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1.0 INTRODUCTION

Harding ESE, a MACTEC company (Harding) (formerly Harding Lawson Associates [HLA])
has been contracted to complete geotechnical investigations in support of the Non-time Critical
Removal Action (NCRA) design for the Causeway at the Stratford Army Engine Plant (SAEP) in
Stratford, 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 of Defense, 1993). This technical memorandum describes the
geotechnical investigations conducted by Harding on the Causeway and in the tidal flats
surrounding the Causeway and summarizes the testing performed and the results of the
investigations.

1.1 PURPOSE AND SCOPE

This technical memorandum presents the data collected during geotechnical investigations at the
SAEP Causeway. In the Final Engineering Evaluation/Cost Analysis (EE/CA) (Foster Wheeler
Environmental Corporation [FW]/HLA, 2000), geotechnical investigations were recommended
to evaluate the global stability of the proposed Causeway Cover System.

Prior to the EE/CA, drilling completed during well installation indicated that the Causeway is
underlain by soft sediments that are considered problematic with regard to geotechnical stability.
Because the proposed remedy requires a cover to prevent receptor exposure to site
contamination, further geotechnical investigation of the underlying sediments was proposed to
assess their geotechnical characteristics. This memorandum presents the results of the
recommended geotechnical investigation, including field testing and laboratory testing results.
Geotechnical investigations were completed on the SAEP Causeway in the Fall of 2000.

1.2 SITE HISTORY

SAEP consists of approximately 124 acres, of which an estimated 76 acres are improved land
consisting of 49 buildings, paved roadways and grounds, and five paved parking lots (Figure 1-
1).  Included in the improved land 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.
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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.  Building 59, an open-topped, concrete building, 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.  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.  Appendix A provides a photographic log of the Causeway,
identifying various features of the site.

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, polychlorinated biphenyls, and inorganics that exceeded the Connecticut
Department of Environmental Protection Remediation Standard Regulation Direct Exposure
Criteria and Pollutant Mobility Criteria.  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 (FW/HLA, 2000a).

Based on the results of chemical sampling and an EE/CA report (FW/HLA, 2000b), it has been
recommended that an erosion control cover system be placed over the Causeway to prevent
possible receptor contact with contaminated soil and overland transport of contaminated soil into
the tidal flats.  Geotechnical investigations, the results of which are presented in this technical
memorandum, were initiated because soil borings completed for chemical sampling purposes
during previous investigations, were widely spaced throughout the large area that would likely be
impacted by construction of the proposed Causeway cover system.  In addition, data from some
of these earlier borings indicated that the Causeway fill material and the underlying tidal
sediment may not provide the strength necessary to support the proposed cover system, and
construction of the cover could lead to a failure of the Causeway.

1.3 REPORT ORGANIZATION

This data report is organized into four sections.  Section 1 identifies the purpose and scope of the
geotechnical field investigations and this data report, and presents a brief history of the SAEP
site and the SAEP Causeway.  Section 2 discusses the methodology behind field investigation
tasks completed as part of the geotechnical investigation, presents an interpretation of the
subsurface geologic conditions on the Causeway, and provides a summary of data collected
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during field investigations.  Section 3 presents the results of laboratory testing completed on
samples collected during field activities and briefly explains the laboratory testing methodology.
Section 4 provides a summary of consolidation and shear strength theory, then presents the
estimated physical properties of the soils and sediments present in the vicinity of the SAEP
Causeway.
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2.0 FIELD INVESTIGATION

Geotechnical investigations were initiated on September 18, 2000, and included two separate
drilling phases.  Drilling was performed in accordance with established SAEP Standard
Operating Procedures (SOPs) (FW/HLA, 1999). Earth Exploration, Inc. of Hopkinton,
Massachusetts, under contract to Harding, performed the drilling services. Figure 2-1 identifies
the locations of the borings completed during the geotechnical investigations.

Phase 1 included the installation of five borings on the Causeway (GB-00-01 through GB-00-04
and GB-00-07A) and five borings in the tidal flats surrounding the Causeway (GB-00-05 through
GB-00-09). These borings were installed between September 18, and October 19, 2000 using
standard drive-and-wash drilling techniques (see Figure 2-1).  The purpose of this investigation
was to observe subsurface conditions, to conduct field tests, and to collect samples for off-site
laboratory testing.  Borings installed during Phase 1 were typically continuously sampled.
Boring locations on and along the sides of the Causeway were accessed using an all-terrain
vehicle drill rig, while boring locations sited within the tidal flats were accessed using a barge-
mounted drill rig.

Phase 2, consisting of the installation of nine borings along the shoulders of the Causeway (GB-
00-05A, GB-00-05B, GB-00-06A, GB-00-06B, GB-00-08A, GB-00-08B, GB-00-09A, GB-00-
09B, and GB-00-10), were installed between November 6, and November 9, 2000 using air-
rotary drilling techniques.  The purpose of this investigation was to further define the vertical
extent of fill along the sides of the Causeway; therefore, continuous sampling of these borings
was not performed.  A backhoe was used to provide access to drilling locations for the air-rotary
rig.

Drilling activities were directed and observed by Harding and were designed to gather specific
information.  For the Phase 1, the specific information included:

•  Geologic information: thickness and extent of fill and native material, including physical
descriptions

•  Field testing: shear strength testing and standard penetration testing (relative density)
•  Soil samples for laboratory testing of physical characteristics, including moisture content,

grain size distribution, organic content, density, Atterberg limits, specific gravity, shear
strength, consolidation, and triaxial compression

For the Phase 2, the main purpose was to further define the vertical extent of fill along the sides
of the Causeway.  Also, soil samples for additional laboratory testing for moisture content
determinations were collected during this phase.
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Appendix B contains the soil boring logs.  These logs show, along with the lithological
descriptions, the types and depths at which samples were collected and any field testing that was
performed.  Table 2-1 lists a summary of the field investigation program, including the surface
elevations of each soil boring, the total depths of each boring, and the number of tests completed
in each boring.  A summary of the field testing results is presented in Section 3 and the
laboratory testing results are presented in Section 4.

Soil borings completed on the Causeway were surveyed horizontally and vertically by Meridian
Engineering (Meridian) of Danvers, Massachusetts.  For each of the borings completed within the
tidal flats, a minimum of two landmarks were identified on the Causeway.  Boring distance from
these landmarks were recorded by Harding personnel during completion of the borings; the
landmarks were then surveyed by Meridian and used to establish the boring locations.  In addition, a
topographic survey of the Causeway and the surrounding area was completed by Meridian.  The
topographic survey included the elevation (in 1-foot contours) of the Causeway, 100 linear feet of
the SAEP dike on either side of the Causeway extending 50 feet toward the facility, and the tidal flat
sediments within 75 feet of the Causeway.  Appendix A contains a photographic log of the
Causeway site, identifying various landmarks used during location of geotechnical borings.

