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Subject: Final Geotechnical Data Report 

 Bridge Nos. M-05-001 = W-06-013 and W-06-016 and Associated Causeway 
Wareham Street (US 6) over Weweantic River 

  Marion and Wareham, Massachusetts 
 
Ladies and Gentlemen: 
 
Haley & Aldrich, Inc. (Haley & Aldrich) is pleased to submit this Geotechnical Data Report in connection 
with the replacement of Bridge Nos. M-05-001 = W-06-013 and W-06-016 located along a causeway 
which carries US Route 6 over the Weweantic River between the towns of Marion and Wareham, 
Massachusetts (see Figure 1, Project Locus). 
 
We understand that the bridges are to be replaced with wider structures that will include the addition of 
4-ft wide shoulders and 10-ft wide Shared Use Paths (SUP). The replacement bridge decks will be 
approximately 2.5 ft higher than the existing bridge. The causeway approach to the bridge will also be 
widened, regraded, and raised to match the proposed higher and wider bridge.  
 
This report presents subsurface geotechnical test borings and laboratory test results from three 
different geotechnical investigation phases for the project. The focus of the geotechnical investigations 
was on gathering information for the bridge replacement and associated causeway widening and grade 
raising.  
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Executive Summary 
 
Bridge No. M-05-001 = W-06-013 
 
The Commonwealth of Massachusetts Department of Transportation (MassDOT) is planning to construct 
the replacement of Bridge No. M-05-001 = W-06-013 over the Weweantic River in Marion and 
Wareham, Massachusetts. Built in 1929 and widened in 1957, the existing bridge is a two-span structure 
with both concrete and steel stringers and a concrete deck. Each span is 53-ft long and the bridge is 
58.5-ft wide. The abutments of the existing bridge are timber pile supported and the center pier is 
supported on a spread footing.  
 
The new bridge will also be a two-span structure with a 136 ft overall length and an 18.7 ft increased 
width. The replacement bridge will be constructed in two main stages with three traffic shifts along the 
same alignment as the existing bridge. 
 
The observed subsurface conditions consist of a top layer of embankment soils overlying organic 
deposits. Underlying the organic deposits are glacial deposits overlying completely weathered bedrock 
(which can be split spoon sampled), overlying bedrock, which can be cored. The depth to cored bedrock 
from the existing roadway grade at the proposed abutments is between 44 and 48.5 ft. The overburden 
soils contain obstructions that will impact the design and construction of the replacement bridge. The 
obstructions encountered in the subsurface explorations for this report included cobbles, boulders, 
wood, steel slag, and unknown materials. 
 
Bridge No. W-06-016 
 
The Commonwealth of Massachusetts Department of Transportation (MassDOT) is planning to construct 
the replacement of Bridge No. W-06-016 over the Weweantic River in Wareham, Massachusetts. Built in 
1929 and widened in 1957, the existing bridge is a 3-span structure with both concrete and steel 
stringers and a concrete deck. The 1929 width of the abutments and piers is 38.75 ft and the 1957 
widened portion is 19.75 ft. The end spans are both 46.5 ft long and the center span is 51.5 ft long and 
the overall length from endpost to endpost is 178 ft. The abutments and piers of the existing bridge are 
timber pile supported.  
 
The new bridge will be a 3-span structure with a 184 ft overall length between abutments, and 18.7 ft 
wider than the existing bridge. The end spans are both 56.0 ft long and the center span is 72 ft long. The 
replacement bridge will be constructed in two main stages with three traffic shifts along the same 
alignment as the existing bridge. 
 
The observed subsurface conditions consist of a top layer of embankment soils overlying organic 
deposits. Underlying the organic deposits are glaciolacustrine and glaciofluvial deposits overlying 
bedrock. The depth to cored bedrock from the existing roadway grade at the proposed abutments is 
between 62 and 71 ft. The overburden soils contain obstructions that will impact the design and 
construction of the replacement bridge. Obstructions were also encountered in the subsurface 
explorations for this bridge. 
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Causeway Retaining Walls 
 
As part of the project to replace Bridge Nos. M-05-001 = W-06-013 and W-06-016, the Commonwealth 
of Massachusetts Department of Transportation (MassDOT) is planning to widen and raise the Wareham 
Street Causeway (US 6) which crosses the Weweantic River between Marion and Wareham in 
Massachusetts (see Figure 1, Project Locus). The causeway is approximately one-third of one mile long.   
 
The existing causeway will be regraded to a higher elevation and widened to allow for the addition of a 
4-ft-wide shoulder and a 10-ft-wide Shared Use Path (SUP) on each side of the roadway. Along the 
centerline, the causeway grades are being raised as much as 3 ft. The grade increase in the SUP area is 
as high as 8 ft since the SUPs will be constructed over the existing causeway’s side slopes. Retaining 
walls will be constructed to retain the raise in grade.   
 
The observed subsurface conditions consist of a top layer of embankment soils overlying organic 
deposits. Underlying the organic deposits are glacial deposits overlying bedrock. The depth to coreable 
bedrock from the existing roadway grade at the causeway is between 32 and 68.5 ft.  
 
The overburden soils contain obstructions that will impact the design and construction of the 
replacement bridge. The historic drawings suggest that there are likely buried stone walls and rubble fill 
in the existing embankments.  Obstructions were also encountered in the subsurface explorations along 
the causeway.  Most of the obstructions were encountered in the embankment fill; although occasional 
cobbles were noted in the glacial till deposits.
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1. Introduction 
 
 
1.1 PURPOSE 
 
The purpose of this study was to characterize subsurface conditions at the two bridges and the 
causeway carrying US Route 6 over the Weweantic River between the towns of Marion and Wareham, 
Massachusetts (see Figure 1, Project Locus). The data presented in this report is from 3 separate 
subsurface investigations performed by Haley & Aldrich, Inc. (Haley & Aldrich). 
 
Built in 1929 and widened in 1957, Bridge M-05-001 = W-06-013 is a two-span structure with both 
concrete and steel stringers and a concrete deck. The spans are 49.75-ft long (clear) with the overall 
bridge length of 139 ft from endpost to endpost. The bridge is 58.5-ft wide.  
 
Also built in 1929 and widened in 1957, Bridge W-06-016 is a 3-span structure with both concrete and 
steel stringers and a concrete deck. The end spans are both 46.5 ft long and the center span is 51.5 ft 
long for an overall length of 178 ft. The part of the existing bridge built in 1929 is 38.75 ft wide.  In 1957 
the bridge was widened by 19.75 ft for a total width of 58.5 ft. The abutments and piers of the existing 
bridge are timber pile supported.  
 
In addition to the above stated scope, we obtained sediment samples from the river bottom for 
laboratory grain size analysis to be used by MassDOT in their scour analyses.  
 
1.2 AVAILABLE DOCUMENTS - BRIDGE NO. M-05-001 = W-06-013 
 
1.2.1 Bridge Plans Dated 27 April 1901 
 
At least two bridges were built at the site of Bridge No. M-05-001 = W-06-013 prior to the existing 
bridge. Plans from 1901, 1904, 1929, and 1956 are available. It appears that, prior to 1901, the 
causeway was supported by stone retaining walls and riprap and was wider at the abutments. We are 
not aware of any drawings that show this earlier bridge but the outlines of the abutments and retaining 
walls are shown on the 1901 drawings. It also appears as though there were 3 rectangular piers (most 
likely of stone masonry construction) supporting this earlier bridge. Although the exact locations of the 
prior substructures are not clear, they appear to have been in about the same location as the current 
bridge. Therefore, it seems reasonable to assume that there are most likely remnants of the prior bridge 
structures and foundations buried beneath the existing causeway and in the river. 
 
As part of the 1901 bridge replacement, the causeway elevation was increased by placing fill berms 
adjacent to the existing stone retaining walls on each side of the causeway, creating a buttressing slope 
protected by riprap. The 1901 drawings show the “West Bridge” (which is now Bridge No. M-05-001 = 
W-06-013) was to be supported on 10-in. dia. cast iron piles with 4 river piers spaced at about 16.5 ft on 
center. These drawings also show the abutments supported on timber piles and a 30-ft wide bridge deck 
with both a roadway and train or trolley tracks. 
 
The 1904 drawing appears to be a survey of the top of the bridge’s wheel-guard and deck, perhaps done 
in response to some settlement of the bridge. 
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1.2.2 Bridge Plans Dated February 1929 
 

Drawings dated 1929 show the replacement for the circa 1901 bridge. This 1929 bridge still exists as the 
northern roughly 2/3 of the current bridge, which was expanded to the south in the 1950’s (as discussed 
below). These drawings indicate that the 1929 bridge has rubble concrete abutments bearing on timber 
piles and that the center pier was constructed on a rubble concrete spread footing, built within a 
cofferdam.  
 
