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O

Commonwealth pf Massachusetts -

Metropolitan District Commission
20 Somerset Street
Boston, Massachusetts 02108

Attention: Mr. Joel Barry Chase
. ,

Re: Embankment ~ Stability Study

Quabbin Reser'voir Dams *
.

.

Gentlemen:
.

he are pleased to submit this report, which presents the results
of a geotechnical engineering study and evaluation of the stability
of the hinsor Dam and Goodnough Dike at the Quabbin Reservoir
in central Massachusetts. The work was initiated by the MDC
in response to r.ecommendations contained in the' Phase I report
' authorized by Public Law 92-367, through the Corps of Engineers.
As requested by the MDC in our final review meeting,.we have
added an executive summary of the purpose, exploration, evaluation,
and findings presented in this report. he have also completed

t

| all other modifications requested by the MDC at the final review
meeting.

;

he wish to thank those personnel at the MDC, both in Boston
and at Quabbin Section, who provided assistance in the research
for documents used in preparing this report. Personnel at GZA

| who also assisted in the preparation of this report include:
| Dr. Richard Simon, Nicholas Campagna, Dr. Gary Jaworski, hilliam

Iladge, and Edward Taylor, Geotechical Engineers; Gardner llayward,
Chief Draftsman, and Donald Schulze, Laboratory Director.
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he have enjoyed working on this project with you and trust that
this information meets your requirements. If you have any questions
or if we can be of further assistance to you on this project,
please call.

Very truly y grs,
1 ft'
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Richard P. eber
Project Engineero *
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William S. Zoino

RPh/dmm .
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EXECUTIVE SUMMARY

This report summarizes the results of a geotechnical engineering
ctudy and evaluation of the stability of the Winsor Dam and
Goodnough Dike at the Quabbin Reservoir in Central Massachusetts.
Authorization for the project is an agreement dated July 17,
1980, between the Metropolitan District Commission and Goldberg-

'

Zoino & Associates, Inc. *-

Purpose of Study - In June 1978, a limited visual inspection
was performed in conjunction with the National Dam Inspection
Program, authorized by Public Law 92-367, and administered by
the Secretary of the Army, through the Corps of Engineers.
Findings of the inspections were summarized in a Phase I report
(Reference 1).
The report indicated that the embankments are generally in good
to excellent condition with no obvious signs of failure or condi-
tions that would warrant urgent or remedial treatment. The
report also recommended that a detailed study of embankment
stability under static and earthquake loading be conducted because
of the expected nature of the hydraulic fill embankment material
and critical importance of the dams. The work presented -in
this report summarizes the evaluation of the embankment stability
performed in response to recommendations made in the Phase.I
report.

Subsurface Explorations and Laboratory Testing - A subsurface
exploration program was undertaken at the Main Dam and Dike
during this study to obtain a measure of embankment density
and to obtain representative soil samples for visual classification
and laboratory testing. ,

A total of nine soil test borings were drilled during the explo-
rations at the Main Dam and Dike. Standard split spoon sampling
and fixed piston undisturbed sampling were used to obtain reprs-
sentative soil samples. At the completion of each boring, a
total of eighteen pneumatic piezometers were installed at selected
elevations within the boreholes to measure pore water pressure
in the embankment.

A program of laboratory testing was conducted on selected split
spoon and undisturbed samples. The purpose of the testing was
to provide information for soil classification and to measure
engineering parameters to assess shear strength and liquefaction
potential of the embankment soils.

Soil Conditions - The Main Dam and Dike were constructed by
hydraulic fill methods, although the top 30 feet was constructed
as a rolled fill. The interior, less pervious section, or core,
of the embankments consist of silty, fine sand or silt. In
general, the materal is loose to very dense. The outer areas,

i
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or chc11, of tha embnnkm:nt consist of a dense to vory d nco
sand with varying percentages of silt, gravel, and cobbles.
The gradation of materials encountered in this exploration compares
well with the gradation of materials recorded during construction.

