11 TPDEP11001XX 0 1 SA Mav3,2000 
TP-DEP-11 TPDEP11001XX 0 1 SA May 3, 2000 
TP-DEP-11 TPDEP11001XX 0 1.5 SA Mav3, 2000 
TP·DEP-12 TPDEP12002XX 0 1.5 SA Mav3, 2000 
TP-DEP-12 TPDEP12002XX 0 1.5 SA Mav3, 2000 
TP-DEP-12 TPDEP12002XX 0 1.5 SA Mav3, 2000 
TP-DEP-12 TPDEP12002XX 0 1.5 SA Mav 3 2000 
TP-DEP-12 TPDEP12002XX 0 1.5 SA May 3, 2000 
TP-DEP-12 TPDEP12002XX 0 1.5 SA May 3, 2000 
TP-DEP-12 TPDEP12002XX 0 1.5 SA May 3, 2000 
TP-DEP-12 TP□F- "'002XX 0 1.5 SA May 3, 2000 

T::ihlP i::.1 .,i-'LP Data Summarv 

TABLE F-1 
DETECTED ANAL YTES - SPLP SAMPLING AND ANL YSES 

CAUSEWAY SOILS 

STRATFORD ARMY ENGINE PLANT 
STRATFORD, CONNECTICUT 

SW-846 8270G SPLPSVOA Naphthalene 
SW-846 8270G SPLPSVOA Phenanthrene 
SW-846 8270G SPLPSVOA Pyrene 
SW-846 8270C SPLPSVOA 2-Methylnaphthalene 
SW-846 8270G SPLPSVOA Acenaohthene 
SW-846 8270C SPLPSVOA Acenaphthylene 
SW8260B SPLPVOA Acetone 
SW-846 8270C SPLPSVOA Anthracene 
SW-846 8270C SPLPSVOA Benzo a) anthracene 
SW-846 8270C SPLPSVOA Benzo a} ovrene 
SW-846 8270C SPLPSVOA Benzo b) flouranthene 
SW-846 8270G SPLPSVOA Benzo ghi) perylene 
SW-846 8270C SPLPSVOA Benzo k} flouranthene 
SW-846 8270C SPLPSVOA Carbazole 
SW-846 8270C SPLPSVOA Chrvsene 
SW-846 8270C SPLPSVOA Dlbenzo (a,h) anthracene 
SW8260B SPLPVOA Dichloromethane 
SW-846 8270C SPLPSVOA Fluoranthene 
SW-846 8270C SPLPSVOA Fluorene 
SW-846 8270C SPLPSVOA lndeno 1,2,3-cd) pyrene 
SW-846 8270G SPLPSVOA Naphthalene 
SW-846 8270C SPLPSVOA Phenanthrene 
SW-846 8270C SPLPSVOA Pyrene 
SW82608 SPLPVOA Trichloroethane 
SW-846 8270G SPLPSVOA 2-Methylnaphthalene 
SW-846 8270C SPLPSVOA Acenaphthene 
SW8260B SPLPVOA Acetone 
SW-846 8270C SPLPSVOA Anthracene 
SW-846 8270C SPLPSVOA Benzo a) anthracene 
SW-846 8270C SPLPSVOA Benzo a) pyrene 
SW-846 8270C SPLPSVOA Benzo b) flouranthene 
SW-846 8270C SPLPSVOA Benzo ghi) oervlene 
SW-846 8270C SPLPSVOA Benzo k) flouranthene 
8260B SPLPVOA Bromofluorobenzene 
SW-846 8270G SPLPSVOA Carbazole 
SW-846 8270C SPLPSVOA Chrysene 
SW8260B SPLPVOA cis-1,2-Dichloroethene 
SW8260B SPLPVOA Dichloromethane 
SW-846 8270C SPLPSVOA Fluoranthene 
SW-846 8270C SPLPSVOA Fluorene 
SW-846 8270C SPLPSVOA lndeno 1,2,3-cd) pyrene 
SW-846 8270C SPLPSVOA Naphthalene 
SW-846 8270C SPLPSVOA Phenanthrene 
SW-846 8270C SPLPSVOA Pvrene 
SW8260B SPLPVOA Tetrachloroethene 
SW8260B SPLPVOA Trichloroethene 
6010A SPLP lnorganics Vanadium 
SW8260B SPLPVOA 2-Butanone 
SW8260B SPLPVOA Acetone 
8260B SPLPVOA Bromofluorobenzene 
SW8260B SPLPVOA cis-1,2-Dichloroethene 
SW8260B SPLPVOA Dichloromethane 
SW8260B SPLPVOA Tetrachloroethene 
SW8260B SPLPVOA Toluene 
SW8260B SPLPVOA ____ .!,@11s-1

1
2-Dichloroethene 

f-. . of 3 

1.3 J 1 NIA 2800 2300 UGIL 
24 1 NIA 2000 30 UGIL 
19 1 NIA 2000 . UGIL 
1.2 1 NIA - - UGIL 

0.46 J 1 NIA . 80 UGIL 
1.6 1 NIA 4200 . UGIL 
13 1 NIA 7000 . UGIL 

1.6 1 N/A 20000 . UGIL 
~~.ilf 1 NIA 0.6 . UGIL 
Ja?4 1 NIA 2 0.24 UGIL 
i?fl 1 N/A 0.8 . UG/L 
2.6 1 NIA . . UGIL 
2.3 1 NIA 5 . UGIL 
1.4 1 N/A . - UGIL 
3.2 1 NIA . - UG/L 

0.71 1 NIA - - UG/L 
4J 1 NIA 50 . UG/l 

9.2 1 NIA 2800 33.6 UG/L 
1.6 1 N/A 2800 70 UGIL 
2.1 1 NIA . . UG/L 
6.8 1 NIA 2800 2300 UGIL 
7.7 1 N/A 2000 30 UG/L 
7.1 1 NIA 2000 - UGIL 

1 J 1 N/A 50 45000 UG/L 
0.08 J 1 NIA . - UGIL 

0.063 J 1 NIA . 80 UG/L 
13 1 N/A 7000 . UGIL 

0.0891 1 NIA 20000 . UG/L 
0.072 J 1 NIA 0.6 . UG/L 
0.054 J 1 NIA 2 0.24 UGIL 
0.06 J 1 N/A 0.8 . UGIL 

0.048 J 1 NIA . . UGIL 
0.052 J 1 NIA 5 . UGIL 

53 1 N/A . . UG/L 
0.11 J 1 N/A . . UG/L 

0.072 J 1 N/A . . UG/L 
1 J 1 NIA 700 . UG/L 

30 1 NIA 50 . UGIL 
0.31 1 NIA 2800 33.6 UG/L 

0.075 J 1 NIA 2800 70 UGIL 
0.04 J 1 NIA . . UG/L 
0.11 J 1 NIA 2800 2300 UG/L 
0.42 1 NIA 2000 30 UGIL 

0.2 1 NIA 2000 . UGIL 
1 J 1 NIA 50 5280 UG/L 
7 1 NIA 50 45000 UGIL 

164 1 500 500 280 UGIL 
4J 1 NIA 4000 . UGIL 

11 1 NIA · 7000 . UGIL 
57 1 N/A - . UGIL 
70 1 NIA 700 - UGIL 
8 1 NIA 50 . UGIL 
2J 1 NIA 50 5280 UGIL 
1 J 1 NIA 10000 17500 UGIL 
2J 1 N/A 1000 . UGIL 

1/30101 



TP-DEP-12 TPDEP12002XX 0 1.5 SA May 3, 2000 
TP-Df:P-12 TPDEP12002XX 1,5 2SA Mav3, 2000 
TP-DEP-12 TPDEP12002XX 0 1.5 SA Mav3, 2000 
CB-99-15E CB991502EXX 0 2SA September 14, 2000 
CB-99-15S CB991502SXX 0 2SA September 14, 2000 
CB-99-15S CB991502SXX 0 2SA September 14, 2000 
CB-99-15S CB991502SXX 0 2SA September 14, 2000 
TP-99-10E TP991002EXX 0 2SA September 14, 2000 
TP-99-10E TP991002EXX 0 2SA Seotember 14, 2000 
TP-99-10N TP991002NXX 0 2SA September 14, 2000 
TP-99-10N TP991002NXX 0 2SA September 14, 2000 
TP-99-10S TP991001SXX 0 1 SA September 14, 2000 
TP-99-10S TP991001SXX 0 1 SA September 14, 2000 
TP-99-10S TP991001SXX 0 1 SA September 14, 2000 
TP-99-10S TP991001SXX 0 1 SA September 14, 2000 
TP-99-10S TP991001SXX 0 1 SA September 14, 2000 
TP-DEP-11 TPDEP11012X 10 12 SA September 14, 2000 
TP-DEP-11 TPDEP11012D 10 1~ DU September 14, 2000 
TP-DEP-12 TPDEP12022X 0 2SA September 14, 2000 
TP-DEP-12E TPDEP12022E 0 2SA September 14, 2000 
TP-DEP-12E TPDEP12022E 0 2SA September 14, 2000 
TP-DEP-12E TPDEP12022E 0 2SA September 14, 2000 
TP-DEP-12N TPDEP12022N 0 2SA September 14, 2000 
TP-DEP•12N TPDEP12022N 0 2SA September 14 2000 
TP-DEP-12N TPDEP12022N 0 2SA September 14, 2000 
TP-DEP-12N TPDEP12022N 0 2SA September 14, 2000 
TP-DEP-12N TPDEP12022N 0 2SA September 14 2000 
TP-DEP-12S TPDEP12022S 0 2SA September 14, 2000 
TP-DEP-12S TPDEP12022S 0 2SA September 14, 2000 
TP-DEP-12W TPDEP12022W 0 2SA September 14, 2000 
TP-DEP-12W TPDEP1202WD 0 2DU September 14, 2000 
TP-DEP-12W TPDEP12022W 0 2SA September 14, 2000 
TP-DEP-12W TPDEP1202WD 0 2DU September 14, 2000 
TP-DEP-12W TPDEP12022W 0 2SA September 14, 2000 
TP-DEP-12W TPDEP1202WD 0 2DU September 14, 2000 
TP-DEP-12W TPDEP12022W 0 2SA September 14, 2000 

:I-'• l"'VV lr'Ut=t ,._v,,>'U lJ L. uu ::;eptemoer 14, L.uuu 

1. c. F-1 
DETECTED ANAL YTES • Sf>LP SAMPLING AND ANL YSES 

CAUSEWAY SOILS 

SW8260B 
6010A 
SW8260B 
SW8270C 
SW8270C 
SW8270C 
SW8270C 
SW8270C 
SW8270C 
SW8270C 
SW8270C 
SW8270C 
SW8270C 
SW8270C 
SWB270C 
SW8270C 
SW6010B 
SW60108 
SW6010B 
SW82608 
SW8260B 
SW8260B 
SW82608 
SW82608 
SW8260B 
SW82608 
SW82608 
SW8260B 
SW82608 
SW82608 
SW8260B 
SW8260B 
SW8260B 
SW8260B 
SW8260B 
SW8260B 

STRATFORD ARMY ENGINE PLANT 
STRATFORD, CONNECTICUT 

SPLPVOA Trichloroethene 
SPLP lnorQanics Vanadium 
SPLPVOA Vinvl Chloride 
SPLPSVOA Anthracene 
SPLPSVOA Carbazole 
SPLPSVOA Naphthalene 
SPLPSVOA Phenanthrene 
SPLPSVOA Fluoranthene 
SPLPSVOA Phenanthrene 
SPLPSVOA Fluoranthene 
SPLPSVOA Phenanthrene 
SPLPSVOA Benzo (a) anthracene 
SPLPSVOA Carbazole 
SPLPSVOA Fluoranthene 
SPLPSVOA Phenanthrene 
SPLPSVOA Pvrene 
SPLP lnoraanics Vanadium 
SPLP lnorganics Vanadium 
SPLP lnorganlcs Vanadium 
SPLPVOA 2-Butanone 
SPLPVOA Tetrachloroethene 
SPLPVOA Trichloroethane 
SPLPVOA 1,2-Dichloroethvlenes (cis 
SPLPVOA 2-Butanone 
SPLPVOA Acetone 
SPLPVOA Tetrachloroethene 
SPLPVOA Trichloroethene 
SPLPVOA 2-Butanone 
SPLPVOA Acetone 
SPLPVOA 2-Butanone 
SPLPVOA 2-Butanone 
SPLPVOA Acetone 
SPLPVOA Acetone 
SPLPVOA Tetrachloroethene 
SPLPVOA Tetrachloroethene 
SPLPVOA T richloroethene 
:Sl-'Ll-'VUA 1 ncnioroetnene 

0.03 J 
0.052 J 
0.051 J 
0.046 J 
0.043 J 
0.061 J 

0.03 J 
0.037 J 
0.026 J 
0.041 J 
0.062 J 
0.095 J 
0.041 J 

223 
t111¥J•aaa 
~-9:t 

4.4 JB 
2.4 J 
14 

3.2 J 
4.5 JB 
3.9 JB 
3.2 J 
16 

4.8 JB 
4.5 JB 
4.2 JB 
4.5 JB 
3.7 JB 
4.3 JB 
15 
15 

2.2J 
:l.b J 

NOTES: Shaded values indicate exceedances of: 1} the CTDEP Pollutant Mobility Criteria (PMC) for a GB aquifer, 2} 10 x the CTDEP Groundwater Protection Criteria, or 
3) the USEPA Ambient Water Quality Criteria (AWQC) • Freshwater, Acute values 

- = no published AWQC value 
AWQC = USEPA Ambient Water Quality Criteria 
B = parameter detected in laboratory method blank 
CTDEP = Connecticut Department of Environmental Protection 
DU = duplicate sample result 
FT,BGS = feet below ground surface 
GB PMC = CTDEP Pollutant Mobility Criteria for a GB-classified (industrial/commercial) aquifer 
GW = groundwater 
J = estimated value 
N/A = not applicable (CTDEP GB PMC criteria for VOA and SVOA parameters must be compared against results for mass/mass analyses) 
SA= original sample result 
SPLP = synthetic precipitate leaching procedure 
SVOA = semivolatile organic analysis 
VOA= volatile organic analysis 

T,...,t-t,..., t:" -4 ~r:'lf r, f""\-,1-. ~t!f"'•"'l•"•"'l-,n• Pacte 3 of 3 

1 NIA 50 45000 UG/L 
1 500 500 280 UGIL 
1 NIA 20 - UGIL 
1 N/A 20000 - UGIL 
1 N/A - - UGIL 
1 NIA 2800 2300 UGIL 
1 NIA 2000 30 UGIL 
1 NIA 2800 33.6 UGIL 
1 N/A 2000 30 UGIL 
1 NIA 2800 33.6 UG/L 
1 NIA 2000 30 UGIL 
1 NIA 6 - UGIL 
1 NIA - - UG/L 
1 NIA 2800 33.6 UG/L 
1 NIA 2000 30 UG/L 
1 NIA 2000 - UG/L 
1 500 500 280 UGIL 
1 500 500 280 UG/L 
1 500 500 280 UG/L 
1 N/A 4000 - UG/L 
1 N/A 50 5280 UGIL 
1 NIA 50 45000 UG/L 
1 N/A 700 11600 UG/L 
1 NIA 4000 . UG/L 
1 NIA 7000 - UG/L 
1 NIA 50 5280 UGIL 
1 NIA 50 45000 UGIL 
1 NIA 4000 - UGIL 
1 NIA 7000 - UGIL 
1 NIA 4000 - UGIL 
1 NIA 4000 - UGIL 
1 NIA 7000 - UGIL 
1 N/A 7000 - UGIL 
1 N/A 50 5280 UGIL 
1 N/A 50 5280 UGIL 
1 NIP.. 50 45000 UGIL 
1 N/A 50 45000 

1/30/01 



TABLE F-2 
OFF-SITE ANALYTICAL SPLP SAMPLING 

SEPTEMBER 14, 2000 

CAUSEWAY AND DIKE NON-TIME CRITICAL REMOVAL ACTION 

STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 

CB-99-15N (10' northofCB-99-15) 1'-3' SPLP for SVOCs by 1312/.M:odified8270 SIM 

CB-99-15E (10' east of CB-99-15) 1'-3' SPLP for SVOCs by 1312/.M:odified8270 SIM 

CB-99-15S (10' south of CB-99-15) l'-3' SPLP for SVOCs by 1312/.M:odified8270 SIM 

CB-99-15W (10' west of CB-99-15) l' -3' SPLP for SVOCs by 1312/.M:odified8270 SIM 

TP-99-lON (10' north ofTP-99-10) 3'-4.5' SPLP for SVOCs by 1312/.M:odified 8270 SIM 

TP-99-IOE (10' east ofTP-99-10) 3'-4.5' SPLP for SVOCs by 1312/.M:odified 8270 SIM 

TP-99-IOS (10' south ofTP-99-10) 3'-4.5' SPLP for SVOCs by 1312/.M:odified 8270 SIM 

TP-DEP-11 0'-1' SPLPfor Vanadium by 1312/6010B 

TP-DEP-12N (10' north ofTP-DEP-12) l' -3' SPLP for VOCs by 1312/8260B 

SPLP for Vanadium by 1312/6010B 

TP-DEP-12E (10' east ofTP-DEP-12) 1'-3' SPLP for VOCs by 1312/8260B 

SPLP for Vanadium by 1312/601 OB 

TP-DEP-12S (10' south ofTP-DEP-12) 1'-3' SPLP for VOCs by 1312/8260B 

SPLP for Vanadium by 1312/6010B 

TP-DEP-12W (10' west ofTP-DEP-12) 1'-3' SPLP for VOCs by 1312/8260B 

SPLP for Vanadium by 1312/6010B 

Notes: 

Selective Ion Monitoring SIM 
SPLP 
svoc 
voe 

Synthetic Precipitation Leaching Procedure 
Semivolatile Organic Compounds 
Volatile Organic Compounds 

Analytical methods are from USEP A SW0846 "Test Methods for Evaluating Solid Waste Chemical/Physical 
Methods", SW-846, Final Update III, revised 1993, or more recent edition unless otherwise indicated. 
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. Harding Lawson Associates 

May 26, 2000 

Ms. Michelle Brock 
U.S. Army Corps of Engineers 
New England District 

· 696 Virginia Road 
Concord, MA 01742-2751 

Subject: USACE CONTRACT NO. DACW33-94-D-0002 
TASK ORDER NO. 020 
TOTAL ENVIRONMENTAL RESTORATION CONTRACT 

== = ........ 
Ill• I_,• 111 ,,, '"' 

ADDENDUM TO FINAL CAUSEWAY AND DIKE PRE-DESIGN INVESTIGATION 
REPORT. 
STRATFORD ARMY ENGINE PLANT 

Dear Ms. Brock, 

Enclosed for your review is the Addendum to the Causeway and Dike Pre-Design Investigation Report that 
discusses the results of the SPLP sampling recently conducted on the Causeway. Please review and 
provide comments by June 1, 2000. Comments will be incorporated into an Addendum for USEPA and 
CTDEP review. 

Please feel free to call me at (207) 775-5401 x3637 if you have any questions. 

Sincerely, 

HARDING LAWSON ASSOCIATES 1 
JJ~fJ~e~ 

~ Nelson Walter, P.E. t V Project Manager 

cc: J. Burleson - SAEP/f ACOM 
J. Borkland - Foster Wheeler 
T. Corley - USACE - NYD 

Engineering and 
Environmental Services 511 Congress Street, P.O. Box 7050, Portland. ME 04112-7050 207/775-5401 Fax: 207/772-4762 



ADDENDUM TO FINAL PRE-DESIGN INVESTIGATION REPORT 
CAUSEWAY ANDDIKENCRA 

STRATFORD ARMY ENGINE PLANT 
Stratford, Connecticut 

1.0 Introduction 

Foster Wheeler Environmental Corporation (Foster Wheeler) and Harding Lawson Associates 
(HLA) have been contracted through the U.S. Anny Corps of Engineers - New England District 
(USACE) to complete a Non-time Critical Removal Action (NCRA) for the Causeway and Dike 
Area at the Stratford Anny Engine Plant (SAEP) under Task Order No. 020 of Contract No. 
DACW33-94-D-0002. The objectives of this task are to: 1) complete additional field activities 
necessary to characterize physical and chemical subsurface conditions on the Causeway and Dike, 2) 
summarize the results of field activities in a report, and 3) document the decision process for 
selection of a removal action for the Causeway and Dike area in an Engineering Evaluation/Cost 
Analysis (EE/CA) and a Removal Action Memorandum (RAM). 

Results of field investigation activities intended to address items 1 and 2 listed above, conducted by 
Foster Wheeler and HLA during the summer and fall of 1999, are presented in the Final Causeway 
and Dike NCRA Pre-Design Investigation Report (Foster Wheeler/HLA, 2000a). Specific to the 
Causeway, a number of soil samples collected and analyzed during the field investigations indicated 
concentrations of volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs), 
and vanadium exceeding criteria presented in the Connecticut Department of Environmental 
Protection {CTDEP) Remediation Standard Regulations (RSRs). The criteria exceeded include 
Direct Exposure Criteria (DEC) for soil (residential scenario), and GB Pollutant Mobility Criteria 
(PMC) for subsurface soil from above the water table.· Discussions with the CIDEP identified data 
needs relative to SPLP analysis of soils exceeding the PMC. A Supplemental Work Plan (Foster 
Wheeler/HLA, 2000b) was prepared to address those additional data needs. Specifically, if it 
could be demonstrated that areas with PMC exceedances be reevaluated to demonstrate that SPLP 
results were less than 10 times the CTDEP Groundwater Protection Criteria, then the CTDEP 
RSRs would allow installation of a permeable soil cover on the Causeway, rather than an 
engineered barrier to prevent infiltration. 

This Addendum to the Pre-Design Investigation Report (Foster Wheeler/HLA, 2000a) describes 
the fieldwork, and presents the results of additional sampling conducted on the Causeway during 
May 2000. 

2.0 Field Program 

Results of soil sampling and analyses conducted on the Causeway identified a number of samples 
with concentrations that exceed the CTDEP PMC (Foster Wheeler/HLA, 2000a). Of these, only) 
the soils at or above 4.5-feet bgs (the approximate water table at high tide) were resampled, ang.J 
only for those parameters already found to exceed the CTDEP PMC criteria. 

Ten (10) previously sampled exploration locations were resampled on the Causeway to collect 
additional subsurface soil samples. For these samples, SPLP analyses were requested for those 
parameters that were previously detected at concentrations above the PMC. Exploration locations 
are listed on Table 1, and are shown on Figure I. All resampled exploration locations were 
completed on May 3, 2000 using a backhoe, and employed test-pitting techniques. Soil sample 
descriptions and sampling information were written on test pits logs, included in Appendix A. 

G:\Projects\TERCS\Projects\D020\Causeway\PreDesign\AddendumPre-Design.doc 



Soil samples were collected using stainless steel spatulas and spoons. VOC samples were 
collected in 4-ounce soil jars with airtight silicon septa, and completely filled to minimize 
headspace in the jar. SVOC and vanadium samples were homogenized and placed into 8-ounce 
soil jars. All samples were delivered to the off-site laboratory on the day they were collected, and 
SPLP extractions were performed within 48 hours of sample collection. Table 2 lists the CTDEP 
SPLP PMCs, and the minimum requ~red reporting limits for the SPLP analyses. Additionally, 
USACE quality assurance (QA) split samples were collected for the analyses, as shown on Table 
1. These were shipped to the USACE laboratory, AMRO Environmental Laboratories in 
Merrimack, New Hampshire, on the day they were collected. 

3.0 Results 

SPLP soil analytical data with concentrations exceeding the CTDEP RSR PMC are shown on 
Figure 2. Complete analytical data are presented in Appendix B. For polluted soils in a GB area, 
or an area encompassing a non-potable groundwater aquifer, the CTDEP RSRs state, "A 
substance other than total petroleum hydrocarbons in soil above the seasonal high water table in a 
GB area may be remediated to a level at which the results of a TCLP or SPLP analysis of such 
soil does not exceed the ground-water protection criterion for any such substance multiplied by 
10 .... " These criteria are also shown on Figure 2 for each analyte exceedance. 

Of the eight locations sampled for VOCs, only one location, TP-DEP-12, exhibited 
concentrations above the SPLP PMC for VOCs. Vinyl chloride was detected at a concentration 
of 35 µg/L, and trichloroethene (TCE) was detected at a concentration of 160 µg/L (see Figure 1). 

At the two locations that were resampled for vanadium, TP-DEP-11 and TP-DEP-12, SPLP 
results were both below the PMC of 500 µg/L (see Appendix B). 

A total of five locations were sampled for SVOCs. Of these, only two locations (TP-99-10 and 
CB-99-15) recorded exceedances above the RSR SPLP PMC. These are shown on Figure 2. 

Summary and Conclusions 

• Excavation and removal of soil is likely required at the locations where laboratory results 
indicate exceedances of the SPLP PMC. 

• The Causeway EE/CA will present proposed removal actions, and a plan for confirmation 
sampling following any removal actions. 

References 

Foster Wheeler Environmental Corporation/Harding Lawson Associates (Foster 
Wheeler/HLA), 2000. Final Pre-Design Investigation Report for the Non-Time 
Critical Removal Action for the Causeway and Dike. Prepared for the U.S. Army 
Corps of Engineers, April 2000. 
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TABLE 1 
SUMMARY OF OFF-SITE ANALYTICAL SAMPLING 

ADDENDUM TO THE PRE-DESIGN INVESTIGATION REPORT CAUSEWAY AND DIKE NON-TIME CRITICAL REMOVAL ACTION 
STRATFORD ARMY ENGINE PLANT 

CB-99-01 

CB-99-03 

CB-99-04 

CB-99-08 

CB-99-11 

CB-99-14 

CB-99-15 

TP-99-10 

TP-DEP-11 

TP-DEP-12 

Notes: 

QA 
Silv1 = 
SPLP 
SVOC 
voe 

STRATFORD, CONNECTICUT 

1' 

3' 

2' 

2' 

2' 

2' 

2' 

3.5' 

l' 

1.5' 

SPLP for VOCs by 1312/8260B 

SPLP for VOCs by 1312/8260B 

SPLP for VOCs by 1312/8260B 

SPLP for VOCs by 1312/8260B 

SPLP for VOCs by 1312/8260B 

SPLP for SVOCs by 1312/ Modified 8270 SIM: 

SPLP for SVOCs by 1312/Modified 8270 SIM: 

SPLP for SVOCs by 1312/Modified8270 SIM: SVOCs 

SPLP for VOCs by 1312/8260B 

SPLP for SVOCs by 1312/Modified 8270 SW 

SPLP for VOCs by 1312/8260B VOCs 

SPLP for SVOCs by 1312/Modified 8270 SIM: SVOCs 

SPLP for Vanadium by 1312/6010B Vanadium 

SPLP forVOCs by 1312/8260B 

SPLP for Vanadium by 1312/6010B 

Quality Assurance Split Samples sent to USA CE Laboratory 
Selective Ion Monitoring 
Synthetic Precipitation Leaching Procedure 
Semivolatile Organic Compounds 
Volatile Organic Compounds 

G: \projects\ TERCS\DO20\Causeway\ Techplans\SPLPTab le I .Doc 
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"E2 
SPLP ANALYSES MINIMUh_ .... u:,QUIRED REPORTING LIMITS 

ADDENDUM TO PRE-DESIGN INVESTIGATION REPORT CAUSEWAY AND DIKE NON-TIME CRITICAL REMOVAL ACTION 
STRATFORD ARMY ENGINER PLANT 

STRATFORD, CONNECTICUT 

voes 
Acetone 700 7000 3500 

Acrylonitrile 0.5 5 2.5 

Benzene 1 10 5 

Bromform 4 40 20 

2-Butanon (MEK) 400 4000 2000 

Carbon Tetrachloride 5 50 25 

Chlorobenzene 100 1000 500 

Chloroform 6 60 30 

Dibromochloromethane 0.5 5 2.5 

1,2-Dichlorobenzene 600 6000 3000 

1,3-Dichlorobenzene 600 6000 3000 

1,4-Dichlorobenzene 75 750 375 

1, 1-Dichloroethane 70 700 350 

1,2-Dichloroethane 1 10 5 

1, 1-Dichloroethylene 7 70 35 

Cis-1,2-Dichloroethylene 70 700 350 

Trans-1,2-Dichloroethylene 100 1000 500 

1,2-Dichloropropane 5 50 25 

1,3-Dichloropropene 0.5 5 2.5 

Ethylbenzene 700 7000 3500 

Methyl-Tert-Butyl-Ether 100 1000 500 

Methyl Isobutyl Ketone 350 3500 17~0 

Methylene Chloride 5 50 25 

Styrene 100 1000 500 

1, 1, 1,2-Tetrachloroethane 1 10 5 

1, 1,2,2-Tetrachloroethane 0.5 5 2.5 

Tetrachloroethylene 5 50 25 

Toluene 1000 10000 5000 

1, 1, I-Trichloroethane 200 2000 1000 

1, 1,2-Trichloroethane 5 50 25 

Trichloroethylene 5 50 25 

Vinyl Chloride 2 20 10 

Xvlenes 530 5300 2650 

SPLP _Req_Report_Limits.xls 1 of2 
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T. ~2 
SPLP ANALYSES MINIMUM ,.__,~UIRED REPORTING LIMITS 

ADDENDUM TO PRE-DESIGN INVESTIGATION REPORT CAUSEWAY AND DIKE NON-TIME CRITICAL REMOVAL ACTION 
STRATFORD ARMY EN GINER PLANT 

STRATFORD, CONNECTICUT 

SVOCs 
Acenaphthylene 420 
Anthracene 2000 
Benzo(A)Anthracene 0.06 
Benzo(B )Fluoranthene 0.08 
Benzo(K)Fluoranthene 0.5 
Benzo(A)Pyrene 0.2 
Fluoranthene 280 
Fluorene 280 
Naphthalene 280 
Phenantbrene 200 
Pvrene 200 

Notes: 

CTDEP 
voes 
SVOCs 
µg/L 
SPLP 

Connecticut Departmetn of Environmental Protection 
volatile organic compounds 
semivolatile organic compounds 
micrograms per liter 
Synthetic Precipitate Leaching Procedures 

_Report_Limits.xls ""lf2 

4200 2100 
20000 10000 

0.6 0.3 
0.8 0.4 
5 2.5 
2 1 

2800 140 
2800 1400 
2800 1400 
2000 1000 
2000 1000 
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. TEST PIT RECORD . 