As part of the 1929 construction, the new abutments were constructed about 12 ft inboard of the 
existing abutments and the width of the causeway opening between abutments was increased. While 
the above water portions of the original abutments appear to have been removed, timber piles 
foundations (and possibly timber cribbing and masonry) are likely still in place.  
 
The location of the abutments of the 1929 bridge relative to the 1901 bridge is shown on the 1929 
drawings. The centerline alignment of the 1929 bridge is about 10 ft south of the 1901 bridge and the 
1929 bridge was slightly wider. A 20-ft wide temporary bridge supported on timber piles is also 
referenced which was constructed at an unknown location to maintain traffic flow during the 1929 
construction.  

1.2.3 Bridge Plans Dated November 1956 
 

The 1956 bridge drawings were for widening the bridge 20 ft to the south using similar foundations to 
the ones used for the 1929 bridge. Presumably the causeway was also widened in 1956. The 1959 
drawings indicate that the timber piles driven to widen the bridge were designed for a 36-kip capacity. 
 
1.2.4 MassDOT Timber Pile Driving Records dated 1957 

 
The timber pile records suggest the piles are generally less than 50 ft long at Bridge 
No. M-05-001 = W-06-013.  
 
1.3 AVAILABLE DOCUMENTS - BRIDGE NO. W-06-016 
 
1.3.1 Bridge Plans Dated 27 April 1901 
 
At least two bridges were built at the location of Bridge W-06-016 prior to the existing bridge. Plans 
from 1901, 1904, 1929, and 1956 are available. It appears that, prior to 1901, the causeway was 
supported by stone retaining walls and riprap and was wider at the abutments. We are not aware of any 
drawings that show this earlier bridge but the outlines of the abutments and retaining walls are shown 
on the 1901 drawings. It also appears as though there were 5 rectangular piers, most likely of stone 
masonry construction, supporting this earlier bridge. Although the exact locations of the prior 
substructures are not clear, they appear to have been in about the same location as the current bridge. 
Therefore, it seems reasonable to assume that there are most likely remnants of the prior bridge 
structures and foundations buried beneath the existing causeway and in the river. 
 
As part of the 1901 bridge replacement, the causeway elevation was increased by placing fill berms 
adjacent to the existing stone retaining walls on each side of the causeway, creating a buttressing slope 
protected by riprap. The 1901 drawings show the “East Bridge” (which is now Bridge No. W-06-016) was 
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to be supported on 10-in. dia. cast iron piles with 5 river piers. These drawings also show the abutments 
supported on timber piles and a 30-ft wide bridge deck with both a roadway and train or trolley tracks. 
 
The 1904 drawing appears to be a survey of the top of the bridge’s wheel-guard and deck, perhaps done 
in response to some settlement of the bridge. 
 
1.3.2 Bridge Plans Dated February 1929 

 
Drawings dated 1929 show the replacement for the circa 1901 bridge. This 1929 bridge still exists as the 
northern roughly 2/3 of the current bridge, which was expanded to the south in the 1950’s (as discussed 
below). These drawings indicate the 1929 bridge has rubble concrete abutments and piers bearing on 
timber piles. The piers were presumably built within cofferdams.  
 
As part of the 1929 construction, the new west abutment was constructed about 12 ft west of the 1901 
abutment and the new east abutment was constructed about 22 ft east of the 1901 abutment, resulting 
in a wider causeway opening between abutments. While the above water portions of the 1901 
abutments and piers appear to have been removed, timber and iron pile foundations, and possibly 
timber cribbing and masonry, were likely left in place.  
 
The location of the abutments of the 1929 bridge relative to the 1901 bridge is shown on the 1929 
drawings. The centerline alignment of the 1929 bridge is about 8 ft south of the 1901 bridge and the 
1929 bridge was slightly wider. A 20-ft wide temporary bridge supported on timber piles is also 
referenced which was constructed at an unknown location to maintain traffic flow during the 1929 
construction.  
 
1.3.3 Bridge Plans Dated November 1956 

 
The 1956 bridge drawings were for widening the bridge 20 ft to the south using similar foundations to 
the ones used for the 1929 bridge. The 1956 drawings indicate that the timber piles driven to widen the 
bridge were designed for a 36-kip capacity.  Presumably the causeway was also widened in 1956. 
 
1.3.4 MassDOT Timber Pile Driving Records dated 1957 

 
The timber pile records suggest the piles are generally less than 35 ft long at Bridge No. W-06-016.  
 
1.4 EXISTING CONDITIONS 
 
The Weweantic River is tidal and strong currents currently flow under the bridges during each tidal 
cycle. The Mean High Water is elevation (El. 1.8) and the Mean Low Water is El. –2.2. The water depth at 
high tide for Bridge M-05-001 = W-06-013 is about 15- to 18-ft at the river channel. The water depth at 
high tide for Bridge W-06-016 is about 16 to 24 ft in the river channel. 
 
1.5 SITE RECONNAISSANCE  
 
The causeway near the abutments is armored with riprap. The upstream side of the bridges (north side) 
have concrete girders and the 1957 bridge additions on the south side have steel girders. There is a duct 
bank between the northernmost two bridge girders. Between the southernmost concrete girders there 



 

4 

is a drainage pipe and a rectangular utility which likely houses communication ducts. There are 
manholes labeled sewer and Bell Telephone that line up with these utilities.  
 
There is a space between the original 1929 pier stems and the 1957 pier stems. The existing granite 
block pier needs repointing and a new concrete pier cap, as a minimum, and may need to be replaced 
entirely (as currently proposed). The condition of the submerged rubble concrete footing is unknown. 
 
1.6 ELEVATION DATUM 
 
Elevations referenced in this report are in feet and are based on the North American Vertical Datum 
(NAVD) of 1988. All survey points have been determined with respect to the Massachusetts State Plane 
Coordinate System as referenced to the North American Datum of 1983 (NAD 83). 
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2. Subsurface Conditions 
 
 
2.1 AVAILABLE SURFICIAL GEOLOGY MAPS AND HISTORIC SUBSURFACE INFORMATION 
 
The site is shown on the United States Geological Survey (USGS) 2011 “Surficial Geology Map of the 
Onset Quadrangle, Massachusetts”. The Marion Quadrangle is just west of the site. These maps show 
that the causeway is comprised of Artificial Fill and passes over Salt-marsh deposits with glacial till and 
coarse deposits (likely glacial fluvial deposits) in the area. There are no known bedrock outcrops in this 
area of Massachusetts. 

 
The historic drawings suggest that there are likely buried stone walls and rubble fill in the existing 
embankments. There is also surficial riprap visible on the slopes of the causeway.  
 
The 1929 explorations for Bridge M-05-001 = W-06-013 suggest the embankment fill consists of loose to 
hard sand and gravel with riprap and wood, with one boring stopped at an obstruction. The upper 
natural soils vary from soft mud and fine sand to fine dirty sand, to medium clay and fine sand. Denser 
soil with boulders (possible glacial till or glaciofluvial deposits) was encountered below the upper natural 
soils. The 1929 boring depth was about 40 ft below the top of the embankment. Three additional 
borings done in 1956 on the south side of the bridge extended to about 45 ft below the top of the 
embankment and indicated loose fine sand with trace silt to about 38 ft depth, overlying denser sand. 
These historic explorations are included in Appendix A on the bridge plans. 
 
The 1929 explorations for Bridge W-06-013 suggest the embankment fill consists of loose sand and 
riprap fill and loose coarse dirty sand and boulders. The upper natural soils vary from soft mud and loose 
coarse sand, to fine dirty sand. Denser soil was encountered below the upper natural soils. The 1929 
boring depth was about 55 ft below the top of the embankment. Four additional borings done in 1956 
on the south side of the bridge extended to about 46 ft below the river bottom and indicated fine sand 
with trace silt overlying denser sand. These historic explorations are included on the bridge plans in 
Appendix B. 

 
2.2 SUBSURFACE EXPLORATION PROGRAM 
 
2.2.1 November 2017 to March 2018 Exploration Program 
 
The bridge borings for this study were drilled by Northern Drill Service, Inc. of Northborough, MA using a 
truck-mounted Mobile Drill B57 drill rig. The borings for Bridge No. M-05-001 = W-06-013 and Bridge No. 
W-06-016 were done as part of the same exploration program. Two mobilizations were required to 
complete the borings due to a delay in getting Coast Guard approval for the borings through the bridge 
deck. The abutment borings were advanced between 28 November 2017 and 3 January 2018 and the 
borings through the bridge deck between 12 March 2018 and 30 March 2018. 
 