Methods of Analysis - The stability of the Main Dam and Dike
embankments was assessed using several analytical methods.
First, the stability of the embankment was assessed by calculating
factors of safety for a slope stability failure. Both static
cnd pseudo-static analyses were conducted. .

The static analysis assumes that only forces of gravity act
on the embankment, and that resistance is derived from the shear *
strength of the soils. The pseudo-static analysis, in addition
to the gravity forces, introduces a horizontal force acting
outward from the embankment to represent earthquake loads.
Resistance is again derived from the soil shear strength.

For this analysis, horizontal earthquake loads were derived
based on peak accelerations of 0.12g and 0.18g. A peak acceleration
of 0.129 is based on Massachusetts State Building Code requirements,
while a peak acceleration of 0.18g is a more conservative maximum
probable peak acceleration for the area. The selection of the
peak acceleration values and approximate correlation to earthquake
intensity level are discussed in the text.

A second analysis evaluated the liquefaction potential of the
core material. Liquefaction, as used in this text, refers to
a condition of nearly complete loss of strength of a granular .

soil, turning the soil into a temporary viscous fluid. Liquefaction,
,

can result from seismic events and can be triggered by a single
large force or a series of smaller transien,t loads such as vibra-
tions. The consequence of liquefaction at the dams is settlemen't
of the embankment crest.

F ind ing s - The results of the analyses are summarized below.
A detailed explanation is presented in the text of the report
and should be referred to for more specific information.

The results of both the field exploration and the theoretical.

calculations conducted for this evaluation, in our opinion,
suggest that the embankments are strong and resistant to complete
failure. The analyses were conducted for both normal static
conditions and conditions where earthquake loads result in an
additional applied force. Earthquake loads were based on peak

,

' accelerations up to 0.18g. A peak acceleration of 0.18g, which
corresponds to a Level VII and Level VIII intensity on the Modified
Mercalli Scale, is judged an extreme event for this area. -

An analysis to assess the liquefaction potential of the core
material was also conducted. Results of the analysis indicate
that the core of the embankments exhibits a limited liquefaction
potential, meaning that the core is capable of temporarily losing
its shear strength during a seismic event. Even if the core

ii
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waro to liquafy, hswovor, th2 ch's11 cppecro cufficicntly ctrsng
to resist failure of the embankment. Liquefaction of the core
is expected to result in settlement of the crest; however, a
minimum freeboard of 20 feet exists, and neither a breach nor I

c complete failure of the embankment is expected. |

.
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1.00 INTRODUCTION

This report summarizes the results of a geotechnical engineering
study and evaluation of the stability of the Winsor Dam and
Goodnough Dike at the Quabbin Reservoir in Central Massachusetts.
Authorization for the project is an agreement dated July 17,
1980, between the ' Metropolitan District Commission and Goldberg-
Zoino & Associates,- Inc. (GZA). -

~

In June 1978, a limited visual inspection was conducted by others
''in accordance with guidelines prepared by the U.S. Army Corps

, of Engineers. The inspection was performed in conjunction with
the National Dam Inspection Program, authorized by Public Law
92-367,,and administered by the Secretary of the Army, through
the. Corps of Engineers. Findings of the. inspections were summarized
in a Phase I report (Reference 1). ''

The report indicated that.the embankments are generally in good
to excellent condition with no obvious signs of failure or condi-
tions that would warrant urgent or remedial treatment. The
report also recommended that a detailed study of embankment
stability under static and earthquake loading be conducted because
of the expected nature of the hydraulic fill embankment material
and . critical importance of the dams. The work presented in *

this report' summarizes the evaluation of the embankment stability
performed in response to recommendations made in the Phase I

'

report.

2.00 CONSTRUCTION HISTORY OF THE MAIN DAM AND DIKE

The construction history of the Winsor Dam (Main Dam) and Goodnough
Dike (Dike) as described in Phase I report (Reference 1) is
summarized below.