Site: Stratford Army Engine. Plant ~ Causeway 1 of,2'" I 

Project No.: 4-:J.U'f -;J..to5'f - AP 'O~D tfM 1o 'PI>LI<.. Date: _t:>_-_-_5_ .. _o_o __ 

Test Pit ID:· (!., B-qq- 0 J 

Sketch Map of Test Pit Site: 

Crew Members: 

1. 1oM kJNt:; 1,.~y - J-1-1..A 

2. -5t-eP-A-tJ .:sMttH -- JJ Fe 
3. ..:loHJJ fl$MttJ~.,. W.i MAN~E 

( 4. ----------

5. ----------
N 

I 6. ----------

Monitor Equipment: 

Scale: 1"= ____ ft. 
Nor ro 7Ckt.& 

.Notes: 
g_e;:-SAMP '-f JJ t. ~ TI.IM.:S ft)~ 5P lP ;4/t/,t,/,,1-f-Se'f:A 

Pl Meter (i) N 
Explosive Gas y N 
Avail. Oxygen y N 
OVA y N 
Other: ________ _ 

i-U DWtY\ · PANC.A/{..fi, Ptlofo~ 

( (;e,ti~- /rlU/;, u.£1e) 

W99120O3 
Harding Lawson Associates--_,_j 



. TEST PIT RECORD . 

Site: Stratford Army Engine Plant "'. Causeway 

Project No.: 4?-1h"'f --d--/o5'{ - AP Dt:.N'D t:1,41 1b PD.XE<-. 

1 of.Z-1 

Date: _6_-_~_,,,._o_o __ 
Test Pit 1D; ____ C_8_-_q_q_ ... _0..::::.3 ____________________ _ 

Sketch Map of Test Pit Site: 

Crew Members: 

1. '1o.Nl 1.-o~ 1,€,'j - 1-f I-A 

2. -5f-gp-1ttJ StvlitH .... JJ f~ 

3. S"oH/./ fl$MttJ<; .,. Wt MAN~E 

( 4. ----------

5. ----------
N 

I 6. ----------

-Et 
Monitor Equipment: 

Pl Meter cl) N 
Explosive Gas y N 

Scale: 1"= ____ ft. 
Nor -ro .-:;.~& 

Notes: 
g~-SAMP f-.{JJ ti (Yf(APA-TtolJ~ f-d~ :!i>i-P A-/111t/.,J.J-Ge-s: 

Avail. Oxygen y N 
OVA y N 
Other: _______ _ 

4<DL.Utti P11rr,1c,11r-k..e Pte..os& 

( 4 e1t:i ~ - M uB l-l.£)e.) 

kT 3,.. • Ul(.A.,v(";} ~ 4o-"(o-(;,o C.PM putr::o fr 

':)~~ kr !>' PfZ-D~ ,4,-,41 ~ SK6t .SW 

~w;:99:::1::'.20::-:::o:-;;-3----------------------- Harding Lawson Associates_J 



. TEST PIT RECORD . 

Site: Stratford Army Engine. Plant -. Causeway 

Project No.: 4?-i-6'f -d-to5'/ - AD Dt:ND '1M 1b PDil<.. 

Test Pit ID: C,f;;,q1-of 

~ 

..,;.,A...,-

( .....,A.-,' 

N 

I 

-e-
,_.,,_,....,,.. 

Scale: 1"= ____ ft. 

Notes:. 
No 1 -ro '?<::-kt-& 

f!~~A-MP '-1.Nt'i ~'l<A-TJ,1.J1.J.:S HJ~ ~l-P .4/'✓k/,,J.j'5e!a 

1 of.,2'" I 

Date: _t=>_-_-_3_ .... _o_o __ 

Crew Members: 

1. 1o/Y1 J..c~ 1,..,y- }-f i,.A 

2. "St~A-"' .!St\1 rtH - JJ P~ 

3. (lc,HtJ f-1,,SMrtJt; ,,.. wt ,MAr\lA<;E 

4. ----------

5. ----------

6. ----------

Monitor Equipment: 

Pl Meter (i) N 
Explosive Gas y N 
Avail. Oxygen y N 
OVA y N 
Other: _______ _ 

L..(,( owm · P1t/'Jc..A-k.r;, Pttos~ 

c~~~e,tl..- /YlU!i L.UJe) 

'P,l'lr.Nc.A-/t..tt Pf2..of3t (? z"-:::. 1o---r0 -'1° C-fM. <lbc¾r~- ~l,oc:.f'M) 

fl/)::: 0 ff'"-

W9912003 
Harding Lawson Associates----' 



. TEST PIT RECORD . 

Site: Stratford Army Engine Plant - Causeway 

Project No.: 4?1h"'f -~1o5'{ - AD DevD '1M 7o ?.DIE<.. 

Test Pit ID: 1f-tjq- /0 

( 
N 

I 

8 
Notes: 

Sketch Map of Test Pit Site: 

Scale: 1"= ____ ft. 
l\]o, -ro ~C,kt-& 

g.e--.SA-MP HJJ ti ~~Tl,QlJ..5. ft)~ :5;> l-P A-/./kLJ.f-5€~ 

f1p-=o 

b-f\-<>Wt./ f7U-- (JP- ~/1(:.12,g:r/§ I T/+t<.., t~dt--s C,µ,vd-, 
,. I / 

~D -{VCJ Pi)c,M - kif io D4M-p &,t)-t:J -ta ;i..5 r-

~ • I 
. :5+1elG k'< .3-~ 0~rt s.a-wrt- "f: t>,,-iflN'kt-

~,1-e.. 1--o~r:1✓J - "?.)0/Vt ~ U.,,Ui)e 0::jer»rc, (}F-

1 of,Z I 

Date: _t>_-_ ... _3_ ... _o_o __ 

Crew Members: 

1. 1oM /..{)~ 1,.(.y- #I.A 

2. -51-e:P-A-tJ Sl'vl ttH - JJ F~ 

3. '1"oHtJ fUiMfJJt; .,.. W! A1ANME 

4. ----------

5. ----------

6. ----------

Monitor Equipment: 

Pl Meter (1) N 
Explosive Gas y N 
Avail. Oxygen y N 
OVA y N 
Other: _______ _ 

i.-MDWhl PANC.A-k..B P~oB~ 

( ~(!;l~eft,.- /rlUB /...l.£Je.) 

~w=e=-=e1"::-'.20=0-=-3---------------------- Harding Lawson Associates__J 



. "FEST PIT RECORD . 

Site: Stratford Army Engine. Plant -: Causeway 1 of_z" I 

Project No.: 41U'Lf -d-/o5'/ - A .D DUO '<M 1b PD.LE<.. Date: _5_-_3 ... _o_o __ 

-rt::,/ - 7'\ c;:p -{/ Test Pit ID; ____ __:_, r_..:_,._,,,._'r;,, _____________________ _ 

Sketch Map of Test Pit Site: 

( 
N 

I 

-e-
Notes: 

Scale: 1"= ____ ft. 
t.Jo, ro '7~& 

g~-SAMPC,.,{.AJ~ tfy.ft.A~Ttol.J~ Ft)~ :5P'i-P t4/✓tt-/,,J./-GE'!a 

PM c,..Arl4,~ ~ ?.JC :=- /~ c...p M "'-:/ 481t... =::- '7 o-So vi 

PJD~ 0 t>pM 
I I , 

l{ose oDo/2. ~fl# FueL~ T ~drPc,1ri2-8a✓-1s 

{q-6r7 ~11 e "f= Cthva-, _ s~ t!tl#~e-r& 

Ve!or--v~) ~Aµ~ ~t-~. - ~p--fo- J;/ .... y 

Crew Members: 

1. 7ot'1 /..c~ J...6'j- }-ft.A 

2. '54~A-r.J ~ttH - JJFe 

3. ~oHJJ Pl8M1,.u;.,. w! AMNAGE 

4. ---------

5. ---------

6. ---------

Monitor Equipment: 

Pl Meter /yJ N 
Explosive Gas y N 
Avail. Oxygen y N 
OVA y N 
Other: _______ _ 

l-(,{ DUA/YI PANC-A-k.e PfloB(;. 

( ~m~e?Z-- mu& 1-UJt!.) 

?AYt1-f 14t"7:> @ I,, bj-'!S -j.UJr 5au:fk 1 KeMOIJIH- #CJ4-

Co 1tec.::1-~-! voe -svoc.- 1 VA-,JA- m l/M 

W9912003 
Harding Lawson Associates--......, 



. TEST PIT RECORD . 

Site: Stratford Army Engine Plant -. Causeway 1 of~I 

Project No.: 4?-1,J!iLf -~1°5'-f - A .D z::>tND CIM 1o PDIEZ.. Date: _t:>_-_ ... _3_ ... _o_o __ 

Test Pit ID: 1f'- ])f;f-(2-

Sketch Map of Test Pit Site: 

Crew Members: 

1. '7ott1 J,.qN~ i,y- J.f I-A 

2. ~A-tJ s-v.ttH - }Jf~ 

3. S'oH/J f/.,QMttJt; .,.. Wt tnANME 

( 4. ---------

5. ---------
N 

I 6. ---------

Monitor Equipment: 

Scale: 1"= ____ ft. 
A)o, -ro "7-c../rl.,& 

Notes: 
f;_~'5AMPi--{JJt'i ('/f0)().A-TJ,IJ/J.5 f-<Jt<. $Fl,P '4;-✓tt-1..J./-Se~ 

Pl Meter IY) N 
Explosive Gas y N 
Avail. Oxygen y N 
OVA y N 
Other: _______ _ 

L-{A DUAtY\ PttNC-A-k-e Pllototr. 

( ~ e:l6' eft.. - lrl u B L.UJe ) 

::w::-:99::_--::-1:::20:-::-0:-3 --------------------- Harding Lawson Associates _J 



Site: Stratford Army Engine. Plant ~ Causeway 1 of.,Z- I 

Project No.: 411/i'f ---;)./o5'f ... A .D DUD tfM 1o P.DLC<-. Date: _t)_-_ .. _3_ ... _o_o __ 

Test Pit ID: C/5 -11-o~ 

Sketch Map of Test Pit Site: 

Crew Members: 

1. 'JO/Yl /.,,~ 1,.,y- J.1-t.A 

2. -64-e:F"A-tJ :stvt ttH - JJ F~ 

3. a-oHN f-WMr"1t; ,,.. Wt A1ANAG'G 

( 4. ---------

5. ---------
N 

I 6. ---------

8 
Scale: 1"= ____ ft. 

Monitor Equipment: 

Pl Meter @N 
Explosive Gas y N 
Avail. Oxygen y N 
OVA y N 
Other: _______ _ 

No, ro S:Ckt-& 
Notes: 

l;.~-SA-MP£-.{JJ~ (Y.PtAPA-Ttol.J.:5 Hite :5P'I-P ,4/✓tt/.,1./-S~S 

l-(,<DL.U/11 PArJC-A-k..e Pflolo~ 

( C.e1tieR-.- A1l-1& UE!) 

b_CA?r1 M , ~ J'"• 1,r ,,pF of'° Tf>✓DEP- Ii /4 

) 

#tJT t?tudt ~il 1--1u~- ce-""eNTt:.,7" MA-S.-s 

of- 13-r,'du, T 11-lf;i f e-,,-1-c;,e,e,s fo1t ,1M-, ""lii'.1A-t.. 

BM,k.hoe h 1r.:, DI pp, at t.-I'/ ifKUW ,m NC., 

W9912003 Harding Lawson Associates---



-

. TEST PIT RECORD . 

Site: Stratford Army Engine Plant "'. Causeway 

Project No.: 4?-U'f -;;,.1o5L{ - A .D z::>CND «M 1o ?DIE<.. 

Test Pit ID: Cf;,--C/1 - II 

Sketch Map of Test Pit Site: 

( c.,~..-'\t\'" 
N I I 

& -.....--

Scale: 1"= ____ ft. 

Notes: 
Alo r -ro 'GC-kt,& 

tz.e:-sA-M P £..f JJ ti e-Yf(.A~ TJ/)lJ~ hJt< :5t> tP A-Ill l¼'l.J./'!,e s 

V eru; Hrl14> -:f C:&:11/Vfi-,N~ {!,-:t IN C/?)-7'1--() il) 
Wli:.+-t~h Wh~ l)ulv~,~ "/!Ju:, 

1 of.,2" I 

Date: _t:>_-_ .. _3_ ... _o_o __ 

Crew Members: 

1. 1oM J..c~ J,.6'j- I-It.A 

2. '64~1tN 5'\'\ rm - JJ F~ 

3. ..:loH JJ PWM1 JJ 4 .,.. Wt A!ANAG' G 

4. ---------

5. ---------

6. ---------

Monitor Equipment: 

Pl Meter (i) N 
Explosive Gas y N 
Avail. Oxygen y N 
OVA y 
Other: ______ N __ 

l..MDLUm PANC.A-/<..B PlloB& 

(t;e-1~eP-- /rlUBL..L£"Jt!.) 

~w;;:;-;99:;-:;1~20~03:::----------------------- Harding Lawson Associates __J 



. TEST PIT RECORD . 
- . 

Site: Stratford Army Engine. Plant~ Causeway 

Project No.: 4?--v.i'f -;t.to5't - A .D z:>t;;vD '<M io PDIR. 

Test PitlD: CE,-q1- Jtj, 

( 
N 

I 

8 
Notes: 

Sketch Map of Test Pit Site: 

Scale: 1"= ____ ft. 
tJor -ro '7-4/r"L& 

J;.€"~AMP ~JJ tt (Y.P(A{)..A-TtfJ/J.5 Ft)~ :5/>l-P t4/✓1t/,,Lf-S€'!i 

1>l-r. 4 ..:111 ~ ! -5..., u -ri.. 1 Tl,,..,, Mon,+,,.,, iiJ 

W9912003 

1 of,Z I 

Date: _t:>;,__-_-_3_ ... _o_o __ 

Crew Members: 

1. '1o/t1 k1N'1 l-~'f- J-fl-A 

2. '64~1ttJ :SM ttH .,. JJ Fl! 

3. .::ToHtJ fWMttJ<; ,,.. Wt /HANME 

4. ---------

5. ---------

6. ---------

Monitor Equipment: 

Pl Meter 6) N 
Explosive Gas y N 
Avail. Oxygen y N 
OVA y N 
Other: _______ _ 

i-UDWm PPrl'lc.A-kB Pte..or&~ 

( t; e:l/;i ~ - /Yl u ~ t...L£.e.) 

Harding Lawson Associates---



Site: Stratford Army Engine. Plant -: Causeway 1 of.,z' I 

Project No.: Lf':J1h'f-;J.to5'{ ... AP'Dt:.lv'Dt(,41 1o 'PDLE<.. Date: _tJ_-_ ... _3_ ... _o_o __ 

Test Pit ID: ____ c--=JB::;;_-_q..;__9_.,......;;;/5"";...__ ___________________ _ 

Sketch Map of Test Pit Site: 

( 
N 

I 

Scale: 1"= ____ ft. 

Notes: 
· No, -ro '7 <::.-lrl-& 

g_e;,sAM P L,.{JJ t; (Yf{A~ Ttf.JtJ..5. Ft)~ :5r' L-P ,4/✓ k/..J./"5~ -Ii 

f&:,BC -; '-fo-'TD-~o Cf?tb 

I ' I 

, D~ - /!tt,t,. 'o/ 4-:v'ltMA o,·u.~s 
7 ' 

C 

Crew Members: 

1. 7ofrl kJN< 1,..~y- 1-f /..A 

2. -51-P:P-,+t<J 5MitH - JJFe 

3. <loHt.J fWMfd<i .,.. Wt MAN~E 

4. ----------

5. ----------

6. ----------

Monitor Equipment: 

Pl Meter cf) N 
Explosive Gas y N 
Avail. Oxygen y N 
OVA y N 
Other: _______ _ 

l-(,(DL.Um P11rf'lc.A-/Le PtloBIZ 

(~6l6i~- MU~ t...UJe) 