In addition to the bridge borings, an upstream sediment sample was obtained. TG&B Marine Services of 
Monument Beach, MA obtained the required offshore sediment sample using vibrocore sampling 
equipment on 7 June 2018. Additional overbank sediment samples were taken along the shoreline from 
land. 
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All subsurface explorations were observed and logged by a Haley & Aldrich, Inc. (Haley & Aldrich) 
geologist on a full-time basis. Haley & Aldrich personnel were not on the boat during the offshore 
sediment sampling but supervised the work from shore and examined the samples after collection. We 
also collected the overbank sediment samples. Detailed soil descriptions are provided on the boring 
logs, which are included as Appendix C.   
 
Boring locations were laid out in the field by Haley & Aldrich by taping from existing site features. “As-
drilled” locations and ground surface elevations at the boring locations were surveyed by Survey and 
Mapping Consultants (SMC). The boring locations are provided on Figure 2, the Site and Subsurface 
Exploration Location Plan. The ground surface elevations, GPS coordinates at the exploration locations, 
and the as-drilled soil boring and rock core lengths are summarized on Figure 2.  
 
The borings were all cased and advanced using the drill and wash method by either driving or spinning 
the casing. The borings were drilled to depths ranging from 29.5 to 59 ft below the roadway surface 
(abutment borings) or mudline (borings through the bridge deck). They were typically performed by first 
advancing a 5.0-in. (PW-size) inside diameter (ID) steel casing to a certain depth and then telescoping 
down to a deeper depth with 4.0-in. (HW-size) ID steel casing. Where necessary to get by obstructions, 
this was followed by telescoping down a 3.0-in. (NW-size) ID steel casing to the top of bedrock.  
 
Split spoon soils samples were conducted in general accordance with ASTM D 1586 (2 in. outside dia. 
sampler driven 24 in. by blows from a 140-pound hammer falling freely for 30 in.). As the sampler was 
driven, the hammer blows required for each 6 in. interval was recorded on the boring log. The blow 
counts for the second and third 6-in. driving interval added together are the uncorrected Standard 
Penetration Test (SPT) N-value. The drill rig was equipped with a winch driven automatic hammer.  
 
Split spoon soil samples were typically collected continuously in the upper 5 ft below the pavement and 
then typically at 5-ft intervals. Borings BB-3 and BB-4, which were advanced through the deck of Bridge 
M-05-001 = W-06-013, were sampled continuously from the mudline to refusal on bedrock. Borings BB-9 
and BB-10, which were advanced through the deck of Bridge W-06-016, where sampled continuously 
from the mudline to a depth of about 12 to 15 ft. 
 
2.2.2 December 2020 to February 2021 Exploration Program 
 
This exploration program targeted getting subsurface information for design of the causeway and 
retaining walls and included a few borings along the roadway but mostly offshore borings in the vicinity 
of the toe of the causeway. All borings for this study were drilled by New England Boring Contractors. A 
truck-mounted Mobile Drill B48 drill rig was used for the three land-based borings, and a CME 45 drill rig 
was utilized for the borings performed from a barge. Land-based Borings BB-14, BB-15, and BB-16 were 
advanced between 26 January 2021 and 3 February 2021 and barge-based Borings BB-17 through  
BB-28A were advanced between 22 December 2020 and 20 January 2021.  
 
All subsurface explorations were observed and logged by a Haley & Aldrich geologist on a full-time basis. 
Detailed soil descriptions are provided on the boring logs, which are included as Appendix C. 
 
Borings BB-14 through BB-28A were located by Haley & Aldrich using a global positioning system (GPS) 
device with the following exceptions: The as-built locations of Borings BB-14 through BB-16 were 
determined using taped measurements to existing features. The mudline elevation at each boring 
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location in the river was determined by GPS measurement of the elevation of the barge deck and 
measurement of the water depth or by direct measurement, by placing the GPS rod on the river bottom. 
 
The boring locations are provided on Figure 2, the Site and Subsurface Exploration Location Plan. The 
ground surface elevations, GPS coordinates at the exploration locations, and the as-drilled soil boring 
and rock core lengths are summarized on Figure 2. 
 
The borings were all cased and advanced using the drill and wash method by either driving or spinning 
the casing. Land-based Borings BB-14 through BB-16 were drilled to depths ranging from 44.1 to 55.3 ft 
below the roadway surface. Barge-based Borings BB-17 through BB-28A were drilled to depths ranging 
from 15 to 47.7 ft below the river bottom. They were typically performed by first advancing a 4.0-in. 
(HW-size) inside diameter steel casing, and then telescoping down with a smaller diameter casing if 
needed to advance the explorations.  
 
Split spoon soils samples were obtained in general accordance with ASTM D 1586 (2-in. outside dia. 
sampler driven 24 in. by blows from a 140-pound hammer falling freely for 30 inches). As the sampler 
was driven, the hammer blows required for each 6-in. interval were recorded on the boring log. The 
blow counts for the second and third 6-in. driving interval added together are the uncorrected Standard 
Penetration Test (SPT) N-value. The drill rigs were both equipped with a winch-driven automatic 
hammer.  
 
For the barge-based borings, split spoon soil samples were typically collected continuously in the upper 
8 to 13 ft below the river bottom and then typically at 5-ft intervals.  
 
Undisturbed tube samples were also obtained in the organic stratum as noted on the boring logs. 
 
The water borings were located as close to the toe of the existing causeway slope as possible given the 
barge logistics, water depth, and tides. It was not possible to drill borings or probes along the alignment 
of the retaining walls since that location is in the middle of an existing, steep riprap slope.  
 
2.2.3 June 2024 to August 2024 Exploration Program 
 
This third subsurface exploration program targeted getting subsurface information for design of the 
causeway retaining walls and some additional information at the locations of the proposed bridge piers.  
All of these borings were done along the roadway or from the bridge deck. In addition to borings, Hager-
Richter Geoscience (HRGS) performed a seismic refraction and ground penetrating radar survey along 
the alignment of the proposed causeway retaining walls.  The results of the geophysical testing are 
included in Appendix D.   
 
All borings for this study were drilled by New England Boring Contractors. A truck-mounted Mobile Drill 
B48 drill rig was used between 06 June 2024 and 02 August 2024.  
 
All subsurface explorations were observed and logged by a Haley & Aldrich, Inc. (Haley & Aldrich) 
geologist on a full-time basis. Detailed soil descriptions are provided on the boring logs, which are 
included as Appendix C.   
 
BB-29 through BB-39 were located by Haley & Aldrich using a global positioning system (GPS) device 
with the following exceptions: the as-built locations of Borings BB-29A and BB-31 were determined 
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using taped measurements to existing features and elevations estimated from existing contours. The 
mudline elevation at each boring location in the river was determined by GPS measurement of the 
elevation of the barge deck and measurement of the water depth.  Borings BB-30 and BB-33 were not 
performed. 
 
The borings were all cased and advanced using the drill and wash method by either driving or spinning 
the casing. The borings were drilled to depths ranging from -41.8 to 77.5 ft below the roadway surface 
(causeway borings) or mudline (borings through the bridge deck). They were typically performed by first 
advancing a 5.0-in. (PW-size) inside diameter (ID) steel casing to a certain depth and then telescoping 
down to a deeper depth with 4.0-in. (HW-size) ID steel casing. Where necessary to get by obstructions, 
this was followed by telescoping down a 3.0-in. (NW-size) ID steel casing to the top of bedrock.  
 
Split spoon soils samples were conducted in general accordance with ASTM D 1586 (2 in. outside dia. 
sampler driven 24 in. by blows from a 140-pound hammer falling freely for 30 in.). As the sampler was 
driven, the hammer blows required for each 6 in. interval was recorded on the boring log. The blow 
counts for the second and third 6-in. driving interval added together are the uncorrected Standard 
Penetration Test (SPT) N-value. The drill rig was equipped with a winch driven automatic hammer.  
 
Split spoon soil samples were typically collected continuously in the upper 5 ft below the pavement and 
then typically at 5-ft intervals. 
 
2.3 VERIFICATION OF SAMPLE DESCRIPTIONS ON BORING LOGS 
 
Soil samples from the borings were classified by our field geologist in accordance with the Unified Soil 
Classification System using the Visual-Manual Procedure (ASTM D2488) as practiced by Haley & Aldrich. 
The soil samples were also examined in our office and the soil descriptions on the exploration logs 
edited where appropriate. The results of the geotechnical laboratory index testing were also 
incorporated onto the boring logs. 
 
Bedrock core was classified in the field by our field geologist and the core examined and exploration logs 
reviewed in our office by a senior geologist.  
 
All soil and bedrock samples were preserved in glass sample jars and wooden core boxes. Soil and 
bedrock samples will be transferred to a MassDOT storage facility. 
 