. 2.10 LOCATION OF PROJECT

Winsor Dam is located on the Swift River at the Belcher-
town / hare town line. G,oodnough Dike is located on Beaver Bro'ok -

in bare, Massachusetts. The locations of the Main Dam and Dike
cre shown on Figure 1, Locus Plan.

1
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2.20 WINSOR DAM

The Winsor Dam (Main Dam) is a zoned earth embankment
constructed by hydraulic fill methods. The site chosen for
construction of the dam was overlain by deep glacial deposits
of pervious sand, gravel, cobbles, and boulders.

The embankment has a maximum height of about 170 feet *

(crest elevation 550 feet). The crest is about 35 feet wide
with a paved roadway across it. The upstream slope is at about
2 horizontal to 1 vertical above a berm at Elevation 535. Light'

'

riprap is above Elevation 535. Below the berm, heavy riprap
isaon a 1-1/2 horizontal to 1 vertical slope which flattens .
to.3 horizontal to 1 vertical. The grassed downstream slope
is 2. horizontal to 1 vertical and 2-1/2 horizontal to 1 vertical,
otarting from the crest. Berms have been co'nstructed at Elevation
500 and Elevation 460.

*

.

Prior to construction of the embankment, an open trench
wbs excavated across the valley floor to a depth of about 30 feet.
Rectangular concr.ete caissons were constructed from the bottom ;
of the trench'to rock. The upper 20 feet of bedrock was grouted .

from the bottom of the caissons. The caissons extended a minimum
of 25 feet above the bottom of the trench and were subsequently
backfilled with compacted impervious trench backfill.

The embankment was constructed by hydraulic fill methods.
Material to construct the embankment was brouglit from an off-site
borrow source to a hog box. by conveyor belt where it was mixed

.

with water. The soil-water slurry then flowed to the construction
site in a steeply sloped trough. The core was constructed by
allowing the slurry to pool near the centerline of the dam where
the fines settled out.

The quality of the core material was continually monitored
and checked by sounding with a rod. Samples were obtained during
construction for inspection and laboratory analysis. The top
30 feet of the embankment was placed by rolled-fill methods. *

2.30- GOODNOUGli DIKE

Construction of Goodnough Dike (Dike) was essentially
the same as that of the Main Dam. A trench was excavated, caissons
constructed to rock, rock grouted, trench backfilled, and the
embankment constructed by hydraulic fill methods.

2
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3.00 SUBSURFACE EXPLORATIONS

A subsurface exploration program was undertaken at the Main
Dam and Dike during this study to obtain a measure of embankment
density and to obtain representative soil samples for visual

' classification and laboratory testing.

3.10 SOIL TEST BORINGS

A total of nine soil test borings were drilled by Briggs *

Engineering of Norwell, Massachusetts at the Main Dam and Dike
between May 6, 1981, and June 22, 1981. Six borings were taken
ct the Main Dam along two cross sections perpendicular to the
cmbankment centerline.. Three borings were conducted at Centerline
Station 15+08; the remaining three borings were conducted at
Station 20+00. Three borings were taken along the cross section
at Station 21+80 of the Dike. The locations of the borings
are shown in the Exploration Location Plans, Figures 2a and-
2b.

.

At each station, one boring was taken on the crest of
'the embankment through the core material (the central least

pervious material. The other two borings were taken along the
downstream face at the midslope and toe through the shell material
(the outer more pervious granular soils). In some cases, borings
were taken into the foundation soils, the soils on which the
embankment is conctucted.

,

!

| All holes were advanced using a power-driven rotary bit
while circulating drilling fluid. Four-inch flush joint steel |
casing was used to support the upper 30 to 35 feet of each boring. '

Below this depth, the holes were advanced uncased and kept open
with Revert organic drilling mud. Initially, Revert, an agent
added to water, thickens and becomes a viscous fluid. With
ege, however, it loses its viscosity and becomes water-like
again, thereby not affecting the function of the instrument.

hater levels in the boreholes were measured at the completion
of the borings and prior to installation of instrumentation'.
hater level measurements and remarks are presented on the logs.
Boring logs prepared by GZA and the driller may be found in
Appendix A and Appendix B, respectively.