HLA performed air monitoring with a photoionization detector (PID) and lower explosive
limit/oxygen meter during drilling.  Borings installed during Phase 1 were backfilled to ground
surface with a cement-bentonite grout.  The grout mixture was placed into the borehole using a
tremmie pipe.  Borings installed during Phase 2 were backfilled with soil cuttings directly from the
surface.  Excess drill cuttings generated during both mobilizations were spread on the surface of the
Causeway.  Materials tested at the laboratory will ultimately be transported back to the Causeway
and spread on the ground surface.

Tests performed in the field included Standard Penetration Testing (American Society for Testing
and Materials [ASTM] D1586), and vane shear testing (e.g., field vane testing in accordance with
ASTM D2573), as summarized in Table 2-1.  At selected locations around the Causeway, field vane
testing using a hand-held Geonor  (in accordance with ASTM D2573) was also performed.
Laboratory testing was performed on thin-walled tube samples (i.e., Shelby tubes [ASTM D1587])
that were collected at selected depths from a number of the borings (see Table 2-1).  Additional tests
were performed on selected bulk samples collected from split-spoon samples, and on the soil
samples collected from field vane flights, as described in Section 3.

Standard Penetration Testing. Data collected during standard penetration testing are used to
develop N-values, which are defined as the number of blows required to advance a standard
split-spoon sampler with a standard amount of energy from 6 to 18 inches below the bottom of
the boring casing.  Among other uses, these data provide an indication of the soil’s relative
density (for granular soils) or consistency (for cohesive soils).  Data can also be used to provide
estimates of settlement and shear strength.  Appendix B contains soil boring logs for borings
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completed during this geotechnical investigation.  The boring logs contain blow counts measured
during the completion of the soil borings.

Vane Shear Testing. A direct measure of in-situ soil strength can be obtained from vane shear
testing.  The test consists of placing a four-flighted vane in undisturbed soil and rotating it from
the surface to determine the torsional force required to cause a cylindrical soil surface
surrounding the vane flights to be sheared by the vane; this force is then converted to a unit
shearing resistance of the cylindrical surface.  The field vane used was an Acker system, which
consists of a hand crank used to rotate the vane at a rate of approximately 6 degrees per minute
(0.1 degrees per second) to minimize stress and pore pressure concentrations.  The method is
well-suited for fine-grained soil including clays, silts and fine sands.  However, where highly
organic soils, containing a high percentage of large objects (i.e., organic matter) are present, two
factors may influence test results. First, the cylindrical shearing surface may be influenced by the
organic matter, and second, the vane may displace these objects and disturb the soils within the
cylindrical shearing surface.

The shear strength provided by a soil is dependent upon the amount of displacement developed
within the soil mass.  This means that when a load is applied to a soil, the soil deforms, and
through this deformation it is able to resist the applied load, a phenomenon known as
mobilization of shear strength.  The field vane test allows for measurement of both rotational
strain (movement) and applied stress (the stress mobilized in the soil to resist the applied
rotational strain).  The fine-grained nature of the native organic sediments (compared to classical
peats), the relatively good correlation with the laboratory and other test indices, and the number
of tests performed, indicate that the field vane testing provided representative data.

Estimates of soil shear strength were also obtained through testing using a hand-held Geonor
vane.  The Geonor  vane estimates a soil’s shear strength in much the same way vane shear
testing provides results.  A small vane is attached to a torque-measuring handle using the
necessary length of rod, and the vane is inserted into the soil.  Torque is applied to the handle of
the vane and a reading of the maximum applied torque, prior to shearing of the soil, is obtained.
The reading obtained in the field is converted to an estimated shear strength using Geonor
conversion factors.

Geonor  readings were collected from the ends of selected Shelby tube samples, from the
subsurface in the area of borings installed within the mud flats, and along the western and eastern
shores of the Causeway (Figure 2-2).  Measurements collected from depth in the subsurface (0.5
to 2.0 meters) took into account the resistance of the soil in contact with the Geonor  rods in
addition to the resistance of the soil contacting the vane.  The rod resistance was subtracted from
the final reading, so that only the resistance of the soil contacting the vane was considered during
evaluation of the soil’s shear strength.
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Shelby tube samples were collected to supply undisturbed soil samples from which laboratory
tests were performed for additional design data.  Typically, split-spoon sampling was conducted
in the remainder of each boring installed during the first mobilization to provide a record of
subsurface conditions, as well as to provide disturbed soil samples for additional laboratory
testing.  Sampling within the borings installed during Phase 2 was limited to split-spoon samples,
collected for field observation of the depth of fill at these locations.

During boring advancement at GB-00-02, elevated PID readings were recorded on soils when the
split spoons from certain depths were first opened (see GB-00-02 boring log in Appendix B).
PID readings as high as 66 parts per million (ppm) were recorded at the 20- to 22-foot interval,
and 49 ppm was recorded at the 16- to 18-foot interval.  Based on these readings, it was decided
that the boring would be completed as a monitoring well to allow for sampling and analysis of
groundwater from the zone containing the highest PID readings.  A 2-inch diameter polyvinyl
chloride well with a 0.010-inch slotted well screen was installed from 16 feet to 26 feet below
ground surface (bgs) and developed using surge and pump techniques.  A groundwater sample
was collected and analyzed at an off-site laboratory for VOCs on November 11, 2000 in
accordance with SAEP SOPs (FW/HLA, 1999).  Samples were shipped by overnight carrier to
Severn Trent Laboratories (STL), Inc. in Pittsburgh, Pennsylvania for analysis.  Results from the
analysis of this groundwater sample will be included in a separate report that will also present
results of Synthetic Precipitate Leaching Procedure analysis on  soil samples collected in
September from various locations on the Causeway.

Additionally, once sampling in GB-00-02 was completed, and before the well was installed, this
boring was probed by driving drilling rods from 72 feet to a probe refusal depth of 94.7 feet bgs.
Probing was performed to aid in determining the approximate depth to the top of bedrock at this
location.  The second deep exploration on the Causeway, GB-00-04, was to be probed in the
same manner; however, this exploration was placed near MWCD-99-01B which had auger
refusal at a depth of around 102 feet bgs (FW/HLA, 2000a), therefore, it was determined that
probing would not be necessary.

At the completion of the geotechnical drilling program, the location of the end of fill/beginning
of native sediments (e.g., toe of the fill) at several points around the Causeway were measured by
Harding.  This was completed by measuring from the survey-located landmarks, previously used
to locate the borings completed within the tidal flats, to the break-in-slope between the Causeway
fill soils and the natural mud flat sediments.  Horizontal measurements from the survey-located
landmarks to the toe of fill were made at four points near where barge borings were installed.
Measurements were made at GB-00-05, GB-00-06, GB-00-08, and GB-00-09.  Measurements
were not made along the east end of the Causeway, nearest the river, because the toe of the fill in
that area is under water at low tide.  The locations of these toe of fill measurements are shown on
Figure 2-1, and are labeled as “Approximate Contact of Fill/Riverine Sediments.”
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2.1 SUBSURFACE CONDITIONS

2.1.1 Lithology

Fill materials and soils encountered during the SAEP geotechnical investigation can be grouped into
four distinct units.  The following paragraphs provide typical physical descriptions of these units.
Subsurface materials encountered beneath the Causeway consists of the following units, where
present, from ground surface downward;   fill,  native organic sediment, sand and gravel, and very
fine sand and silt.  The deepest unit may be a finer gradation of the unit above.   Figures 2-3 through
2-5 provide Interpretive Geologic Profiles through the Causeway, oriented as shown on Figure 2-2.