2.4 GEOTECHNICAL LABORATORY TESTS – BRIDGE NO. M-05-001 = W-06-013 
 
2.4.1 Soil Testing 
 
Grain Size Distribution tests were conducted on three samples from Boring BB-3 and three samples from 
Boring BB-4 for use in the scour analyses (by MassDOT). Grain Size Distribution tests were also 
conducted on the vibrocore Sample SS-1 and the Marion overbank sample for use in scour analyses. 
 
Sample S7 from Boring BB-6 was tested for organic content and gradation. The organic content was 
found to be 3.1%, the fines content 77.5% and the water content 52.0 and 53.3%. 
 
Refer to Appendix E for the complete geotechnical laboratory test results.  
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2.4.2 Rock Testing 
 

A sample of the rock core from Boring BB-3 was tested to determine its unconfined strength and 
modulus using ASTM D7012 Method D. The results of this laboratory testing are included in Appendix E. 
 
2.5 GEOTECHNICAL LABORATORY TESTS – BRIDGE NO. W-06-016 
 
2.5.1 Soil Testing 
 
Grain Size Distribution tests were conducted on 4 samples from Boring BB-9 and 3 samples from 
Boring BB-10 for use in the scour analyses by MassDOT. Grain Size Distribution tests were also 
conducted on the vibrocore Sample SS-2 and the Marion overbank sample for use in scour analyses. 
 
Sample S6 from Boring BB-9 was tested for plasticity and found to be non-plastic. Sample S5 from Boring 
BB-10 had 45.5% by weight passing the number 40 sieve indicating fine sand or finer and 31.2% passed 
the number 200 sieve indicating silt or clay. The sample was found to be non-plastic. Refer to 
Appendix E for the complete geotechnical laboratory test results.  
 
2.5.2 Rock Testing 

 
A sample of the rock core from Boring BB-10 was tested to determine its unconfined strength and 
modulus using ASTM D7012 Method D. The results of this laboratory testing are included in Appendix E.  
 
2.6 GEOTECHNICAL LABORATORY TESTS – CAUSEWAY EXPLORATION PROGRAM 
 
Soil index tests performed on disturbed samples as part of the causeway exploration program include 
the following: 

 3 Grain Size Distribution  
 4 Atterberg Limits 
 2 Moisture and Organic Matter 

 
Soil tests performed on undisturbed samples as part of the recent exploration program include the 
following: 

 4 Tube X-Rays 
 4 Tube Handling and Logging (density; moisture content; torvane; description)  
 1 Grain Size Distribution 
 1 Atterberg Limits 
 1 Moisture, Ash, and Organic Matter 
 2 Laboratory Vane Shear 
 2 Incremental Consolidation (Method B) 
 3 Direct Simple Shear  

 
A composite sample from Boring BB-29, BB-29A, BB-31, BB-32, and BB-37 was tested for pH and 
resistivity and a sample from Boring B-32 was tested for water-soluble sulfate and chloride.   
 
Refer to Appendix E for the complete geotechnical laboratory test results. 
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2.7 SUBSURFACE SOIL AND ROCK CONDITIONS 
 
2.7.1 Generalized Soil Conditions 

 
The subsurface conditions encountered at the site consist of the following geologic units presented 
generally in order of increasing age and depth below ground surface in the embankment: man-placed 
fill, organic deposits, littoral, marine, or estuarine deposits, glaciolacustrine deposits, glaciofluvial 
deposits or glacial till deposits, and bedrock. The exception being that the water borings generally 
encountered organic deposits on the river bottom directly overlying glacial deposits. Figure 2 shows the 
boring locations. A description of each soil unit is provided below. Detailed soil descriptions are provided 
in the boring logs in Appendix C. 

 Causeway Fill – The existing causeway fill was placed during the original causeway construction 
and subsequent widening. Based on the historic drawings and obstructions encountered, there 
are cobbles, boulders, wood, and other obstructions in the fill, including possibly buried stone 
walls and riprap. The fill was likely placed through the water and not compacted. The fill is 
generally very loose to very dense and is predominantly sand (SP, SP-SM, SM, SW, and/or 
SW-SM). 

 Organic Deposits – Organic soils were encountered on the river bottom in almost all the water-
based borings. Organic soils were also encountered in most of the land-based borings below the 
overlying fill. Where encountered, the organic deposits varied in thickness between 3.5 and 9 ft. 
The organic stratum is generally loose where classified as predominantly Sand (SM) and very 
soft to medium-stiff where classified as fine-grained (OL, OL/OH, or Peat). 

 Littoral, Marine, or Estuarine Deposits – For simplicity and due to similar engineering soil 
properties, we have grouped these three types of deposits. Littoral deposits are a uniform sand 
deposit as one might find on a beach. Marine deposits are also generally sand but contain shells. 
Estuarine deposits are fine sandy deposits that are typical of an estuary depositional 
environment. Where encountered, these deposits are generally very loose to medium-dense 
sand (SP, SP-SM, SM, and/or SW). 

 Glaciolacustrine Deposits – Glaciolacustrine or glaciofluvial deposits generally underlie the 
littoral, marine, or estuarine deposits or are directly below the organic deposits. The site may 
have been near a glacial lake delta that was alternately under water and above water. The 
glaciolacustrine deposits, where encountered, are silt (ML) or fine sand (SP) and are generally 
loose to very dense. Cobbles and boulders were also noted as occurring within the 
glaciolacustrine deposits. A 9-ft boulder was encountered in Boring BB-36 at a depth of 9.5 ft.  

 Glaciofluvial Deposits –The glaciofluvial deposits, where encountered, are generally medium 
dense to very dense granular deposits (SP, SM, SW, and/or GP). Cobbles and boulders were also 
noted as occurring within the glaciofluvial deposits.  

Glacial Till Deposits – This deposit was encountered in Borings BB-1, BB-14, BB-15, BB-16, 
BB-19, BB-20, BB-22, BB-29, BB-29A, BB-31, BB-32, BB-36, BB-37 and BB-38. The glacial till is 
generally fine to coarse Sand (SP, SM, SW-SM, and/or GW) with 5 to 15 percent silt and 20 to 25 
percent gravel and is medium-dense to very dense. The glacial till is moderately well-bonded in-
situ. Cobbles and boulders are likely present in the glacial till deposits.  

Glacial till in the form of flow till was also encountered in Boring BB-8 embedded within the 
glaciolacustrine deposits. This glacial till was also very dense but was different than the glacial 
till encountered just above the bedrock in that it was about 30% fine sand and 70% silt. 
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 Completely Weathered Bedrock – Encountered in Borings BB-2, BB-5A, BB-10, BB-18, BB-31, 
BB-32, BB-34A, BB-35A and BB-39 just above the bedrock, this deposit was sampled with a split 
spoon but shows signs of relic rock fabric. The completely weathered bedrock generally 
classifies as Sand (SM, SW-SM) and is dense to very dense. Sampler refusals were also noted in 
this stratum. 

 Bedrock - Bedrock encountered in the vicinity of Bridge W-6-016 consisted of Granitic Gneiss. 
Bedrock encountered in the vicinity of Bridge M-5-001 = W-6-013 is Granitic Gneiss and Quartz 
Breccia. There appears to be a fault zone in the area of Bridge M-5-001 = W-6-013 that has 
altered the bedrock particularly at the location of the pier.  

 
2.7.2 Bedrock Conditions – Bridge M-05-001 = W-06-013 

 
Bedrock was cored in all of the borings except BB-2. The overburden thickness above the top of fresh 
bedrock near the existing abutments varied from 43.5 to 48.5 ft. Near the existing pier the overburden 
thickness from the river bottom to the top of bedrock was 12.7 to 17 ft.  
 
Rock quality designation (RQD) is a common parameter used to help assess the competency of sampled 
bedrock. RQD is defined as the sum of pieces of recovered bedrock greater than 4 in. in length divided 
by the total length of the core run. RQD for bedrock encountered is summarized below.  
 

Substructure Boring 
Length of Rock 

Core Sampled (ft) Range in RQD (%) Average RQD (%)1 

West Abutment BB-1 15 70 to 78   74 
West Abutment BB-2 No Core -  

Pier BB-3 25.5 17 to 85 43 
Pier BB-4 14.5 60-87 74 
Pier BB-34A 25.2 0 to 70 23 

East Abutment BB-5A 5  67 67  
East Abutment BB-6 10 63-88 75 

Note: 
1 Average RQD is the mean of RQDs recorded for each boring. 

 
 
2.7.3 Bedrock Conditions – Bridge W-06-016 

 
Bedrock was cored in Borings BB-8 through BB-12, BB-35A and BB-36. The overburden thickness above 
the top of bedrock near the existing abutments varied from 60.3 to 71 ft. Near the existing piers the 
overburden thickness from the river bottom to the top of bedrock was 30.5 to 46.5 ft.  
 