~w;;:::-99~1~20;:;-;:0::::-3----------------------- Harding Lawson Associates __j 
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-======-

~~~~r -
Committed To Your Success 

Mr. Chris Ricardi 
FOSTER WHEELER ENVIRONMENTAL 
C/O Harding Lawson Associates 
511 Congress St. Po Box 7050 
Portland, ME 04112 

Dear Mr. Ricardi : 

May 17, 2000 
Severn Trent Laboratories 
128 Long Hill Cross Road 
Shelton CT 06484 

Tel: {203) 929-8140 
Fax: (203}. 929-8142 
www.stl-inc.com 

Please find enclosed the analytical results of 10 sample(s) received at our 
laboratory on May 3, 2000. This report contains sections addressing the 
following information at a minimum: 

. sample summary 
analytical methodology 
·state certifications 

. definition of data qualifiers and terminology 

. analytical results 
chain-of-custody 

STL Report #7000-0859A Purchase Order #004602.0007 

Project ID: STRATFORD ARMY ENGINE PLAN 

Copies of.this analytical report and supporting data are maintained in our files 
for a minimum of five years unless special arrangements have been made. Unless 
specifically indicated, all analytical testing was performed at this laboratory 
location and no portion of the testing was subcontracted. 

We appreciate·your selection of our services and welcome any questions or sug
gestions you may have relative to this report. Please contact your customer 
service representative at (203) 929-8140 for any additional information. Thank 
you for utilizing our services; we hope you will consider us for your future 
analytical needs. 

I haye reviewed and approved the enclosed data for final release. 

JCC 

Ve? trult~oul--

. Curran 
y Manager 

a part of 



7000-0859A 
FOSTER WHEELER ENVIRONMENTAL 

Case Narrative 

Sample Receipt - All samples were received in good condition. 

The following analyses were subcontracted out to the indicated laboratories: 

SPLP-PAH's sent to STL - Pittsburgh (PA), 450 William Pitt Way, Building 6, 
Pittsburgh, PA 15238. Refer to Subcontracted SPLP PAH Data Package for results. 

Classical Chemistry - Listed below are the wet chemistry analyte methods and 
references for all samples analyzed in this SDG. No analytical problems were 
encountered and all holding times were met. 

~ Anru~e 
I SPLP-PREP 

I Method 

11312 

j Reference 

References: 

1. Test Methods for the Evaluation of Solid Waste, SW846, 3rd edition, 1986 . 
. . ·. 

Volatile Organics - Volatile organics were determined by purge and trap GC/MS using 
guidance. provided in Method 5030B/8260B. The instrumentation used was a Tekmar 
Model 2000/2016 Concentrator interfaced with a Hewlett Packard Model 5970A 
GC/MS/DS. 

The following percent recoveries were outside the criteria limits in the 020PPB _ QCS 
sample: 
1,2-dichloroethane, 1, 1, I-trichloroethane, carbon tetrachloride, bromodichloromethane 
and dibromochloromethane. 

No problems were encountered. 

Metals - ICAP metals were determined using a JA61E trace ICAP following guidance 
provided in SW846 according to methods 3010A/6010B. 

No problems occurred during analysis. All appropriate protocols were employed. All data 
appears to be consistent. 

Page I - Narrative for Login No. 7000-0859A 

11 



Client Sample I.D. 

Lab Sample I.D. 
Method Blank J:.D. 
Quant~ Factor 

TABLE VO-1.0 
. 7000-0859A 

FOSTER WHEELER ENVIRONMENTAL 
VOLATILE ORGANICS ( SPLP") 

All values are ug/L. 

Method 
Blank CB9904002X 

VBLKKE 000859A-0l 
VBLKKE VBLKKE 

1.00 1.00 

Aque01 

CB9901002X 
Quant. 

000859A-02 Limits 
VBLKKE with nc 
1.00 Dilutic 

Chloromethane U U U 10 i!ke:g==%;•'.'~·i~,i;;:,,-~"£,iii£,ii{i;iiSi ,;,,;.;,:i•,sli.'¥; ,0. ,_,,,,,"'"'''';r :,,", ~- "'"''_ ,~,,,~r, ,, , , ,, i,i - , ui 
Methy1eriei ... chlorid·e .. .. . ... . .... . . . . . . ... tf .. .. . . . 3J . . :fJ.. 5 ~-0 

+ac#tone:n··::·:t\!:':iUlMfiit}tkj•-❖·=::>rr:r-·•·ji·•·t1i1r:r~:~df. -··.·"<: ❖::"····tu::ri:i1MjltUi; M• .. =•i:-,)'·:·:···--:n•:-::l.rtr·=· \·.-:::··········:.-:--;~1m:--r<:··.-r-r r:·•i·:·:::t•~{¥0.:~:1· 
Carbon Disulfide U U U 5.0 

. ·::Viny)Y.·.:Ac.e:t..ah~l~@dWl:'JL{#:.tt.: .. t(.i.• .. =.· .. :.:·\xtukHHL )Jl .. ;•.:_~l:-·1:·: .J11 .. : .. F.t@·:.·~~·. •t·!ntri··:1·1.[}/0\.j.;.ifj•.··~rf•.f •t -:1···w••.·:~t;?/m:\@HHtfm.••j ... :•··i;;;·:\·•\fH.··f·•l.O.j··:·?·· 
1,1-Dichloroethene U U U 5.0 

cis-1,2-Dichloroethene U U U 5.0 
ftpansl¥.:$i¥2:¥.D:i:¢H$~r.o:e:tifi@f;ft:ttfl:lt::;:;fHJ:fJt:)l{:f:U:t;•tHWHlfi•: !}tf)tf}::fotrt••j;~;:'.'::'.·Jf:%C·t?%i~:/:::tttU?}tW:Af:J ::,=/f·:?#:j'jS'.·:f:0\{' 
Chloroform U U U 5.0 

· :;:;jJp2:WD.'i8Rl.difcfel:liliitet;:::::::::;:;.:::::·:::==,:-:::_::;::::·::;:;'.;:;:;:;:;:;:;:;:;:;:;·::':;:;:;:::::: ::::::::::/::;:;:•::::::>':?==.:tr:;:::;:;:;:;:;:::;:;:::.:;:;:.:;:;:; ::::::;::::::;:::::;_::;t?:.::<u:::::::::;:::::;:;:;:;:;:;:··•::;.• (;:;:;:;::·::-::=:_::•:•:::;:;:;:::?U'(':;::·::;:;:::;:::.:_:::•:;;;:.:: ·•::_·:::••,::··•••:.··::.:;:S'::~:::o::::::··•:: 

2-Butanone U U U 10 :-:~t·:;•:•x-;tr PttfaiID6.li11cH±a:e£liane:❖::=•:•:;:;:•=•:::•:❖:;:•:-:•:•:-:❖'.•::-:•:❖:-=-:-:-::, .• :-:•:-:;:•:•:=:•=·=::::•:::••=·:=.,::•:t1':-:::;:-::;.:-::•:::•:❖'.•'.-:•:•: _:·:::•:-:;:-:•:•:••:=·=:":•:•:•:-,::··•:·tr::,:•···•;:,.;.,.; .•. ,.;.•-.. ,.;.;., .'•:•.··,•••:•:·:•····:•::•.:=•:•:••/·;tr;-:•::,:-:;:•:•:•:;=:·,.;,.-=·:··: .'·•::•=::-:·:•':····:-.. ,s,•'::·'o:'•:·,·-·:: 
Carbon Tetrachloride U . U · U 5 . O 

lffltom§i{U.cll)orome.t.hanetwllttt:~fj;j;iHl@lf::tiH ').:lflJ1t1t;~:~:P"::Jtll\:Nl~~; l-if 1J.~llHf·l1(•@flMHt .;j.df}l1l@rntrw<J:;:i·••:1·.·;.·=.: :~·•::_~.::·:i;·t:r.·S~:~;:0::1]:::·· 
1,2-Dichloropropane U U • U 5.0 

:=::,-;:dfs:W1::i;:8::#.tH;:riijruo.#.op:i.operief:::\::::::::i::i:i:/·:::::::::: :::::Y::::::::S::::::f:f::::tt:=::::::::::::::::::::,:::::::::: :::·:=:•:':·:·:::::::::::·::::·:·:·:\·:tt:::::::::::::·:::::::::::•::·,•::: :·::::=::::·:s:·::::::::.;·:r:::::::-;u\:/:·:·::··::::·t·· .. :·· ·.'.,=:: .•.•. :-·:::.:·:::::·:5::·:·:o::·:·.:::.· 
Trichloroethene U .7J U 5.0 

··D:ibrom:o.:dhI:o.:r.ome·than:e.::::::::::::::::::::·:;:::::::::::::::::·:·:,:::·:•:·:\:·:::.:;:,:·=·: ':=:::::::::::::::::::::::;:::.::·:::::::::u:::;;::::::::::::::::::/t: .. :::::::;.·:·:•.·:::·::::::::·:::::::.:::u::::::::::;-:::·::::~::::'.·:,-:::· :.::_.::·:·:::::-:::;:•·:·:::·::.·'·:·:==:u:·:·:·:·•·:::·:·:··::--····:··:::::: .:·:·: .. :•·::.,::.:::·:·s·•-;.·:.o•::::· •· 
1,1,2-Trichloroethane U U U .. 5.0 

4-Methyl-2-Pentanone U U U 10 
.:;:2::~•Rexanog@i:'::tt\::::::::::::::;:::-::::::::':::=:::::::::t:::::::::::.·::::::x:::::::::::::•::::::•::.:.-••:•:·:·:r•::::::::::::•:: .:::::::::::·::::;:·:::=-:::.::::::::::::U.::·:.:::::.:::.::x:::'.:::::::.: .;·:::':·:·:·:·:::::.•:::·:•:::·:::•:·:::·U::::::::'..:::;::::·::::;·::.::;:: :,:.:::::::•::··.·•.·:_ •• ·::··:·:·::·:u:::,:::···:t:·:·:·. -:,::· .·,.·· ... :.: .. ·:·:1.:o·•··•·. 
Tetrachloroethene U .6J U 5.0 

•· qfii+#i;\§p:g#;J~#~/::.f;::·ru.t:•:'.i;:·:~.:}t::t'·:if\:i:J<>·:,•-::::,:ttrtJ=} .r::·:•::i:;:;t,,/:::\?tP.J·?t)f;::\::'.•? \::,::·.'.::)J\:'.:•.-::.::\p;•<:::-·\:;.y .. ; ·.·· i ·• :'..:J'l.:·t·!i • · s·••.~::o. · . 
Ethylbenzene U U U 5.0 
:.~lftf!!~tf{:lfi~:f:~::f:\:·::::':.:.- ::::;.::·:):>:}::.ltll<l?\::<:::::/)/JJ/::.:ft}::i:\: . ·: . .:;.Lc:::g:::::-::. : _. . · ... · ':.~ :•g·; 

Date Received 
Date Extracted 
Date Analyzed 

N/A 
05/09/00 

See Appendix for qualifier definitions 

05/03/00 
N/A 

05/09/00 

05/03/00 
N/A 

05/09/00 

Note: Compound detection limit= quantitation limit x quantitation factor 
Quant. Factor= a numerical value which takes into account any 

variation in sample weight/volume, % moisture and 
·sample dilution. 



Client Sample I.D. 

Lab Sample I.D. 
Method Blank I.D. 
Quant. Factor 

TABLE V0-1.l 
7000-0859A 

FOSTER WHEELER ENVIRONMENTAL 
VOLATILE ORGANICS (SPLP) 

All values are ug/L. 

CB9908002X 

000859A-03 
VBLKKE 

1.00 

CB9908002X 
FMS 

000859A-0.3 
FMS 

VBLKKE 
1.00 

CB9903003X 

000859A-04 
VBLKKE 

1.00 

Aqueous 

Quant. 
Limits 
with no 
Dilution 

Chloromethane U 40X U 10 

Methylene Chloride 3J . SlX 10 5. 0 
;·Aoetiofi&:·:·Fiif:·::i·ifff:&;::;:;:p::\:W??F:':T:?A???'::::::-:·:·:··+::?\/?:?Y :·:T:··,:~:-:·Lt:?1·1:\?}:%:/f): :tf:;?\';':'\1{4XC:Sii-:E\: ?{:}:··i:i:Ff:~;1?6?::,::·.:~:·.·.:·•.·:·:\' .·.•::·-::··· .. :·· ·.··:::·:··:.~ro:•··'. ......•. :·:·.:.·. 
Carbon Disulfide U 41X U ·· · s·: o · · · 

. :tV:!nyru:~~;Adeba1€e.Htlt1tl@JKNtt@@)=:}ttf)@~:foJMHtdl{l6fftt@lr~ffJtl%i@ fMtt~::1ut2~~%1~mtttH J:JJ!::h\,t:t{U.l)ffd-):)\: :';::=-.:.{:·,:: • .,.:·?:ttO'::f~; (< 
1, 1-Dichloroethene U 47X U 5 ·. o · ..... 

i!!i!!lii™ti!;i§®.;t!§#§:1¥.i§h!~M#.:i:!M!i!li!!K]F:i!t&!FUti!\I!@fi!Ui@:?t?i!\f!f!i!Yl?iFJim!t f?ffl!lV!!Jii$.!l~f!}&fiW:! /i:i(?t!Y!\!Ytt/t}:H;·:/ r;t;:rt}!:§:!X!Pf:?/\ <· 
cis-1,2-Dichloroethene lJ 46 U S~d · 

:mttiff.fiHi$.Jti~1M~:$.gijt§ij9lfpfte.fiiifNt:lFJtJl! ·:tt?Il?)l:NHtt/f[:f/tnn •ttf)}:j:::J{l.}lllt}f3F: .f?:f?){:t:t}?tfi/-:::'7;:f-;::::tr :::-:.·· :::,:·;:.:.'.::?S\:::p-:;:::::.::/t:•.·. 
Chloroform -· U 54X U 5. O 

J$.i;i:IIIEllt2HWe:#:§Jj:#.¥.:fi#.il/l=fll:F\!{fft)t?Vi·lttt .):JtttJEi\tfYJll'flltll ·JtA\:;fi:\dl2l~{@lf:t@1 l/:f}?t·.:·):/;i:)l\?/f::\\ · :.::,t§'\IQ,\:/:::::.;:t• 
2-Butanone U 67X U 10 

tW.11!1~tl1!i{mw-#$.#.tiWig\;f:§Jii#n~Aiii\t:iJ\\=::tii\Ji:fft::) fi{):f:{=)(@fP.:iffllE}JiI ttKliff})@.!71®.iffi{;}i ?tlf(,::.y/{$)?\i://·(':·.:::·::\ . . . .-:.:\.:::S.'.i:;:::q:1::;:•J•:··· 
Carbon Tetrachloride U 61X U . 5.0 · 
)3~§fo.:p~;iµ'.µ;+:2:#si#g§"§~#.i~t:.:·:::·:::::::::::·::::•:.·:>··, .. : ::'.'.'.:::~::::·:::·:·:::·:: .-:·:·:·:::·:•:·:·::.::·:·:·:>:":·:·:·:·Jt:···:~·;:·:·:·.:::·:·:::::::·:, ·:·:·:·· ... :":':'.:···_-:·_..-:<li'.W®::::<:·:·:·:=:·:::::·:::· ··:::::~·:::::·:·:·:: .. :·.-:·:···::····Jt···::·····.:::•·:;.':.-.·.:·:: ·· •. · .• ·.:··.,.=:.:; .§. ;-·P. 
1,2-Dichloropropane · U 56X · · U 5.0 

jji\l}i®.MlJ:!El;J;::§~Jf§#§btf§:ft~:fiil:i:\i::::i'}:r\iftt:fJ 'J/t\:;Utt/?ill:ltfFW%Jl ¥DJW)@K$.:§XJllFJt% •:J4::::.:::::'.(::··:'::>J:r:tt:::·::·•··,: :·· . ··:-·-:J~;:·;:Jt'.Y:::•·:•:·,. 
Trichloroethene 7 81X . U 5.0 

:J~ttt.i'.#§ffi.§#ti.¥:§#§m.@J;hi\1Jl\f\tt:t:t/IUJJ}1:Jl: t:].\Jtl/J:;=JI!l1:J)fa:h:llt f:1\\:t({;:f'.Ji:i)¢.JlJ:fE:hf ).i;//.::::,.;:.·:;/::;-;-:v::;/,i\:\'..\''.::,:: ·•:::·:,:··.·:.•0·'•?J~:·;/P..:::I:1'1::j:'..:•:·•; 

1,1,2-Trichloroethane U 57X U 5.0 

4-Methyl-2-Pentanone U SOX 10 
tiwtt:ijx:~§.iitt?.?i .. I:·:r}}I\t:Jw·t<=;t:t:-f:·r·.:"::::/1.;:::·;::.::·i,:•·¥:i•·:;:·Al t-•\i,:::··:-::::t\·:i:t:sg:11it?tY:l'!':::!: tht)/:·::,.,::::::.~·a.:a:®t·,i;\_:t>•• ... .· ... ·:.J/o::.:t:fi.·.•:· 
Tetrachloroethene lJ 52X lJ 5.0 
·w§:$.µ~#~):i:t/j\{'/:.?J>:·tt:/?:i::)ftI,t/t:l::2='(/::=··.,_}~:F{f:i}i/! /(\\f)t:;;:=)Vt{·:,:/ffiI \Ntf?=T:\\'.?::ij~/)\:}Yt ·:i=:::::::-\·'==>·:·:/:::=;·.r:t.1!:•·~·)···· .. · ·.·~.·,; '(·. ·· · .·:s-::~·:·o·.:·•··. ·· 
1,1,2,2-Tetrachloroethane U 30X U 5.0 

'.Qlfkq;§p.:~µ;:~:;~t.tre:::-·,·. . ·::-::.--•::/::r·• ·///f{lt:\(· . . . . · 1:~:~1- ····--:.::· ·. v. :S .JJ 
Ethylbenzene U 56X U 5.0 
::$.~'Y:~¢ne·=\/ .. , .. : . . . . >r .. ··.:',: ... :Jr/:_·:::---.::.- •=>· . .,:. . .SJi.~··, ... •·<. . · . u. -s:. o 
X lene total U 160X U 5.0 

Date Received 
Date Extracted 
Date Analyzed 

05/03/00 
N/A 

05/09/00 

See Appendix for qualifier definitions 

05/03/00 
N/A 

05/09/00 

05/03/00 
N/A 

05/09/00 

Note: Compound detection limit= quantitation limit x quantitation factor 
Quant. Factor= a numerical value which takes into account any 

variation in sample weight/volume,% moisture and 
sample dilution. 



C~ient Sample I.D. 

Lab Sample I.D. 
Method Blank I.D. 
Quant. Factor 

TABLE VO-1.2 
7000-0859A 

FOSTER WHEELER ENVIRONMEN'l:'AL 
VOLATILE ORGANICS ( SP.LP.) 

All values are ug/L. 

TP9910003X CB9911002 PDEP12002X 

Aqueou 

... .... . .. ____ ·-- -·- _ -·· -· ...... -·-·- -· -··- -··•-· __ -· ____ .. _. __ -·- _ -·- _ ...... Quan.t .• _ . 
000859A-06 000859A-08 000859A~09 Limits 

VBLKKE VBLKKE VBLKKE with no 
1.00 1.00 1.00 Dilutio: 

Chloromethane U U U 10 

Methylene Chloride 4J 14 8 5.0 
· ;Abij§:frte···.·~:·:··:;····::··~·t~~-::r:·····~f··.···.;·/f"(::;:·: (:j\{:)f::\lt··:7=::··:: ·r·.: ·:·Ml:{jf3f((}"ir·· ::··--r1rC:f{;:H>1·i·n;:·:t\:·11~ \J!tllltJ!l:1j~j'/illf1f .J: .··· ,_/;_:+q..-::_ : .. • 

Carbon Disulfide U U U 5.0 
.'Vi::nyI:{:.Ac:e:ta~f'.t£:::::\:::.:;:::::;:r::·::::·•·••··:.;::::,: .. •~:.•i: .. ::'::::.··:::·:;:.::·:::.::::.;::::::;.;:.:.:: :::.:::: .•. :·::::.z .. :··.; •. :·U;:..:.::::·:•:••··:•:\·i:::·: h>•;·:·::·L:·i~:··~.J{U~t::-r-:/~f:t~: {J::11].i#It)U:i·:m:t:•·i:•}{i:·:~·.: ·•·:.': .. :::•.::·•:•:.;•::::: ... ·:::l•Ot::·•:l.::·· 
1,1-Dichloroethene U U U 5.0 · 

:,:ttifttf:::jj•£EbtiJ5:$$e:Eh'aifefY::::;:·:::}:-:•:•:•:•·:··•:;:.::::.::::::.·:•··:,:·:·::::·:::•·::;::;:;:;.;:;: :·::;:.·,.:.:.:;.•:;:;::·;:::·::;:•::•::·:ur••::·.;~·•::::::;::::;:;::::::; .,:::::;·::::::•.:::;:;:;:·:;:::;•:•:::::.:u:•::::•:::::·::;::•·=::.:-:·•:-:·::: .:::;:;:.:, .. :;;;:;:::;::·::::;:::;:;:;:;tt·::::;:'..·::.::.:.:: .. •.·•.:·.: .... · •. · •. ····.·•.·.·:'··s\:':o:::;.;:•·:'.· .. ·. 

cis-1,2-Dichloroethene U U 70 · s~o··· 
,.:,t:r,ans:*.•$:}::2••RD:±:oh1:~~o::e·tlien=e•=:::,,,•:•,·::.;::::.•t:·:.:·::::•::::: ,f,•:::,•:•,•.==•=:•·:·•·•·:,•=,::JJ:::::•:::::::•><=:'•=·••·••:;: ::.:,=::::•:::::•=·=:-•::•·::••··4•::::aJ:::\·,=·:;:,:::::::•=•::::=:•= \··•·=·,,=:•:•::·::-·:.:::::,•=i~·ou·:::·:··,::,::.=,:::,:.-,, •. ·., .. ··:· .·:•.·=.:::.·· •.. :.s·,~::,:0::•·:;.••'·.:;·, 
Chloroform u u u 5.0 

:::1·:~.-2);fD.i:t:!li1p:r.a:at:Hane.::: :::::,::::: .. :.-:, ... ·.: •... / .. •: .: • ·· .. · :'f:··::.:.:=:,:· >.:.::.·.::.:::.· ·::.:.·.:::. •• : . .u:.:.:: .. :.:.:.::.:.:.:.::.:.:::.:. ::.: .. ::;.:;:.'..:,:.:.:.::: .. .-.-::::.:u:.::·.:::::.:::.:,·:::· . ..::,.-.: :::·.·.':.:.:.·.•:·.·.·.:.·.:.· :.::-n·.:;·.· ·::/·: :• .:.'··•:· ··::·:·. :>:•: ... ·,:::..·S•::~ :<:t.:>,·, '. 
2-Butanone U SJ 4J 10 

'1::1)::rufa:J$illfri±dlilfo>if6:de.tliafi:e::,:(,:·•:Ai)i:;::.:'·\::·::·/g:i•:•:·i '{:;•.:•{::•:t\Sfftr&ff::tt·\# ::}:~:fHt1ttt{ttJl~:ff:;~:t:f t'.·f•;:::;y/J?t:UI\:.}:::::•::::· .,;·: . .::s:~•:o::··:· .. ··· 
Carbon Tetrachloride U U U · 5. O 

ii~l~iiI1~ii~i5;~~~ ... ··· ··.···••·.·····•···· · ,. ;:,~:~::!·~.;;;~;:::¥· ;~:~;;~~-~:!;;;:;::;;;.;:;:";;;;.;;;:;!;;:,~.·.·· ·•·· .. ·.·•··· 1:g •· ... 
Trichloroethane lJ lJ . 160 5.0 

))J.:i.]lf$.$offi6:6lilE6.rom'e:£Hane.ff ::;,::::: :::=:::,::: •. ,:.·.:;:·: .. :..·:: =::.\'.·::j::f:l:f:/}\j:FJI:fQ\/tF\}\t}i ~:){?)tllHtO}IfFiffff /? ;:(/f:@jf:j\t:J?P> · :/(: _::::: :: .•· .. : · .• s ::/o .. : :·< .·. 
1,1,2-Trichloroethane U · U ·· 5.0 

(§.'.§#.'.;:~ij;~fi:/;;;;;·;;;;:;;;;;;;:;;::j;;;;;D:;;:;;;::iiJ;:;;;:r;;;;;;;::;;1::,;:::;::~:;<:•:;;:./:.::~;:;·.: :: .;:. :·•:, :·.)::i:::~::{t}\i::\\{\{(::/P?tY\}f{:Jl:i;:;:;;.;:i.;:;:;;:;;:;;;;;:::y;;ps:.:>·::;::;~::::::;,:\: .: .. {··:: :::i:·.:~;~;;::;~;;;:sf:Y\::;;:::::,:,.,:,,,<:··:::: :: .:• ·:·. ··: ·. ··.§ ::,o. :.' : 
trans-1,3-Dichloropropene · u· · ··tf··· · s.o 

:::•l3.$):S:miifJ$.;.1#trtt:1t:ll·rY1rrti:J:te·1t=:·•,:::::,:,;::<t··:;i,:•,.;.•.:· :.···,:::::::;:u\: ·t\:•,/f;::/t1:<ut::i)/?::-::it=1t:t·it::=Jt>t)tJJ>ttt.ltJt1:s Jt,t:::JtMttr :/< · ·'· · .• > .. =)!5\; o ..:i 
4-Methyl-2-Pentanone U U U 10 

::2.:+:lt~*il§ie.t\t\J:(·?<·:?J/L·.\:\::\_:.:; .:.-:-· .. ·, ·:. \:·}.t:?.::dhfitrtf:( ... \}}§kt/?34tf/;('.)::'i',f: \:.< .. Jt?:tfJJr\;}.,\ . .-.... ·. ·.10 •.. :·.· 
Tetrachloroethene U lJ 2J 5.0 

."T.o'~V:@A~:::i:::\\:-·<·:=::{:::> :':• ·::,.:_:;::·:·.•)f::•: · <:··:, :-:;' . · ·· .. ·. :· ·. .. :'::,_.:. :·:·:·~·=.::···. :·::::<:JJ>::.:•::):.:::.:::::.) {:}::•:=·:\::::):::::•:/Q\/ . .:/·<\'r:: · .• :··:-:.: :\:::>·= :;,q;g::.::· ::·· ·. : : .. . . 5 ~·'O · 
1,1,2,2-Tetrachloroethane U U U 5.0 
cli.-~¢.'.r:§~:¢:P::zJ~ne ·. · · ·· , · · .. ,, ·. :. :: :y\: ,r .•.. · ... .:::-. .-1, .. :·· :·.)/g?... .: : :.;= '( ... ·:, .. · .. :·.=·}tQ::I·\ :, ·. s • :o 
Ethylbenzene U U U 5.0 
stY:#eiHf· •.. ;:: .. :.- · ·· . .• .. ::.{>rtr/ .. ·> ···\ .. .:,:.-:::::·:::u:··-=:=· ·· ... :-: = ·,.tr:·:: . 5 .• o 
X lene total . U .. . U .. ·u 5. 0 

Date Received 
Date Extracted 
Date Analyzed 

05/03/00 
N/A 

05/09/00 

See Appendix for qualifier definitions 

05/03/00 
N/A 

05/09/00 

05/03/00 
N/A 

05/09/00 

Note: Compound detection limit= quantitation limit x quantitation factor 
Quant. Factor= a numerical value which takes into account any 

variation in sample weight/volume, % moisture and 
sample dilution. 



C_lient Sample I .D. 

Lab Sample I.D. 
Method Blank I.D. 
Quant. Factor 

Date Received 
Date Extracted 
Date Analyzed 

TABLE V0-1.3 
7000-0859A 

FOSTER WHEELER ENVIRONMENTAL 
VOLATILE ORGANICS (SPLP) 

All values are ug/L. 

PDEPllOOlX 

000859A-10 
VBLKKE 
1.00 

05/03/00 
N/A 

05/09/00 

See Appendix for qualifier definitions 

Aqueot: 

-··- -Quan-t .
Limits 
with no 
Dilutio 

Note: Compound detection limit= quantitation limit x quantitation factor 
Quant. Factor= a numerical value which takes into account any 

variation in sample weight/volume, % moisture and 
sample dilution. · 



TABLE AS-1.0 
7000-0859A 

FOSTER WHEELER ENVIRONMENTAL 
MISCELLANEOUS ATOMIC SPECTROSCOPY (SPLP) 

All values are ug/L. 

Aqueous 

__ . __ Cl_i_ent __ S_amp_l_e .... I_._D .•..... - ........ --··· .. __ Tl?DE_Pl2002J(XTPDEP110O1XX · .- .. -· .... _ .... -· _ ......... ---····-·· ... -- ·--·- -·--

Lab Sample I.D. 000859A-09 000859A-10 

See Appendix for qualifier definitions 



IL 
Co«nmiUed To Yow Suca::a--

ORGANICS APPENDIX 

U - Indicates that the compound was analyzed for but not detected. 

1 .. Indicates that the compound was analyzed for and determined to be present in the sample. 
The m~ spectrum of the compound meets the identification criteria of the method ... The __ ····
concentration listed is an estimated value, which is less than the specified minimum de
tection limit but is greater than z.ero. 

B - This flag is used when the analyte is found in the blanks as well as the sample. It indi
cates possible sample contamination and warns the. data user to use caution when apply
ing the results of this analyte. 

N - Indicates that the compound ~ analyzed for but not requested as an analyte. Value will 
not be listed on tabular result sheet · 

S .. Estimated due·to surrogate outliers. 

X - Matrix spike compound. 

( 1) - Cannot be separated. 

(2) .. Decomposes to azobenzene. Measured and calibrated as azobenzene. 

A - This flag indicates that a TIC is a suspected· aldol condensation pr<><:luct. 

E - Indicates that it exceeds calibration curve range. 

D .. This flag identifies all compounds identified in an analysis at a secondary dilution factor. 

C .. Confirmed by GC/MS. 

T - Compound present in TCLP blank. 

P - This flag is used for a pesticide/aroclor target analyte when there is a greater than 25 
percent difference for detected concentrations between the two GC columns (see Form 
X). 

a part of 

S<"'il1n 'fn.,11 N.·rvin."), Int· 



. 1L 
CoaaJUcd To YHr Sucass 

INORGANICS APPENDIX 

C - Concentration qualifiers 

U - Indicates analyte was not detected at method reporting limit 

B - Indicates analyte result between IDL and contract required detection limit (CRDL) 

Q - QC qualifiers 

E - Reported value is estimated because of the presence of interference 

M - Duplicate injection precision not met 

N - Spiked sample recovery not within control limits 

S - The rep9rted value was determined by the method of standard additions (MSA) 
W - Post-digest spike recovery furnace analysis was out of 85-115 percent control limit, while 

sample absorbance was less than 50 percent of spike absorbance 

• - Duplicate analysis not within control limit 

+ - Correlation coefficient for MSA is less than 0.995 

M - Method codes 

P- ICP 

A- Flame AA 

F - Furnace AA 

CV - Cold vapor AA (manual) 

C - Cyanide 

NR - Not Required 

NC - Not Calculated as per protocols 

I part ci 



STATE CERTIFICATIONS 

In some instanees it may be necessa..-y for environmental data to be reported to a regulator/ authority 
with reference to a certified laboratory. For your convenience, the laboratory identification numbers for 
the STL-Connecticut laboratory are provided in the following table. Many states certify laboratories for 
specific parameters or.tests within a category (i.e. method 325.2 for wastewater). The information in the 
following table indicates the lab is certified in a general category of testing such as drinking water or 
wastewater analysis. The laboratory should be contacted directly if parameter-specific certification 
information is required. · 

STL-Connecticut. 
Certification Sunuµary (as of April 2000) 

Connecticut Department of Health Services Drinking Water, PH-0497 
Wastewater 

Department of Health and Environmental Drinking Water, 
Maine·-· Services Wastewater/Solid, CT023 

Hazardous Waste 

Massachusetts Department of Environmental Protection Potable/Non-Potable CT023 
Water 

New Hampshire Department of Environmental Services Drinking Water, 2528 
Wastewater 

New J~rsey Department of Environmental Protection Drinking Water, . 46410 
Wastewater 

CLP, Drinking Water, 
New York Department of Health Wastewater, Solid/ 10602 

Hazardous Waste 

North Carolina Division of Environmental Mana ement Wastewater 388 

Chemistry ... Non-
Rhode Island Department of Health Potable Water and A43 

Wastewater 

Washington Department of Ecology Wastewater/Hazardous C231 
Waste 

Wisconsin Department of Natural Resources Wastewater 998355710 



7000-0859A 
FOSTER WHEELER ENVIRONMENTAL 

SAMPLE SUMMARY 

DATE DATE 
CLIENT ID LAB ID rllATRIX COLLECTED RECEPlED 

CB9904002XX 000859A-01 SOIL 05/03/00 05/03/00 

CB9901002XX 000859A-02 SOIL 05/03/00 05/03/00 

CB9908002XX 000859A-03 SOIL 05/03/00 05/03/00 

CB9903003XX 000859A-04 SOIL 05/03/00 05/03/00 

CB 9 914 0 0 2~..X 000859A-05 LEACHATE 05/03/00 05/03/00 

TP9910003XX 000859A-06 LEACHATE 05/03/00 05/03/00 

CB9915002XX 000859A-07 LEACHATE 05/03/00 -05/03/00 

CB9_911002XX 000859A-08 LEACHATE 05/03/00 05/03/00 

TPDEP12002XX 000859A-09 SOIL 05/03/00 05/03/00 

TPDEP11001XX 000859A-10 LEACHATE 05/03/00 05/03/00 



r:age:1 IEA-CT ANALYTICAL SU?tiMARY 

Client ID: CB9901002XX, CB9903003XX, CB9904002XX, CB9908002XX, CB9911002XX, 
CB9914002XX, CB9915002XX, TP9910003XX, TPDEP11001XX, 
TPDEP12002XX 

Job Number: 7000-0859A 

Qt Matrix Anal sis Descri tion 



GC/l\.15 SEMIVOLATILE SUlVINIARY 

. .:..· .. · . . }:.-... · 

STL Pittsburgh 
10 



STL Monroe 

Lab Name:Severn Trent Laboratories, Inc. SDG Number: 

Matrix: 
Method: 

(soil/water) WATER 
SW846 SW846 8270C SIM 
827OC (SIM) 

Sample WT/Vol: 1000 / mL 
Work Order: DCVF610l 
Dilution factor: l 
Moisture %:NA 

Client Sample Id: CB9914002X.X 

Lab Sample ID:C0EO6O119 001 

Date Received: 05/06/00 
Date Extracted:O5/Oa/oo 
Date Analyzed: 05/10/00 

QC Batch: 0130111 

CONCENTRATION UNITS: 
CAS NO. COMPOUND (ug/L or ·ug/k9') "·ug/r.i·<;;.t;.::.f.•g--~:··,:)· ·:.·" ., •. , .. <c •• ,.:.·· 

I _.;;..83.;;..-.... 3;;....2;;....-__ 9 ____ A.;....c ...... en_a .... P_h __ th.;..e--n __ e __________ I l. o I u I 
J _2o_s_-_9_6_-_a ____ Ac_en_a_.p_h_t_h_:y_l_en_e _______ l o. 080 I J I 
J_12_0_-_1_2_-_7 ____ An_thr_a __ c_ene __________ l 0 .29 \ ____ I 
l _56_-_s_s_-_3 _____ B_enz_o __ (a .... )_an_thr __ ac_en_e _____ ( o. 083 I J I 
I _2_o_s_-__ 9_9_-__ 2 _____ ;::..;;-_Ben __ z_o__,( __ b __ ) _fl_uo_ran __ th_e __ n_e ____ l o. 042 I J I 
1 _2_0_1_-__ o .... s __ -__ s ______ B __ e_n_zo ......... Ck-=) ..... f--1--uo~r_an:_t=h--en=e ______ Jo. 034 I J l 
j _1 __ 9_1-_2_4_-__ 2'---___ B_e_n_z_o __ ( .... g.__h_i __ } ,_P_e_ry..._l_e_n_e _____ ) o. 20 I U l 
f _so_-_3_2_-_s _____ B_enz __ o_( ..... a ..... ) __ p __ yr_en_e _______ l o. 033 I J l 
l_2_1_a_-_0_1_-_9 ____ Chry __ s_en_e _________ fo.oa2 (J I 

.: ;:~ .... ,-.,.,:, ;, 1 ·-.206~44-0 FlUPranthene I 0.85 • I ____ ( 
) _86_-_7_3_-_; _____ F_l_u __ or_en_·e __________ ( <f.·4·5·' .• ,. ...... ,. ·,:.,,-.. ::..,,;.:.-·.:.,.-1 ·.~,:,.,:!:;',,.· ... ·'·=:·••~.,,·,.,:·'1 ... ·. · 

I _1_9 3_-_3_9_-_s.......-___ I_n_d_e_n_o_(_l __ , _2 __ , 3_-_c_d __ )_p_y_r_e_n_e ___ Io. 2 o I U I 
I 9i-57-6 2-Methyl.Daphthalene f0.046 IJ ( I ...,;9.;...;;1;;...-..,.;2..;..0 __ 3.;,,__ ______ Na_p_h.;...;;t..;.h-al_e_n ..... e........,_,,;._......,.. _______ 1....,..e-(!J ~3~ cr __ ,m 'b~ s{tfl.fO 
I _a_s_-_0_1_-_s ____ P._h_e_n_a_n_thr_ene _________ l 1. 9 I ____ I 
t _i_2_9_-_o_o_-_o ____ Pyr_en_e ___________ \ o .45 \ ____ I 
\ _..;;..5--3 _-7 __ 0---....;3 ______ .... D..,.i .... • b--e=n--z __ o...:.<--a..:.., h~} a ___ n_t;;..;;;h=r .... a __ c_en.......,.e ___ } o. 2 o l u I 
( _8_6_-_7_4_-_s ____ c_a_r_ba_z_ol_e _________ l o. 21 I J l 

FORM I 
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STL Monroe 

Lab Name:Severn Trent Laboratories, Inc. SDG Number: 

Matrix: 
Methqd: 

(soil/water) WATER 
SW846 SW846 8270C SIM 
8270C (SIM) 

Lab Sample ID:COE060ll9 002 

Sample WT/Vol: 1000 / mL 
Work Order: DCVF8101 
Dilution factor: 1 
Moisture %:NA 

Date Received~ 05/06/oo 
Date Extracted~os/os/oo 
Date Analyzed: os/10/00 

QC Batch: 0130111 
Client Sample Id: TF9910003XX 

,:..:.;,:;.: ,,;~·:::::~..:~.;:.-::..-... ~ .. :~:.-i~r":'"r-· ·: .. ,...:- .. .: .... _ .. ~ 

CAS NO. 
I 83-32-9 
I 2os-96-a 
I 120-1.2-1 
I s6-ss-3 
l 2os-99-2 
1207-08-9 
I 191-24-2 
I so-32-s 
I 21s-01-9 

·;.~:::i·.::.._;;.:,,:::~J ··206~44-0 
I s6-73-7 
I 193-39-s 
\ 91-57-6 
I 91-20-3 

· 1 85-01-8 

l 129-00-0 
I s3-10-3 
I s6-74-s 

STL Pittsburgh 

CONCENTRATION UNITS: . 
. COMPOUND (ug/L"' or ug/kg) ,~··ug/L··•:,G•.,; ... J~ . .-."Q -::~;:-}·.i·· .'·: "·····' '" 

Acenaphthene IO .46 I J I 
Acenaphthyl.ene )1.6 I ____ I 
Anthracene 11.6 ·· I ____ ( 
Benzo(a)anth:racene f3.1 I ____ I 
Benzo(b)fluoranthene 12.7 I ____ I 
Benzo(k)fluoranthene 12.3 I ____ ( 
Benzo(ghi)perylene 12.6 ) ____ ) 
Benzo(a)pyrene I 3.1 I ___ I 
Chrysene _(3.2 ( ___ I 
Fluoranthene l9.2 1-.-........ ..,.....,......,I Fluorene' " -,•c .,, ,H'_.'.·-~.·,.,, i"'/6·;;,'.'\i~,.:.f:,,:~,,\'•,:::t;;-.;i,t~--.!<'t \_;,f.:,:{!i-t;,;.,,.:-;;,?.·,,;':'.'-1 .,·., ... , ,. 

Indeno(1,2,3-cd)pyrene 12.1 ) ____ f 
2-Methylnaphthalene 11.2 l ___ l 
Naphthalene ) 6. 8 I · I 
Phenantbrene 17.7 l ___ l 
Pyrene [7.1 I ___ I 
Dibenzo(a,h)anthracene I0.71 I ____ I 
Carbazole 11. 4 I ___ I 

FORM I 
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STL Monroe 

Lab Name:Severn Trent Laboratories, Inc. SDG Number: 

Matrix: (soil/water) WATER 
Method: SW846 SW846 8270C SIM 

Lab Sample ID:COE060ll9 003 

S270C (SIM) 

Sample WT/Vol: 1000 / mL 
Work Order: DCVF910l 
Dilution factor: 1 
Moisture %':NA 

Date Received: os/66/oo 
Date Extracted:05/08/00 
Date Analyzed: 05/10/00 

QC Batch: 0130111 
Client Sample Id: CB99ll002XX 

CONCENTRATION UNITS: 
CAS NO. ·coMPOUND (ug/L. or ug/k:g) ·ug/L ... ,,:,.:.·:/1;2-'·:•.':':•::·: .-.. .. ..,., .. 

' 