Fill: Materials observed within the fill include many types of fill material ranging from clean, well
graded sands; to stained soils; as well as metal, wood, cobbles, asphalt, concrete, cemented ash, etc.
Thicknesses of the fill range from around 20 feet near GB-00-01 at the end of the Causeway, to
around 13 feet near GB-00-04.  These thicknesses correlate well with borings and test pits installed
during the Pre-Design Investigation (FW/HLA, 2000a). The fill material gradually thins out on the
sides of the Causeway (as shown on Figures 2-4 and 2-5).  The contact between the fill materials
and the native organic sediments is not a clean one and includes a thin interval of mixing between
these two units until eventually, there is an absence of fill.  The differential settling of fill materials
within the very soft native organic sediments has likely caused this to occur.  Within this mixed
interval, black, native organic sediments were observed to be either thoroughly mixed with fill
material or, in some cases, interbedded with the fill.

Native Organic Sediments:  The first native soils located beneath the fill material are the riverine
sediments of the Housatonic River.  These were described in the field as being black, mucky,
soft to very soft, slightly-to-non-plastic silts in the upper portions of the unit, with increasing
organic content with depth.  Laboratory results of samples collected from this unit show it to be a
sandy silt.  A phenomenon of this unit noted during the drilling is that organic fibers, reeds or
plant stems are usually present and that a strong sulfur odor is almost always present.  Also, this
unit tends to become more organic with depth in that thin peat lenses are sometimes present
immediately above the underlying sand and gravel unit (see Sand & Gravel section below). This
unit can be seen in the Interpretive Geologic Profiles A-A’ through C-C’ (Figures 2-3 through 2-
5).  The thinnest section of this unit was observed in GB-00-09 with a thickness of
approximately 34 feet, which extends to an elevation of approximately –36 feet mean sea level
(msl).  This unit is approximately 38 feet thick beneath the Causeway at GB-00-02 and GB-00-
04, extending to approximately –45 feet msl, then thickens to around 41 feet at GB-00-08 on the
south side of the Causeway, where again the lower elevation is at around –44 feet msl.
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Sand & Gravel:  A unit consisting of non-homogeneous sand and gravel mixtures is present beneath
the native organic sediments.  Materials consist of loose to medium dense silty sands to clean sand
and gravel mixtures.  While not recovered due to size being larger than the split spoon diameter, it is
suspected that gravel, and possibly cobbles, would be present in this unit.  This sand and gravel unit
ranges in thickness from around 12 feet in GB-00-02 to greater than 22 feet in GB-00-08 (see
Figures 2-3 and 2-4).

Very Fine Sand & Silt: The bottom unit observed in this geotechnical investigation is composed of
very fine sand and silt.  This material may be a separate unit or may be, as shown in the Pre-Design
Investigation Report (FW/HLA, 2000a), only a finer portion of a larger unit that also includes the
coarser sand and gravel above.  Because these finer soils would be expected to behave differently
under induced stresses, these soils are treated as being a separate unit for purposes of the
geotechnical evaluation.  Within this unit are apparently continuous reddish clay lenses, present in
the deeper borings (e.g., GB-00-05, GB-00-06, GB-00-09, see boring logs in Appendix B).   This
unit is first seen at an elevation of –50 feet msl in GB-00-02.

2.1.2 Groundwater

Monitoring well pairs MWCD-99-01A/B, and MWCD-99-02A/B were installed during the Pre-
Design Investigation (FW/HLA, 2000a). Vertical gradients measured for the Pre-Design
Investigation were determined for these well pairs; the deeper wells screen the top of the sand and
gravel unit, and the shallow wells screen the water table which lies within the fill soils of the
Causeway.  A downward gradient, indicative of recharge, was observed at the time of the
measurement in the well pair MWCD-99-01A/B at 0.0165 feet per foot.  The second well pair,
MWCD-99-02A/B, located at the far end of the Causeway, showed an upward gradient of 0.0445
feet per foot.  Two rounds of synoptic water level measurements, one during high tide conditions
and another during low tide conditions, are scheduled to be collected during January 2001.  These
measurements will help further define groundwater gradients that may exist on the Causeway.

2.2 FIELD RESULTS

Field data was generated during the advancement of soil borings through the completion of
standard penetration tests (ASTM D1586), field vane shear tests (ASTM D2573), and hand-held
Geonor  tests.  Standard penetration testing provides information related to the density of the
soil being tested, while vane shear testing and Geonor  testing provide a direct measure of the
soil’s shear strength.  The boring logs contained in Appendix B present the blow counts
measured during the completion of the soil borings as well as peak and remolded field vane shear
results.

During the completion of field vane shear testing, both torque and angle of rotation were
recorded.  Due to the relatively low torque applied, the shallow testing depths, and the use of



SECTION 2

Harding ESE

P:\Projects\CBDCOM\SAEP\Causeway\Geotech\TechMemo\ Geotechnical Investigation Summary Report.doc 50796
  1032

2-7

large drilling rods (N-rods), the correction for rotational stiffness of the rods was not performed.
Plots of angular strain (based on 90 degrees of rotation angle) versus shear resistance, presented
in Appendix C for each test completed, indicate that the organic sediments under the Causeway
typically reached peak shear strength at approximately 26 percent strain (a rotation of the rods of
23 degrees) while the organic sediments in the tidal flats reached peak shear strength at
approximately 31 percent strain (a rotation of the rods of 28 degrees).  Percent strain values
ranged from a high of 42 to a low of 14 percent strain under the Causeway and from a high of 60
to a low of 15 in the tidal flats (see Appendix C).

The majority of the stress-strain plots produced from the field vane shear data indicated that low
strain levels produced a nearly linear stress-strain plot.  Following this linear portion, assumed to
be the materials elastic range, the stress increased more slowly with increasing strain.  This break
is assumed to correspond to the start of plastic behavior of the material, where the soil likely
experiences unrecoverable strain and the organic fibers are being reoriented.  It is typically
assumed that only shear strengths within the elastic range should be relied upon as part of
standard design.  If a structure is designed with plastic soil shear strengths, movement is
typically considered excessive, resulting in a “failure” of the structure before the soil actually
achieves its peak strength.  Two additional sets of shear strength results are shown in the figures
in Appendix C, the residual shear strength and the shear strength at 5 percent strain.  Residual
strength is a measure of the minimum strength provided by the soil, after it has been remolded
and no reconstitution/consolidation has occurred, such as following a rotational failure.  The 5
percent strain value is in the upper range of peak strains typically seen in granular soils, such as
the overlying fills.  This value is evaluated to reduce concerns for strain incompatibility issues
between the two materials (fill and native organic sediments).