Rock quality designation (RQD) is a common parameter used to help assess the competency of sampled 
bedrock. RQD is defined as the sum of pieces of recovered bedrock greater than 4 in. in length divided 
by the total length of the core run. RQD for bedrock encountered is summarized below.  
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Substructure  Boring 
Length of Rock 

Core Sampled (ft) Range in RQD (%) Average RQD (%)1 

West Abutment 
BB-7 No Core -   - 
BB-8 10 0 to 96 57 

West Pier 
BB-10 15.3 63 to 92 80 

BB-35A 23.8 53 to 100 78 

East Pier 
BB-9 15 58 to 97 85 

BB-36 24.5 63 to 90 74 

East Abutment 
BB-11 10 54 to 96 75 
BB-12 5 10 10 

160 ft West of West 
Abutment 

BB-13 No Core - - 

Note: 
1 Average RQD is the mean of RQDs recorded for each boring. 

 
 
2.7.4 Bedrock Conditions – Causeway 
 
Bedrock was cored in Borings BB-29A, BB-31, BB-32 and BB-37 through BB-39. The overburden thickness 
above the top of bedrock at the causeway varied from 32.0 to 68.5 ft.  
 
Rock quality designation (RQD) is a common parameter used to help assess the competency of sampled 
bedrock. RQD is defined as the sum of pieces of recovered bedrock greater than 4 in. in length divided 
by the total length of the core run. RQD for bedrock encountered is summarized below.  
 

Substructure  Boring 
Length of Rock 

Core Sampled (ft) Range in RQD (%) Average RQD (%)1 

Causeway 

BB-29A 10 72 to 97 85 
BB-31 10 67 to 82 75 
BB-32 9.8 48 to 52 50 
BB-37 9 17 to 63 40 
BB-38 10 72 to 83 78 
BB-39 10 47 to 80 64 

Note: 
1 Average RQD is the mean of RQDs recorded for each boring. 

 
 
2.8 GROUNDWATER CONDITIONS 
 
The groundwater level, which was generally encountered at a depth of 9 ft or deeper (approximately 
El. 1.8) in the land borings, will be heavily influenced by the tidal river level.  
 
Groundwater levels are expected to fluctuate in response to seasonal, precipitation, tidal, and 
construction influences. Groundwater levels encountered during construction may vary from the levels 
noted on the boring logs and as reported herein. 
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2.9 OBSTRUCTIONS 
 
Bridge M-05-001 = W-06-013 
 
As noted on the boring logs, obstructions were encountered in the field explorations that could inhibit 
foundation construction. Most of the obstructions were encountered in the embankment fill; although, 
occasional cobbles were noted in the glaciolacustrine, glaciofluvial, and glacial till deposits and in the 
completely weathered bedrock.   
 
The occurrence of potential obstructions specifically noted on the boring logs is summarized below: 
 

Substructure Boring 

Number of Obstructions Encountered 

Cobbles, Boulders, or 
Other Obstructions in 
the Fill and Organics 

Stratum 
 

Cobbles, Boulders, or 
Other Obstructions in 
the Overburden below 
the Organics Stratum 

 

Cobbles, Boulders, or 
Other Obstructions in 

Completely Weathered 
Bedrock Stratum 

 
West Abutment 

 
BB-1 1 1 NA 
BB-2 0 2 1 

Pier 
 

BB-3 NA 0 1 
BB-4 NA 0 0 

BB-34 1 (Note 3) NA 
BB-34A NA 1 0 

East Abutment 
 

BB-5 2 (Note 1) NA NA 
BB-5A 2 (Note 2) 0 NA 
BB-6 3 0 NA 

Notes: 
1. Cored approximately 12-in. of steel infused slag from 12.0 to 13.0 ft in Boring BB-5. Drill casing broke and abandoned 

location after retrieving drill casing. Multiple cobbles and boulders in drill hole.  
2. BB-5A is located 4.5 ft northeast of BB-5. Cobbles noted in upper 13 ft which were not sampled. Drilled through wood 

from 15.5 to 16.5 ft.  
3. In boring BB-34, the bottom 5 ft section of the 6-in. diameter drill casing string broke off when driving 

through a possible wood obstruction at a depth of 4.5 ft below the mudline. When the 5 ft section of drill 
casing broke, the upper 27 ft length of drill casing dropped vertically below the bridge deck and fell 
perpendicular to the bridge through the water, ultimately laying flat on channel bottom.  The 5 ft section of 
casing was not able to be retrieved and the top of the casing was pushed below the mudline. Retrieval of 
the 27 ft section was unsuccessful.   
 

Bridge W-06-016 
 
As noted on the boring logs, obstructions that could inhibit foundation construction were encountered 
in the field explorations. Most of the obstructions were encountered in the embankment fill; although, 
occasional cobbles were noted in the glaciolacustrine, glaciofluvial, and glacial till deposits. 
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The occurrence of potential obstructions specifically noted on the boring logs is summarized below: 
 

Substructure  Boring 

Number of Obstructions (cobbles, boulders or other) Encountered 

In the Fill and 
Organics Stratum 

 

In the Overburden 
below the Organics 

Stratum 
 

In Completely 
Weathered Bedrock 

Stratum 
 

West Abutment 
BB-7 0 (Note 1) 1 NA 
BB-8 4 3 NA 

West Pier 
BB-10 NA 0 0 
BB-35 NA 1 (Note 2) NA 

BB-35A NA 2 0 

East Pier 
BB-9 NA 2 NA 

BB-36 NA 1 (Note 3) NA 

East Abutment 
BB-11 1 2 NA 
BB-12 4 0 NA 

Notes: 
1. 5 ft of HW casing broke off at a depth of 39 to 44 ft below the roadway and was not retrievable in Boring BB-

7. Current plans show this to be outside of the area of the proposed abutment. 
2. Boring BB-35 casing refusal on possible steel and wood obstruction or construction debris at 2 ft. 
3. Boring BB-36 cored a 9 ft thick boulder at a depth of 9.5 ft within the glaciolacustrine deposits. 

 
Causeway Retaining Wall Borings 
 
As noted on the boring logs, obstructions that could inhibit foundation construction were encountered 
in the field explorations. Obstructions were encountered in the embankment fill and occasional cobbles 
and boulders were noted in the glaciolacustrine, glaciofluvial, and glacial till deposits. 
 
In the past it is possible that riprap and/or stone retaining walls were buried when the downstream side 
of the causeway was widened, and because of this, there is the potential that obstructions could be 
encountered within the existing causeway and/or slopes.  
 
The occurrence of potential obstructions specifically noted on the boring logs is summarized below: 
 
 

Substructure  Boring 

Number of Obstructions (cobbles, boulders or other) Encountered 

In the Fill and 
Organics Stratum 

 

In the Overburden 
below the Organics 

Stratum 
 

In Completely 
Weathered Bedrock 

Stratum 
 

Retaining Wall 

BB-13 2 4 NA 
BB-14 1 0 NA 
BB-15 1 0 NA 
BB-16 1 0 NA 
BB-29 1 2 NA 

BB-29A 1 1 NA 
BB-31 2 3 NA 
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APPENDIX A 
Historic Bridge Plans 
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APPENDIX B 
Historic Bridge Plans – W-06-016 

  































 

  

APPENDIX C 
Boring Logs 

  











































































































































































































 

  

APPENDIX D 
HRGS Geophysics Investigation Report 
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TO:  

Steven Gately 
 
 DATE: 5/11/2018 GTX NO: 308001 

Haley & Aldrich, Inc. 
 
 RE:  Rt 6 Bridges W-06-013/W-06-016 

465 Medford Street, Suite 2200 
 
  

Charlestown, MA 02129  
 
  

 
 
  

 
    

 
  

 
 

 
COPIES 

 
DATE 

 
DESCRIPTION 

 5/11/2018 May 2018 Laboratory Test Report 

    

    

   

 
REMARKS: 
 
  

 

   

 

      SIGNED:                                                                             

CC:             Jonathan Campbell, Assistant Laboratory Manager 
           

    APPROVED BY:    

      Mark Dobday, P.G., Laboratory Manager  



 
 

 
GeoTesting Express, Inc. 125 Nagog Park Acton, MA 01720 Toll Free 800 434 1062 Fax 978 635 0266 
 

 
May 11, 2018 

Steven Gately 
Haley & Aldrich, Inc. 
465 Medford Street, Suite 2200 
Charlestown, MA 02129  

RE:      Rt 6 Bridges W-06-013/W-06-016, Wareham, MA (GTX-308001) 

Dear Steven: 

Enclosed are the test results you requested for the above referenced project.  GeoTesting Express, Inc. 
(GTX) received two samples from you on 4/20/2018.  These samples were labeled as follows: 
 

Boring Number Sample Number Depth 
BB-3   C2   16.3-16.8   
BB-10   C1   30.5-31.2   

 
GTX performed the following tests on these samples:  
 

2  ASTM D7012 Method D- Elastic Moduli of Rock in Uniaxial Compression 
 
A copy of your test request is attached. 
 