83-32-9 ______________ A ...... c_e __ n_a_.p.,_;;.h ...... t ...... h_e __ n .... e ________ I l. o I U} 

I 208-96-8 --"---------------......A ...... c_e ...... n_a_.p_h_t_h....,y...,.l_en_e _______ l l. O I U I 
I 120-12-7 __,.;__;__,._. _______ An ___ t_hr_a_c_en_e _________ l0.032 fJ I 
I 56-55-3 __ ......_ _____ Benz __ o_(~a~)_an_thr_a_c_en_e _____ l0.042 IJ l 
I 205-99-2 _,.;;;....;..;;_,._..,;;;;.__ __ -=-'. ___ B_e.....;n ..... z_o--{ ..... b __ )_f_l __ u.....;o_r_an_t_h_e_n_e ____ l O • 2 O { U I 
I 207-08-9 ________ B_e_n_z_o_( __ k __ )_f_l_u_o_r_an_t_h_e_n_e ____ l o. 2 O I U I 
I 191-24-2 
f 50-32-8 
________ B_e_n_z_o_(....,g._h_i ...... ) .... p_e_ry_l_e_n_e_-=--___ l O. 20 I U l 
__...;;..._;;...__ _______ B ...... e .... n .... z_o_(.;...;.a__,)...,P....,Y;: ......... e_n_e _______ l O. 20 I U I 

I 218-01-9 ________ Chry __ s_en_e _________ } o. 035 I J I 
.: .. ;• ..... ~ : ... :,:_:., ... , 206-44-0 

I 86-73-7 
Fluoranthene. . I 0.21 __ _ I _ _ - I _,;;;;..;.;;;..;;..._;.;.;;;;....,.;...,__ ___ F;;;,.;l._u--o=r;;..;e=n=e---------......._~-----,..--=-... I cf: 03•f·~.-fr·~·-.,,.,:·,,c;-,..,/i-(' I J ·,·,,..,_,.;-~;<..,:,;,,;,./•;, .. ., .•. : 

I 193-39-5 

1 91-57-6 
-----~---I_n_d_e_n_o_( __ l_,_,_2...._, _3_-_cd_)....,p .... vr_en_e ___ l O. 20 I U I 
________ 2_-_M_ethy __ l_na_p_h_t_ba_l_en_e _____ l o. 060 f J. I 

l 91-20-3 ________ N_a_p_h_tba_l_e_ne _________ ] O. 27 I J I 
I 85-01-8 ________ P_b_e_n_a_n_t_hr_en_e ________ l O .22 ( ____ l 
I 1.29-00-0 ________ Pyt' ___ en_e __________ l 0 .. 20 J ___ I 

' 53-70-3 ________ D_i_· b_e_n_z_o_( __ a ___ ,_h ...... ) _an_t_h_r_a_c_e_n_e ___ \ O. 20 I U l 
I 86-74-8 ~---......_ ____ c_a_r_ba_z_o_l_e _________ l 1. O I uj 

FORM I 
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STL Monroe 

Lab Name:Severn Trent Laboratories, Inc. SDG Number: 

Matrix: 
Method: 

(soil/water} WATER 
SW846 SW846 8270C SIM 
8270C {SIM) 

-sample WT/Vol: 1000 / mL 
Work Order: DCVFA101 
Dilution factor: l 
Moisture %:NA 

Client Sample Id: CB9915002XX 

Lab Sample ID:COE060l19 004 

Date·Received: 05/06/00 
Date Extracted:05/08/00 
Date Analyzed: 05/10/00 

QC Batch: 0130111 

CONCENTRATION UNITS: 
CAS NO. COMPOUND (ug/L ·or ug/kg)' "ug/L.,_.;:~~i:;,:.<i ··· · ,:, ... 

l_..;.83;;;..-....;3=2---..;;;;9 _____ A-'-cp._n_a_.p ___ h __ th ___ en ___ e-'-_______ I 4. 3 I ____ I 
f _2_o_s_-_9_6_-_a ____ A_c_e_n_a_p_h_tb:_:y_l_en_e _______ l o. 2l. I J I 
) _12_0_-_1_2_-_7 ____ .An_thr __ ac_en_e _________ l 7. 8 · I ____ I 
I ~S.;;;..6....;-5;;;..;5;;_-_3 _______ B_e=n=z=o=(=a_._) __ an=t:hra=_c .... en ___ e ______ f 9. 7 I ____ l 
(-=2o=s .... -_;9;....;9;....-.,.;;;;2;.___-=-_;..Benz~~o..:.(b .... }......,£=1=u--o=ran~th~en ____ e ____ I 7. 2 I ____ I 
l-=20 .... 7 __ -_o;...;s=-.... 9 ____ Benz...;_~o...:.;(k=)=--f ..... 1 .... u ... o ___ r_an:_t=b_e_n_e ____ l 6. 7 I ____ I 
I _19_1_-_2_4_-_2 ____ B_enz_o_('"""g __ b.i_' __.) p_e_ry....,__l_en_e _____ Is. G I ____ I 
f _;:;..so .... -_;3;;..;;2 __ -...;s;;..._ ___ ...;..B_;e=n---z __ o..:.(a ..... );...ip,.;..,vr~en;......;;;;e _______ I 8. o I ____ ) 
I ....;2;:;.::1;,:;;_;8:;;_-..... 0~1;....-.;;..9 ___ ___;.,Chry___..__s ___ en ............. e _________ l 9. 4 I ____ ( 

... :: .. _,;, .... , { -206-44-0 Fl.uoranthene I 31 IE I ... 
l_·...;;.86_-_7 ___ 3_-..... 7 _____ F_l_u_o_r_en_e __________ ·1·6,:·1q; ..... -,:•.,•.: . .-.·,.•;;1.,:,{'.,::•r•-,:;:-:•,-.• ;_.,·,::·,>· .. r'·'~'-/'',• 

1 _1 __ 9=3=----3=9_-__ s__,,,_ __ ---'Ind __ en ___ o........_(1__., __ 2-=-1-3_ .. __ cd ..... )....,p_yr_en_e ___ l 5. s I I 
f ___ 91_-_5_7_-_6 ________ 2_-_M_e_th_y_J_n_a_p_ht-_b_a_J._en_e _____ l O - 76 l J I 
I ......;;;...;91=--.....;;2;;..;0_-..:::3;.__ ___ ~N=a.,.p ___ h=tb=a...;_1 __ en=e;._ _______ I 1. 4 I ____ I 
I _8_5;;;;..-_;0;..;;;1;;..-~8 ____ ...;;.Ph=e---n ..... an_t_b_ren ............. e ________ l 27 IE I 
l-'-1_2 __ 9_-_o_o-_o ____ Pyr_en_e __________ l21 IE I 
I _5_3;;...-_7---0;.;...-.....;;3:;...._ _____ D __ iben ..... · ~=z;;..;;o ..... (=a'-'-, ..... h-=-} an=thra;;..;..;.;;; __ c __ e __ :c ___ e ___ I 2. 3 ) ____ I 
j _8..;..6.;;...-_7;;._;4.;;....-....;;8 ............. ___ .....,;;c;....a:c_h....;az ___ o-1 ___ e;;..._ ________ \ 9. 6 I ____ I 

FORM I 
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STL Monroe 

Lab Name:Severn Trent Laboratories, Inc. SDG Number: 

Matrix: 
Method: 

(soil/water) WATER 
SW846 SW846 8270C SIM 
8270C (SIM) 

Sample WT/Vol; 1000 / mL 
work Order: DCVFA201 
Dilution factor: 4 
Moisture %:NA 

Client ?ample Id: CB99l5002XX -RE l 

Lab Sample ID:COE060ll9 004 

Date Received: 05/06/00 
Date E.x.tracted:05/08/00 
Date Analyzed: 05/10/00 

QC Batch: 0130111 

.•. ,.,;~ ..• ,,..,.:.':-:'i•',,: .. <,·,:·:,::",t,:-::,.·· :: CONCENTRATION UNITS: . 
CAS NO. ·coMPOUND .. ; . ; · .. ,.•, {ug/t"··or "'u.g/kgf ·-ug/i/i;.•r.~i:,r.-;~-Q<;.:;,;.:: ~,-r: .·.::/ ,~~, .• ,, , 

I ____ 83 __ ---'3_2_-_9 ____ ....,Ac_e_n_a_p_h_t_b_en_e ________ l 3. 6 I J I 
1 _2_0_8 __ -_9_6_-_s ____ Ac_e_n_ap_h_t._b:_y_l._en_e _______ l o .18 I J I 
( __ 1=2 .... o __ -__ 1.;;;;.2_-7.;...__ __ ---'An ___ thra __ c_en ____ e ________ f 6. 6 · I ___ I 
1 _5;;;..6;;;..-...;;s;..;;s;...-.... 3 _____ Be_o_z_o __ (a __ ) __ an ___ t_b_r_a_c_en_e _______ l 8. 4 I ____ I 
l-=20=5;;;..-....;;9 .... 9_-__ 2 ______ B_en..;.._z __ o;._(=b...::.} .... f __ l __ uo _____ ran_th __ en__,;;e _____ l 7. O I ____ I 
I _2 __ 0 __ 7_-_o_a_-__ 9 ____ B_en_z_o_( __ k ___ )_f_l_u_oran __ t_h_e_n_e ____ l 5. 1 I ____ I 
I _1~9 __ 1_-_2_4_-_2 ____ Benz __ o.....,(g.,._hi_·_.) .... P_e_:ry __ 1_en_e _____ ) 4. 8 f ____ I 
t _s __ o_-....;3_2_-_a _____ B_e_n_z_o __ Ca_)__.p_.yr ___ en_e _______ l 6. 9 I ____ I 
I _;2;;;;..;;1=s_-__ o--1-...;9 ___ ____,;;,Chrys ___ ....___en_e _________ l s. 4 I ___ I 

';:,:.:,;..,;_,;~·.-;;,,; s:.i:,I .,206~44-0 . · .·. Fluorant.hene .. f 29 . . . · ·. · I · · .,. , · ·. · - I._ 
I _8G_-_7_3_-_7 _____ F_1_u_o_r_en_e ___________ ._._,.' "f !i:•(f"' i-4'.•:',•-•>,,-.;,•_\":',";:.}:;'-'f.;r,!;;' '.:-,~, ... ~·~·-~-·~~;-., ·;;;-, r··;i,< a•,•.·.-

1 _1 __ 9_3_-_3 __ 9_-_s ____ :t_n_d_en_o ___ (1_., .... 2....,,_3_-_c_d ...... ) pyr..,__en_e ___ l 4. 5 I ____ I 
f _9;;_;1..;...-__ 5_7_-__ 6 ____ 2_-_Me_th_y_J_n_a..,_:ph_t-_b_a_J_en_e _____ l O. 66 I J I 
I __.;.;...91_-_2_0_-_3 _____ N_a_,p_h_tb_a_1_en._e ________ f 1. 3 I J I 
f _8.;;;.;S;;;..-....;0=1 .... -__ a ____ =P=h=e ..... n __ an __ t __ b __ r __ en~e ________ l 24 f ____ I 
( _1=2=9_-__ o_o_-o.;;,__ __ ____,;;,Pyr.;..o__en_e __________ 119 \ ___ ) 

, J 53-70-3 Dibenzo(a,h)anthracene f1.9 J ____ I 
I _8 __ 6_-_7_4_-_s _____ c_a_r_b_az_o_l_e _________ l 8. l. I ____ ( 

FORM·I 
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STL Monroe 

Lab Name:Severn Trent Laboratories, Inc. SDG Number: 

Matrix: (soil/water} WATER 
SW846 SWB46 8270C SIM 
8270C (SIM} 

Lab Sample ID:COE060ll9 005 
Method: 

Sample WT/Vol: 1000 / mL 
Work Order: DC'\TFC101 
Dilution factor: 1 
Moisture %':NA 

Date Received: 05/06/00 
Date Extracted:05/08/00 
Date Analyzed: 05/10/00 

QC Batch: 0130111 
Client Sample Id: TPDEPllOOlXX 

CAS NO. 
CONCENTRA'.l'ION UNI~S_:. , ... , . .. -.. : ... ,0 •• _ •.• _ •• 

COMPOUND ·cug/I, 'or · ug/kgY,:'-u§:7i.''>"','·:.H~--':t:O\'(f i:,:;_~:::i: ,:·,.,, .:.~·~-•(.•;,..-.-, • .: .. 

I 83-32-9 _,_;;......;._;...._ ___ __,;Ac;.._...en_a_ph_th_en_e _______ l O. 063 I J I 
1 208-96-8 _-;,;,..;;....;;;.......;....;;;.....;;. ___ ,_,.;;,A=c~e_n~a-p~ht~h_y-l_en_e _______ f1.o I UI 
I l.20-12-7 -------~;...._.. _______ An;.......,t_h_r_ac_en_e _________ l a. 089 I J I 
I 56-55-3 _____________ B_en_z_o~(_a~>an_t_hra __ c_en_e _____ lo.072 IJ I 
I 205-99-2 -=---------_.;.;..-~=--B_e_:n_z_o-=-(b__,) __ f __ l_uo---r_an_t __ b __ e __ n __ e ____ l O. 06 O I J I 
I 207-08-9 ________ Benz __ o_(_k __ )_f_lu_o_ra_an __ t:_h_en_e ____ l O. 052 I J I 
I 191-24-2 ________ B_enz __ o ___ (g_hi_. ___ )_pery __ l_en_e _____ l O. 048 I J I 
I 50-32-8 __,...;..._ __________ B_en ____ z __ o-<_a->p-vr...__en _____ e ________ lo.os4 JJ I 
I 218-0l.-.9 _.;;;..;..;;.;;.....~___;;;_----Chry;;__ __ s_en_e __________ l o. 072 I J I 

·::.-::· . ::.-· . .. ,'.'.,.;., :206 .. 44-0 

I 86-73-7 
--------···-:1-1:-0-:-:-:-b_e_:ne __ .. _. ·-····-··-----,---·1~:~-~s;··/::,.,.:..w<~t;··:::·:,1.··,.:;·_· .... , ...... . 
I 193-39-5 

I 91-57-6' 
____________ .,,.._ ___ In_d_e_n_o_( __ 1 ..... , _2.....,, .3_-_c_d __ )_;e..._yr_en ____ e ____ l o. 040 I J · · f 
__________ 2_-_M_e_th:_y_1_n_a_p_h_t_b_a_l_ene ______ jo.080 fJ I 

1 91-20-3 __________ N_a_ph_tha_1_ene _________ l a .11 I J I 
I 85-01-8 ______________ P_h_enan __ thr __ ene __________ l o .42 l ____ l 
I 129-00-0 --------------Pyr ___ en_e __________ l o .20 I ____ ) 
I 53-70-3 _.;;;.;;;;...._;..;;._ _________ D--i.;.;..;.b ... e_n __ z_o_,_( a...;;..:.,.;, h=) .... an _____ t __ h--r __ a __ cen .......... e ______ I O • 2 O \ u l 
I 86-74-8 _.;;;..;;.......;;..;;;;_..;;:;._ _____ c;...;a_r ...... b_az_o_l_e _________ l o .11 l J 1 

FORM I 
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STL Monroe 
CHECK S~LE COMPOUNDS 

Lab Name:Severn Trent Laboratories, Inc. SDG Number: 

Matrix: 
Method: 

(soil/water) _WATER 
SW846 SW846 8270C SIM 
8270C (SIM) 

Sample WT/Vol: 1000 / mL 
Work Order: DCWWV102 
Dilution factor: 1 
Moisture %:NA 

Client Sample Id: CHECK SAMPLE 

Lab Sample ID:COE090000 111 

Date Received: 05/06/00 
Date Extracted:05/08/00 
Date Analyzed: 05/10/00 

QC Batch; 0130111 

CONCENTRATION.UNITS: . 
CAS NO. COMPOUND .. (ug/L or ug/kgy···"1sfZL·•··,;,.,,;;'.•:;..:Q :·!~,).'-.. . ·: '··.··-.•· 

\ _8_3_-_3_2_-_9 _____ A_c_e_n_ap_h_t_h_en_e ________ , 3. 49 I ____ I 
I _2o_s_-_9_6_-_s ____ A_c_en_ap .... h_t_h_..y_l_e_n_e _______ I 3. 4 o I ____ l 
j _1.;;;;..2_0_-_1--2_-__ ; ____ An_t_h_ra_c_e __ n_e _________ { 3. 99 · I ____ I 
I _;;,.s 6 __ -_s--s;....-.... 3 _____ B_e_n __ z_o __ (..___a-=-) _an ___ thr_a __ c __ e __ n __ e _____ l 4 • 04 I ____ I 
( ___ 2o_s_-__ 9_9_-_2,;,._ ___ B_en_z_o_( __ b ___ )_f_lu_o_r_an_t_h_e_n_e ____ l 3. 91 \ ____ I 
I ......;;;..20 __ 7_-_o_a_-_9 ____ B_e_n_z_o __ ( __ k __ )_f_lu_o_r_a_n_th_e_n_e ____ l 3. 71 I ____ I 
I ___ 19....;l....;-_2_4_-....,;2,.._ _____ B--e .... n_z_o_(_g~hi_· "'-) p.._e_r_y._l_e_n .... e _____ ( 3 . 54 I ____ I 
I _.;;.s __ o_-3;;..;2;;;..-_8.;..._ ____ B_e .... n __ z __ o;....(....;;a..;.:.) .. P ..... Y_r __ e_ne _______ l 3. 3 9 l ____ I 
t _2 __ 1 __ a_-_0_1_-__ 9 ____ Cluy_...__se"""'n __ e __________ l 3. 98 I ____ I 

··:::.~::,:;; .. .,::..:,:,;:1 ·'53,:;.~70-3 ··Dibenzo(a,·h)anthracene .... j3.47 .. l_...,,.,,..,...,...,,,.._I . 
t_2_06_-_4_4_-_o ____ F_l_u_o_r_a_n_t_h_en_e ________ l4.44 ···· •'t , ..... ,. ........ _.,_ ·1 •··· 
\ _86_-_7_3_-_7___;; _____ F_l_u_o_re_n_e __________ j 3 • 6 9 I ____ I 
} ___ 19 __ 3_-_3 __ 9_-_s ____ I_n_d_en~o __ (..__l..,_, _2,._, _3-_c_d_.)_,.p....,Y_r_e_n_e ___ l 3 • 4 7 \ ____ I 
j _91_-5_7_-_6 _______ 2_-M_e_t_.h_y_l_n_ap,._h_t_h_a_l_e_n_e _____ l 3 . 52 I -I 
I _9_J.-_2_0_-_3 _____ N_a_.p.._h_t_h_a_l_e_n_e ________ l 3. 56 I ____ I 
( _a_s_-0_1_-_s _____ l?_h_e_n_an_t_h_r_e_n_e ________ \ 3 • 99 I ____ I 
I ____ 12_9_-_o_o_-_o ____ P __ Y._r_e_n_e ___________ l 4 .10 \ ____ l 
J _86_-7_4_-_a _____ c_a_r_b_a_z_o_l_e _________ l 4. 2 8 I ____ I 

... ,·• .- .. ,. 

•· ..... .,,,,~·.....;.. 

FORM I 
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STL Monroe 
·CHECK SAMPLE DUPLICATE COMPOUNDS 

Lah Name:Severn Trent Laboratories, Inc. SDG Number: 

Matrix: 
Method: 

(soil/water) WATER 
SW846 SW846 8270C SIM 
8270C (SIM) 

Sample WT/Vol: 1000 / mL 
Work Order: DCWWV103 
Dilution factor: 1 
Moisture %:NA 

Client Sample Id: DUPLICATE CHECK 

CAS NO. -COMPOUND--:·': . 

Lab Sample ID:C0E090000 111 

Date Received: 05/06/00 
Date Extracted:05/08/00 
Date Analyzed: 05/10/00 

QC Batch: 0130111 

CONCENTRATION UNITS: . 
~--·'. (ug/L ··or '·ug/kgf'i"ug'/L•:r,:.,~t-i";,;i-t,~·Q:':"-'.";ti_-.- .-,-,_-_.-,,.._ ...... , .. 

j _8_3-_3_2_-_9 _____ A_c_en_a_p_h_t_h_e_n_e ________ l 3 . 54 I ___ _ 
l _2_08_-_9_6_-_a ____ A_c_e_n_a_p_h_t_h .... Y_l_e_ne _______ l 3 . 44 I ___ _ 
I _12_0_-_1_2_-_7 ____ An_t_h_r_a_c_e_n_e _________ l 3 • 9 9 j ___ _ 
j _5_6_-5_5_-_3 _____ B_e_n_z_o_( __ a __ )_an_t_hr_a_c_en_e.;..._ ____ I 4. 02 I ___ _ 
I _2_o_s,;.--_9_9_-_2 ____ B_e_n_z_o __ ( __ b ___ )_f_l_u_o_ran_t_h __ en.;..._e ____ l 4. 15 I ___ _ 
I _2_07_-_o_s_-_9 ____ B_e_n_z_o_( __ k ___ )_f_l_u_o_ran_t_h_e_n_e ____ l 3 • 57 I ___ _ 
l---'-l.;:;__91=--2---4_-_2 ____ B_en.....;;;;.;.;z __ o __ (;.,.gc...h_i __ ) ....,P ...... e_ry.._l_e ___ n_e;,..._ ____ I 3 • 5 o I ___ _ 
j _s o_-_3_2_-_s _____ B_e_n_z_o_( __ a ___ )_p __ y_r_en_e _______ l 3. 38 I ___ _ 
I _2_1_B_-_O_l_-_9 ____ Chry __ s_e_n_e _________ l 3. 96 I __ _ 

· .:,;-;•;' ·:::: .. ,::.-! :·2 06-44-0 Fluoranthene I 4. 53 · I · I . 
I _86_-_7_3_-_7_· ____ F_l_u_o_r_e_n_e __________ .. 1·~i'.'1is'·,"--''·'·(··'·-'-'"·:,~,;;_c\•:..~-1 ':,-:;-;ti5•:;.,,oi,:,c·., •;-:•r ... 

l _1_9;....3_-_3_9_ .. _s_,,_ ___ I ___ n_d_e_n_o....;('--1--·, _2_,_, _3 _-c_d __ )_.P .... vr_e_n_e ___ )3 . 44 I ____ I 
l _9 __ 1----_5---7_----6 _______ 2_-_M_et_h .... Y._l_n---a....,P ...... h---t_ba_l_e_n __ e_· ____ ·I 3 • 52 I ____ I 
I _9,_l-_2_0_-_3 _____ N_a_.p_h_t_h_a_l_en_e ________ l 3. 58 I ____ I 
! _a _s-_0_1_-_a _____ P_h_e_n_a_n_t_h_r_e_n_e ________ l 4. 04 I ____ I 
1 _1_2_9_-_o_o_-_o ____ l?...._yr_en_e ___________ l 4 .11 I ____ I 
I _5 __ 3 _-7_0_-_3 _____ D_i_· b_e_n_z_o....;( ...... a..._, _h __ } _an_t_hr_a ...... c_e..,...n_e ___ I 3 • 45 \ ____ I 
\ _8 __ 6_-7_4_-_a _____ c_a_r_b_a_z_o_l_e ______ · ____ I 4. 34 I ____ I 

FORM I 

STL Pittsburgh 
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APPENDIXG 

APPENDIXG 
100% ENGINEERING DESIGN COST ESTIMATE 

CAUSEWAY NON-TIME CRITICAL REMOVAL ACTION 
STRATFORD ARMY ENGINE PLANT 

The following report contains estimated costs associated with construction of the erosion control 
cover system on the Causeway at the Stratford Army Engine Plant (SAEP). The report is a 
printout of the 30% engineering design cost estimate prepared using MCACES software. Three 
phases of the costs are presented in the estimate, including project direct costs, project indirect 
costs, and project owner costs. 

Project direct costs (listed on summary pages 11 through 16) provide a summary of the direct 
costs associated with construction of the alternative, including labor, equipment, and material 
costs. Project indirect costs (listed on summary pages 6 through 10) include the project direct 
costs, contractor overhead, home office costs, profit, and bond costs. Project owner costs (listed 
on summary pages 1 through 5) include project indirect costs, escalation costs, contingency 
costs, and USACE project administration costs (i.e., SIOH). 

The final pages of the following report (settings pages 1 through 4) summarize the percentages 
used in the cost estimate for various contractors that may be used during construction of the 
alternative. 

HARDING ESE 

P:\Projects\CBDCOM\SAEP\Causeway\Design\l 00% Design\Basis of Design\PhaseII Final.Doc 50796/1041 
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Tri-Service Automated Cost Engineering System (TRACES) 

PROJECT STRAT3: Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant 

The Stratford Army Engine Plant Causeway Non-time Critical Removal Action 

(NCRA) consists of limited soil removal and construction of an erosion 

control cover system on the existing Causeway to prevent direct contact with 

contaminated soil. The design is consistent with the Causeway Decision 

Document. The project has been divided into two phases to facilitate 

completion of the project. 

Phase I of the project includes preliminary activities conducted to clear the 

Causeway of structures and materials that would impede the construction of an 

erosion control cover system. These activities include: 

1 - Pre-construction activities, including Work Plan, SSHP, and Environment 

Protection Plan development 2 - Mobilization of equipment and personnel 3 -

Abandonment of designated existing monitoring wells 4 - Installation and 

maintenance of erosion and sediment. control measures 5 - Clearing of trees 

and brush from the Causeway 6 - Removal of the containment berm around the 

Building 34 former AST farm and removal of associated protective posts and 

tank supports to. existing ground surface, followed by paving of the area to 

improve access to the Causeway 7 - Demolition and off-site dipsosal of 

Building 5, including existing utility disconnection, to improve access to 

the Causeway 8 - Excavation and off-site disposal of soil in six locations 

that contains contamination in exceedance of specific CTDEP or federal 

criteria 9 - Demolition and off-site disposal of Building 59 and the Causeway 

weather station, including existing utlity removal 10 - Removal and off-site 

disposal of oversized surface debris measureing greater than two feet in any 

dimension 11 - Topographic survey of the Causeway and development of a Phase 

I Completion Report 

Incidental work shall include decontamination of personnel and equipment, 

on-site treatment and disposal of decontamination fluids, personnel health 

and safety, contract meetings, and project documentation. 

It is anticipated that Phase I activities shall take approximately 9 weeks to 

complete. With the exception of clearing and grubbing, weather station 

demolition, and removal of oversized debris below the primary silt fence, 

Phase I activities can be completed during the "closed" period from April 1 

to September 30. 

Demolition and off-site disposal of Building 59 and Building 5 comprise a 

significant portion of the cost for Phase I of this removal action. Building 

59 is a one-story, 1,300 square-foot, unoccupied concrete building located on 

the Causeway. It is surrounded by 1-1/2-foot thick, heavily reinforced, 

perimeter concrete blast walls (230 linear feet), and is divided into 4 

separate rooms. The roof of the building is flat and covered with tar and 

Building 5 is a former fuel system testing facility. It is a one-story, 

5,300 square-foot, concrete block building with a flat roof. The roof of the 

facility and water pipe insulation have been determined to contain asbestos 

(estimated 10 cy). The existing exterior and interior walls of the building 

will be removed to existing grade - the slab will remain in place. 

Phase II work shall consist of construction of the cover system (lower and 

Currency in DOLLARS 

TIME 11:27:23 
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PROJECT STRAT3: Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant 

upper) and finishing work. Activities for Phase II include: 

1 - Maintenance of erosion and sediment control measures placed during Phase 

I of work on the Causeway. 2 - Excavation of soil located on the Causeway 

sideslopes, placement of satisfactory excavated material on the top of the 

Causeway, and grading of the Causeway to the elevations indicated on the 

drawings. 3 - Off-site transport and disposal of unsatisfactory excavated 

material. 4 - Removal and off-site disposal of oversized debris identified 

during Phase I activities and encountered during sideslope excavation. 5 -

Placement of the lower cover system, consisting of a rock-filled toe (at the 

end of the Causeway), a rock-filled crest drainage layer, a woven geotextile, 

and polymeric marine mattress baskets, on the excavated sideslopes of the 

Causeway. 6 - Placement of the upper cover system, consisting, from bottom to 

top, of Sand Bedding, a woven geotextile, interlocking concrete blocks, 

interstitial gravel, and gravel over the concrete blocks. 7 - Placement a Rip 

Rap transition connecting the lower cover system to the upper cover system. 8 

- Placement of a vegetative support layer, including vegetative support soil, 

suitable grass cover, and an erosion control mat. 9 - Monitoring well grade 

adjustments on four existing monitoring wells. 10 - Completion of site 

surveys during and following the completion of Phase II construction 

activities. 11 - Demobilization activities, including removal of temporary 

facilities and final site cleanup. 

Incidental work shall include decontamination of personnel and equipment, 

on-site treatment and disposal of decontamination fluids, personnel health 

and safety, contract meetings, and project documentation. 

It is anticipated that Phase II activities shall take approximately 12 weeks 

to complete. In addition, it is assumed that Phase II activities can NOT be 

completed during the "closed" period from April 1 to September 30. 

Installation, maintenance, and removal of the floating silt curtain, 

including materials, anchors, and installation labor have been deleted from 

this cost estimate, based on comments from the CTDEP-OLISP. 

Currency in DOLLARS 
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** PROJECT OWNER SUMMARY - System** 

TIME 11:27:23 

SUMMARY PAGE 1 

QUANTITY UOM CONTRACT ESCALATN CONTINGN SIOH TOTAL CST UNIT COST 

G Phase I and II 

G. A Phase I 

G. A. 01 Mobilization 12,201 195 1,889 1,000 15,285 

G. A.OS Pre-construction and Oversite 1.00 EA 126,690 2,027 19,616 10,383 158,716 158716.36 

G. A.10 Site Preparation 14,885 238 2,305 1,220 18,647 

G. A.15 Excavation and Demolition 143,515 2,296 22,222 11,762 179,796 

G. A. 20 Confirmation Sampling & Analysis 1.00 EA 24,969 400 3,866 2,046 31,281 31281.12 

G. A.25 Decontamination Equipment 1.00 EA 44,460 711 6,884 3,644 55,700 55699.54 

G. A.31 Debris Transportation & Offhaul 312,853 5,006 48,442 25,641 391,942 

G. A.35 Phase I Closeout 2,016 32 312 165 2,526 

--------- ----------- ----------- ----------- ---------
TOTAL Phase I 1.00 EA 681,589 10,905 105,536 55,862 853,893 853892.96 

G. B Phase II 

G. B. 01 Mobilization 1,933 31 299 158 2,421 

G. B. 04 Pre-construction and Oversite 1.00 EA 129,744 2,076 20,089 10,634 162,543 162542.55 

G. B.10 Site Preparation 3,735 60 578 306 4,679 

13.15 Soil Excavation and Causeway Gra 74,349 1,190 11,512 6,094 93,144 

J. 25 Placement of Lower Cover System 1,364,445 21,831 211,269 111,828 1,709,373 

G. B.30 Placement of UpperCover System 351,919 5,631 54,491 28,843 440,883 

G. B. 35 Placement of Rip-rap Transition 12,405 198 1,921 1,017 15,541 

G. B.45 Placement of Grass Cover 138,354 2,214 21,423 11,339 173,330 

G. B.50 Off-Site Transport & Disposal 81,048 1,297 12,549 6,643 101,537 

G. B. 55 Sample and Anaylsis 1.00 EA 19,622 314 3,038 1,608 24,582 24582.26 

G. B. 70 Site Survey 1.00 EA 29,857 478 4,623 2,447 37,404 37404.43 

G. B.80 Demobilization/Project Closeout 19,248 308 2,980 1,578 24,114 

--------- ----------- ----------- ----------- ---------
TOTAL Phase II 1.00 EA 2,226,658 35,627 344,772 182,494 2,789,551 2789551 

--------- ----------- ----------- ----------- ---------
TOTAL Phase I and II 1.00 EA 2,908,248 46,532 450,308 238,356 3,643,444 3643444 

-------- ----------- ----------- ----------- ---------
TOTAL Stratford Army Engine Plant 2,908,248 46,532 450,308 238,356 3,643,444 

Currency in DOLLARS 
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** PROJECT OWNER SUMMARY - SubSystm ** 

TIME 11:27:23 

SUMMARY PAGE 2 

QUANTITY UOM CONTRACT ESCALATN CONTINGN SIOH TOTAL CST UNIT CuST 

G Phase I and II 

G. A Phase I 

G. A. 01 Mobilization 

G. A.01.30 Equipment Mobilization 12,201 195 1,889 1,000 15,285 

----------- ----------- -------- - - ---------
TOTAL Mobilization 12,201 195 1,889 1,000 15,285 

G. A.OS Pre-construction and Oversite 

G. A.05.01 PPC/PPE 35,175 563 5,446 2,883 44,067 

G. A.05.08 Home Office 11,615 186 1,798 952 14,552 

G. A.05.13 Site Office 65,041 1,041 10,071 5,331 81,483 

G. A.05.18 Preconstruction Meeting 1,032 17 160 85 1,293 

G. A.05.23 Work Plan 3,844 62 595 315 4,816 

G. A.05.28 Health and Safety Plan 3,844 62 595 315 4,816 

G. A.05.33 Environmental Protection Plan 3,844 62 595 315 4,816 

G. A.05.38 Project Scheduling 2,294 37 355 188 2,874 

- - --- - - - --------- ----------- ----------- ---------
TOTAL Pre-construction and Oversite 1.00 EA 126,690 2,027 19,616 10,383 158, 716 1587'.L 

G. A.10 Site Preparation 

G. A.10.03 Equipment Decon Pad 4,305 69 667 353 5,394 

G. A.10.07 Remove Existing Utilities 2,041 33 316 167 2,557 

G. A.10.15 Clear and Grub 895 14 139 73 1,121 

G. A.10.31 Vertical Displacement Monument 3,121 50 483 256 3,910 

G. A.10.36 Build Stockpile Areas 3,421 55 530 280 4,286 

G. A.10.41 Abandon MWCD-00-01 1,101 18 170 90 1,379 

----------- ----------- ---------
TOTAL Site Preparation 14,885 238 2,305 1,220 18,647 

G. A.15 Excavation and Demolition 

G. A.15.03 Erosion and Sedimentation Contra 16,346 262 2,531 1,340 20,478 

G. A.15.06 Other Debris on Causeway 22,059 353 3,416 1,808 27,636 

G. A.15.11 Demolition Bldg 59 1.00 43,179 691 6,686 3,539 54,095 54095.10 

G. A.15.16 Demolition Building 5 37,184 595 5,758 3,048 46,584 

G. A.15.21 Demolition Weather Station 9,623 154 1,490 789 12,056 

G. A.15.26 Remove Causeway Hot Spots 8,242 132 1,276 675 10,325 

G. A.15.36 Building 34 Berm Demolition 6,882 110 1,066 564 8,621 

--------- - - -------- --------- - ---------
TOTAL Excavation and Demolition 143,515 2,296 22,222 11,762 179,796 

Currency in DOLLARS 
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** PROJECT OWNER SUMMARY - SubSystm ** 

TIME 11:27:23 

SUMMARY PAGE 3 

QUANTITY UOM CONTRACT ESCALATN CONTINGN SIOH TOTAL CST UNIT COST 

G. A.20 Confirmation Sampling & Analysis 

G. A.20. 5 Sample and Anaylsis 

TOTAL Confirmation Sampling & Analysis 

G. A.25 Decontamination Equipment 

G. A.25. 5 Decontamination Equipment 

G. A.25.10 Decontamination Crew 

TOTAL Decontamination Equipment 

G. A.31 Debris Transportation & Offhaul 

G. A.31.30 Debris Transportation & Offhaul 

TOTAL Debris Transportation & Offhaul 

A.35 Phase I Closeout 

G. A.35.46 Topographic Survey 

G. A.35.51 Phase I Completion Report 

TOTAL Phase I Closeout 

TOTAL Phase I 

G. B Phase II 

G. B.01 Mobilization 

G. B.01.30 Equipment Mobilization 

TOTAL Mobilization 

G. B.04 Pre-construction and Oversite 

G. B.04.01 PPC/PPE 

G. B.04.13 Site Office 

G. B.04.18 Preconstruction Meeting 

G. B.04.23 Work Plan 

G. B.04.28 Health and Safety Plan Addendum 

G. B.04.33 Environmental Protect. Plan Adde 

1.04.38 Project Scheduling 

1.00 EA 24,969 400 

1.00 EA 24,969 400 

1.00 EA 15,236 244 

1.00 EA 29,224 468 

--------- -----------
1.00 EA 44,460 711 

312,853 5,006 

312,853 5,006 

1,153 18 

863 14 

--------- -----------
2,016 32 

--------- -----------
1.00 EA 681,589 10,905 

1,933 31 

1,933 31 

28,179 451 

86,721 1,388 

1,032 17 

3,844 62 

1,915 31 

1,915 31 

2,294 37 