Figures 2-6 and 2-7 present plots of peak shear strength (measured in the field) versus elevation
for locations under the Causeway and in the tidal flats, respectively.  The figures include data
gathered from field vane shear testing in the borings, Geonor  testing completed in Shelby
tubes collected from the borings, and Geonor  testing completed in the shallow subsurface near
the boring locations.  Figures summarizing other shear strength values (including remoulded
strengths, 5 percent strain strengths, and elastic strain strengths) versus elevation under and off
the Causeway, are included in Appendix D.
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3.0 LABORATORY TESTING

A significant number of samples collected during the pre-design geotechnical investigations
were tested in the laboratory to determine their engineering properties for use in design of the
Causeway cover system.  Laboratory testing was performed by GeoTesting Express, of
Boxborough, Massachusetts.  Testing was performed as specified by Harding and in accordance
with ASTM methods and standard geotechnical engineering practice. Testing included both tests
for index properties (used to classify/categorize samples and to support interpolation of strength
and consolidation characteristics) and physical properties (strength and consolidation
characteristics).  Samples tested were obtained from split-spoons, Shelby tubes and vane shear
tests.  Vane shear test samples were typically collected from materials retained between the vane
blades after removal from the subsurface.  Table 3-1 provides a summary of the tests performed.

Laboratory data results are summarized in tabular form in Tables 3-2 through 3-7, as follows:

TABLE NUMBER                                          TESTING TABLE NAME

3-2 Grain Size Determination
3-3 Moisture Content
3-4 Atterberg Limits
3-5 Organic Matter
3-6 Specific Gravity
3-7 Shelby Tube Openings

Figures 3-1 and 3-2 present plots of moisture content versus elevation for borings completed
under the Causeway and in the tidal flats, respectively.  Interpretation of testing results is
provided in Section 4.

One-dimensional consolidation tests were performed on three Shelby tube samples in accordance
with ASTM D2435.  Samples were selected to span the range of existing stresses and were
loaded to include anticipated possible loading conditions.  Load increments ranged from 0.5
pounds per square inch (psi) to 32.0 psi and were applied to the samples in a load-unload-load
sequence.  Actual load and unload schedules was selected based on the estimated existing stress
on the sample due to existing load conditions as well as possible cover scenarios.  Each
increasing load increment was applied for 24 hours, and the unloading increment was conducted
until a minimum of 90 percent expansion had been observed. A 72-hour load period was utilized
for the final load increment, which was intended to estimate the load from the Causeway cover
system.  Pore pressure was recorded for the last load increment in each test and laboratory results
included plots of strain versus log and square root of time.  Due to an equipment problem, pore
pressure measurements made on samples GB-00-02, 40-42 feet and GB-00-05, 26-28 feet are not
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considered to be representative of actual conditions.  The laboratory provided electronic files
containing test data, for use in further evaluations performed by Harding.  Harding evaluated the
consolidation characteristics, as discussed in Section 4.

Triaxial compression testing was performed on five Shelby tube samples in accordance with
ASTM D4767.  Tests were performed at three confining stresses for each sample, the magnitude
of which was based on estimated existing stresses as well as possible cover scenarios.  Tests
were performed for three primary reasons: 1) to allow for a possible estimation of strength gain
(not evaluated in detail in this technical memorandum); 2) to provide for a more
accurate/controlled characterization of the stress-strain relationships and allow for correlation
with field vane shear test results, and;  3) to support a deformation analysis, should one be
required.

Test results were provided by the laboratory in two bound reports (GeoTesting Express, Inc.
2000a and 2000b).  These reports have not been reproduced as part of this report, but are
available for review upon request.
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4.0 RESULTS

The following provides a summary of the results obtained through performing field and
laboratory testing of the soils in the vicinity of the Causeway.

4.1 ESTIMATED PHYSICAL PROPERTIES

Physical characteristics for both fill and organic sediments have been evaluated, based on
observations made during the pre-design geotechnical investigation and the results of laboratory
testing.  Physical characteristic analyses, including determinations of index properties, shear
strength, stress history, and consolidation characteristics, were completed to provide inputs for
subsequent geotechnical evaluations.

Literature sources were referenced during the field investigations and during data interpretation
to support the analyses being conducted, due to site conditions (i.e., very soft organic sediments).
In particular, references regarding shear strength reduction factors were considered when
determining appropriate shear strength values for use in the stability model.  Two specific
reduction factors, the first related to the reliability of field vane shear testing, and the second
related to the placement of stiff fill materials on soft organic sediments, were used.  The
reduction factors were applied to the average peak shear strength readings collected in the field.
Figures 4-1 through 4-3 present the average shear strength values (peak, five percent strain,
straight-line, residual, reduced, and proposed) versus elevation for soil under the Causeway,
north of the Causeway and south of the Causeway, respectively.

A summary of the estimated geotechnical characteristics is presented for each of the materials
encountered/tested, including Causeway fill and organic sediment.  Actual test results are
presented in the laboratory reports (GeoTesting Express, Inc., 2000a and 2000b).

Causeway Fill Characteristics:

Limited testing, including Standard Penetration Testing, grain size, and moisture content were
performed on Causeway fill material.  While a zone is present at the bottom of this unit where
mixing has occurred with the organic sediments, it will be assumed in the design evaluations that
the soil is homogeneous.  The possibility for cracks under the center and along each side of the
Causeway is high and should be accounted for in the design evaluations.  Based on these test
results, the Causeway fill material can be described as having the following estimated
engineering characteristics:

•  Total Unit Weight = 140 pounds per cubic foot (pcf)
•  Submerged Unit Weight = 77.6 pcf
•  Internal Friction Angle = 33 degrees (o)
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•  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

Organic Sediment Characteristics:

In addition to field testing (e.g., Standard Penetration Test measurements and vane shear testing),
both disturbed (i.e., soil from split spoons and from field vane shear tests) and undisturbed (i.e.,
soil from Shelby Tubes) samples were collected and tested in the off-site laboratory, as identified
in Table 3-1.  Based on the available data, strengths for the organic sediments appear to increase
with depth, while water contents also increase.  This is likely due to the increased organic
contents observed with depth.  In order to evaluate the likely stability of the Causeway, both
under existing conditions and following construction of the cover system, the available shear
strength must be entered into the model.  The shear strengths presented here, are independent of
the overburden pressure, since it has already been included.

For the design evaluations, the condition immediately following construction is considered to be
the most critical and should include undrained shear strength values.  The affect of strength gain
and additional confining stress (since the organic sediments act primarily as a frictional material)
will act to increase the long-term stability and are therefore not considered further here.  Drained
(i.e., long-term) stability will be considered in the final evaluations.