The results presented in this report apply only to the items tested.  This report shall not be reproduced except in 
full, without written approval from GeoTesting Express.  The remainder of these samples will be retained for a 
period of sixty (60) days and will then be discarded unless otherwise notified by you.  Please call me if you have 
any questions or require additional information.  Thank you for allowing GeoTesting Express the opportunity of 
providing you with testing services.  We look forward to working with you again in the future. 

Respectfully yours, 

Jonathan Campbell 
Assistant Laboratory Manager 
 



 
 
 

Geotechnical Test Report 5/11/2018 

            

   

 

GTX-308001 
Rt 6 Bridges W-06-013/W-06-016 
Wareham, MA 

Client Project No.: 40991-005 

 
 

 

Prepared for: 
 

Haley & Aldrich, Inc. 
       



Client: Haley & Aldrich Inc.
Project Name: Rt 6 Bridges W-06-013/W-06-016
Project Location: Wareham, MA
GTX #: 308001
Test Date: 5/8/2018
Tested By: pas
Checked By: jsc
Boring ID: BB-10
Sample ID: C1
Depth, ft: 30.53-30.9
Sample Type: rock core
Sample Description:

Peak Compressive Stress: 23,293 psi

Notes: Test specimen tested at the approximate as-received moisture content and at standard laboratory temperature.

The axial load was applied continuously at a stress rate that produced failure in a test time between 2 and 15 minutes.

Young's Modulus and Poisson's Ratio calculated using the tangent to the line in the stress range listed.

Calculations assume samples are isotropic, which is not necessarily the case.

See photographs                                                      
Intact material failure
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Compressive Strength and Elastic Moduli of Rock
by ASTM D7012 - Method D
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Client: Haley & Aldrich Inc. Test Date: 5/3/2018
Project Name: Rt 6 Bridges W-06-013/W-06-016 Tested By: pas
Project Location: Wareham, MA Checked By: jsc
GTX #: 308001
Boring ID: BB-10
Sample ID: C1
Depth: 30.53-30.9 ft
Visual Description: See photographs

BULK DENSITY DEVIATION FROM STRAIGHTNESS (Procedure S1)

Specimen Length, in: Maximum gap between side of core and reference surface plate:
Specimen Diameter, in: Is the maximum gap < 0.02 in.? NO
Specimen Mass, g:
Bulk Density, lb/ft3 Minimum Diameter Tolerence Met? YES Maximum difference must be < 0.020 in.
Length to Diameter Ratio: Length to Diameter Ratio Tolerance Met? YES Straightness Tolerance Met? NO

END FLATNESS AND PARALLELISM (Procedure FP1)
END 1 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875
Diameter 1, in -0.00010 -0.00010 -0.00010 -0.00010 -0.00010 -0.00010 -0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Diameter 2, in (rotated 90o) -0.00010 -0.00010 -0.00010 -0.00010 -0.00010 -0.00010 -0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

Difference between max and min readings, in: 
0° = 0.00010 90° = 0.00010

END 2 -0.875 -0.750 -0.625 -0.500 -0.375 -0.250 -0.125 0.000 0.125 0.250 0.375 0.500 0.625 0.750 0.875
Diameter 1, in -0.00010 -0.00010 -0.00010 -0.00010 -0.00010 -0.00010 -0.00010 0.00000 0.00000 0.00000 0.00000 0.00000 0.00010 0.00010 0.00010
Diameter 2, in (rotated 90o) 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 -0.00010 -0.00010 -0.00010 -0.00010

Difference between max and min readings, in: 
0° = 0.0002 90° = 0.0001

Maximum difference must be < 0.0020 in. Difference = + 0.00010
 Flatness Tolerance Met? YES

DIAMETER 1

End 1:
Slope of Best Fit Line 0.00008
Angle of Best Fit Line: 0.00458

End 2:
Slope of Best Fit Line 0.00013
Angle of Best Fit Line: 0.00753

Maximum Angular Difference: 0.00295

Parallelism Tolerance Met? YES
Spherically Seated

DIAMETER 2

End 1:
Slope of Best Fit Line 0.00008
Angle of Best Fit Line: 0.00458

End 2:
Slope of Best Fit Line 0.00006
Angle of Best Fit Line: 0.00360

Maximum Angular Difference: 0.00098

Parallelism Tolerance Met? YES
Spherically Seated

PERPENDICULARITY (Procedure P1) (Calculated from End Flatness and Parallelism measurements above)
END 1 Diameter (in.) Slope Angle° Perpendicularity Tolerance Met? Maximum angle of departure must be <  0.25°
Diameter 1, in 0.00010 1.980 0.00005 0.003
Diameter 2, in (rotated 90o) 0.00010 1.980 0.00005 0.003 Perpendicularity Tolerance Met? YES

END 2
Diameter 1, in 0.00020 1.980 0.00010 0.006
Diameter 2, in (rotated 90o) 0.00010 1.980 0.00005 0.003

YES
YES

1.98 1.98 1.98
549.29

161
2.1

YES
     Difference, Maximum and Minimum (in.)

YES

4.21 4.21 4.21

UNIT WEIGHT DETERMINATION AND DIMENSIONAL AND SHAPE TOLERANCES OF ROCK CORE SPECIMENS BY ASTM D4543
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Client: Haley & Aldrich Inc.

Project Name: Rt 6 Bridges W-06-013/W-06-016

Project Location: Wareham, MA

GTX #: 308001

Test Date: 5/8/2018

Tested By: pas

Checked By: jsc

Boring ID: BB-10

Sample ID: C1

Depth, ft: 30.5-31.2

Before Testing

After Testing

Direct Tensile Strength of Rock ASTM D2936

  Performed On Concrete Cores





 

 

 
 

 
 
 
 

 
A pore pressure parameter for Δσ1 – Δσ3 
B pore pressure parameter for Δσ3 
CAI CERCHAR Abrasiveness Index 
CIU isotropically consolidated undrained triaxial shear test 
CR compression ratio for one dimensional consolidation 
CSR cyclic stress ratio 
Cc coefficient of curvature, (D30)2 / (D10 x D60) 
Cu coefficient of uniformity, D60/D10 
Cc compression index for one dimensional consolidation 
Cα coefficient of secondary compression 
cv coefficient of consolidation 
c cohesion intercept for total stresses 
c’ cohesion intercept for effective stresses 
D diameter of specimen 
D damping ratio 
D10 diameter at which 10% of soil is finer 
D15 diameter at which 15% of soil is finer 
D30 diameter at which 30% of soil is finer 
D50 diameter at which 50% of soil is finer 
D60 diameter at which 60% of soil is finer 
D85 diameter at which 85% of soil is finer 
d50 displacement for 50% consolidation 
d90 displacement for 90% consolidation 
d100 displacement for 100% consolidation 
E Young’s modulus 
e void ratio 
ec void ratio after consolidation 
eo initial void ratio 
G shear modulus 
Gs specific gravity of soil particles 
H height of specimen 
HR Rebound Hardness number 
i gradient 
IS Uncorrected point load strength 
IS(50) Size corrected point load strength index 
HA Modified Taber Abrasion 
HT Total hardness 
Ko lateral stress ratio for one dimensional strain 
k permeability 
LI Liquidity Index 
mv coefficient of volume change 
n porosity 
PI plasticity index 
Pc preconsolidation pressure 
p (σ1 + σ3) / 2 , (σv + σh) / 2 
p’ (σ’1 + σ’3) / 2 , (σ’v + σ’h) / 2 
p’c p’ at consolidation 
Q quantity of flow 
q (σ1 - σ3) / 2 
qf q at failure 
qo, qi initial q 
qc q at consolidation 

S degree of saturation 
SL shrinkage limit 
su undrained shear strength 
T time factor for consolidation 
 
 
 
Sr Post cyclic undrained shear strength 
T temperature 
t time 
U, UC unconfined compression test 
UU, Q unconsolidated undrained triaxial test 
ua pore gas pressure 
ue excess pore water pressure 
u, uw pore water pressure 
V total volume 
Vg volume of gas 
Vs volume of solids 
Vs shear wave velocity 
Vv volume of voids 
Vw volume of water 
Vo initial volume 
v velocity 
W total weight 
Ws weight of solids 
Ww weight of water 
w water content 
wc water content at consolidation 
wf final water content 
wl liquid limit 
wn natural water content 
wp plastic limit 
ws shrinkage limit 
wo, wi initial water content 
α slope of qf versus pf 
α’ slope of qf versus pf’ 
γt total unit weight 
γd dry unit weight 
γs unit weight of solids 
γw unit weight of water 
ε strain 
εvol volume strain 
εh, εv horizontal strain, vertical strain 
μ Poisson’s ratio, also viscosity 
σ normal stress 
σ’ effective normal stress 
σc, σ’c consolidation stress in isotropic stress system 
σh, σ’h horizontal normal stress 
σv, σ’v vertical normal stress 
σ’vc Effective vertical consolidation stress 
σ1 major principal stress 
σ2 intermediate principal stress 
σ3 minor principal stress 
τ shear stress 
φ friction angle based on total stresses 
φ’ friction angle based on effective stresses 
φ’r residual friction angle 
φult φ for ultimate strength 

WARRANTY and LIABILITY 
 

GeoTesting Express (GTX) warrants that all tests it performs are run in general accordance with the specified test procedures and accepted industry practice.  GTX will 
correct or repeat any test that does not comply with this warranty.  GTX has no specific knowledge as to conditioning, origin, sampling procedure or intended use of the 
material. 
 