Currency in DOLLARS 

3,866 2,046 31,281 31281.12 

3,866 2,046 31,281 31281.12 

2,359 1,249 19,087 19087.49 

4,525 2,395 36,612 36612.05 

------ - - - - ----------- ---------
6,884 3,644 55,700 55699.54 

48,442 25,641 391,942 

48,442 25,641 391,942 

179 95 1,445 

134 71 1,081 

----------- ----------- ---------
312 165 2,526 

----------- ----------- ---------
105,536 55,862 853,893 853892.96 

299 158 2,421 

299 158 2,421 

4,363 2,310 35,303 

13,428 7,108 108,644 

160 85 1,293 

595 315 4,816 

296 157 2,399 

296 157 2,399 

355 188 2,874 
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** PROJECT OWNER SUMMARY - SubSystm ** 

TIME 11:27:23 

SUMMARY PAGE 4 

QUANTITY UOM CONTRACT ESCALATN CONTINGN SIOH TOTAL CST UNIT COST 

G. B.04.43 Contractor Quality Control Plan 

TOTAL Pre-construction and Oversite 

G .. B.10 Site Preparation 

G. B.10.03 Maintain Stockpile/Decon Area 

G. B.10.46 Maintain Erosion Control Measure 

TOTAL Site Preparation 

G. B.15 Soil Excavation and Causeway Gra 

G. B.15.06 Side Slope Soil Excavation 

G. B.15.10 Grading 

TOTAL Soil. Excavation and Causeway Gra 

G. B.25 Placement of Lower Cover System 

G. B.25.02 Rock Fill Material 

G. B.25.04 Geotexiles 

G. B.25.10 QC Soil Testing 

G. B.25.27 Import and Place Gravel 

G. B.25.30 Compact Gravel 

G. B.25.40 Placing Polymeric Marine Mattres 

TOTAL Placement of Lower Cover System 

G. B.30 Placement of UpperCover System 

G. B.30.10 Import and Place Sand 

G. B.30.20 Compact Sand 

G. B.30.40 Placement of 4" Interlocking Blo 

G. B.30.50 Import and Place Gravel 

G. B.30.70 QC Soil Testing 

TOTAL Placement of UpperCover System 

G. B.35 Placement of Rip-rap Transition 

G. B.35.15 Rip-rap Transition 

TOTAL Placement of Rip-rap Transition 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

3,844 

129,744 

800 

2,935 

3,735 

65,500 

8,849 

74,349 

36,193 

188,644 

1,047 

2,780 

247 

1,135,534 

- - - - - - -
1,364,445 

35,253 

2,597 

304,420 

4,865 

4,784 

351,919 

12,405 

12,405 

62 

2,076 

13 

47 

60 

1,048 

142 

1,190 

579 

3,018 

17 

44 

4 

18,169 

21,831 

564 

42 

4,871 

78 

77 

-----------
5,631 

198 

198 

Currency in DOLLARS 

595 

20,089 

124 

454 

578 

10,142 

1,370 

11,512 

5,604 

29,209 

162 

430 

38 

175,824 

211,269 

5,458 

402 

47,136 

753 

741 

--------
54,491 

1,921 

1,921 

315 

10,634 

66 

241 

306 

5,368 

725 

6,094 

2,966 

15,461 

86 

228 

20 

93,067 

-----------
111,828 

2,889 

213 

24,950 

399 

392 

-----------
28,843 

1,017 

1,017 

4,816 

162,543 162542.55 

1,002 

3,677 

4,679 

82,059 

11,085 

93,144 

45,343 

236,332 

1,312 

3,483 

310 

1,422,593 

------- -
1,709,373 

44,164 

3,254 

381,376 

6,095 

5,994 

---------
440,883 

1311. 66 

3483.08 

309.87 

1422593 

44164.49 

3253.61 

381376.10 

6095.40 

5993.51 

15,541 15540.75 

15,541 
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** PROJECT OWNER SUMMARY - SubSystm ** 

TIME 11:27:23 

SUMMARY PAGE 5 

QUANTITY UOM CONTRACT ESCALATN CONTINGN SIOH TOTAL CST UNIT COST 

G. B.45 Placement of Grass Cover 

G. B.45.08 Placement of Grass Cover 

TOTAL Placement of Grass Cover 

G. B.50 Off-Site Transport & Disposal 

G. B.50.01 Steam Clean and Dispose of Debri 

TOTAL Off-Site Transport & Disposal 

G. B.55 Sample and Anaylsis 

G. B.55. 5 Sample and Anaylsis 

TOTAL Sample and Anaylsis 

G. B.70 Site Survey 

.70.46 Topographic Survey 

G. B.70.51 FinaL Report Generation 

TOTAL Site Survey 

G. B.80 Demobilization/Project Closeout 

G. B.80.30 Equipment. Demobilization 

G. B.80.51 Phase II Completion Report 

G. B.80.56 Removal of Erosion Control 

G. B. 80. 61 Site Clean-up 

G. B.80.66 Environ. Land-use Restrictions 

TOTAL Demobilization/Project Closeout 

TOTAL Phase II 

TOTAL Phase I and II 

TOTAL Stratford Army Engine Plant 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

138,354 

138,354 

81,048 

81,048 

19,622 

19,622 

28,429 

1,428 

29,857 

14,134 

863 

751 

1,338 

2,162 

---------
19,248 

---------
2,226,658 

---------
2,908,248 

---------
2,908,248 

2,214 

2,214 

1,297 

1,297 

314 

314 

455 

23 

478 

226 

14 

12 

21 

35 

-----------
308 

-----------
35,627 

-----------
46,532 

-----------
46,532 

Currency in DOLLARS 

21,423 

21,423 

12,549 

12,549 

3,038 

3,038 

4,402 

221 

4,623 

2,188 

134 

116 

207 

335 

-----------
2,980 

344,772 

-----------
450,308 

-----------
450,308 

11,339 

11,339 

6,643 

6,643 

1,608 

1,608 

2,330 

117 

2,447 

1,158 

71 

62 

110 

177 

-----------
1,578 

-----------
182,494 

--------- -
238,356 

238,356 

173,330 

173,330 

101,537 

101,537 

24,582 24582.26 

24,582 24582.26 

35,616 

1,788 

37,404 37404.43 

17,707 

1,081 

941 

1,677 

2,708 

---------
24,114 

---------
2,789,551 2789551 

---------
3,643,444 3643444 

- - - - - - - -
3,643,444 



Mon 20 Aug 2001 

Eff. Date 01/24/01 

Tri-Service Automated Cost Engineering System (TRACES) 

PROJECT STRAT3: Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant 

** PROJECT INDIRECT SUMMARY - System** 

TIME 11:27:23 

SUMMARY PAGE 6 

QUANTITY UOM DIRECT OVERHEAD HOME OFC PROFIT BOND TOTAL CST UNIT CuST 

G Phase I and II 

G. A Phase I 

G. A.01 Mobilization 

G. A.OS Pre-construction and Over 

G. A.10 Site Preparation 

G. A.15 Excavation and Demolition 

G. A.20 Confirmation Sampling & A 

G. A.25 Decontamination Equipment 

G. A.31 

G. A.35 

Debris Transportation & 0 

Phase I Closeout 

TOTAL Phase I 

G. B Phase II 

G. B.01 Mobilization 

G. B.04 Pre-construction and Over 

G. B.10 Site Preparation 

G. B.15 Soil Excavation and Cause 

G. B.25 Placement of Lower Cover 

G. B.30 Placement of UpperCover S 

G. B.35 Placement of Rip-rap Tran 

G. B.45 Placement of Grass Cover 

G. B.50 Off-Site Transport & Disp 

G. B.55 Sample and Anaylsis 

G. B.70 Site Survey 

G. B.80 Demobilization/Project Cl 

TOTAL Phase II 

TOTAL Phase I and II 

TOTAL Stratford Army Engine Pla 

Escalation 

SUBTOTAL 

Contingency 

SUBTOTAL 

Supervision, Inspection, and Overhead 

TOTAL INCL OWNER COSTS 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

10,100 789 381 

104,874 8,193 3,957 

12,322 963 465 

118,803 9,281 4,483 

20,669 1,615 780 

36,804 2,875 1,389 

258,982 20,233 9,773 

1,669 130 63 

--------- -----------
564,223 44,080 21,291 

1,600 125 60 

107,402 8,391 4,053 

3,092 242 117 

61,546 4,808 2,322 

1,129,494 88,242 42,621 

291,320 22,759 10,993 

10,269 802 387 

114,530 8,948 4,322 

67,092 5,242 2,532 

16,243 1,269 613 

24,716 1,931 933 

15,934 1,245 601 

--------- ----------- -----------
1,843,238 144,003 69,553 

--------- ----------- -----------
2,407,461 188,082 90,844 

--------- ----------- -----------
2,407,461 188,082 90,844 

Currency in DOLLARS 

786 145 12,201 

8,162 1,502 126,690 126689.60 

959 176 14,885 

9,247 1,702 143,515 

1,609 296 24,969 24969.02 

2,865 527 44,460 44460.15 

20,157 3,710 312,853 

130 24 2,016 

----------- ----------- ---------
43,914 8,082 681,589 681589.20 

125 23 1,933 

8,359 1,538 129,744 129743.72 

241 44 3,735 

4,790 882 74,349 

87,910 16,179 1,364,445 

22,674 4,173 351,919 

799 147 12,405 

8,914 1,641 138,354 

5,222 961 81,048 

1,264 233 19,622 19621.90 

1,924 354 29,857 29856.74 

1,240 228 19,248 

----------- ----------- ---------
143,461 26,403 2,226,658 2226658 

----------- ----------- ---------
187,375 34,485 2,908,248 2908248 

----------- ----------- ---------
187,375 34,485 2,908,248 

46,532 

---------
2,954,780 

450,308 

---------
3,405,088 

238,356 

--------
3,643,444 



Tri-Service Automated Cost Engineering System (TRACES) TIME 11:27:23 Mon 20 Aug 2001 

Eff. Date 01/24/01 PROJECT STRAT3: Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant SUMMARY PAGE 7 

** PROJECT INDIRECT SUMMARY - SubSystm ** 

QUANTITY UOM DIRECT OVERHEAD HOME OFC PROFIT BOND TOTAL CST UNIT COST 

G Phase I and II 

G. A Phase I 

G. A.01 Mobilization 

G. A.01.30 Equipment Mobilization 10,100 789 381 786 145 12,201 

TOTAL Mobilization 10,100 789 381 786 145 12,201 

G. A.OS Pre-construction and Over 

G. A.05.01 PPC/PPE 29,118 2,275 1,099 2,266 417 35,175 

G. A.05.08 Home Office 9,615 751 363 748 138 11,615 

G. A.05.13 Site Office 53,841 4,206 2,032 4,191 771 65,041 

G. A.05.18 Preconstruction Meetin 854 67 32 66 12 1,032 

G. A.05.23 Work Plan 3,182 249 120 248 46 3,844 

G. A.05.28 Health and Safety Plan 3,182 249 120 248 46 3,844 

G. A.05.33 Environmental Protecti 3,182 249 120 248 46 3,844 

G. A.05.38 Project Scheduling 1,899 148 72 148 27 2,294 

- - -- - - - ----------- ----------- ----------- - --------- ---------
TOTAL Pre-construction and 0 1.00 EA 104,874 8,193 3,957 8,162 1,502 126,690 126689.6G 

G. A.10 Site Preparation 

G. A.10.03 Equipment Decon Pad 3,564 278 134 277 51 4,305 

G. A.10.07 Remove Existing Utilit 1,690 132 64 132 24 2,041 

G. A.10.15 Clear and Grub 741 58 28 58 11 895 

G. A.10.31 Vertical Displacement 2,584 202 97 201 37 3,121 

G. A.10.36 Build Stockpile Areas 2,832 221 107 220 41 3,421 

G. A.10.41 Abandon MWCD-00-01 911 71 34 71 13 1,101 

----------- ----------- ----------- ----------- ---------
TOTAL Site Preparation 12,322 963 465 959 176 14,885 

G. A.15 Excavation and Demolition 

G. A.15.03 Erosion and Sedimentat 13,531 1,057 511 1,053 194 16,346 

G. A.15.06 Other Debris on Causew 18,261 1,427 689 1,421 262 22,059 

G. A.15.11 Demolition - Bldg 59 1.00 35,744 2,793 1,349 2,782 512 43,179 43179.46 

G. A.15.16 Demolition Building 5 30,781 2,405 1,162 2,396 441 37,184 

G. A.15.21 Demolition Weather Sta 7,966 622 301 620 114 9,623 

G. A.15.26 Remove Causeway Hot Sp 6,823 533 257 531 98 8,242 

G. A.15.36 Building 34 Berm Demo 5,697 445 215 443 82 6,882 

-------- ----------- ----------- ----------- ---------
TOTAL Excavation and Demolit 118,803 9,281 4,483 9,247 1,702 143,515 

Currency in DOLLARS 



Tri-Service Automated Cost Engineering System (TRACES) TIME 11:27:23 Mon 20 Aug 2001 

Eff. Date 01/24/01 PROJECT STRAT3: Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant SUMMARY PAGE 8 

** PROJECT INDIRECT SUMMARY - SubSystm ** 

QUANTITY UOM DIRECT OVERHEAD HOME OFC PROFIT BOND TOTAL CST UNIT CuST 

G. A.20 Confirmation Sampling & A 

G. A.20. 5 Sample and Anaylsis 1.00 EA 20,669 1,615 780 1,609 296 24,969 24969.02 

TOTAL Confirmation Sampling 1.00 EA 20,669 1,615 780 1,609 296 24,969 24969.02 

G. A.25 Decontamination Equipment 

G. A. 25. 5 Decontamination Equipm 1.00 EA 12,612 985 476 982 181 15,236 15235.90 

G. A.25.10 Decontamination Crew 1.00 EA 24,192 1,890 913 1,883 347 29,224 29224.25 

--------- ----------- ------ - - - - ----------- ---------
TOTAL Decontamination Equipm 1.00 EA 36,804 2,875 1,389 2,865 527 44,460 44460.15 

G. A.31 Debris Transportation & 0 

G. A.31.30 Debris Transportation 258,982 20,233 9,773 20,157 3,710 312,853 

-------- ----------- ----------- ----------- ---------
TOTAL Debris Transportation 258,982 20,233 9,773 20,157 3,710 312,853 

G. A.35 Phase I Closeout 

G. A.35.46 Topographic Survey 955 75 36 74 14 1,153 

G. A.35.51 Phase I Completion Rep 714 56 27 56 10 863 

--------- ----------- ----------- ----------- --------- ---------
TOTAL Phase I Closeout 1,669 130 63 130 24 2,016 

--------- ----------- ----------- ---------- --------- ---------
TOTAL Phase I 1.00 EA 564,223 44,080 21,291 43,914 8,082 681,589 681589.20 

G. B Phase II 

G. B.01 Mobilization 

G. B.01.30 Equipment Mobilization 1,600 125 60 125 23 1,933 

- - - - -- -- ----------- ----------- ----------
TOTAL Mobilization 1,600 125 60 125 23 1,933 

G. B. 04 Pre-construction and Over 

G. B.04.01 PPC/PPE 23,327 1,822 880 1,816 334 28,179 

G. B.04.13 Site Office 71,788 5,608 2,709 5,587 1,028 86,721 

G. B. 04 .18 Preconstruction Meetin 854 67 32 66 12 1,032 

G. B.04.23 Work Plan 3,182 249 120 248 46 3,844 

G. B.04.28 Health and Safety Plan 1,585 124 60 123 23 1,915 

G. B.04.33 Environmental Protect. 1,585 124 60 123 23 1,915 

G. B.04.38 Project Scheduling 1,899 148 72 148 27 2,294 

Currency in DOLLARS 



Mon 20 Aug 2001 

Eff. Date 01/24/01 

Tri-Service Automated Cost Engineering System (TRACES) 

PROJECT STRAT3: Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant 

** PROJECT INDIRECT SUMMARY - SubSystm ** 

TIME 11:27:23 

SUMMARY PAGE 9 

QUANTITY UOM DIRECT OVERHEAD HOME OFC PROFIT BOND TOTAL CST UNIT COST 

G. B.04.43 Contractor Quality Con 3,182 249 120 248 46 3,844 

TOTAL Pre-construction and 0 1.00 EA 107,402 8,391 4,053 8,359 1,538 129,744 129743.72 

G. B.10 Site Preparation 

G. B.10.03 Maintain Stockpile/Dec 662 52 25 52 9 800 

G. B.10.46 Maintain Erosion Contr 2,430 190 92 189 35 2,935 

----------- ----------- - ----------- ---------
TOTAL Site Preparation 3,092 242 117 241 44 3,735 

G. B.15 Soil Excavation and Cause 

G. B.15.06 Side Slope Soil Excava 54,222 4,236 2,046 4,220 777 65,500 

G. B.15.10 Grading 7,325 572 276 570 105 8,849 

- ------- ----------- -------- - - ----------- ----------- ---------
TOTAL Soil Excavation and Ca 61,546 4,808 2,322 4,790 882 74,349 

G. B.25 Placement of Lower Cover 

3.25.02 Rock Fill Material 29,961 2,341 1,131 2,332 429 36,193 

G. B.25.04 Geotexiles 156,160 12,200 5,893 12,154 2,237 188,644 

G. B.25.10 QC Soil Testing 1.00 EA 867 68 33 67 12 1,047 1046.99 

G. B.25.27 Import and Place Grave 1.00 EA 2,302 180 87 179 33 2,780 2780.2:: 

G. B.25.30 Compact Gravel 1.00 EA 205 16 8 16 3 247 247.34 

G. B.25.40 Placing Polymeric Mari 1.00 EA 940,000 73,437 35,470 73,161 13,465 1,135,534 1135534 

--------- ----------- ----------- ----------- ---------
TOTAL Placement of Lower Cov 1,129,494 88,242 42,621 87,910 16,179 1,364,445 

G. B.30 Placement of UpperCover s 

G. B.30.10 Import and Place Sand 1.00 EA 29,182 2,280 1,101 2,271 418 35,253 35252.71 

G. B.30.20 Compact Sand 1.00 EA 2,150 168 81 167 31 2,597 2597.08 

G. B.30.40 Placement of 4" Interl 1.00 EA 252,000 19,687 9,509 19,613 3,610 304,420 304419.69 

G. B.30.50 Import and Place Grave 1.00 EA 4,028 315 152 313 58 4,865 4865.43 

G. B.30.70 QC Soil Testing 1.00 EA 3,960 309 149 308 57 4,784 4784.10 

----------- ----------- ----------- ---------
TOTAL Placement of UpperCove 291,320 22,759 10,993 22,674 4,173 351,919 

G. B.35 Placement of Rip-rap Tran 

G. B.35.15 Rip-rap Transition 1.00 EA 10,269 802 387 799 147 12,405 12404.84 

--------- ----------- ----------- ----------- ---------
TOTAL Placement of Rip-rap T 10,269 802 387 799 147 12,405 

Currency in DOLLARS 



Tri-Service Automated Cost. Engineering System (TRACES) Mon 20 Aug 2001 

Eff. Date 01/24/01 PROJECT STRAT3: Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant 

** PROJECT INDIRECT SUMMARY - SubSystm ** 

QUANTITY UOM DIRECT OVERHEAD HOME OFC PROFIT 

G. B.45 Placement of Grass Cover 

G. B.45.08 Placement of Grass Cov 114,530 8,948 4,322 8,914 

--------- ----------- -----------
TOTAL Placement of Grass Cov 114,530 8,948 4,322 8,914 

G. B.50 Off-Site Transport & Disp 

G. B.50.01 Steam Clean and Dispos 67,092 5,242 2,532 5,222 

- - - - - - -- ----------- ----------- - ---------
TOTAL Off-Site Transport & D 67,092 5,242 2,532 5,222 

G. B.55 Sample and Anaylsis 

G. B.55. 5 Sample and Anaylsis 1.00 EA 16,243 1,269 613 1,264 

--------- ----------- -----------
TOTAL Sample and Anaylsis 1.00 EA 16,243 1,269 613 1,264 

G. B.70 Site Survey 

G. B.70.46 Topographic Survey 23,534 1,839 888 1,832 

G. B.70.51 Final Report Generatio 1,182 92 45 92 

--------- ----------- ----------- -----------
TOTAL Site Survey 1.00 EA 24,716 1,931 933 1,924 

G. B.80 Demobilization/Project Cl 

G. B.80.30 Equipment Demobilizati 11,700 914 441 911 

G. B.80.51 Phase II Completion Re 714 56 27 56 

G. B.80.56 Removal of Erosion Con 622 49 23 48 

G. B.80.61 Site Clean-up 1,108 87 42 86 

G. B.80.66 Environ. Land-use Rest 1,789 140 68 139 

----------- ----------- ----------
TOTAL Demobilization/Project 15,934 1,245 601 1,240 

TIME 11:27:23 

SUMMARY PAGE 10 

BOND TOTAL CST UNIT COST 

1,641 138,354 

- -------
1,641 138,354 

961 81,048 

---------
961 81,048 

233 19,622 19621. 90 

---------
233 19,622 19621. 90 

337 28,429 

17 1,428 

- ------ ---------
354 29,857 29856.74 

168 14,134 

10 863 

9 751 

16 1,338 

26 2,162 

---------
228 19,248 

----------- - --------- ----------- ---------
TOTAL Phase II 

TOTAL Phase I and II 

TOTAL Stratford Army Engine 

Escalation 

SUBTOTAL 

Contingency 

SUBTOTAL 

1.00 EA 1,843,238 144,003 69,553 

1.00 EA 2,407,461 188,082 90,844 

2,407,461 188,082 90,844 

Currency in DOLLARS 

143,461 26,403 2,226,658 2226658 

---------
187,375 34,485 2,908,248 2908248 

-------- - - - - - -- -
187,375 34,485 2,908,248 

46,532 

---------
2,954,780 

450,308 

--- - - - -
3,405,088 



Mon 20 Aug 2001 

Eff. Date 01/24/01 

Tri-Service Automated Cost Engineering System (TRACES) 

PROJECT STRAT3: Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant 

** PROJECT INDIRECT SUMMARY - SubSystm ** 

QUANTITY UOM DIRECT OVERHEAD HOME OFC PROFIT 

TIME 11:27:23 

SUMMARY PAGE 11 

BOND TOTAL CST UNIT COST 

Supervision, Inspection, and Overhead 238,356 

TOTAL INCL OWNER COSTS 3,643,444 

Currency in DOLLARS 



Mon 20 Aug 2001 

Eff. Date 01/24/01 

Tri-Service Automated Cost Engineering System (TRACES) TIME 11:27:23 

PROJECT STRAT3: 

G Phase I and II 

G. A Phase I 

G. A.01 Mobilization 

G. A.OS Pre-construction and Oversite 

G. A.10 Site Preparation 

G. A.15 Excavation and Demolition 

G. A.20 Confirmation Sampling & Analysis 

G. A.25 Decontamination Equipment 

G. A.31 Debris Transportation & Offhaul 

G. A.35 Phase I Closeout 

TOTAL Phase I 

G. B Phase. II 

G. B.01 Mobilization 

G. B.04 Pre-construction and Oversite 

G. B.10 Site Preparation 

G. B.15 Soil Excavation and Causeway Gra 

G. B.25 Placement of Lower Cover System 

G. B.30 Placement of UpperCover System 

G. B.35 Placement of Rip-rap Transition 

G. B.45 Placement of Grass Cover 

G. B.50 Off-Site Transport & Disposal 

G. B.55 Sample and Anaylsis 

G. B. 70 Site. Survey 

G. B.80 Demobilization/Project Closeout 

TOTAL Phase II 

TOTAL Phase I and II 

TOTAL Stratford Army Engine Plant 

Prime Contractor's Field Overhead 

SUBTOTAL 

Prime's Home Office Expense 

SUBTOTAL 

Prime Contractor's Profit 

SUBTOTAL 

Prime Contractor's Bond 

TOTAL INCL INDIRECTS 

Escalation 

Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant SUMMARY PAGE 12 

** PROJECT DIRECT SUMMARY - System** 

QUANTITY UOM MANHRS LABOR EQUIPMNT MATERIAL OTHER TOTAL CST UNIT CuST 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

0 

2,237 

271 

2,290 

0 

1,080 

174 

60 

6,112 

0 

2,401 

100 

775 

523 

150 

163 

1,907 

298 

0 

1,000 

146 

7,463 

13,574 

13,574 

0 

61,791 

7,252 

60,938 

0 

24,192 

5,963 

1,329 

---------
161,465 

0 

64,911 

3,092 

27,946 

17,716 

5,409 

5,191 

57,976 

9,144 

0 

19,611 

4,234 

---------
215,231 

376,696 

376,696 

Currency in DOLLARS 

0 

14,053 

2,137 

49,491 

0 

12,612 

7,569 

340 

---------
86,201 

0 

18,719 

0 

33,600 

2,809 

2,405 

1,923 

136 

9,298 

0 

5,104 

0 

---------
73,994 

160,196 

160,196 

0 10,100 10,100 

29,030 0 104,874 

433 2,500 12,322 

8,374 0 118,803 

0 20,669 20,669 

0 0 36,804 

0 245,450 258,982 

0 0 1,669 

---------
37,837 278,719 564,223 

0 1,600 1,600 

23,772 0 107,402 

0 0 3,092 

0 0 61,546 

168,102 940,867 1,129,494 

22,529 260,977 291,320 

3,155 0 10,269 

49,395 7,023 114,530 

0 48,650 67,092 

0 16,243 16,243 

0 0 24,716 

0 11,700 15,934 

--------- --------- ---------
266,953 1,287,060 1,843,238 

304,790 1,565,779 2,407,461 

304,790 1,565,779 2,407,461 

188,082 

2,595,543 

90,844 

2,686,387 

187,375 

2,873,762 

34,485 

2,908,248 

46,532 

104874.23 

20669.47 

36804.31 

564222.63 

107402.44 

16243.10 

24715. 54 

1843238 

2407461 



Mon 20 Aug 2001 

Eff. Date 01/24/01 

SUBTOTAL 

Contingency 

SUBTOTAL 

Tri-Service Automated Cost Engineering System (TRACES) 

PROJECT STRAT3: Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant 

** PROJECT DIRECT SUMMARY - System** 

QUANTITY UOM MANHRS LABOR EQUIPMNT MATERIAL 

Supervision, Inspection, and Overhead 

TOTAL INCL OWNER COSTS 

Currency in DOLLARS 

TIME 11:27:23 

SUMMARY PAGE 13 

OTHER TOTAL CST UNIT COST 

2,954,780 

450,308 

3,405,088 

238,356 

3,643,444 



Tri-Service Automated Cost Engineering System (TRACES) Mon 20 Aug 2001 

Eff. Date 01/24/01 PROJECT STRAT3: Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant 

** PROJECT DIRECT SUMMARY SubSystm ** 

G Phase I and II 

G. A Phase I 

G. A.01 Mobilization 

G. A.01.30 Equipment Mobilization 

TOTAL Mobilization 

G. A.05 Pre-construction and Oversite 

G. A.05.01 

G. A.OS.OS 

G. A.05.13 

G. A.05.18 

G. A.05.23 

G. A.05.28 

G. A.05.33 

G. A.05.38 

PPC/PPE 

Home Office 

Site Office 

Preconstruction Meeting 

Work Plan 

Health and Safety Plan 

Environmental Protection Plan 

Project Scheduling 

TOTAL Pre-construction and Oversite 

G. A.10 Site Preparation 

G. A.10.03 

G. A.10.07 

G. A.10.15 

G. A.10.31 

G. A.10.36 

G. A.10.41 

Equipment Decon Pad 

Remove Existing Utilities 

Clear and Grub 

Vertical Displacement Monument 

Build Stockpile Areas 

Abandon MWCD-00-01 

TOTAL Site Preparation 

G. A.ls Excavation and Demolition 

G. A.15.03 Erosion and Sedimentation Contra 

G. A.15.06 Other Debris on Causeway 

G. A.15.11 Demolition - Bldg 59 

G. A.15.16 Demolition Building 5 

G. A.15.21 Demolition Weather Station 

G. A.15.26 Remove Causeway Hot Spots 

G. A.15.36 Building 34 Berm Demolition 

TOTAL Excavation and Demolition 

QUANTITY UOM MANHRS LABOR EQUIPMNT MATERIAL 

1.00 EA 

1.00 

0 

0 

46 

315 

1,440 

24 

113 

113 

113 

73 

2,237 

30 

64 

10 

109 

43 

16 

271 

175 

340 

700 

730 

176 

113 

56 

2,290 

0 

0 

1,633 

9,615 

38,243 

854 

3,182 

3,182 

3,182 

1,899 

61,791 

934 

1,350 

306 

2,465 

1,600 

598 

.7,252 

5,253 

8,944 

20,096 

16,840 

4,240 

3,617 

1,948 

60,938 

Currency in DOLLARS 

0 

0 

52 

0 

14,000 

0 

0 

0 

0 

0 

14,053 

130 

340 

435 

15 

1,073 

144 

2,137 

519 

9,317 

15,648 

13,941 

3,727 

2,590 

3,749 

49,491 

0 

0 

27,432 

0 

1,598 

0 

0 

0 

0 

0 

29,030 

0 

0 

0 

104 

159 

169 

433 

7,759 

0 

0 

0 

0 

615 

0 

8,374 

TIME 11:27:23 

SUMMARY PAGE 14 

OTHER TOTAL CST UNIT Lv~T 

10,100 

10,100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2,500 

0 

0 

0 

0 

0 

2,500 

0 

0 

0 

0 

0 

0 

0 

0 

10,100 

10,100 

29,118 

9,615 

53,841 

854 

3,182 

3,182 

3,182 

1,899 

104,874 1048', 

3,564 

1,690 

741 

2,584 

2,832 

911 

12,322 

13,531 

18,261 

35,744 35744.15 

30,781 

7,966 

6,823 

5,697 

118,803 



Tri-Service. Automated Cost Engineering System (TRACES) Mon 20 Aug 2001 

Eff. Date 01/24/01 PROJECT STRAT3: Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant 

** PROJECT DIRECT SUMMARY - SubSystm ** 

G. A.20 Confirmation Sampling & Analysis 

G. A.20. 5 Sample and Anaylsis 

TOTAL Confirmation Sampling & Analysis 

G. A.25 Decontamination Equipment 

G. A.25. 5 Decontamination Equipment 

G. A.25.10 Decontamination Crew 

TOTAL Decontamination Equipment 

G. A.31 Debris Transportation & Offhaul 

G. A.31.30 Debris Transportation & Offhaul 

TOTAL Debris Transportation & Offhaul 

A.35 Phase I Closeout 

G. A.35.46 Topographic Survey 

G. A.35.51 Phase I Completion Report 

TOTAL Phase I Closeout 

TOTAL Phase I 

G. B Phase II 

G. B.01 Mobilization 

G. B.01.30 Equipment Mobilization 

TOTAL Mobilization 

G. B.04 Pre-construction and Oversite 

G. B.04.01 PPC/PPE 

G. B.04.13 Site Office 

G. B.04.18 Preconstruction Meeting 

G. B.04.23 Work Plan 

G. B.04.28 Health and Safety Plan Addendum 

G. B.04.33 Environmental Protect. Plan Adde 

.04.38 Project Scheduling 

QUANTITY UOM MANHRS LABOR EQUIPMNT MATERIAL 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

0 

0 

0 

1,080 

1,080 

174 

174 

32 

28 

60 

6,112 

0 

0 

46 

1,920 

24 

113 

56 

56 

73 

0 

0 

0 

24,192 

24,192 

5,963 

5,963 

614 

714 

1,329 

161,465 

0 

0 

1,633 

50,990 

8 54 

3,182 

1,585 

1,585 

1,899 

Currency in DOLLARS 

0 

0 

12,612 

0 

12,612 

7,569 

7,569 

340 

0 

340 

86,201 

0 

0 

52 

18,667 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

37,837 

0 

0 

21,641 

2,131 

0 

0 

0 

0 

0 

TIME 11:27:23 

SUMMARY PAGE 15 

OTHER TOTAL CST UNIT COST 

20,669 

20,669 

0 

0 

0 

245,450 

245,450 

0 

0 

0 

278,719 

1,600 

1,600 

0 

0 

0 

0 

0 

0 

0 

20,669 20669.47 

20,669 20669.47 

12,612 12612.35 

24,192 24191.96 

36,804 36804.31 

258,982 

258,982 

955 

714 

1,669 

564,223 564222.63 

1,600 

1,600 

23,327 

71,788 

854 

3,182 

1,585 

1,585 

1,899 



Mon 20 Aug 2001 

Eff. Date 01/24/01 

Tri-Service Automated Cost Engineering. System (TRACES) 

PROJECT STRAT3: Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant 

** PROJECT DIRECT SUMMARY - SubSystm ** 

G. B.04.43 Contractor Quality Control Plan 

TOTAL Pre-construction and Oversite 

G. B.10 Site Preparation 

G. B.10.03 Maintain Stockpile/Decon Area 

G. B.10.46 Maintain Erosion Control Measure 

TOTAL Site Preparation 

G. B.15 Soil Excavation and Causeway Gra 

G. B.15.06 Side Slope Soil Excavation 

G. B.15.10 Grading 

TOTAL Soil Excavation and Causeway Gra 

G. B.25 Placement of Lower Cover System 

G. B.25.02 Rock Fill Material 

G. B.25.04 Geotexiles 

G. B.25.10 QC Soil Testing 

G. B.25.27 Import and Place Gravel 

G. B.25.30 Compact Gravel 

G. B.25.40 Placing Polymeric Marine Mattres 

TOTAL Placement of Lower Cover System 

G. B.30 Placement of UpperCover System 

G. B.30.10 Import and Place Sand 

G. B.30.20 Compact Sand 

G. B.30.40 Placement of 411 Interlocking Blo 

G. B.30.50 Import and Place Gravel 

G. B.30.70 QC Soil Testing 

TOTAL Placement of UpperCover System 

G. B.35 Placement of Rip-rap Transition 

G. B.35.15 Rip-rap Transition 

TOTAL Placement of Rip-rap Transition 

QUANTITY UOM MANHRS LABOR EQUIPMNT MATERIAL 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

113 

2,401 

20 

80 

100 

625 

150 

775 

177 

334 

0 

9 

4 

0 

523 

93 

42 

0 

15 

0 

150 

163 

163 

3,182 

64,911 

662 

2,430 

3,092 

22,752 

5,194 

27,946 

5,254 

12,000 

0 

318 

144 

0 

---------
17,716 

3,339 

1,514 

0 

557 

0 

---------
5,409 

5,191 

5,191 

Currency in DOLLARS 

0 

18,719 

0 

0 

0 

31,469 

2,131 

33,600 

2,604 

0 

0 

144 

61 

0 

2,809 

1,516 

636 

0 

253 

0 

2,405 

1,923 

1,923 

0 

23,772 

0 

0 

0 

0 

0 

0 

22,103 

144,160 

0 

1,839 

0 

0 