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 further divided into 10-foot
thick layers, as follows:

Under the Causeway:

Elevation –10 to –20 msl
•  Total Unit Weight = 96 pcf (Saturated)
•  Average Undrained Shear Strength = 630 psf

Elevation –20 to –30 msl
•  Total Unit Weight = 86 pcf (Saturated)
•  Average Undrained Shear Strength = 770 psf

Elevation –30 to –40 msl
•  Total Unit Weight = 80 pcf (Saturated)
•  Average Undrained Shear Strength = 900 psf
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Off of the Causeway:

Elevation 0 to –10 msl
•  Total Unit Weight = 94 pcf (Saturated)
•  Average Undrained Shear Strength = 180 psf

Elevation –10 to –20 msl
•  Total Unit Weight = 88 pcf (Saturated)
•  Average Undrained Shear Strength = 240 psf

Elevation –20 to –30 msl
•  Total Unit Weight = 78 pcf (Saturated)
•  Average Undrained Shear Strength = 310 psf

Elevation –30 to –40 msl
•  Total Unit Weight = 80 pcf (Saturated)
•  Average Undrained Shear Strength = 380 psf

Consolidation:

Three one-dimensional consolidation tests were performed on undisturbed samples of the
organic silt deposit.  Two samples were obtained from locations beneath the Causeway, and one
sample was from an off Causeway location.  The test data indicates the deposits beneath the
Causeway are normally consolidated and the soils off the Causeway may have some slight over-
consolidation (less than 100 psf).  The tests provide soil parameters for the three following
characteristics:

Primary Compression:  This is the amount of soil compression that occurs while excess pore
pressures dissipate after a new load is applied.  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 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 primary compression, and were constructed to
separate out secondary compression effects.  Values obtained from the laboratory tests include
the following:
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•  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’, (over stress range of concern):  0.07 to 0.11

•  Cr:  0.04 to 0.11

•  Cre:  0.011 to 0.017

Rate of Compression:  The rate of primary compression is evaluated through the use of the
coefficient of consolidation parameter (cv), which can be derived from consolidation tests.  This

parameter reflects how fast the soil consolidates when loaded.  Values determined from the
testing program include the following:

•  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)

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 for each load increment applied during the consolidation test.  Values of the
Coefficient of Secondary Compression (Ca), determined from the tests include the following:

•  Ca  (all 3 tests, at highest applied load):  0.015 to 0.044

•  Ca (under Causeway samples, at design applied load):  0.001 to 0.011

•  Ca:  (off Causeway samples, at design applied loads):  0.003.
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ASTM American Society for Testing and Materials

bgs below ground surface
BRAC Base Closure and Realignment

Ca Coefficient of Secondary Compression
Cc Compression Index

Ce Compression Ratio
Cr Recompression Index

Cre Recompression Ratio

Cv Coefficient of Consolidation Parameter
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act

o degrees

EE/CA Engineering Evaluation/Cost Analysis

ft2/day square feet per day
FW Foster Wheeler Environmental Corporation

Harding Harding ESE, a MACTEC Company
HLA Harding Lawson Associates

in2/sec square inches per second

Meridian Meridian Engineering Corporation
msl mean sea level

NCP National Contingency Plan
NCRA Non-Time-Critical Removal Action

pcf pounds per cubic foot
PID photoionization detector
ppm parts per million
psf pounds per square foot
psi pounds per square inch

SAEP Stratford Army Engine Plant
SOPs Standard Operating Procedures
STL Severn Trent Laboratories
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USEPA United States Environmental Protection Agency

VOCs volatile organic compounds
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Figure 2-6
Peak Shear Strength vs Elevation Under the Causeway
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Figure 2-7
Peak Shear Strength vs. Elevation Off the Causeway
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Figure 3-1
Moisture Content vs. Elevation Under the Causeway

Geotechnical Investigation Summary
Causeway Non-time Critical Removal Action Design

-60

-50

-40

-30

-20

-10

0

0 20 40 60 80 100 120 140 160 180 200

Mositure Content(%)

E
le

va
ti

o
n

 (
ft

 m
sl

)

GB-00-01 GB-00-02 GB-00-03 GB-00-04



p:\projects\cbdcom\saep\causeway\geotech\lab data.xls
Moist vs Elev Off

Figure 3-2
Moisture Content vs. Elevation Off the Causeway
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Figure 4-1
Design Shear Strength Values Under the Causeway
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Figure 4-2
Design Shear Strength Values Off of the Causeway
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TABLE 2-1
FIELD INVESTIGATION PROGRAM

GEOTECHNICAL INVESTIGATION SUMMARY
CAUSEWAY NON-TIME CRITICAL REMOVAL ACTION DESIGN

STRATFORD ARMY ENGINE PLANT
STRATFORD, CONNECTICUT

Number of In-Situ Tests/Samples

Soil Boring
ID

Ground
Surface

Elevation
(ft, msl)

Total
Exploration

Depth
(ft)

Split
Spoons1

Shelby
Tubes2

Field Vane
Shear3

GB-00-01 8.3 24 9 1 1
GB-00-02 8.8 94.7 23 4-3 6
GB-00-03 9.1 24 7 1 1
GB-00-04 6.2 70 22 4 4
GB-00-05 -1.9 64 21 5-2 4

GB-00-05A 2.0 (4) 9.5 3
GB-00-05B -1.0 (4) 2 1
GB-00-06 -1.7 (4) 64 22 3-2 7

GB-00-06A -1.0 (4) 8 4
GB-00-06B 3.5 (4) 13.5 1
GB-00-07 -2.7 (4) 24 8 2 2

GB-00-07A 2.9 14 5
GB-00-08 -1.3 (4) 64 28 2 3

GB-00-08A 4.5 (4) 18.5 3
GB-00-08B -1.0 (4) 8 4
GB-00-09 -2.1 (4) 64 26 2 3

GB-00-09A 0.6 (4) 11.5 3
GB-00-09B -2.1 (4) 9.5 3
GB-00-10 -2.0 (4) 6.5 1

TOTAL 194 24-19 31

Notes:
1. Split spoon sampling was performed in accordance with American Society for

Testing and Materials (ASTM) D1586 - Standard Test Method for Penetration
Test and Split-Barrel Sampling of Soils.

2. Shelby Tubes were collected in accordance with ASTM D1587 - Standard
Practice for Thin-Walled Tube Geotechnical Sampling of Soils.  Samples
were shipped to the laboratory via a dedicated courier service to reduce
sample disturbance.  Where 2 numbers are present, first number is total
collected in the field; second number is total analyzed by laboratory.

3. Field vane shear testing was performed in accordance with ASTM D2573 -
Standard Test Method for Field Vane Shear Test in Cohesive Soil and the
procedure provided by the manufacturer of the vane used.

4. Estimated elevation, based on site topography, Figure2-1.

ft = feet
msl = mean sea level, NGVD
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TABLE 2-2
FIELD VANE SHEAR TEST RESULTS

GEOTECHNICAL INVESTIGATION SUMMARY
CAUSEWAY NON-TIME CRITICAL REMOVAL ACTION DESIGN

STRATFORD ARMY ENGINE PLANT
STRATFORD, CONNECTICUT

Vane Shear, Results
Peak

Vane Shear, Results
Straight Line

Boring ID
Depth1,

ft
Strength

(psf)

Strain
(Radial,

%)
Strength

(psf)

Strain
(Radial,

%)

Vane
Shear

Residual
(psf)

Shear @
5%

Strain
(psf)