GTX may report engineering parameters that require us to interpret the test data.  Such parameters are determined using accepted engineering procedures.  However, GTX 
does not warrant that these parameters accurately reflect the true engineering properties of the in situ material.   Responsibility for interpretation and use of the test data and 
these parameters for engineering and/or construction purposes rests solely with the user and not with GTX or any of its employees. 
 
GTX’s liability will be limited to correcting or repeating a test which fails our warranty.  GTX’s liability for damages to the Purchaser of testing services for any cause 
whatsoever shall be limited to the amount GTX received for the testing services.  GTX will not be liable for any damages, or for any lost benefits or other consequential 
damages resulting from the use of these test results, even if GTX has been advised of the possibility of such damages.  GTX will not be responsible for any liability of the 
Purchaser to any third party. 
 

Commonly Used Symbols 
 



DATE: FILE NO:

BB-16 S05 16.0-18.0 NV NP NP 35.8 12.61 4.97 SM

BB-20 S04 6.0-8.0 41.0 39.3 1.7 43.8 11.32 2.00 SM

BB-22 S04 6.0-8.0 23.3 2.19 1.24 SP-SM

Dark gray brown organic silty sand

Dark brown organic silty sand

Tan poorly graded sand with silt

Marion and Wareham Causeway
Marion and Wareham, Massachusetts

3/31/2021 40991-005

Atterberg Limits % Water

WL WP IP (%)
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Expl. Sample Depth
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TEST DATE: 3/11/2021

ORGANIC CONTENT RESULTS

FILE No.: 40991-005
PROJECT: Marion and Wareham Causeway

Marion and Wareham, Massachusetts

EXPL. No.: BB-16
SAMPLE No.: S05
DEPTH (ft.): 16.0-18.0
SAMPLE DESCRIPTION: Dark gray brown organic silty sand

 

"AS RECEIVED" WATER CONTENT
WT CONT. + WET SAMPLE (g) 19.9258
WT CONT. + DRY SAMPLE (g) 17.9023
WT CONTAINER (g) 12.2464

MOISTURE CONTENT (%) 35.8

LOSS ON IGNITION
WT CONTAINERS + OVEN DRY SAMPLE BEFORE COMBUSTION (g) 29.9672
WT CONTAINERS + OVEN DRY SAMPLE AFTER COMBUSTION (g) 29.6040
WT CONTAINER (CRUCIBLE + B CAN) 18.5941

ORGANIC CONTENT (%) 3.2

J:\Lab\EXCEL\CLASSIF\Organic Content\40991-005 Marion-Wareham\[BB-16 S05.xls]Data Report



TEST DATE: 3/11/2021

ORGANIC CONTENT RESULTS

FILE No.: 40991-005
PROJECT: Marion and Wareham Causeway

Marion and Wareham, Massachusetts

EXPL. No.: BB-20
SAMPLE No.: S04
DEPTH (ft.): 6.0-8.0
SAMPLE DESCRIPTION: Dark gray brown organic silty sand

"AS RECEIVED" WATER CONTENT
WT CONT. + WET SAMPLE (g) 11.9953
WT CONT. + DRY SAMPLE (g) 10.1876
WT CONTAINER (g) 6.0574

MOISTURE CONTENT (%) 43.8

LOSS ON IGNITION
WT CONTAINERS + OVEN DRY SAMPLE BEFORE COMBUSTION (g) 28.3181
WT CONTAINERS + OVEN DRY SAMPLE AFTER COMBUSTION (g) 27.8723
WT CONTAINER (CRUCIBLE + B CAN) 16.8436

ORGANIC CONTENT (%) 3.9

J:\Lab\EXCEL\CLASSIF\Organic Content\40991-005 Marion-Wareham\[BB-20 S04.xls]Data Report



LIQUID AND PLASTIC LIMITS TEST REPORT
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MATERIAL DESCRIPTION LL PL PI %<#40 %<#200 USCS

Project No. Client: Remarks:

Project:

Figure

Source of Sample: BB-14 Depth: 17.0-19.0 Sample Number: S05

Source of Sample: BB-15 Depth: 19.0-21.0 Sample Number: S05

Source of Sample: BB-16 Depth: 16.0-18.0 Sample Number: S05

Source of Sample: BB-20 Depth: 6.0-8.0 Sample Number: S04

Dark brown organic silt NV NP NP OL

Dark gray organic silt NV NP NP OL

Dark gray brown organic silty sand NV NP NP 97.9 26.7 SM

Dark brown organic silty sand 41.0 39.3 1.7 86.6 34.9 SM

40991-005

40991-005

Marion and Wareham Causeway

Marion and Wareham, Massachusetts



Client: Haley & Aldrich, Inc.
Project Name: Marion/Wareham Causeway
Project Location: Marion & Wareham, MA
GTX #: 313173
Test Date: 02/12/21
Tested By: trm
Checked By: bfs
Boring ID: BB-16
Sample ID: U-1
Depth: 18-20
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Transmittal

TO: 

Steven Gately DATE: 4/30/2021 GTX NO: 313173 

Haley & Aldrich, Inc. RE:  Marion/Wareham Causeway 

465 Medford Street, Suite 2200 

Boston, MA 02129 

COPIES DATE DESCRIPTION 
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REMARKS: 
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     Sarah Delaney, Assistant Laboratory Manager    

APPROVED BY: 

     Jonathan Campbell, Laboratory Manager    



 
 

 
GeoTesting Express, Inc. 125 Nagog Park Acton, MA 01720 Toll Free 800 434 1062 Fax 978 635 0266 

 

 

 

April 30, 2021 

Steven Gately 
Haley & Aldrich, Inc. 
465 Medford Street, Suite 2200 
Boston, MA 02129  
 

RE:      Marion/Wareham Causeway, Marion & Wareham, MA (GTX-313173) 

Dear Steven Gately: 

Enclosed are the test results you requested for the above referenced project.  GeoTesting Express, Inc. 
(GTX) received four samples from you on 2/5/2021.  These samples were labeled as follows: 
 

Boring Number Sample Number Depth 
BB-16   U-1   18-20   
BB-16   U-2   20-22   
BB-21A   U-1   2-4   
BB-28   U-1   6-8   

 
GTX performed the following tests on these samples:  
 

2  ASTM D2435 - Incremental Consolidation (method B, <=2.87 inch diameter) 
1  ASTM D2974 - Moisture, Ash and Organic Matter 
1  ASTM D4318 - Atterberg Limits 
2  ASTM D4648 - Laboratory Vane Shear 
3  ASTM D6528 - Direct Simple Shear (1 normal stress, <=2.5 inch diameter) 
1  ASTM D6913/D7928 - Grain Size Analysis - Sieve and Hydrometer 
4  GTX-S1003 - Tube Handling and Log (density; moisture content; torvane; description) 

 
The results presented in this report apply only to the items tested.  This report shall not be reproduced except in 
full, without written approval from GeoTesting Express.  The remainder of these samples will be retained for a 
period of sixty (60) days and will then be discarded unless otherwise notified by you.  Please call me if you have 
any questions or require additional information.  Thank you for allowing GeoTesting Express the opportunity of 
providing you with testing services.  We look forward to working with you again in the future. 