3.20 SOIL SAMPLING

Representative soil samples were obtained using both split
cpoon and thin-walled piston samplers. Split spoon samples

3
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were taken at 5-foot intervals using a 24-inch-long, 1-3/8-inch
I.D. sampler. The number of blows required to drive the spoon s ..
in 6-inch increments with a 140-pound hammer falling 30 inches ., ,,

is recorded on the boring logs. Three-inch-diameter undisturbed
samples of the core material were taken in the crest borings , . .

at approximately 10 foot intervals. Thirty-inch-long, 3-inch - '.. -
'

O.D., thin-walled steel tubes were pushed 24 inches using a
hydraulic piston sampler (Osterberg Sampler). Sample recovery ; s-

was measured, after allowing the sample to drain, and is included '. ;
on the boring logs. The tubes were sealed at each end with . . .J :

wax, stored vertically in the MDC Garage at the Quabbin Admini- '

stration Building, and then transported to GZA's Newton, Massa- . .

chusetts laboratory by Briggs Engineering. Undisturbed samples
..

of the shell were not obtained because of its dense nature.
'

y ,

3.30 PIEZOMETER INSTALLATION .. ,

'

'
i. ,

A total of 18 pneumatic piezometers were installed at - .;

selected locations in the completed boreholes. Piezometers
are instruments used to measure water pressure at a point within 3

'

the embankments. Three piezometers were installed in each crest : . -

boring, two in each midslope boring, and one in each toe boring *. ..

-

The piezometers were manufactured by Petur Instrument Company, y
.

Inc., of Seattle, Washington, and all but one were Model P-102, ; L. s
which is prepacked in a steel well-screen protective casing. . . .

Piez'ometer (P-12) was a canvas pack Petur Model P-106. All '"

piezometer sensors were Model P-100. . j-

Piezometers were installed in the boreholes using the '. -
following general procedure: -

.

1. Upon completion of drilling, a length of 2-1/2-inch '-

casing was suspended inside the 4-inch casing to within ' '

several feet of the proposed piezometer tip elevation. .

'

2. The casing was flushed with clean water to displace ' -

the drilling fluid. .. . .

3. The piezometer was lowered into the hole and isolated - :, _ '
within a 3- to 4-foot-long zone of Ottawa sand. The .

'

,

zone of sand was sealed at the top and bottom by a 12- 1 .

inch layer of compacted dry bentonite clay pellets.

In holes where multiple piezometers were installed, the "E'*
1ength of hole between piezometer seals was backfilled with . .! ,

alternating 9-foot layers of pea gravel and 1-foot layers of
compacted bentonite pellets. After the uppermost piezometer

..

.9 j '_
4

. _.
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was installed, the borehole was backfilled with bentonite grout.
Leads for the piezometers are protected by gate valve boxes
installed at the surface of the embankment. >

!
Because of the low phreatic surface noted in the embankment,

En additional boring (B-CA) was required to install P-16 midslope ,

'

et Station 21+80 of the Dike. The phreatic surface is the upper
water flow line in the embankment, and the planned location
would have been above the observed phreatic surface.

4.00 SUBSURFACE SOIL CONDITIONS

Subsurface soil conditions encountered in the 9 borings taken
in the core and shell of the Winsor Dam and Dike are described
below. The core and much of the shell material, having been
hydraulically placed, are expected to exhibit little lateral
continuity. Consequently, no interpretation of soil strata
between borings has been made. Detailed descriptions of soil
conditions are presented in the boring logs.