Moisture
Content

(%)
GB-00-01 21.5 950 19 780 6 340 650 -
GB-00-02 19.5 710 28 460 6 280 320 -
GB-00-02 23.5 990 27 900 19 220 300 84.4
GB-00-02 27.5 930 28 700 13 280 300 -
GB-00-02 37.5 Poor test-     Data not used-  Likely pushed an object -
GB-00-02 39.5 1300 17 950 6 370 900 188
GB-00-02 47.5 1340 42 800 5 400 800 -
GB-00-03 17.5 1020 14 640 4 340 700 -
GB-00-04 17.5 870 22 600 7 220 450 66.3
GB-00-04 25.5 990 38 600 5 250 550 75.8
GB-00-04 33.5 810 17 500 6 500 450 111
GB-00-04 41.5 1240 33 900 9 370 650 -
GB-00-05 5.5 280 24 240 17 180 70 74.4
GB-00-05 13.5 460 22 310 7 90 220 113
GB-00-05 33.5 800 60 700 43 460 100 -
GB-00-05 41.5 1270 38 1100 25 310 210 -
GB-00-06 5.5 230 26 180 13 40 100 64.5
GB-00-06 13.5 340 21 240 10 90 200 -
GB-00-06 19.5 480 22 400 13 76 200 128
GB-00-06 25.5 500 25 400 15 90 150 164
GB-00-06 33.5 750 44 550 15 140 175 -
GB-00-06 41.5 110 22 90 12 15 60 -
GB-00-06 47.5 510 28 470 14 220 250 -
GB-00-07 5.5 Poor test-    Data not used-   Barge moving due to waves -
GB-00-07 11.5 430 15 430 15 90 150 114
GB-00-08 11.5 220 17 160 8 - 100 -

GB-00-08 13.5 440 18 440 18 76 110 -
GB-00-08 37.5 470 42 380 20 220 100 -
GB-00-09 17.5 390 25 370 20 30 80 97.7
GB-00-09 25.5 560 42 470 20 100 100 205
GB-00-09 33.5 445 28 330 14 90 110 111

Median 635 25 480 13 220 200 111
Maximum 1340 60 1100 43 500 900 205
Minimum 110 14 90 4 15 60 64.5

Notes:
psf = pounds per square foot
ft = feet
% = percent rotational strain, based on 100% = 90 degrees of rotation.
- = No data.
1   Depths are measured to the middle of the Vane, typically 0.5 from the bottom of the 2 foot sampling interval.
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TABLE 3-1
LABORATORY TESTING PROGRAM

GEOTECHNICAL INVESTIGATION SUMMARY
CAUSEWAY NON-TIME CRITICAL REMOVAL ACTION DESIGN

STRATFORD ARMY ENGINE PLANT
STRATFORD, CONNECTICUT

Test Category Test Name Standard1
Number
of Tests

Grain Size (Sieve Only) ASTM D 422 10
Bulk Density ASTM D 2937 19
Moisture content2 ASTM D 2216 96
Atterberg limits ASTM D 4318 7
Organic matter ASTM D 2974 15
Specific gravity ASTM D 854 3

Index Properties

Shelby Tube Opening (density,
visual description, moisture contents,
3 each)

ASTM D 2937 19

1-D consolidation test series (Note 1) ASTM D 2435 3
Triaxial compression (3-points each) ASTM D 4767 5

Physical
Properties

Laboratory vane testing on Shelby
tubes (3 tests per tube)

NA 15

NOTES:
1  Tests were performed in accordance with the requirements of the standard indicated, unless otherwise noted.
2  Mositure content tests were performed on bulk samples (47), Atterberg limit tests (7), Ash content tests (15), tube
openings 919), triaxial (5), and consolidation tests (3), as summarized on Table 3-3.

ASTM = Americal Society for Testing and Materials.
NA = not applicable.
Laboratory test results are provided in Appendix A.  Tables 3-2 through 3-7 summarize laboratory test results.
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TABLE 3-2
GRAIN SIZE DETERMINATION1

GEOTECHNICAL INVESTIGATION SUMMARY
CAUSEWAY NON-TIME CRITICAL REMOVAL ACTION DESIGN

STRATFORD ARMY ENGINE PLANT
STRATFORD, CONNECTICUT

Grain Size1

Physical Description2

Sample ID
Depth, ft

bgs Laboratory Description Field Description
GB-00-02 16-18 Visual description; Moist, very dark brown silty

SAND. Sieve analysis; SILT OR CLAY, trace
fine sand (ML)

Olive gray SILT; trace small fibers, slightly
plastic, very well sorted, moderate sulfur smell,
non-draining, micaceous, has decomposed peat

feel to it; ( ML)
GB-00-02 66-68 Visual description; Moist, very dark brown

sandy SILT; Sieve analysis; SILT OR CLAY,
trace fine to coarse sand (ML)

Olive gray SILT; finely laminated with
occasional repetitive red laminae of clay; has
dilatency; gives up water when vibrated (ML)

GB-00-04 44-46 Visual description; Moist, very dark brown SILT
with sand and organics; Sieve analysis; SILT OR

CLAY with organics, trace fine and medium
sand (OL)

Very dark grayish brown SILT; trace of reeds,
and woody plant fibers, trace fine sand, non-
plastic, sulfur odor, non-draining (ML/OL)

GB-00-04 60-64 Visual description; Moist brown sand with
gravel; Sieve analysis; Poorly graded SAND

WITH GRAVEL (SP)

Gray, well-sorted fine-to-med. SAND; non-
plastic, alluvium (SP); over ¼” manganese
layer(?); then reddish to yellowish brown

gravelly SAND; trace fines, well graded (SP)
GB-00-05 38-40 Visual description; Moist, very dark brown silty

sand; Sieve analysis; SILT OR CLAY, little fine
sand, trace medium and coarse sand (ML) with

little organics

Layered peaty SILT and PEAT; peaty zones
have reeds and wood with well decomposed peat

(OL/PT)

GB-00-05 60-62 Visual description; Wet, gray sandy SILT; Sieve
analysis; SILT, trace fine sand (ML)

Gray very fine SAND and SILT; with very thin
purple CLAY lenses (SM/ML)

GB-00-06 22-24 Visual description; Moist, very dark brown silt;
Sieve analysis; SILT OR CLAY, with trace
organics, trace fine and medium sand (OL)

Very dark gray to very dark brown ORGANIC
SILT; very soft, slightly plastic, trace

undecomposed plant fibers, non-draining, non-
dialating (OL)

GB-00-07 6-8 Visual description; Moist, very dark brown clay
with sand; Sieve analysis; SILT OR CLAY, trace

medium and fine sand (ML)

Gray SILT; soft, slightly plastic, some shells

GB-00-08 42-44 Visual description; Moist, light gray sandy clay;
Sieve analysis; SILT OR CLAY, some fine sand

(ML)

Gray, SILTY FINE SAND; dense, non-plastic
(SM)

GB-00-09 20-22 Visual description; Moist, very dark brown
sandy silt; Sieve analysis; CLAY, some silt, with

organics, trace fine sand (OL)

Black to very dark gray organic SILT; non-
plastic, micaceous, trace plant fibers, strong

sulfur odor (OL)

NOTES:
1  Testing performed in accordance with ASTM D422.
2  Descriptions and description classifications are based on the Unified Soil Classification System (USCS).
bgs = below ground surface
ft = feet
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TABLE 3-3
MOISTURE CONTENT1