 

Respectfully yours, 

Sarah Delaney 
Assistant Laboratory Manager 
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Client: Haley & Aldrich, Inc.
Project: Marion/Wareham Causeway
Location: Marion & Wareham, MA Project No: GTX-313173
Boring ID: BB-16
Sample ID: U-1
Depth : 18-20

Sample Type: tube
Test Date: 03/22/21
Test Id: 612384

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, dark brown silty sand
Sample Comment: ---

Moisture, Ash, and Organic Matter - ASTM D2974

printed 4/2/2021 2:04:46 PM

 Boring ID  Sample ID  Depth  Description  Moisture
Content,% 

 Ash
Content,% 

 Organic
Matter,% 

BB-16 U-1 18-20 Moist, dark brown silty sand 33 98.5 1.5

Notes: Moisture content determined by Method A and reported as a percentage of oven-dried mass;
dried to a constant mass at temperature of 105º C
Ash content and organic matter determined by Method C; dried to constant mass at temperature 440º C



Client: Haley & Aldrich, Inc.
Project: Marion/Wareham Causeway
Location: Marion & Wareham, MA Project No: GTX-313173
Boring ID: BB-16
Sample ID: U-1
Depth : 18-20

Sample Type: tube
Test Date: 03/24/21
Test Id: 612383

Tested By: ckg
Checked By: emm

Test Comment: ---
Visual Description: Moist, dark brown silty sand
Sample Comment: ---

Particle Size Analysis - ASTM D6913/D7928

printed 4/2/2021 2:05:31 PM
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Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

#4 

#10 

#20 

#40 

#60 

#100 

#140 

#200 

Hydrometer

---

---

---

---

---

---

---

---

4.75

2.00

0.85

0.42

0.25

0.15

0.11

0.075

Particle Size (mm)

0.0308

0.0221

0.0136

0.0095

0.0068

0.0048

0.0034

0.0014

100

100

99
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86

52

25
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9

7

3

1

0

0

0

0

Spec. Percent Complies

 Coefficients
D   =0.1488 mm85

D   =0.1152 mm60

D   =0.1035 mm50

D   =0.0802 mm30

D   =0.0426 mm15

D   =0.0319 mm10

C   =3.611u C   =1.750c

 Classification
 ASTM Silty SAND (SM)

 AASHTO Silty Gravel and Sand (A-2-4 (0))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Est. Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Haley & Aldrich, Inc.
Project: Marion/Wareham Causeway
Location: Marion & Wareham, MA Project No: GTX-313173
Boring ID: BB-16
Sample ID: U-1
Depth : 18-20

Sample Type: tube
Test Date: 03/23/21
Test Id: 612382

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, dark brown silty sand
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 4/2/2021 2:05:06 PM

Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

U-1 BB-16 18-20 31 n/a n/a n/a n/a Silty SAND (SM)

Sample Determined to be non-plastic

2% Retained on #40 Sieve

Dry Strength: LOW

Dilatancy: RAPID

Toughness: n/a

The sample was determined to be Non-Plastic



Client: Haley & Aldrich, Inc.
Project Name: Marion/Wareham Causeway
Project Location: Marion & Wareham, MA
GTX #: 313173
Date: 03/29/21
Tested by: md
Checked by: emm

Boring ID Sample ID Depth, ft
Vane Shear 
Strength,

kN/m2

Vane Shear 
Strength,

tsf

BB-16 U-1 18-20 5.5 0.06

6.2 0.06

5.1 0.05

5.6 0.06

BB-16 U-2 20-22 4.3 0.04

4.6 0.05

5.1 0.05

4.7 0.05

Comments:

Average

Average

Laboratory Vane Shear by ASTM D4648

Visual Description

Moist, brown peat with sand

Moist, dark brown silty sand

Page 1 of  1



Client: Haley & Aldrich, Inc.

Project Name: Marion/Wareham Causeway

Project Location: Marion & Wareham, MA

GTX #: 313173 Tested By: md

Test Date: 03/29/30 Checked By: emm

1 2 3 Average

BB-16 U-1 18-20 Top 111.6 32.8 84.0 0.10 0.10 0.10 0.10

Middle 114.9 32.6 86.6 0.10 0.10 0.10 0.10

Bottom 113.9 35.6 84.0 0.05 0.05 0.05 0.05

BB-16 U-2 20-22 Top 119.6 30.5 91.6 0.05 0.05 0.05 0.05

Middle 114.7 29.5 88.5 0.05 0.05 0.05 0.05

Bottom 116.8 30.5 89.5 0.05 0.05 0.05 0.05

BB-21A U-1 2-4 Top 106.7 39.3 76.6 --- --- --- ---

Middle 106.3 42.1 74.8 0.10 0.10 0.10 0.10

Bottom 114.7 45.2 79.0 --- --- --- ---

BB-28 U-1 6-8 Bottom 71.1 325.4 16.7 0.05 0.05 0.05 0.05

Notes: Density determined on undisturbed tube samples provided to GeoTesting Express in Shelby tubes
Moisture content determined by ASTM D2216 at 110o C

Mosit, gray sand with peat and clay

Mosit, gray sand with peat and clay

Mosit, gray sand with peat and clay

Moist, brown organic material

Dry 
Density, 

lb/ft3

Tube Handling with
Moisture Content (ASTM D2216), Density of Soil (ASTM D7263),

Hand-Held Torvane, and Visual Description

Hand Held Torvane Readings, tsf

Boring
ID

Sample
ID

Depth,
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Consolidated Undrained Direct Simple Shear Testing of Cohesive Soils 
by ASTM D6528 

 
 

Client:  Haley & Aldrich, Inc.     GTX#:  313173 
Project Name:  Marion/Wareham Causeway   Test Date: 3/30/21 
Project Location: Marion & Wareham, MA        
 
Boring ID: BB-16 
Sample ID: U-1 
Depth, ft: 18-20 
Visual Description:   Moist, dark brown silty sand 
 
Test Equipment: Top and bottom box (circular) = 2.50 in diameter.  Load cells and LVDT’s 

connected to data acquisition system for shear force, normal load, horizontal and 
vertical displacement; surface area = 4.91 in2, soil height = 1 inch.  

 Stacked rings used. Set up included porous stones with pins.  
 
Test Condition:  Inundated prior to consolidation. 
 
Sample Type  
and Preparation: Extruded from tube, cut, trimmed and placed into apparatus at as-received 
density    and moisture content. 
 

 

Parameter Point 1 Point 2 Point 3 Point 4 Point 5 

Test No. DSS-3     

Initial Moisture Content, % 35.6     

Initial Dry Density, pcf 80.7     

Nominal Rate of Shear Strain, %/hr 5.0     

Maximum Vertical Consolidation 
Stress, psf 

1,900     

Final Moisture Content, % 31.0     

Measured Peak Shear Stress, psf 1,111.4     

Shear Strain at Peak Shear Stress, % 20.0     

Membrane Correction, psf 49     

Corrected Peak Shear Stress, psf 1,062.4     

Su / ’vc 0.56     

 
 
Comments: Failure taken at peak prior to or at 20% strain, per ASTM D6528. 
 
 
Tested By: md       Checked By: njh 
 
Notes: These results apply only to the sample tested for the specific test conditions.  The test procedures employed follow 

accepted industry practice and the indicated test method.  GeoTesting Express has no specific knowledge as to 
conditioning, origin, sampling procedure or intended use of the material. 
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Project Name: Marion/Wareham Causeway

Boring Number: BB-16

Sample Number: U-1

Test Number: DSS-3

Description: Moist, dark brown silty sand

Remarks: System GG

Location: Marion & Wareham, MA

Tester: md
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Project: Marion/Wareham Causeway

Boring No.: BB-16

Sample No.: U-1

Test No.: IP-2

Description: Moist, dark brown silty sand

Remarks: System LTIII-16-0834, Swell Pressure = 0.0741 tsf
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Project: Marion/Wareham Causeway

Boring No.: BB-16

Sample No.: U-1

Test No.: IP-2

Description: Moist, dark brown silty sand

Remarks: System LTIII-16-0834, Swell Pressure = 0.0741 tsf

Location: Marion & Wareham, MA 

Tested By: md

Test Date: 03/18/21

Sample Type: intact

Project No.: GTX-313173

Checked By: anm

Depth: 18-20

Elevation: ---

Specimen Diameter: 2.50 in

Initial Height: 0.75 in

Final Height: 0.65 in

Estimated Specific Gravity: 2.71

Initial Void Ratio: 0.877

Final Void Ratio: 0.626

Liquid Limit: NP

Plastic Limit: NP

Plasticity Index: NP

Before Test
Trimmings

Before Test
Specimen

After Test
Specimen

After Test
Trimmings

Container ID

Mass Container, gm

Mass Container + Wet Soil, gm

Mass Container + Dry Soil, gm

Mass Dry Soil, gm

Water Content, %

Void Ratio

Degree of Saturation, %

Dry Unit Weight, pcf

E-1613

8.15

89.02

68.27

60.12

34.51

---

---

---

RING

109.79

224.41

196.84

87.051

31.67

0.88

97.82

90.078

109.79

216.98

196.84

87.051

23.14

0.63

100.00

103.94

E1916

8.28

111.96

92.48

84.2

23.14

---

---

---

Note: Specific Gravity and Void Ratios are calculated assuming the degree of saturation equals 100% at the end of the test.
          Therefore, values may not represent actual values for the specimen.
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