---------
168,102 

19,311 

0 

0 

3,218 

0 

---------
22,529 

3,155 

3,155 

TIME 11:27:23 

SUMMARY PAGE 16 

OTHER TOTAL CST UNIT COST 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

867 

0 

0 

940,000 

940,867 

5,017 

0 

252,000 

0 

3,960 

------ - -
260,977 

0 

0 

3,182 

107,402 107402.44 

662 

2,430 

3,092 

54,222 

7,325 

61,546 

29,961 

156,160 

867 

2,302 

205 

940,000 

---------
1,129,494 

29,182 

2,150 

252,000 

4,028 

3,960 

---------
291,320 

866.70 

2301. so 
204.75 

940000.00 

29182.35 

2149. 88 

252000.00 

4027.63 

3960.30 

10,269 10268.78 

10,269 



Mon.20 Aug 2001 

Eff. Date 01/24/01 

Tri-Service Automated Cost Engineering System (TRACES) 

PROJECT STRAT3: Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant 

** PROJECT DIRECT SUMMARY - SubSystm ** 

G. B.45 Placement of Grass Cover 

G. B.45.08 Placement of Grass Cover 

TOTAL Placement of Grass Cover 

G. B.50 Off-Site Transport & Disposal 

G. B.50.01 Steam Clean and Dispose of Debri 

TOTAL Off-Site Transport & Disposal 

G. B.55 Sample and Anaylsis 

G. B. 55 .. 5 Sample and Anaylsis 

TOTAL Sample and Anaylsis 

G. B.70 Site Survey 

3.70.46 Topographic Survey 

G. B.70.51 Final Report Generation 

TOTAL Site Survey 

G. B.80 Demobilization/Project Closeout 

G. B.80.30 Equipment Demobilization 

G. B.80.51 Phase II Completion Report 

G. B.80.56 Removal of Erosion Control 

G. B.80.61 Site Clean-up 

G. B.80.66 Environ. Land-use Restrictions 

TOTAL Demobilization/Project Closeout 

TOTAL Phase II 

QUANTITY UOM MANHRS 

1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 

1,907 

1,907 

298 

298 

0 

0 

960 

40 

1,000 

0 

28 

21 

37 

60 

146 

7,463 

LABOR EQUIPMNT MATERIAL 

57,976 

57,976 

9,144 

9,144 

0 

0 

18,430 

1,182 

19,611 

0 

714 

622 

1,108 

1,789 

4,234 

---------
215,231 

---------

136 

136 

9,298 

9,298 

0 

0 

5,104 

0 

5,104 

0 

0 

0 

0 

0 

0 

73,994 

---------

49,395 

49,395 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

---------
0 

266,953 

---------

TIME 11:27:23 

SUMMARY PAGE 17 

OTHER TOTAL CST UNIT COST 

7,023 

7,023 

48,650 

48,650 

16,243 

16,243 

0 

0 

0 

11,700 

0 

0 

0 

0 

11,700 

---------
1,287,060 

-

114,530 

114,530 

67,092 

67,092 

16,243 16243.10 

16,243 16243.10 

23,534 

1,182 

24,716 24715.54 

11,700 

714 

622 

1,108 

1,789 

---------
15,934 

---------
1,843,238 1843238 

---------
TOTAL Phase I and II 1.00 EA 13,574 376,696 160,196 304,790 1,565,779 2,407,461 2407461 

TOTAL Stratford Army Engine Plant 

Prime Contractor's Field Overhead 

SUBTOTAL 

Prime's Home Office Expense 

..:,tJBTOTAL 

13,574 376,696 

Currency in DOLLARS 

160,196 304,790 1,565,779 2,407,461 

188,082 

2,595,543 

90,844 

2,686,387 



Mon 20 Aug 2001 

Eff. Date 01/24/01 

Prime Contractor's Profit 

SUBTOTAL 

Prime Contractor's Bond 

TOTAL INCL INDIRECTS 

Escalation 

SUBTOTAL 

Contingency 

SUBTOTAL 

Tri-Service Automated Cost Engineering System (TRACES) 

PROJECT STRAT3: Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant 

** PROJECT DIRECT SUMMARY - SubSystm ** 

QUANTITY UOM MANHRS LABOR EQUIPMNT MATERIAL 

Supervision, Inspection, and Overhead 

TOTAL INCL OWNER COSTS 

Currency in DOLLARS 

TIME 11:27:23 

SUMMARY PAGE 18 

OTHER TOTAL CST UNIT COST 

187,375 

2,873,762 

34,485 

2,908,248 

46,532 

2,954,780 

450,308 

3,405,088 

238,356 

3,643,444 



Mon 20 Aug 2001 

Eff. Date 01/24/01 

Tri-Service Automated Cost Engineering System (TRACES) 

PROJECT STRAT3: Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant 

** CONTRACTOR SETTINGS** 

TIME 11:27:23 

SETTINGS PAGE 1 

AMOUNT PCT PCT S RISK DIFF SIZE PERIOD INVEST ASSIST SUBCON 

AA Prime Contractor 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

AT Acustic Treatment Contractor 

Prime. Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

CA Carpeting Contractor 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

EL Electrical Contractor 

:ime Contractor's Field Overhead 

Prime's Home. Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

FP Fire Protection Contractor 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

GW Gypsum Wallboard Contractor 

Prime Contractor's Field Overhead 

Prime I s. Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

HV HVAC Contractor 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

C 

p 

C 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

3.50 

6.98 

1.20 

12.00 

8.00 

8.00 

1.00 

12.00 

8.00 

8.00 

1.00 

12.00 

8.00 

8.00 

1.00 

12.00 

8.00 

8.00 

1.00 

12.00 

8.00 

8.00 

1.00 

12.00 

8.00 

8.00 

1.00 

Currency in DOLLARS 

0.080 0.090 0.080 0.080 0.075 0.100 0.030 



Mon 20 Aug 2001 

Eff. Date 01/24/01 

Tri-Service Automated Cost Engineering System (TRACES) 

PROJECT STRAT3: Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant 

** CONTRACTOR SETTINGS** 

TIME 11:27:23 

SETTINGS PAGE 2 

AMOUNT PCT PCT S RISK DIFF SIZE PERIOD INVEST ASSIST SUBCON 

LP Lath, Plaster, Stucco Contractor 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

MA Masonry Contractor 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

MC Controls Contractor 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

ME Mechanical Contrator 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

MR Membrane Roofing Contractor 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

PL Plumbing Contractor 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

PS Painting and Sealants Contractor 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

12.00 

8.00 

8.00 

1.00 

12.00 

8.00 

8.00 

1.00 

12.00 

8.00 

8.00 

1.00 

12.00 

8.00 

8.00 

1.00 

12.00 

8.00 

8.00 

1.00 

12.00 

8.00 

8.00 

1.00 

12.00 

8.00 

8.00 

1.00 

Currency in DOLLARS 



Mon 20 Aug 2001 

Eff. Date 01/24/01 

Tri-Service Automated Cost Engineering System (TRACES) 

PROJECT STRAT3: Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant 

** CONTRACTOR SETTINGS** 

TIME 11:27:23 

SETTINGS PAGE 3 

AMOUNT PCT PCT S RISK DIFF SIZE PERIOD INVEST ASSIST SUBCON 

RF Resilient Flooring Contractor 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

SM Sheetmetal Contractor 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

SR Shingles, Roofing Tiles Contract 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

SS Structural Steel Contractor 

:ime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

SW Sitework Contractor 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

TI Tile Contractor 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

WC Wall Covering Contractor 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

12.00 

8.00 

8.00 

1.00 

12.00 

8.00 

8.00 

1.00 

12.00 

8.00 

8.00 

1.00 

12.00 

8.00 

8.00 

1.00 

12.00 

8.00 

8.00 

1.00 

12.00 

8.00 

8.00 

1.00 

12.00 

8.00 

8.00 

1.00 

Currency in DOLLARS 



Mon 20 Aug 2001 

Eff. Date 01/24/01 

Tri-Service Automated Cost Engineering System (TRACES) 

PROJECT STRAT3: Stratford Army Engine Plant - Stratford, Connecticut 

Stratford Army Engine Plant 

** CONTRACTOR SETTINGS** 

TIME 11:27:23 

SETTINGS PAGE 4 

AMOUNT PCT PCT S RISK DIFF SIZE PERIOD INVEST ASSIST SUBCON 

CT Ceramic Tile Contractor 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

AB Work Not In Construction Contrac 

Prime Contractor's Field Overhead 

Prime's Home Office Expense 

Prime Contractor's Profit 

Prime Contractor's Bond 

p 

p 

p 

p 

p 

p 

p 

p 

12.00 

8.00 

8.00 

1.00 

0.00 

0.00 

0.00 

0.00 

Currency in DOLLARS 
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ATTACHMENT F-Building 59 Characterization Sampling Results 
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APPENDIXH 

Attachment A- Photographs of Oversized Materials on the Causeway (February 
2001) 

HARDING ESE 
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APPENDIXH 

Attachment B- Well Installation Details (Boring No. MWCD-00-01) 
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MQNITQFHNG WELL CQNSTRUOTIQN DIAGRAM 

Project SAEP Study Area Causeway Driller Earth Exploration, Inc. 

Project No. 50796/1032 Boring No. MWCD-00-01 Drilling Method Drive & Wash 

Date Installed 9-26-00 Development Method Pump & Surge 

Field Geologist _T_._L_o_n-gl_e-=-y __________ _ 

Ground 
Elevation--1!.JL_ 

Elevation of Top of Surface Casing: ______ _ 
Stick-up of Casing Above Ground Surface: ____ _ 

-Elevation of Top of Riser Pipe: ________ _ 
Type of Surface Seal: _C=on~c=r-=et=e;.._ ______ _ 
Type of Surface Casing: ____ S ....... te ____ e ___ l _______ _ 

ID of .Surface Casing: _4 __ " _________ _ 

Diameter of Borehole: _4.:;....." _________ _ 

Riser Pipe ID:__,,;;;;2;._" ____________ _ 
Type of Riser Pipe:_S---c __ h_4 ___ 0 ___ P __ V ...... C _______ _ 

Type of Backfill: Bentonite/Cement 

--------Elevation of Top of Seal:_·3=·=-21 
________ _ 

Depth of Top of Seal:_1=2;....1 
_________ _ 

Type of Seal: Benonite Pellets 

---------Elevation of Top of Sand:_-__ 5=.2 ...... ' _______ _ 
Depth of Top of Sand: ___,......_1 _________ _ 

1,.....------Etevation of Top of Screen: _-..;;..7.=2 ...... ' _______ _ 
Depth of Top of Screen:_1_6_1 

________ _ 

Type of Screen:_S_c __ h_4 ___ 0 ____ P_V_C ________ _ 
Slot Size x Length: ___,;;o:::..::..0=-1.:...::0;._"...::.;X:_1:...::0:...' --------

1 D of Screen: ___,;;;;2;._11 
____________ _ 

Type of Sandpack: Silica Well Sand 

Elevation of Bottom of Screen:_---=-17.::..;•=2' ______ _ 
Depth of Bottom of Screen: ____ 26=-'--------
Depth of Sediment Sump with Plug:----=2=6:;._1 

____ _ 

Elevation of Top of Seal:_-_1_8. __ 2_' _______ _ 
Depth of Top of Seal: ____ 2=7--' _________ _ 

Type of Seal: Bentonite Pellets {31 thick) 

Elevation of Bottom of Borehole:_·-=-61.::...::;.2=-'-----
Depth of Bottom of Borehole:'--7-=-o.:....•--------

'---------------•HA .. ~~~E~ 2000094(a) L2 jilll ...... ..,, ..... ..,.,,,,,.,.m 
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Attachment C- Building 59 Plans and Photographs (February 2001) 
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I Item# 

1 
10 
18 
53 
136 

FD 
Roof 
WC 

Key: 

TABLE 3.6.1 
TOTAL ESTIMATED QUANTITIES OF ASBESTOS CONTAINING MATERIALS 

BUILDING 5 

TOTAL ESTIMATED QUANTITIES OF ASBESTOS CONTAINING MATERIALS 

I Material Description I Quantity I Units 
Pipe insulation and associated fittings, magnE~sium block, 3-6" O.D. 878 LF 
Fabric strapping 6 LF 
Pipe insulation, Aircell, 2-611 O.D. 3 LF 
Vibration joints, white fabric 2 EA 
Pipe insulation and associated fittings, magnesium block, 811 O.D. 12 LF 

Fire Doors 6 EA 
Roofing Material 5,363 SF 
Window Caulking 350 LF 

LF = Linear Feet; SF= Square Feet; EA= Each; O.D. = Outer Diameter 

M _ ,.t __ r A 

I 



Lab Sample No. Field Sample No. 
060297- 319 - 05 - ROOF -
060297- 320 - 05 - FLASH -
110497- 985 110397 - 05 - 279 - 01 
110497- 986 110397 - 05 - 282 - 01 

110497- 987 110397 - 05 - 281 - 01 
110497- 988 110397 - 05 - 281 - 02 

110497- 989 110397 - 05 - 285 - 01 
111397- 1046 110697 - 05 - 53 - 01 

Notes: 

TABLE 3.6.3 
SUMMARY OF ANALYTICAL RESULTS 

BUILDING 5 

Description 
Built-up roofing material - Building 5 

Roof flashing - Building 5 

Grey Cementitious Caulking around door, both sides(CK5-1 from exterior) 
Dark grey chewy caulking between window and wall (CK5-2) 

Plaster-like yellowish white window caulking on interior of steel panes (CK5-3) 

Plaster-like yellowing white window caulking on interior newer windows {CK5-4) 

Light grey flexible caulking - around door wt glass panels on either side, caulking on both interior and exterior (CKS-5) 

Vibration joint, white fabric 

<
1

> Results are based upon Polarized Light Microscopy (PLM) analysis. 

% AsbP1 

0.0 

17.2 

4.0 
0.0 

2.3 

0.0 

0.0 

58.4 
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Attachment D-Building 5 Plans and Photographs (February 2001) 
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BUILDING 5 - FUEL SYSTEM TEST 

Building 5 is a one-story, 5,363 square foot building 
constructed of concrete floors, steel supports, and 
masonry exterior walls. Roofing consists of tar and felt 
built-up roofing material. 
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Attachment E Berm Near Building 34 
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H-D-2 Building 5 Photos 

HARDING ESE 
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Overview of building from Northwest Overview of building from Southwest 

Overview of building from Southeast Overview of building from N·ortheast 
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Front View Deterioration' Front Entrance Overhang Deterioration 

Lintel & Wall Deterioration Wall Deterioration 
Page2 



Severe Deterioration Northeast Corner Detail of Deterioration Northeast Corner 

Deterioration Southeast Corner Deterioration East Wall 
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Building Interior Deterioration 
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ATTACHMENT F 
APPENDIXH 

CAUSEWAY DESIGN 
BUILDING B-59 CONCRETE CHARACTERIZATION SAMPLING 

STATFORD ARMY ENGINE PLANT 

Harding ESE collected concrete chip and powder samples from the floors and walls of different areas 
of Building B-59 on June 27, 2001. The purpose of the sampling was to characterize the potential 
nature of the contamination in the concrete construction material of the building. The Construction 
Contractor will use the chemical data in the determination of concrete disposal options following 
demolition. 

Building B-59 is located on the southwestern portion of the Causeway at the Stratford Army Engine 
Plant in Stratford, Connecticut. Explosives were stored in Building B-59 during the late 1960's and 
1970's, for use in the manufacturing of re-entry vehicles for the Titan and Minuteman 
Intercontinental Ballistic Missile (ICBM) systems. The explosives used at SAEP were reportedly for 
explosive bolts or explosive materials used in the guidance systems of the ICBMs, packed inside 
cylindrical containers. 

Building B-59 is constructed primarily of concrete, and consists of 4 cells, or rooms, with cell #1 
being the largest room measuring approximately 21' x 22' ( see Figure 1 ). The other three rooms 
measure either 6' x 10' or 8' x 10', and all ceilings are approximately 9' high. A loading dock 
measures approximately 11' x 23 ', and is located on the outside of these four rooms. A concrete 
ramp leads up to the loading dock for access from the Causeway and passes through an opening in a 
16' high concrete wall that completely surrounds the building. This surrounding wall measures 
approximately 46' x 70'. Figure 1 schematically depicts the relationships of these features at 
Building B-59. 

A total often samples were collected from the following locations at Building B-59: 

• the floors of each of the four cells were sampled in a minimum four locations, and the 
samples were composited into a single sample ( 4 samples total); these samples are 
designated as CELL2F0101(the "2" denotes the number 2 cell room, etc., and the "F" 
denotes a sample from the floor; 0101 designates this being the first sampling round in the 
year 2001) 

• the walls of each of the four rooms were sampled in a minimum four locations, and the 
samples were composited into a single sample ( 4 samples total); these samples are 
designated as CELL3W0101 (the "W" denotes a wall sample, this sample being from the 
number 3 cell room) 

• the concrete ramp leading into Building B-59 was sampled in four locations, and then 
composited into a single sample (1 sample total); this is identified as RAMP0I0l 

• the loading dock was sampled in four locations, and the then composited into a single 
sample (1 sample total); this is identified as LD0101 

Figure 1 shows the areas where the samples were collected. Each sample was collected using a 
hand-held air hammer drill to chip away enough sample volume for collection. For each sample, all 
of the collected material was composited in a stainless steel mixing bowl before being placed into 
sample jars. Except for the concrete ramp sample, samples were collected from randomly selected 
locations of the walls or floors. The ramp sample was collected from a low channel-like depression 
that leads away from the loading dock. All samples were placed into two 8-oz. jars ( one jar for 

\\POR-PROJECT\VOL 1\PROJECTS\Projects\CBDCOM\SAEP\Causeway\Design\100% 
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metals analysis, one for all other analyses). The samples were preserved with ice, and were then sent 
via overnight delivery to CompuChem laboratory in Cary, NC for analysis. 

The analytical tests performed were for TCLP metals (Methods 1311/6010/7470), PCBs (Method 
8082), explosive compounds (Method 8330), and reactivity (Method SW846-Section 8.3). 
Analytical data received from the laboratory underwent a chemist review for quality assurance, but 
have not undergone USEPA validation procedures (CHECK THIS W / CHRIS). Analytical results 
for detected analytes are presented in Table 1. Complete analytical results are presented in Table 2. 
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Method Parameter 
TCLP Metals (µg/L) 
SW6010B BARIUM 

CADMIUM 
CHROMIUM 
LEAD 
MERCURY 
SELENIUM 

PCB (µg/kg) 
SW8082 PCB-1248 

PCB-1254 
PCB-1260 

TABLE 1 
BUILDING B-59 CONCRETE CHARACTERIZATION SAMPLES - HITS ONLY 

PHASE I AND II 90% DESIGN 
STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 

Notes: 
J 

448 J 
4 J 

86.8 J 

11.2 J 

36 
20 J 

601 J 

25.3 J 

11.7 J 

120 P 

Estimated value 
not detected 

µg/L = micrograms per liter 
µg/kg = micrograms per kilogram 

267 J 

63.6 J 

10.3 J 

48 J 

26 J 

TCLP = Toxicity Characteristic Leaching Procedure 
PCB Polychlorinated biphenyls 

654 J 

28.1 J 

11.3 J 

67 

377 J 

28.8 J 

0.2 J 
10.5 J 

Explosive Compounds and Reactivity Analyses did not have positive detections. 

P:\Projects\CBDCOM\SAEP\RIReport\SAEP Data Hits xTab.xls 

519 J 

4.4 J 

0.15 J 

13.4 J 

57 J 

160 J 

24.3 J 

18.1 J 

9.2 J 

52985 



Method Parameter 
TCLP Metals (µg/L) 
SW6010B BARIUM 

CADMIUM 
CHROMIUM 
LEAD 
MERCURY 
SELENIUM 

PCB (µg/kg) 
SW8082 PCB-1248 

PCB-1254 

TABLE 1 
BUILDING B-59 CONCRETE CHARACTERIZATION SAMPLES - HITS ONLY 

289 J 

38 J 

0.16 J 
8.8 J 

PHASE I AND II 90% DESIGN 
STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 

402 J 

11.3 J 

13.2 J 

198 J 
24.4 J 
297 J 

11.6 J 

PCB-1260 I 170 J 

Notes: 
J = Estimated value 

not detected 
µg/L = micrograms per liter 
µg/kg = micrograms per kilogram 
TCLP = Toxicity Characteristic Leaching Procedure 
PCB = Polychlorinated biphenyls 
Explosive Compounds and Reactivity Analyses did not have positive detections. 
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Chemist Review: 

A project chemist review was completed on construction material samples collected at the SAEP Causeway. 
Samples were collected on June 27, 2001 and analyzed by CompuChem Laboratory in Cary, North 
Carolina. Analyses included TCLP Inorganics by Method 1311/601 OB, PCBs by Method 8082, explosives 
by Method 8330C, and reactivity. Results from the following sample analyses were reviewed: 

Samp~e ID 
CELL 1 F0101 
CELL 1W0101 
CELL2F0101 
CELL2W0101 
CELL3F0101 
CELL3W0101 
CELL4F0101 
CELL4W0101 
LD0101 
RAMP0101 

Lab Sample ID 
Q2122-2 
Q2122-9 
Q2122-3 
Q2122-8 
Q2122-4 
Q2122-7 
Q2122-5 
Q2122-6 
Q2122-1 
Q2122-10 

A review of the laboratory data was completed by the Harding ESE project chemist to provide a general 
evaluation of data quality of the reported results, and to determine if there were data usability considerations 
that should be identified. The chemist review included a review of the laboratory case narratives, data set 
completeness, holding time compliance, data accuracy (lab control samples and matrix spike data), and 
quality control blank data. If necessary, results were qualified in accordance with USEP A data validation 
guidelines (USEP A, 1994 ). A summary of the chemist review and explanations of data qualification actions 
is presented below. 

Inorganics: 

• A subset of results were qualified B by the laboratory indicating the detected concentrations were less 
than the sample quantitation limits (SQLs) established for the method. These results have been 
qualified as estimated J during the chemist review. 

• Low concentrations of lead, cadmium, and arsenic reported in samples were qualified non-detect U due 
to similar concentrations reported in laboratory QC blanks. The QC blank data indicated that low 
concentration contamination was possible. 

• A subset ofresults for aroclor 1248, and aroclor 1260 were qualified P by the laboratory indicating 
variability between concentration in the confirmation column analysis. These results were qualified 
estimate J in the final data. 

Explosives: 

• Results for 1,3,5-trinitrobenzene in all samples were qualified estimated J due to low recoveries in the 
associated matrix spike sample RAMPOlOl. Recovery ranged from 41 % to 44% indicating a possible 
low bias. 

• Results for 2,4,6-trinitrotoluene, 2-amino-4,6-dinitrotoluene, 4-amino-2,6-dinitrotoluene, tetryl, and 3-
nitrotoluene were qualified rejected R due to low recovery in the matrix spikes. Good recoveries were 
reported in the lab control samples (blank spikes). However; recovery of 0% in the spiked sample 
matrix indicates that the sample matrix was incompatible with these compounds. 



References: 

U.S. Environmental Protection Agency (USEPA), 1994. "USEPA Contract Laboratory Program National 
Functional Guidelines for Organic (Inorganic) Data Review"; Office of Solid Waste and Emergency Response; 
EPA-540/R-94/012; February 1994. 



Method Parameter 
TCLP Metals 
SW6010B ARSENIC 

BARIUM 
CADMIUM 
CHROMIUM 
LEAD 
MERCURY 
SELENIUM 
SJLVER 

PCBs 
SW8082 PCB-1016 

PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 

Explosive Compounds 
SW8330C 1,3,5-TRINITROBENZENE 

1,3-DINITROBENZENE 
2,4,6-TNT 
2,4-DINITROTOLUENE 
2,6-DINITROTOLUENE 
2-NT 
2A,4,6-DNT 
3-NT 
4-NT 
4A,2,6-DNT 
HMX 
NITRO BENZENE 
RJDX 
TETRYL 

TABLE 2 
BUILDING 59 CONCRETE CHARACTERIZATION SAMPLES - COMPLETE ANALYTICAL RESULTS 

PHASE I AND II 90% DESIGN 
STRATFORD ARl\,'IY ENGINE PLANT 

STRATFORD, CONNECTICUT 

µg/L 2.3 U 2.1 U 2.1 U 2.1 U 2.9 U 2.7 U 3.2 U 

µg/L 448 J 601 J 267 J 654 J 377 J 519 J 160 J 
µg/L 4J 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.48 U 
µg/L 86.8 J 25.3 J 63.6 J 28.1 J 28.8 J 4.4 J 24.3 J 
µg/L 2.4 U 7U 3U 2.4 U 3.2 U 1.7 U 18.1 J 
µg/L 0.1 U 0.1 U 0.1 U 0.1 U 0.2 J 0.15 J 0.1 U 
µg/L 11.2 J 11.7 J 10.3 J 11.3 J 10.5 J 13.4 J 9.2 J 
µg/L 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U 0.7 U 

µg/kg 34 U 33 U 35 U 33 U 34 U 33 U 34 U 
µg/kg 44 U 43 U 46 U 43 U 44 U 43 U 44 U 
µg/kg 34 U 33 U 35 U 33 U 34 U 33 U 34 U 

µg/kg 23 U 23 U 24 U 23 U 23 U 23 U 23 U 
µg/kg 23 U 23 U 48 J 23 U 23 U 23 U 23 U 
µg/kg 36 23 U 24 U 23 U 23 U 23 U 23 U 
µg/kg 20 J 120 26 J 67 34 U 57 J 34 U 

mg/kg 0.26 UJ 0.26 UJ 0.27 UJ 0.26 UJ 0.26 UJ 0.26 UJ 0.26 UJ 

mg/kg 0.26 U 0.26 U 0.27 U 0.26 U 0.26 U 0.26 U 0.26 U 
mg/kg R R R R R R R 
mg/kg 0.26 U 0.26 U 0.27 U 0.26 U 0.26 U 0.26 U 0.26 U 

mg/kg 0.52 U 0.51 U 0.54 U 0.51 U 0.52 U 0.51 U 0.52 U 
mg/kg 0.52 U 0.51 U 0.54 U 0.51 U 0.52 U 0.51 U 0.52 U 

mg/kg R R R R R R R 

mg/kg R R R R R R R 
mg/kg 0.52 U 0.51 U 0.54 U 0.51 U 0.52 U 0.51 U 0.52 U 
mg/kg R R R R R R R 

mg/kg 0.26 U 0.26 U 0.27 U 0.26 U 0.26 U 0.26 U 0.26 U 
mg/kg 0.26 U 0.26 U 0.27 U 0.26 U 0.26 U 0.26 U 0.26 U 

mg/kg 0.26 U 0.26 U 0.27 U 0.26 U 0.26 U 0.26 U 0.26 U 
mg/kg R R R R R R R 

P:\Projects\CBDCOM\SAEP\Design\90%\SAEP-val-Data-xtab.xls 

6.6 U 5.8 U 2.1 U 
289 J 402 J 198 J 
0.3 U 0.3 U 24.4 J 
38 J 11.3 J 297 J 
1.7U 2.4 U 1.1 u 

0.16 J 0.1 U 0.1 U 
8.8 J 13.2 J 11.6 J 
0.7 U 0.7 U 0.7 U 

33 U 34 U 33 U 
43 U 44 U 43 U 
33 U 34 U 33 U 
23 U 23 U 23 U 
23 U 23 U 23 U 
23 U 23 U 23 U 

170 J 34 U 33 U 

0.26 UJ 0.26 UJ 0.26 UJ 

0.26 U 0.26 U 0.26 U 
R R R 

0.26 U 0.26 U 0.26 U 
0.51 U 0.52 U 0.51 U 
0.51 U 0.52 U 0.51 U 

R R R 
R R R 

0.51 U 0.52 U 0.51 U 
R R R 

0.26 U 0.26 U 0.26 U 
0.26 U 0.26 U 0.26 U 
0.26 U 0.26 U 0.26 U 

R R R 



REACTIVE CYANIDE 
REACTIVE SULFIDE 

TABLE2 
BUILDING 59 CONCRETE CHARACTERIZATION SAMPLES - COMPLETE ANALYTICAL RES UL TS 

PHASE I AND II 90% DESIGN 

mg/kg 
mg/k 

STRATFORD ARMY ENGINE PLANT 
STRATFORD, CONNECTICUT 

260 U 
260 U 

254 U 
254 U 

268 U 
268 U 

254 U 
254 U 

260 U 
260 U 

Notes: 

µg/L 
µg/kg 
mg/kg 
u 
J 
R 

= micrograms per liter 
= micrograms per kilogram 
= milligrams per kilogram 
= not detected; the associated value represents the detection limit 
= estimated value 
= rejected 

254 U 
254 U 

261 U 
261 U 

P:\Projer' -'1-DCOM\SAEP\Design\90%\SAEP-val-Data-xtab.xls ?_ 

255 U 
255 U 

259 U 
259 U 

255 U 
255 U 
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SAMPLE COMPOSITE OF 
LOADING DOCK FLOOR-LD0101 

SAMPLE COMPOSITE OF FLOOR-CELL 1F0101 
SAMPLE COMPOSITE OF WALLS-CELL 1W0101 

CELL-1 

CELL-2 

SAMPLE COMPOSITE 
OF FLOOR
CELL2F0101 

SAMPLE COMPOSITE 
OF WALLS
CELL2W0101 

BUILDING 59 
SCHEMATIC PLAN 

SCALE: 1 "=5' 

LOADING DOCK 

CELL-3 

SAMPLE COMPOSITE 
OF FLOOR
CELL3F0101 

SAMPLE COMPOSITE 
OF WALLS
CELL3W0101 

CELL-4 

SAMPLE COMPOSITE 
OF FLOOR
CELL4F0101 

SAMPLE COMPOSITE 
OF WALLS
CELL4W0101 

SAMPLE COMPOSITE OF RAMP-RAMP0101 

CONCRETE RAMP 

16' HIGH .. v 
CONCRETE WALL 

FIGURE 1 
CONCRETE SAMPLE LOCATIONS 

BUILDING 59 
STRATFORD ARMY ENGINE PLANT 

STRATFORD, CONNECTICUT 

------------------------------------------------------------------------------------------- Harding ESE 
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APPENDIX I 

EROSION AND SEDIMENT CONTROL 

Attachment A - Floating Silt Curtain 
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Attachment A Floating Silt Curtain 
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[f{£PN£R /f)LASTICS ,r::c==========C=>
frABRICATDRS~ INC. 

3131 Lomita Boulevard, Torrance, California USA 90505-5158 
TEL: (310) 325-3162 FAX: (310) 326-8560 

• MANUFACTURER .. . Custom or Production, All Materials, Fast Service 

• COVERS & LINERS . .. Industrial, Equipment, Tanks, Ponds. etc. 

• SPECIALTIES . .. R&D, Technical, Inflatable, Vacuum, etc. 

• GUARANTEED WORKMANSHIP . .. "We Do Good Work" 

HARDING ESE 
A Mactec Company 
Portland, ME 

Subject: Introduction to Kepner Plastics Fabricators, Inc. 
Sample projects for Silt Barriers 

Gentlemen, 

SeaCurtain* 
Pollution Control Products 

• ReelPak*, FireGard*, Compactible*, 
Inland, Harbor & Offshore Booms 