GEOTECHNICAL INVESTIGATION SUMMARY
CAUSEWAY NON-TIME CRITICAL REMOVAL ACTION DESIGN

STRATFORD ARMY ENGINE PLANT
STRATFORD, CONNECTICUT

Sample ID Depth, ft bgs

Moisture
Content, %

Bulk Sample
Testing

Moisture
Content, %
Atterberg

Limit
Testing

Moisture
Content, %
Ash Content

Testing

Moisture
Content,

%
Tube

Openings2

Moisture
Content, %

Triaxial3 and
Consolidation

Testing4

GB-00-01 16-18 18.6 19
GB-00-01 22-24 62.0 59.9 62 56.6 56.6
GB-00-02 16-18 56
GB-00-02 23.5 84.4
GB-00-02 24-26 74.3 74
GB-00-02 30-32 80.6
GB-00-02 38-40 188
GB-00-02 40-42 184 176.1 184 158.6 167.1
GB-00-02 48-50 79.7
GB-00-02 66-68 32
GB-00-03 12-14 19.6 20
GB-00-03 14-16 45.1
GB-00-04 16-18 66.3
GB-00-04 18-20 112.4 66.5 65.8
GB-00-04 24-26 75.8
GB-00-04 26-28 92.2 104.5
GB-00-04 32-34 111
GB-00-04 36-38 107 150
GB-00-04 34-36 112 131.5 132 122.6 122.6
GB-00-04 42-44 160
GB-00-04 44-46 164
GB-00-04 60-64 16
GB-00-05 5-5.5 74.4
GB-00-05 12-14 113 113
GB-00-05 18-20 121
GB-00-05 26-28 108 90.1 125 154.2 198.2
GB-00-05 34-36 66.8
GB-00-05 38-40 140 140
GB-00-05 60-62 136

GB-00-05A 7.5-9.5 42.2
GB-00-06 4-6 64.5
GB-00-06 18-20 128
GB-00-06 22-24 178
GB-00-06 20-22 145 139.5 145 97.0 97.2
GB-00-06 24-26 164
GB-00-06 26-28 196.5

GB-00-06A 6-7 63.2
GB-00-06B 13-13.5 56.6
GB-00-07 6-8 78.5
GB-00-07 8-10 87.4
GB-00-07 10-12 114
GB-00-07 12-14 100.2
GB-00-07 18-20 117 117
GB-00-08 14-16 72.8 98.4 98.4
GB-00-08 18-20 109 109
GB-00-08 32-34 206 206
GB-00-08 38-40 143.8
GB-00-08 40-42 109
GB-00-08 42-44 26

GB-00-08B 4-6 59.1
GB-00-09 16-18 97.7
GB-00-09 18-20 111.8
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TABLE 3-3
MOISTURE CONTENT1

GEOTECHNICAL INVESTIGATION SUMMARY
CAUSEWAY NON-TIME CRITICAL REMOVAL ACTION DESIGN

STRATFORD ARMY ENGINE PLANT
STRATFORD, CONNECTICUT

Sample ID Depth, ft bgs

Moisture
Content, %

Bulk Sample
Testing

Moisture
Content, %
Atterberg

Limit
Testing

Moisture
Content, %
Ash Content

Testing

Moisture
Content,

%
Tube

Openings2

Moisture
Content, %

Triaxial3 and
Consolidation

Testing4

GB-00-09 20-22 149
GB-00-09 24-26 205
GB-00-09 26-28 202.5
GB-00-09 32-34 111
GB-00-09 40-42 18.4 18

GB-00-09A 7.5-9.5 77.3
GB-00-09A(5) 7.5-9.5 188

GB-00-09B 9-9.5 75.5

Notes:
1 Testing performed in accordance with ASTM D2216.
2 Moisture contents may be averages where numerous readings were recorded.
3 Water content for Triaxial tests are the average of all 3 moisture tests, prior to triaxial testing.
4 Consolidation test data is from the trimmings, and before consolidation.
5 This is of the fill material; other entry at this depth is of native material.
bgs = below ground surface
ft = feet
% = percent
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 TABLE 3-4
ATTERBERG LIMITS1

GEOTECHNICAL INVESTIGATION SUMMARY
CAUSEWAY NON-TIME CRITICAL REMOVAL ACTION DESIGN

STRATFORD ARMY ENGINE PLANT
STRATFORD, CONNECTICUT

Sample ID
Depth, ft

bgs Laboratory Visual Description2

Moisture
Content,

Tube
Openings,

%3

Natural
Moisture
Content,

%
Liquid

Limit %
Plastic

Limit, %
Plasticity

Index
Liquidity

Index
GB-00-01 22-24 Moist, black clayey silt 56.6 59.9 74.3 45.5 28.8 0.50

GB-00-02 40-42 Moist, black clayey silt 158.6 176.1 NP NP NP NP

GB-00-04 18-20 Moist, very dark gray clayey silt with
organics

66.5 112.4 147.5 52.7 94.8 0.63

GB-00-04 34-36 Moist, black clayey silt with organics 122.6 131.5 235.0 88.6 146.3 0.29

GB-00-05 26-28 Moist, black clayey silt 154.2 90.1 NP NP NP NP

GB-00-06 20-22 Moist, black clayey silt 97.0 139.5 150.4 57.6 92.8 0.88

GB-00-08 14-16 Moist, very dark gray clayey silt with
organics

98.4 72.8 89.8 41.2 48.6 0.65

NOTES:
1      Atterberg limit testing was performed in accordance with ASTM D 4318.
2 Soil description and classification based on the Unified Soil Classification System (USCS).
3 Moisture content determined using ASTM D 2216. Values are the average of 1 to 4 separate sections.
bgs = below ground surface
ft = feet
% = percent
NP = Determined to be not plastic.



P:\Projects\CBDCOM\SAEP\Causeway\Geotech\TechMemo\Table 3-5.Doc 50796
Page 1 of 1

TABLE 3-5
ORGANIC MATTER1

GEOTECHNICAL INVESTIGATION SUMMARY
CAUSEWAY NON-TIME CRITICAL REMOVAL ACTION DESIGN

STRATFORD ARMY ENGINE PLANT
STRATFORD, CONNECTICUT

Sample ID
Depth, ft

bgs Laboratory Visual Description2
Moisture

Content, %
Ash

Content, %
Organic

Matter, %
GB-00-01 22-24 Moist, black silt with organics 62 95.1 4.9

GB-00-01 16-18 Moist, black silt with organics 19 98.3 1.7

GB-00-02 24-26 Moist, very dark brown silty sand 74 94.2 5.8

GB-00-02 40-42 Moist, black silt with some sand 184 85.3 14.7

GB-00-03 12-14 Moist, very dark brown sandy silt 20 96.2 3.8

GB-00-04 34-36 Moist, black silt with organics 132 84.4 15.6

GB-00-04 36-38 Moist, dark silt with sand and organics 150 88.0 12.0

GB-00-05 12-14 Moist, dark brown silty sand 113 91.7 8.3

GB-00-05 26-28 Moist, black silt with organics 125 86.1 13.9

GB-00-05 38-40 Moist, very dark brown silty sand 140 86.1 13.9

GB-00-06 20-22 Moist, black silt with organics 145 89.9 10.1

GB-00-07 18-20 Moist, very dark brown sandy clay 117 90.8 9.2

GB-00-08 32-34 Moist, light gray silty clay 206 84.9 15.1

GB-00-08 18-20 Moist, dark brown silt 109 91.2 8.8

GB-00-09 40-42 Moist, very dark brown sandy silt 18 99.5 0.5

NOTES:
1  Testing performed in accordance with ASTM D2974.  Moisture content determined by Method A and reported as a percentage of oven-dried mass; dried to constant mass at
temperature of 110 ° C.  Ash  content and organic matter determined by Method C; dried to constant mass at temperature of 440 °C.
2  Soil description based on the Unified Soil Classification System (USCS).
ft = feet
bgs = below ground surface
% = percent
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TABLE 3-6
SPECIFIC GRAVITY

GEOTECHNICAL INVESTIGATION SUMMARY
CAUSEWAY NON-TIME CRITICAL REMOVAL ACTION DESIGN

STRATFORD ARMY ENGINE PLANT
STRATFORD, CONNECTICUT

Sample ID
Depth, ft

bgs Laboratory Visual Description1

Specific Gravity2,
(relative to water

@ 20oC)
GB-00-02 24-26 Moist, very dark brown silty sand 2.72

GB-00-04 36-38 Moist, dark brown silt with sand and organics 2.48

GB-00-05 12-14 Moist, dark brown silty sand 2.69

NOTES:
1  Soil description based on the Unified Soil Classification System (USCS).
2  Specific gravity performed by using method A (oven dried specimens) of ASTM D 854.
bgs = below ground surface
ft = feet
°C = degrees Celcius
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TABLE 3-7
SHELBY TUBE OPENINGS

GEOTECHNICAL INVESTIGATION SUMMARY
CAUSEWAY NON-TIME CRITICAL REMOVAL ACTION DESIGN

STRATFORD ARMY ENGINE PLANT
STRATFORD, CONNECTICUT

Sample ID
Depth, ft

bgs Laboratory Visual Description

Bulk
Density,

lb/ft3

(Note 1)

Moisture
Content, %

(Note 2)

Dry
Density,

lb/ft3

(Note 3)

Laboratory Vane
Shear
lb/ft2

(Note 4)
Peak / Residual

GB-00-01 22-24 Moist, black silt with organics 101.3 56.6 64.8 520 / 250
GB-00-02 30-32 Moist, black silt with organics 88.8 80.6 49.3 Not tested
GB-00-02 40-42 Moist, black silt with some sand 81.1 158.6 31.4 1090 / 710
GB-00-02 48-50 Moist, black silt with some sand and

organics
90.0 79.7 50.4

Not tested
GB-00-03 18-20 Moist, very dark brown sandy silt 102.9 50.0 68.8 960 / 380
GB-00-04 18-20 Moist, very dark gray clayey silt with

organics
98.8 66.5 59.4 840 / 380

GB-00-04 26-28 Moist, black silt with organics 90.9 92.2 47.5 1230 / 615
GB-00-04 34-36 Moist, black silt with organics 83.4 122.6 37.5 990 / 460
GB-00-04 42-44 Moist, black silt with organics 77.5 160 30.0 1460 / 820
GB-00-05 26-28 Moist, black silt with organics 76.8 154.2 30.8 980 / 420
GB-00-05 34-36 Moist, very dark brown silt 93.3 66.8 55.9 410 / 330
GB-00-06 20-22 Moist, black silt with organics 87.0 97.0 44.2 410 / 170
GB-00-06 26-28 Moist, very dark brown silt 75.2 196.5 25.5 620 / 370
GB-00-07 8-10 Moist, black silt with organics 89.5 87.4 47.8 Not tested
GB-00-07 12-14 Moist, black silt with organics 88.1 100.2 44.1 Not tested
GB-00-08 14-16 Moist, very dark gray clayey silt with

organics
88.8 98.4 44.9 440 / 160

GB-00-08 38-40 Moist, black silt with organics 78.8 143.8 34.0 790 / 440
GB-00-09 18-20 Moist, black silt with organics 85.5 111.8 40.8 570 / 360
GB-00-09 26-28 Moist, black silt with organics 76.6 202.5 25.3 710 / 380

NOTES:

1)  Bulk density determined on undisturbed tube samples provided to GeoTesting Express in Shelby tubes using ASTM D 2937.  Values are the average of 1 to 4 separate sections.
2)  Moisture content determined using ASTM D 2216. Values are the average of 1 to 4 separate sections.
3)  Dry density was determined based on average bulk density and moisture content of 1 to 4 separate sections.
4)  Laboratory vane shear tests were performed using a hand held Geonore and are the average of  tests performed on 2 to 3 separate sections.



TABLE 4-1
SUMMARY OF SHEAR STRENGTH VALUES VERSUS DEPTH AROUND THE CAUSEWAY

GEOTECHNICAL INVESTIGATION SUMMARY 
CAUSEWAY NON-TIME CRITICAL REMOVAL ACTION DESIGN

STRATFORD ARMY ENGINE PLANT
STRATFORD, CONNECTICUT

 

  Rate of   Rate of
Elevation Strength Change Elevation Strength Change

Peak 0 240
-10 340 10.0 -10 780

 -20 450 11.0 -20 975 19.5
-30 560 11.0 -30 1160 18.5
-40 660 10.0 -40 1350 19.0

Straight Line 0 150
-10 170 2.0 -10 550
-20 300 13.0 -20 670 12.0
-30 420 12.0 -30 820 15.0
-40 550 13.0 -40 950 13.0

5% Strain 0 80
-10 120 4.0 -10 520
-20 220 10.0 -20 640 12.0
-30 160 -6.0 -30 720 8.0
-40 140 -2.0 -40 780 6.0

Remoulded 0 60
-10 70 1.0 -10 220
-20 100 3.0 -20 290 7.0
-30 140 4.0 -30 380 9.0
-40 180 4.0 -40 360 -2.0

Reduced Strength (Duncan) 0 223
-10 316 9.3 -10 725
-20 419 10.2 -20 907 18.1
-30 521 10.2 -30 1079 17.2
-40 614 9.3 -40 1256 17.7

Reduced Strength (Bjerrum) 0 144
about 60% of peak with PI ~ 100 -10 204 6.0 -10 468
and strength ratio ~ 0.3 - 0.4 -20 270 6.6 -20 585 11.7

-30 336 6.6 -30 696 11.1
-40 396 6.0 -40 810 11.4

Proposed Strength Values 0 151
-10 214 6.3 -10 562
-20 284 6.9 -20 702 14.0

reduction from Bjerrum's -30 353 6.9 -30 835 13.3
reduced values for strain correction -40 416 6.3 -40 972 13.7
with PI ~ 50-70

Strength Condition

Under the CausewayOff the Side of the Causeway
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Harding ESE
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PHOTOGRAPHIC LOG















APPENDIX B

Harding ESE
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SOIL BORING LOGS
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Harding ESE
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FIELD SHEAR TEST RESULTS
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Harding ESE
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SHEAR STRENGTH VS. ELEVATION PLOTS
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