• SeaVac* Skimmers & Separators 
• SeaContainer* Tanks & Bladders 

23, March 2001 

We are pleased to provide you with information on Kepner Plastics' oil spill pollution control products, 
engineering and manufacturing capabilities. Kepner Plastics manufactures a large variety of oil spill 
emergency response systems, custom boom design work and accessories, including: 

SeaCurtain™ Containment Booms 
ReelPak™ 
SeaCurtain™ Silt Barriers 
Harbor and Offshore SeaVac™ Skimmers 
SeaContainer™ Towable and Flexible Tanks 
KepBerm™ Secondary Containment Systems - FireGard™ 

Since 1961, major oil companies, governmental agencies, cleanup co-ops and contractors have proved 
our pollution control systems' reliability and effecfiveness through repeated use worldwide. 

We pride ourselves in continuous enhancements and innovations to our systems and in our commitment to 
designing and manufacturing the best systems for each customer's specific needs. Most of our oil spill 
related products are our own design and are patented. 

In addition to oil spill containment and recovery equipment, Kepner Plastics custom designs and fabricates 
a wide variety of specialty products, including environmental covers and liners, collapsible tanks, inflatable 
lift bags and relocatable shelters. 

Thirty plus years of experience have made us experts in manufacturing products made of coated fabrics, 
films, extrusions and/or foam materials in conjunction with mechanical devices, hardware and/or fasteners. 

*Trademark 
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HARDING ESE 

1.) We have attached copies of some colored pictures numbered (1-14 ), these are actual photos taken 
of the dredging operation in Long Beach Harbor by Manson Construction. This project was the 
beginning phase to rebuild the harbor to assist in the new Ocean Container Terminals that needed 
to be constructed after the U.S. Navy shut down and moved from Long Beach, California. 

One of the problems we at Kepner Plastics encountered was that the end user and the local 
government officials were forcing the contractor to use a system that was too much for the job. 
We at Kepner Plastics can only supply the buyer or end users with information and then 
manufacture the product based on what they want to order in the end. 
The Manson Construction project was a good example of to many, too much and not taking any 
good advise, which cost Manson the contractor more money in the end. This was not Manson's 
doing in any way but the cost was incurred onto them because of the situation. 

We were asked to manufacture a much longer skirt than needed with the Geo-Membrane Black 
woven fabric. Pictures # 1 and # 2 show how the product looked when packaged and ready to 
ship. Pictures 3, 4, & 7 show the product on the floor of our facility while being manufactured. 
Notice the length of the skirt and how long it is as of the time we manufactured it the first time. 

Pictures# 8, 9, & 10 are showing the damaged areas due to anchoring, drift and current problems 
due to the long skirted area. Another problem is that the marine growth was evident after only one 
week; this created a drag effect and eventually caused the boom to come apart in certain areas. 

Look very carefully and you will see the entire skirted area (Black) floating to the surface, this is the 
sail effect we mentioned to Brian and Tom and basically the product became useless at this point. 
The stress and drag were so great from the current (which was less than 1.25 knots) that is tore, 
ripped and damaged the barrier to where a new plan had to be set up very quickly by the end user. 

Picture # 11 is the total length shot of the, entire Silt Curtain at the time of deployment. The main 
dredging was to the right, as you can see the color difference in the water. 

Picture # 12 is just an example of what you see from the surface; looking down, notice the skirt 
section creating the sail effect. 

Now look at Pictures 13, and 14: This was the final Silt Barrier for the project that not only worked 
but had the final approval from all agencies involved. Notice the solid skirt section and length of the 
skirt compared to the first barrier ordered. This project is a good example for your company to 
examine and as a manufacturer this was that 30 year plus learning curve we experience from time 
to time. 

Please keep in mind that Silt Barrier projects vary a great deal from project to project, there is no 
exact science but there are experienced people in the industry that can help. 

2.) Attached also is a project booklet on an overseas product that Kepner Plastics manufactured. 
The Jebel Ali Gas Turbine "G" Station was created to assist in the control of debris and other 
objects that were being pulled into the water turbine system. This system assisted in controlling the 
situation. 
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Various Government agencies we deal with on a regular basis: 

U.S Air Force 
Royal Danish Air Force 
U.S. Army Corps of Engineers 
U.S. Navy 
NAVFACCOM 
U.S. Marine Corps 
U.S.C.G. 
Indian Coast Guard 
Swedish Coast Guard 
NASA 
Orbital Science Group 
Sandia National Laboratories 

Samples of International and U.S. recognition for publications and accomplishments as a Corporation: 

Mariners Annual 
The International Oil Spill Control Directory and Counsel 
Pollution Equipment Buyer Guide 
)ffshore Technology Member 

OHMSAT Testing Facility 
NAVFACCOM ( Port Hueneme, Ca.) Naval Engineering Facilities Command Testing Facility 

Please feel free to contact us regarding any questions or additional information. 

Sincerely, 

~~FABRICATORS, INC. 

David R. Parrow 
Sales Associate 
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Introduction 
This report details findings and recommendations made 
pursuant to a commissioning agreement between KEPNER 
PLASTICS F ABRlCA TORS, INC. and COSTAIN DUBAI 
COMPANY. 

The agreement specifies technical services to be provided 
relating to the installation and commissioning of a 
KEPNER SEA CURTAIN™ oil exclusion boom system to 
protect a water intake serving the Jebel Ali "G" power 
plant and desalination facility in Dubai, United Arab 
Emirates. 

Photographs illustrating and supplementing the text are 
included in Appendix A to this report. 

Meetings and Relations 
with Customer 
Preliminary Tour of Facilities 
On Sunday, 12 December 1933, Peter Fisher, of COSTAIN 
DUBAI COMP ANY (hereafter designated CDC), picked up 
Mr. Rik Shafer (hereinafter designated KPF REP) up at 
the Chicago Beach Hotel in Dubai and drove to the Jebel 
Ali "G" power plant site to meet George Kingsbury, 
Project Superintendent with COSTAIN DUBAI. The 
following facilities were viewed: 

The boat ramp where the exclusion boom system is 
to be launched and retrieved. The facility appeared 
to be essentially complete except for approach roads. 

The boathouse where the boom, tow boat, and 
associated equipment are to be stored. The facility 
is under construction, but completion is expected in a 
few weeks. 

• A yard where the boom containers and the tow boat 
were stored. One boom container had been partially 
opened for inspection, but contents appeared intact at 
this point. 

During this initial inspection tour KPF REP observed 
only moderate wave action in the waters just offshore of 
the boat ramp. (See Photo 1.) The existing temporary 
jetties, which were evidently built to protect the boat 
ramp and water outfall during construction, in the existing 
wind conditions may make launching and retrieval of the 
boom with an inexperienced crew difficult. If sea 
conditions were much worse than observed, it would be 
risky trying to bring a boat through the nearshore surf 
zone. 

I nitia/ Meeting 
At 10:15 AM, Sunday, 12 December 1993, Peter Fisher, 
George Kingsbury, and KPF REP met with Iain Bell, 
Engineering Manager with Dutco Balfour Beatty (Pvt.) 
Ltd., for the Jebel Ali 'G' Power Station project 
(hereinafter designated "DBB"). Activities were 
reviewed as planned to occur over the next few days, as 
listed in the following schedule: 

SUNDAY, 12 DEC 93: 

1) Open the boom shipping containers. Inspect 
and inventory their contents. 

2) Insure that ground surf aces adjacent to the 
boat ramp and boathouse are graded and 
compacted. 

MONDAY, 13 DEC 93: 

1) Assemble the components of the exclusion 
boom system on a site near the boat ramp 
There were no paved surfaces available for this 
activity, however sufficient men were to be 
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assigned to be able to lift reasonable-sized 
portions of the boom into position for assembly, 
and get it to the launch point on the boat ramp 
without' dragging it across the ground or rough 
concrete. 

Monday afternoon, tides were to become too low 
· for safe recovery of the boom late in the day, 

given the present sea state. 

2) Launch the boat and tie it up at a nearby pier. 

3) Complete the work of attaching the anchor 
buoys to existing anchors at the water intake 
site. 

TUESDAY, 14 DEC 93: 

1) Launch the assembled boom into the water 

2) Tow the boom to the water intake site. 

3) Attach the boom to the anchoring system. 

4) Lower the skirl 

5) Evaluate boom performance. 

6) Raise the skirt and securely wrap hanging 
portions with the loose ends of the skirt control 
lines .. 

7) Disconnect the boom from the anchoring 
system. 

8) Tow the boom to the boat ramp. 

9) Retrieve the boom and stack it on the boat 
ramp. Depending on sea state and wind condi
tions, boom retrieval may not be possible to do 
this safely with only one boat, because wind may 
drive the trailing end of the boom onto the rocks 
of the nearby jetties. 

WEDNESDAY, 15 DEC 93: 

1) Demonstrate launching and recovery for the 
client (assuming all went well during Tuesday's 
practice). 

Contacts with Peter Fisher, Area 
Quantity Surveyor, Costain Dubai 
Company [CDC] 
KPF REP had direct contact with Peter Fisher only during 
the initial and final meetings, but spoke with him by 
phone or left him messages almost daily to keep him 
advised of his progress of the work. 
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Contacts with George Kingsbury, 
Project Superintendent, Costain Abu 
Dhabi Company/Costain Dubai Com
pany 
George Kingsbury provided direct supervision of boo·m 
deployment and recovery operations during the period as 
in Dubai. 

Contacts with lain Bell, Engineering_ 
Manager, Jebel Ali 'G' Power Station 
Project, Outco Balfour Beatty (Pvt) 
Ltd.[DBB] 
Dutco Balfour Beatty is responsible for overall project 
management and Mr. Iain Bell is Engineering Manager. 

Some of the factors affecting the boom deployment and 
recovery, under control of DBB, included: 
a) configuration of the boat ramp and water outfall, 
b) completion of the boathouse with its winch installation, 
c) procurement of the boat, and d) assignment of the boat 
operator. 

Contacts with Mike Degan, Foreman, 
Jebel Ali 'G' Power Station Project, 
Dutco Balfour Beatty (Pvt) Ltd. 
George Kingsbury and the KPF REP had daily contact 
with Mike Degan who was instrumental in coordinating 
DBB support for some of the work. 

Closing Meeting 
On Saturday, 18 December 1993, the KPF REP met with 
Peter Fisher (CDC), George Kingsbury (CDC), Iain Bell 
(DBB) and Mike Degan (DBB Foreman) to review the 
status of actions and future plans. Principal action items 
include the following: 

• Mooring Buoys in approachway to boat ramp: In 
addition to mooring points already placed on either 
side of the foot of the boat ramp, DBB is to fabric~te 
and place two steel plate anchors, and CDC will use 
them to secure two mooring buoys in the 
approachway to the boat ramp. The buoys are to be 
placed along a line extending out to sea from the foot 
of the boat ramp. The first buoy is to be placed 
approximately at the mouth of the approachway, and 
the second approximately 200 m farther out into the 
Gulf and beyond the surf zone. 
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The operational plan for return of the boom to the 
boathouse is now is as follows: 

I. The boat crew tows the forward end of the boom 
loop to' the outermost buoy and temporarily 
secures it there. 

2. The boat crew then picks up the trailing end of 
the boom loop and takes it to the innermost buoy 
where it is attached to a line from shore that has 
been secured there earlier. 

3. The boat and crew then return to the outermost 
buoy and reattach the end of the boom to the 
boat using the towing adapter and bridle 
assembly. 

4. The boat is then operated to maintain light 
tension on the boom and guide it away from the · 
roc~s while the boom is pulled onto the boat 
ramp using the winch which is to be installed at 
the boathouse. 

5. The boat ramp does not line up exactly with the 
seaward approach, so some method is needed to 
redirect the tension and keep the boom away 
from a concrete seawall next to the ramp. The 
KPF Rep suggested securing a KEPNER 

BOOMVEYOR™ near the foot of the ramp as one 
option they might consider. A vertical-axis 
roller mounted in the same location would be 
another possibility. 

• Skirt lifting system: As discussed elsewhere in this 
report, CDC's crew experienced some difficulty 
lifting the boom skirt by hand. The KPF Rep 
described, for the group, a proposed system using a 
winch on the foredeck of the boat to assist in lifting 
the boom skirt and in binding it in place to secure it 
for towing. (See Figure 1.) 

• Anchor buoy attac,hment system: The KPF Rep 
also described a proposed system using the same 
winch mentioned above to facilitate pulling the 
anchor buoys and boom anchor points together when 
hooking up the boom at the water intake site. (See 
Figure 2.) 

• Training: The KPF REP was advised that his 
services were not be needed to train the plant 
operators at this time. 
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skirt 
control 

line 

Figure 1. A winch mounted on the foredeck of the boat 
could be used for pulling up on the skirt control lines 
during the initial raising of the skirt, and also for 
assisting in tightening the line while it is being wrapped 
around loose segments of the skirt to bind them in place. 

Temporary 
line to boom 
anchor point 

boat 

anchor 
buoy 

Figure 2. The same winch mounted on the foredeck of 
the boat would facilitate pulling the boom anchor points 
and the anchor buoys together. 
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Observed Operations 
Opening of Containers and 
Inspection of Boom System 
On Sunday, 12 December 1993. The boom containers 
were moved to a site near the boat ramp and a crew of 5 
men was assigned to open the containers and remove their 
contents for examination and inventory. Photo 2 shows 
the boom system containers immediately after opening. 

Assemble Boom System 
Monday, 13 December 1993, was devoted primarily to 
assembling the boom system. The boom went together 
well but progress seemed slow. Because of the language 
barrier and the workers' lack of experience with oil 
containment boom and its functions, the workers required 
considerable time to comprehend some procedures. Once 
they understood and recognized a pattern in their tasks, 
the work went more quickly. Assembly of the boom 
system was complete by Tuesday morning, 14 December 
1993, and the assembled boom was lined up on the boat 
ramp for launch. (See Photos 3, 4 and 5). 

Launch Boom System 
The boom system was launched on Wednesday morning, 
15 December 1993, and towed to the site. The process 
went reasonably well considering it was the first run with 
an inexperienced crew. 

The boat operator encountered some difficulty while 
approaching the boat ramp. He had never operated a boat 
this large before, nor one with twin engines, so his 
response was slow and not always appropriate. His 
limited understanding of English contributed to the 
problem. 

The boat ramp area presents some challenges because it 
shares the site of a large water outfall from the power 
plant, as shown in Photo 6, and consequently the 
approach to the boat ramp is full of eddies. Large jagged 
rocks on either side of the channel increase the risk. As 
discussed elsewhere, DBB is installing some mooring 
devices in the approaches to the boat ramp to make it 
easier for the boat operator to hold position while the tow
ing bridle is hooked up. 

Future plans for the site involve removal of the jetties and 
substantial increases in the outfall discharge rates. 
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Deployment of the Boom System to 
the Water Intake Site 
Once the boat and boom were under way there was no 
further problem maneuvering, and the boom was quickly 
relocated to the water intake site offshore, as shown in 
Photos 7 and 8. 

Attachment of the Boom to the 
Anchoring System 
Attaching the boom to the mooring buoys at the water 
intake site presented some difficulty, but with 
modification of some of the equipment as discussed 
elsewhere, this should go more quickly next time. Photos 
9 and 10 respectively show positioning of the boom and 
the boom in place around the water intakes. 

Prior to launch George Kingsbury had marked the anchor 
points where he intended to attach the boom to the anchor 
buoys. This proved to be a very good idea. Also, It was 
discovered that once the first one or two attachments are 
made it is usually easier to move the mooring buoys to 
the boom than try to move the boom to the buoys. In a 
stronger wind or current situation the operators may have 
had great difficulty completing some of the hookups. A 
plan for facilitating this process is discussed elsewhere in 
this report. 

Lowering the Skirt 
There was some difficulty getting the skirt down. Prior to 
launch the boom handling crew had sprially wrapped the 
free end of the skirt lifting ropes around the boom and in 
the process the boom handlers tied some knots that 
proved difficult to undo in the water. This would be 
easily corrected on shore before the next launch. 

Secondly, it was elected fo leave the small temporary tie 
lines around the boom until it was in position at the water 
intake site. This may have been a mistake, as they would 
have been easier to remove while the boom was on shore. 
Cutting the ties had to be done very carefully to avoid 
puncturing the boom fabric. Again, this should be 
corrected before another launch is undertaken . 

Only about one section of the boom skirt was actually 
lowered during this operation because of the difficulties 
experienced in lowering it and the anticipated difficulty in 
raising it. 

The crew found lowering the boom to be much easier to 
do if one or two people in the water. This was not a 
problem for CDC because they had a diving crew on site. 
It may be a problem for the plant operators, however. 
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Inspection and Evaluation of Boom 
Performance 
Once the boom' was in place observations and photo
graphs were made of its performance. The CDC tugboat 
made one complete circuit of the boom site at full throttle 
to observe roll and heave response characteristics in the 
tug's wake. The boom appeared to perform quite· well. 
(See Photos 11-13.) 

Raising the Skirt 
Late in the day Wednesday, CDC's crew raised the 
previously-lowered portions of the skirt by lifting the skirt 
control lines. This proved to be quite difficult for two 
men. They were, however, able to start securing the 
intermediate sections of the skirt between anchor points 
before the end of the day. On Thursday morning the 
CDC diving' crew finished securing the raised skirt of the 
boom and proceeded to bring it back in at about noon. 
(See Photos 14 and 15.) 

A proposed system to facilitate raising the skirt is 
described elsewhere in this report. 

Towing the Boom to Shore 
As shown in Photo 16 the trip to shore was uneventful, 
except itwasnoted that the shamal (strong wind) that had 
been predicted to arrive at noon was right on schedule. 

Landing the Boom 
By the time the boat arrived at the boat ramp with the 
boom in tow the shamal was blowing briskly from the 
northwest and was starting to pile up some seas. 

The crew had originally planned to tow the forward end 
of the boom to the entrance of the boat ramp/water outfall 
facility and pass a tow line to men on shore who could 
take the line to the boat ramp and pull the boom in. The 
boat was then to pick up the rear of the boom and apply 
enough tension to keep it off the rocks. However, as the 
boat was getting into position, the rear bight of the boom 
was being blown east past the jetty and onto an adjacent 
beach. (See Photos 17 and 18.) 

From there Mother Nature had her own plans for bringing 
the boom ashore, and the entire boom soon. was spread 
out along the beach as shown in Photo 19. 

The CDC people quickly rounded up a small army of 
workers who managed to lift the boom up onto the upper 
beach, away from the water. (See Photos 20 and 21.) A 
bulldozer working nearby was borrowed to help smooth 
the upper beach and remove debris. 
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The boom was arranged in a zigzag formation to facilitate 
moving it west along the upper beach by hand. By the end 
of the day progress was being made in walking the boom 
off the beach. · 

The transfer of the beached boom to the boat ramp was 
completed on Friday morning, 17 December 1993. · 

Cleaning and Inspection of the Boom 
On Friday, 17 December 1993 the boom was washed and 
drained, and the skirt was secured with additional wrap
pings. (See Photo 22.) A careful inspection of the boom 
by George Kingsbury and his workmen confirmed that 
the boom received no damage. Mr. Kingsbury 
commented that this reflects well on the durability of the 
SEACURTAIN™ boom system. 
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Training Provided 
Review of Steps for Deployment and 
Recovery of the Boom System 
During the opening meeting the KPF REP acquainted 
those present with techniques commonly employed for 
combating oil spills in the marine environment, and 
described the steps that would be involved in deploying 
and recovery of the SEACURTAIN™ exclusion boom 
system. 

Boom Handling on Shore 
After removal of the boom from its shipping containers it 
was necessary to relocate the boom to the boat ramp 
where it could be assembled and launched. The KPF REP 
instructed the shore crew in how to first arrange the boom 
in a zigzag formation to facilitate orderly and systematic 
movement. The language problem slowed this instruction, 
but by breaking the tasks down into small increments, 
providing methodical demonstrations, and carefully 
monitoring progress they were successful in 
accomplishing the objectives. 

Skirt Lacing 
One man was selected who communicated well in 
English, and he was instructed on skirt lacing procedures, 
using the Kepner Plastics training aid provided. (See 
Photos 23 and 24.) That man then instructed others, 
using their own language. 

Preparation of a Training Manual 
To facilitate classroom instruction for the operators whb 
will be assigned to deploy and recover the 
SEACURTAIN™ exclusion boom system, the KPF REP 
proceeded to write some text for a training manual. Late 
during his stay at Dubai it was decided that he would not 
be required to instruct the operator's crew. (The 
assignments to the crew have not yet been designated.) 
For future use CDC and DBB requested a copy of what 
was prepared. In the time available the KPF REP was not 
able to complete a stand-alone document, but the draft 
text should provide a good starting point for future 
development of a training manual and is included as 
Appendix B of this report. 
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Recommendations 
Provided to Operating 
Crew 
Towing Adapter 
Iain Bell had some papers from KEPNER describing a 
suitable towing adapter. He sent copies to the DBB shop 
to fabricate. The item the shop produced was nothing like 
the pictures, and in fact would not work properly if we 
tried to use it. Mr. Bell sent it back with instructions 
about following the drawing more closely. 

Meanwhile, because of time constraints, George 
Kingsbury had a towing adapter fabricated in the CDC 
shop. What they produced had galvanized rather than 
stainless steel parts, but it would have worked fine. In the 
end a hybrid of parts from each shop was used. (See 
Photo 25.) 

At the connection chosen for the towing bridle the 
connector plates were turned for both adjacent sections to 
the outside of the loop, as shown in Photo 32. A special 
pair of shackles were fabricated for the purpose. 

Bridle 
The KPF REP discussed the options of using a tow post 
on the boat or a bridle. The bridle was easier to rig so 
that is what was selected for initial operations. The bridle 
DBB and CDC had intended to use was to have a fixed 
apex. The KPF REP pointed out that during a tum, the 
inside leg of such a bridle would go slack, placing all the 
tension load on side of the boat facing the outside of the 
tum and making it difficult to steer. In a sharp tum the 
slack line might even get down into the propellers. Some 
bridle rigs actually use a sheave at the apex of the bridle 
to make the tow line move along the bridle line more 
easily. 

For long term use the KPF REP recommended they 
consider installing a tow post on the centerline of the 
boat just forward of the engines. He pointed out that 
bridles generally don't work as well as tow posts; they 
tend to twist up and bind, and/or get caught in the 
propellers. 
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;Specific Project Problems 
and Recommendations 
for Rectification 
Language Problems 
Few of the workers knew more than a few words in 
English, and in fact the workers spoke a variety of 
dialects, so there was no common language among them. 
This effectively precluded verbally explaining a process 
to them. One would need several interpreters all shouting 
the same thing in different languages! Complex tasks had 
to be demonstrated in small incremental steps. 

There is no easy solution to this problem, but planning 
must take it into account and allocate plenty of time to the 
low end of the learning curve. 

Wind and Sea State 
From late Sunday, 12 December 1993 through Monday, 
13 December 1993 the weather remained essentially 
unchanged, with troublesome winds and waves in the 
approaches to the boat ramp that could swamp the boat if 
the crew tried to launch the boom or return it to the ramp. 
From Thursday noon on similar wind and sea conditions 
prevented boom deployment and recovery. 

Suggested actions to alleviate these problems include: 

• Extend one or both jetties into deeper water to 
prevent breaking waves from forming in the 
approachway. Advice of a competent coastal 
engineer should sought. (DBB indicated this could 
not be considered.) 

• Place mooring points within the boat approach as 
discussed in the closing meeting described earlier in 
this report. (This action is being taken by DBB.) 

• Complete the boat house and install the winch as 
planned. (This action is in progress.) 

• Provide a boom retrieval device, such as the 
BOOMVEYOR™ manufactured by KEPNER, to assist 
in pulling the boom up on the ramp. (See Appendix 
C.) As discussed earlier, a roller might also be 
used to redirect forces on the boom. 

• Under high surf conditions which would prevent the 
boat from approaching the boat ramp, a diver might 
deliver a boom tow line to the outermost channel 
buoy or directly to the boat operating beyond the surf 
line. 
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Toe KPF REP suggested that boom launching and 
recovery operations not be attempted until at least the 
second and third items above are accomplished. 

Anchor Buoy Installation Delays 
Early in the week the wave action offshore produced 
essentially zero underwater visibility. Divers were unable 
to safely work so near the active water intakes until 
Wednesday morning, 15 December 1993, when they were 
able to quickly complete the installation. As it turned out 
this did not delay the project because the boom could not 
be brought to the site until the boat operator showed up. 
However, had other work gone more quickly, lack of the 
anchor buoys may have been of concern. In any case, the 
buoys are permanently installed at this time so no further 
action is needed. 

Boat Operator Deficiencies 
CDC representatives advised that under present contract 
arrangements DBB was responsible for providing a boat 
operator. A boat operator should have been made 
available on Tuesday, 14 December 1993, but none 
appeared until Wednesday. About 6 hours of weather 
window were lost because of this. In retrospect, had ·the 
boat operator been available earlier, the beaching of the 
boom might have been avoided. (But the lessons from 
the beaching experience would then not have been 
learned.) 

Anchoring dimensions 
Because of the vagaries of tides and chain catenaries, the 
boom will not be precisely where the plan shows as 
shown on the "Plan on Oil Containment Booms" detail on 
Dutco Balfour Beatty 'G' Drawing No. 10090-HA-S-
12242 revision D. Additionally, the lengths specified for 
the polygon sides are not quite in agreement with the dis
tance between anchor points on the boom (about 7.8 
meters). 

As part of the commissioning, it may be desirable to leave 
the boom in place through several tidal cycles and watch 
how it performs, how near it gets to the water intakes, and 
such. 

Attachment of Boom to Anchor 
Buoys 
As discussed in the account of the closing meeting, 
attachment of the boom to the anchor buoys can be 
expedited with a winch and a pair of snubbers or cleats on 
the boat. (See Figure 2.) The winch should be mounted 
on the foredeck perhaps 0.5 m aft of the bow and on the 
centerline. The snubbers or cleats should be mounted on 
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each gunwale directly abeam (port and starboard) of the 
winch. 

To use this system a 25-m (approximate) line should be 
prepared with a snap hook at its end. The hook is 
attached to the boom anchor point and the other end 
retained on board the boat. The boat is then moved to the 
targeted anchor buoy and the anchor buoy connecting line 
attached. The other end of the connecting line is pulled in 
and temporarily attached to the closest snubber or cleat. 
The line connected to the boom is then passed around the 
winch head with the appropriate number of loops, and the 
winch is activated until the anchor buoy line is close 
enough to attach to the boom anchor point, whereupon 
the 5-m line can be retrieved and the boat cast off. 

Skirt manipulation 
The winch discussed in the previous paragraph can also 
be used to help draw tight the boom skirt control lines. 
To raise the skirt, the boat bow is nosed over near an 
anchor point and the free en~ of the skirt control line is 
passed through the sheave on the boat's bow. 
Appropriate turns are taken around the winch and it is 
activated to raise the skirt, as shown in Figure I. 

It would also be useful to attach snubbers to each of the 
boom hinge points, then this same system can be used to 
help tighten the helical windings of the skirt control line 
to secure the skirt in a raised position. 

Storage 
The KPF REP recommended that for the immediate 
future the boom be stacked near the boathouse and 
covered with a tarp. It should be moved indoors when the 
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boathouse is completed-which is supposed to be in a 
few weeks. 

Other Pertinent 
Information and 
Observations 
• This operation would have been much easier if it 

could have been done after the boathouse is 
completed. For that matter, without the boathouse 
the planned demonstration deployment cannot truly 
represent operations as they are ultimately intended 
to be conducted. 

• The power plant operators should be made aware of 
the need for training and frequent exercises in 
deployment and recovery. 

• Peter Fisher, CDC, had originally hoped to be able to 
demonstrate boom deployment and retrieval for his 
clients on Wednesday, 15 December 1993, but this 
became impossible because of wind and sea 
conditions, and difficulty getting the boat and boom 
safely through the surf zone. As it turned out, 
weather and facility configurations also precluded 
demonstrations later in the week. 
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,, The following manual is provided as a 
courtesy and was not required by the 
contract. 

Jebel Ali "G" Seawater Intake 
SeaCurtain ™ Oil Exclusion 
Boom System 

This section describes special procedures for the 
assembly, deployment, and recovery of the Jebel Ali 
"G" Seawater Intake SEACURTAIN™ Oil Exclusion 
Boom System. 

These procedures were designed specifically for 
a special deep-skirt boom manufactured by KEPNER 
PLASTICS FABRICATORS, INC, of Torrance, Califor
nia, U.S.A., for protection of a water intake structure 
at the Jebel Ali "G" site near Dubai, United Arab 
Emirates. Much of what is discussed here will not be 
applicable for other oil containment boom installa
tions. 

Background on Oil Spill Response 
Boom 

Spill response frequently involves use of oil spill 
response boom, also called containment boom. Spill 
containment boom is a floating barrier device that 
functions to prevent or constrain the movement of 
spilled oil. Figure 1 shows a typical cross-section 
view of an oil spill containment boom. 
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skirt 

tension 
member 

and ballast 

draft 

Figure 1: Cross-section of a typical oil spill response 
boom showing its component parts. 

The following are definitions which apply spe
cifically to oil spill response boom and boom han
dling: 

1 aft (2ft) adv: behind, from behind, near the stem of a vessel 

2aft, after (2ft" ... r) adj: rearward 

anchor point n: a point on a boom designed for the attachment 
of an anchor or mooring line. 

ballast n: heavy material attached to the SKIRT which helps the 
BOOM resist overturning and float more or less vertically in the 
water. 

bridle n: a device for distributing the tensile load between a 
boom and a boat or mooring attachment. 

boom n: floating barrier which prevents or constrains the move
ment of spilled oil 

cleat n: a metal or plastic fitting, usually made with two 
projecting horns around which a rope may be fastened 

draft n: the vertical dimension of the portion of a BOOM that 
extends below the waterline 
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end connector n: device attached to each end of a boom 

SECTION that is used for connecting adjacent sections together 

flotation n: part of the boom containing air or light-weight 
material which provides buoyancy to support the boom in the 
water 

'free board n: the vertical dimension of the portion of a BOOM 

that extends above the waterline ·· 

handhold n: a device or location on a boom where it can be 
grasped by hand 

hinge n: location where a boom is constructed so it can be 
folded back upon itself to facilitate storage. 

lifting point n: an attachment or location designed for lifting, ., 
as with a crane. 

membrane n: impermeable material which acts as a barrier to 
the movement of floating oil [see SKIRT] 

section n: a portion of boom with an END CONNECTOR on each 
end 

segment n: repetitive, identical portion of a boom section 

skirt n: the portion of the MEMBRANE below the waterline 

stiffener· n: a component which provides support to the 
membrane to resist folding or bending 

tension member n: part of a BOOM that provide axial tensile 
strength {Tension members are commonly made of stainless 
steel cable or galvanized chain.} 

towing adapter n: device for connecting a towing line to a 
boom 

Training 
As with any complex procedure involving coop

erative actions by many individuals, teams must be 
well trained and drilled before they can conduct 
operations safely and efficiently. It is recommended 
that designated individuals employed by the operator 
have relatively long-term assignments (e.g. several 
years) on the exclusion boom team, and that training 
and unannounced exercises in boom deployment and 
recovery be conducted at least semiannually under 
different weather and sea conditions. If team per
formance is judged weak in some areas, additional 
practice should be considered. 

Description of boom 

The Jebel Ali "G" Seawater Intake SEACUR
T AIN™ Oil Exclusion Boom System is made up of 
six sections of boom which can be connected into a 
continuous loop. 

Each section has a total length of approximately 
62.8 meters. Sections are divided into 24 segments 
of approximately equal size. 

Each segment is provided with a cylindrical float 
approximately 356 mm in diameter and 2.4 m long, 
covered with yellow polyurethane coated fabric. 
Floats are separated by short hinge pieces where the 
boom can be readily folded back upon itself. An 
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anchor attachment point is provided in every third 
hinge. 

Beneath the bottom of the floatation units is a 
continuous skirt consisting of (from top to bottom) 
approximately 914 mm of polyurethane coated 
fabric, 7620 mm of ½-in x ½-in mesh, and 610 mm 
of polyurethane coated fabric. 

A galvanized steel chain is sewn into a continu
ous pocket in the bottom of the skirt to serve as bal
last and to provide additional tensile strength. 

The ends of sections are joined near the water
line by bolts which pass through aluminum bars sewn 
into pockets in the boom. The skirts beneath are 
joined by lacing with a 3/8-inch nylon lacing lines 
which pass through brass grommets set in the boom 
fabric. 

When the boom is moored in place, the skirt can 
be raised and lowered using 3/8~inch nylon skirt con- . 
trol lines. 

Assembly 

Assembly of the boom involves the following 
steps: 

1) Open t.lle shipping containers. 

2) Inspect and inventory the contents of the ship
ping containers, noting any missing or defective 
items. 

3) Arrange the boom sections in the launch area. 

4) Bolt the section end connectors together and 
incorporate the. towing adapter in the assembly 
of one pair of sections. 

5) Lace the skirts of adjacent sections to?ether. 

6) Using the free ends of the skirt control lines, 
wrap the boom helically to provide support for 
intermediate portions of the skirt while the boom 
is being moved to the site. While the boom is 
still on land, remove any temporary ties placed 
by the manufacturer to hold up the skirt. 

7) Chains at the bottom of the skirt sections are 
connected using the shackles provided. 

Deployment 

Toe procedure described here is based on the 
assumption that the boom system is permanently 
assembled in a loop and stored in the boat storage 
building adjacent to the boat ramp. 
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Recommended team composition for the 

deployment procedure are shown on the below list. 
It is expected that personnel assigned to these spill 
emergency positions will have a regular position 
somewhere in the plant from which they can be 
quickly reassigned in the event of a threatening spill 
or during training and drills. The suggested manning 
level shown is in parentheses is provisional. Experi
ence gained during drills may indicate .need for 
adjustment of these numbers either up or down. 

• Boom Deployment and Recovery Supervi-
sor (1). 

• Boat Operator (1). 

• Boat Crew Members (2). 

• Boom Handling Team Leader (1) 

• Boom Handling Team Members (8) 

Specific procedures to be followed include the 
following steps: 

1) The boat crew launches the boat with the assis
tance of the boom handling team. The boat 
should have the following items on board: 

• all mooring lines 

• appropriate spares 

• boat hook 

• radio suitable for solid communication with 
the team leader on shore 

• personal flotation device for each person on 
board 

• food and water for the crew 

• fuel for the boat 

2) The boat and crew proceeds to a location where 
it can safely stand by. 

3) The boom handling team secures tarpaulins, 
polyvinyl sheeting or similar material on the sur
face of the ground and boat ramp to protect the 
boom from abrasion. 

4) The boom handling team slides the towing end 
of the boom loop (where the towing adapter has 
been attached) down the boat ramp to a position 
close to the water's edge. Each side of the boom 
loop is then brought down its respective side of 
the boat ramp and placed with boom segments 
laid in a zigzag pattern. 

5) The boat crew brings the boat near shore and 
with the assistance of the boom handling team 
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6) attaches the towing bridle between the boat and 
the boom towing adapter. 

7) The boat crew tows the boom away from the 
boat ramp while the boom handling team guides 
it to prevent damage. Once the boom is free 
from shore the boom handling team can be 
released to their normal duties until they are 
called upon to assist in recovery and storage of 
the boom system. 

8) The boat crew tows the boom system to the 
water intake structure site, approaching the site 
from down current. 

9) The boat crew attaches one of the boom mooring 
lines to the nearest boom mooring eye and 
makes it fast to the boat. The towing bridle 
assembly is then disconnected from the boom 
and from the boat and brought on board, taking 
care that the boat's propellers are not fouled in 
the process. 

10) The end of the boom mooring line not attached 
to the boom is brought to the nearby anchor 
boom and attached. The free end of the boom 
assembly is then temporarily allowed to drift 
with the current. 

11) The boat crew then moves to successive anchor 
buoys along the seaward side of the water intake. 
At each such anchor buoy the closest anchor eye 
is attached to the buoy using one of the prepared 
mooring lines. The attachment sequence shown 
can be modified to accommodate different 
current conditions. If assistance is required to 
pull the boom anchor point and the anchor buoy 
close enough to hook up. -

12) The boat crew then repeats the procedure 
described in the last step for all an~hor buoys 
along the shoreward side of the water intake 
structure. 

Dropping the skirt 
1) Beginning at any convenient point along the 

boom loop, the boat unwraps the end of the skirt 
control line which had been used to bind up the 
skirt. 

2) The boat crew then pays out the skirt control line 
allowing the skirt to lower. 

3) The boat crew repeats this process at successive 
segments around the boom until the entire skirt 
has been lowered. 
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4) The boat crew then takes the boat to an appropri

ate mooring site near shore, whereupon the boat 
crew can be released to return to their regular 
assignments until called to assist in boom recov
ery operations. 

5) The condition of the boom should be monitored 
at least twice daily while it is in use. If problems 
are noted, appropriate corrective steps should be 
taken. 

Recovery 

Procedures for recovery of the deployed boom 
system are included in the below-listed steps. If wind 
and sea conditions are poor, consideration should be 
given to leaving the boom in place until conditions 
improve. 

1) Rais'ing the Skirt. The boat and boat crew work 
successively around the anchored boom raising 
the skirt by manipulation of the skirt control 
lines. Assistance in raising the skirt can be pro
vided with a winch on the bow of the boat. 

2) Securing the Skirt. The boat and boat crew 
make a second circuit of the boom. For each 
span of boom between skirt lifting points the free 
end of the skirt control line is wrapped helically 
around the boom and skirt, and brought up 
snugly to support intermediate portions of the 
skirt. Assistance in synching up the line can be 
provided by the same winch described previ
ously. The free end is then tied off to the 1 next 
skirt lifting point 

3) Casting off the Boom. The boat and crew next 
remove and retain on board all mooring lines 
except the mooring line farthest up current. The 
boom is temporarily allowed to trail from the 
remaining mooring line. 

4) Attachment of Towing Bridle. The boat and 
crew next proceed to the end connectors where 
the towing adapter is attached. There the crew 
assembles the towing bridle attaching the boom 
to the boat. 

5) Towing to Shore. The boom is then towed to 
shore, taking care to keep well clear of obstacles. 
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6) Landing the Boom. The boat crew brings the 
forward end of the boom to the outermost buoy 
and temporarily secures it there. 

7) The boat crew then picks up the trailing end of 
the boom and takes it to the innermost buoy 
where it is attached to a line from shore which 
has been secured there earlier. 

8) The boat and crew then returns to the outermost 
buoy and attaches to the end of the boom using 
the towing adapter and bridle assembly. 

9) The boat is then operated to maintain light ten
sion on the boom and to guide it away from the 
rocks while the boom is pulled onto the boat 
ramp using a winch at the boathouse. 

10) The boom handling crew places it in a zigzag 
pattern. 

11) Once the seaward end of the boom is out of dan
ger of being damaged, the boat casts off. 

Cleaning and inspection 

While on the boat ramp the boom should be 
carefully washed with fresh water and inspected for 
damage. 

Maintenance and repair 

Any tears in the fabric should be repaired fol
lowing the manufacturers recommended procedures. 
Damaged or missing hardware should be replaced. 

Storage 

After the boom has drained it should be stored in 
an orderly fashion in the boathouse. It is recom
mended that the boom be stored on pallets rather than 
directly on the floor to allow for any final drainage 
and for free air circulation to prevent mildew for
mation. 
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Photo I: Jcbcl Ali "G" Bent Romp Photo 2: SeaCurtaln Boom System In Con1aincrs 

Photo 3: Moving Boom to Launch Sile Photo 4: Positioning Boom on Bent Rnmp for launch 
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Pholo 5: ScaCurtnin Boom Ready for launch Pholo 6: Jcbcl Ali "G" water outfall 

Photo 7: Towing ScnCunain Boom to S.:awn1cr lnlnkc sile Pholo 8: Positioning Boom around Scnwnlcr lntnkcs 
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Photo 9: SeaCurtaln Boom positioning around Seawater lntnkes Photo 10: SeaCunnin Boom In Position around Jcbcl All "O" Seawater Intakes 

Photo 11 : SeaCunain Boom heave nnd roll response demonstration Photo 12: SeoCurtoln Boom heave nnd roll response demonstration 
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Photo 13: SeaCunnin Boom heave nnd roll response demonstration Photo 14: Raising the skirt on the Sea Cuna in Boom 

Photo 15: Towing ScaCunaln Boom towards shore fer recovery Photo I 6: Preparing to recover ScaCunnin Boom 
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Photo 17: Shamal blowing ScnCunaln Boom oshorc during recovery Photo 18: ScnCunaln Boom blowing ashore during recovery 

Photo 20: Removing SeaCunnln Boom from surOlnc 
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Photo 21: Positioning SeaCurtain Boom 10 move 10 launch area 

Photo 22: Inspecting. cleaning and preparing SeaCurtain Boom for ncxl deploymcnl 
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ID Task I Task Name Duration 

1 100 Finalize Design 41 days 

2 101 Submit 90% Phase II for Re 1 day 

3 102 Review Phase I and 11 (Arm~ 10 days 

4 103 90% Issue for Bidding to Arr 10 days 

5 104 Review (USEPA & CTDEP) 10 days 

6 105 Finalize Phase I and II Desi~ 10 days 

7 200 Procure Contractor 35 days 

8 201 Prepare Bid Documents 5 days 

9 202 Issue Bid 0 days 

10 203 Bidding by Contractors 15 days 

11 204 Contract Award 15 days 

12 300 Phase I Construction 87 days 

13 301 Mobilization 5 days 

14 302 Site Office Constructior 5 days 

15 303 Decontamination Facili1 3 days 

16 304 Heave Platform Install , 1 day 

17 310 Containment Berm @ Bldt 5 days 

18 311 Remove Berm and Pos 3 days· 

19 312 Pavement 2 days 

20 320 Sediment and Erosion Co1 50 days 

21 321 Procurement lead time 40 days 

22 322 Install Primary Silt Curt · 2 days 

23 323 Install Anchors for Silt < 8 days 

24 324 Install Silt Curtain 8 days· 

25 330 Building 5 Demolition 15 days 

26 332 Utility Disconnect 3 days 

27 333 Asbestos Removal 5 days 

28 334 Building Demolition 5 days 

29 335 Pavement 2 days 

30 340 Abandon Monitoring Well~ 1 day 

31 350 Clear and Grub Causeway 2 days 

32 360 Hotspot Excavation (requi · 14 days 

---
33 361 Excavation 2 days 

Project: SAEP Causeway Design Task 

Date: Wed 8/29/01 Progress 

Start 

Wed 5/9/01 

Wed 5/9/01 

Thu 5/10/01 

Thu 5/24/01 

Thu 6/7/01 

Thu 6/21/01 

Thu 6/7/01 

Thu 6/7/01 

Wed 6/13/01 

Thu 6/14/01 

Thu 7/5/01 

Thu 6/7/01 

Thu 7/26/01 

Thu 7/26/01 

Thu 7/26/01 

Thu 7/26/01 

Tue 7/31/01 

Tue 7/31/01 

Fri 8/3/01 

Thu 6/7/01 

Thu 617/01 

Thu 8/2/01 

Mon 8/6/01 

Mon 8/6/01 

Tue 8/7/01 

Tue 8/7/01 

Fri 8/10/01 

Fri 8/17/01 

Fri 8/24/01 

Tue 8/21/01 

Mon 10/1/01 

Tue 8/7/01 

Tue 8/7/01 

May I June 
BIMI E IBIMIE 

• 

...... 

I H ~ ~ ~ j j~ j 1 j ~ ~ i j ~ 1 j l ~ j ~ ~ 1 ~ 1 H [ j jj~ j j ~~ Milestone ♦ 

• Summary 

I July 
I B I 

I August I September October November I December I January I February I March I April I May 
M I E I B M I E I B I M I E B I M I E BI MI EI BI MI EI BI MI EI BI M IEI BI MI EI BI MI EI B 

--

---

,.. 

.... 

Rolled Up Task !)\??H//IH?j Rolled Up Progress External Tasks 

Project Summary • Rolled Up Milestone 0 Split 
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ID Task I Task Name Duration 

34 362 Confirmatory Sampling 1 day 
. 

35 363 Laboratory Testing 10 days 

36 364 Notice of Acceptance 1 day 

37 370 Building 59 Demolition 15 days 

38 372 Building and Foundatio1 14 days 

39 373 Grade 1 day 

40 380 Weather Station Demolitio 5 days 

. 
41 385 Removal of Oversized Mat 10 days 

42 390 Topographic Survey 3 days 

-43 400 Phase II Construction 155 days 

44 401 Mobilization 1 day' 

45 404 Receive Cover Materials at I 4days 

46 405 Fabricate Marine Mattressef 15 days 

47 410 Construct Lower Cover Sy 25 days 

48 411 Excavate Soils From Si 25 days 

49 412 Place Bedding Gravel (. 25 days 

50 413 Place Perimeter Geogri 25 days 

51 414 Place Woven Geotextil! 25 days 

52 415 Place Polymeric Marine 25 days 

53 416 Place Rock Fill Toe 25 days 

54 417 Place Rock Fill Crest 25 days 

55 420 Grade Causeway 25 days 

56 430 Construct Rip Rap Transit Sdays 

57 440 Construct Upper Cover Sy 10 days 

58 441 Place Bedding Sand, C 10 days 

59 442 Place Non-Woven Geo· 10 days 

60 443 Place Interlocking Bloc! 10 days 

61 444 Place Gravel 10 days 

62 450 Place Vegetative Support I 5days 

63 451 Vegetative Support Soil 3 days 

64 452 Seed and Fertilizer 2 days 

65 453 Erosion Control Mat 2 days 

66 460 Demobilization 10 days 

Project: SAEP Causeway Design Task 

Date: Wed 8/29/01 Progress 

Start 
Thu 8/9/01 

Fri 8/10/01 

Fri 8/24/01 

Tue 8/28/01 

Tue 8/28/01 

Mon 9/17/01 

Mon 10/1/01 

Tue 9/11/01 

Tue 9/25/01 

Mon 9/17/01 

Mon 9/17/01 

Tue 9/18/01 

Mon 9/24/01 

Mon 10/1/01 

Mon 10/1/01 

Mon 10/1/01 

Mon 10/1/01 

Mon 10/1/01 

Mon 10/1/01 

Mon 10/1/01 

Mon 10/1/01 

Mon 10/8/01 

Mon 11/12/01 

Mon 10/29/01 

Mon 10/29/01 

Mon 10/29/01 

Mon 10/29/01 

Mon 10/29/01 

Mon 4/1/02 

Mon 4/1/02 

Thu 4/4/02 

Thu 4/4/02 

Mon 4/8/02 

May I June I July I August 
B I M I E I B I M I E I B I M I E I B M I E 
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September 
B I M I E 
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!Task Name ! I 
May /June I July I August September I October I November I December I January I February I March /April I May 

ID Task Duration Start B I M I E I B I M I E I B I M I E I B M I E B I M I E I B I M I E I B I M I E I 8 I M I E I B I M I E I B I M I E I B I M I E I B I M I E I B 

67 500 Waste Management (up to tran · 54 days Tue 8/7/01 ,,. ,,. 
.... 

68 501 Bldg. 34 Berm and Posts 10 days Tue 8/7/01 ,._. ., ..... , 

69 502 Building 5 10 days Tue 8/28/01 
....... 

li\/tml 
... ,..: 

70 506 Causeway Hotspots 10 days Mon 8/27/01 : • :1.:. =·=· .. -· 
~~!~~~~~~~~~~ 

,, ... 
71 503 Building 59 10 days Tue 9/18/01 [~i/~ \!) 

...... 
72 504 Weather Station 10 days Mon 10/8/01 will : 
73 505 Oversized Debris 10 days Tue 9/25/01 

....... 

If trrn] 
74 600 Project Closeout 151 days Fri 9/28/01 : : ... ,,. 
75 601 Final Survey 1 day Mon 4/8/02 

.... ~ 

~ .,..,: 
76 602 Phase I Completion Report 15 days Fri 9/28/01 

mi\l\1!\\f\\\\\\\\illl 
- ..... 

77 603 Phase II Completion Report 15 days Mon 4/8/02 ······· ... , 
··<· .•c•c·l . 

Project: SAEP Causeway Design 
Task 1 ~ i j j 1 j 1 Hi~ i j jj i j i m ~ 1 j 1 ~ ~ j 1j ~ j ~ jj i ~ Milestone ♦ Rolled Up Task ! 111 ~ 1 l j i ~ i j j i j i H j j i j l j j ~ j 1~ i l j 1 l j i 1 l Rolled Up Progress External Tasks 

Date: Wed 8/29/01 Progress Summary • • Rolled Up Milestone 0 Split Project Summary 
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