A graphic presentation of subsurface soil conditions is shown
in Figures 3, 4, and 5. Standard penetration resistances (blow
counts) shown on the profiles are the number of blows required
to drive a standard split spoon sampler with a 140-pound hammer, .

f alling 30 inches between the 6-inch and 18-inch sampling interval.
The standard penetration resistance may be used to infer comparative
density of cohesionless soils

4.10 h1NSOR DAM - CORE

Borings B-1 (Station 15+08) and B-4 (Station 20+00)*were
taken at the crest of the dam through the core material. In
general, the upper 25 feet of soil consists of a granular fill
which is, in turn, underlain by over 120 feet of hydraulically
placed silt and fine sand which comprise the core material.
Underlying the silty core, another fill - - prestenably compacted
trench backfill - - was encountered. At both stations, the
upper stratum of compacted fill consisted of very dense, gravelly,
fine to coarse sand with many cobbles. Blow counts in the fill
ranged from 22 to 250 blows per foot. The high blow counts
are attributed in part to the presence of cobbles.

The sequence of materials with depth in the core was similar
at both Borings B-1 and B-4. The upper core material consists
of a fine sand and silt of varying densities. At Boring B-1,

5
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penetration resistance measured by blow counts ranged from 5
to 25 blows per foot (loose to medium-dense); while at Boring
B-4, penetration resistances of 3 to 9 blows per foot (loose)
were encountered.

At midrange depths, the material consists of a sandy or
clayey (slightly plastic) silt. Penetration resistance in Boring
B-1 ranged from 7 to 59 blows per foot (loose to very dense);
in B-4, penetration resistances ranged from 5 to 27 blows per
foot (loose to medium-dense).

The lower zone of the core in these two borings consists
of dense to very dense, stratified fine sand and silt. Strati-
fication in this zone is significantly more prominent than in
the upper and middle zones. Penetration resistance at B-1 ranged
from 30 to 81 blows per foot, and at B-4 from 10 to 114 blows
per foo,t.

In each of the two crest borings, a change of strata to
a denser, silty fine sand occurred at a depth of about 148 feet
below the crest. Penetration resistances as high as 108 blows
per foot in B-1 and 143 per foot in B-4 were recorded. According
to design drawings, this material corresponds to compacted fill
placed prior to hydraulic fill operations.

4.20 hINSOR DAM - SiiELL

Four borings (B-2, B-3, B-4, and B-5) were taken through
the shell material within the downstream embankment of the dam.
In general, the material comprising the shell consists of granular
soils, ranging from a very dense, fine sand to gravelly fine
to coarse sand, with cobbles and varying percentages of silt.

In Borings B-2 at Station 15+08 and B-5 at Station 20+00,
the material consists of a very dense, fine and fine to medium
sand beneath a surface layer of fine to coarse sand, gravel,
and cobbles which are approximately 30 feet deep. In boring
B-2, these fine sands exhibited a slight stratification, indicating
hydraulic placement. A transition to a very dense (over 270
blows / foot) sand and gravel stratum was observed at a depth
of approximately 77 feet. A review of design drawings and topo-
graphic preconstruction contours indicate that original ground
occurred about 75 feet below the existing embankment at the
borehole location. In Boring B-5, the fine and fine to medium
sand was observed to a depth of over 90 feet. Boring B-5 was
not advanced into foundation material below the embankment.

6
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In Boring B-3 at Station 15+08 and boring B-6 at Station
20+00, both taken near the toe of the downstream slope, medium-
dense to very dense, gravelly sand with cobbles were encountered.
Penetration resistances were higher in B-6 than in B-3, suggesting
that the percentage of cobbles at Station 20+00 is greater than
that at Station 15+08. The transition to original material

* was estimated to be at a depth of 18 feet in B-3, based on a
review of topographic plans showing original ground. At Boring
B-6, the transition to natural ground was estimated to be at
c depth of 75 feet. Boring B-6 cc ad=anced an additional 37
feet through very dense foundation materials cortsisting of mand,
gravel, and cobbles.

4.30 GOODNOUGH DIKE - CORE

Boring B-7 at Station 21+80 was taken at the crest of
the Dike through the core material. The results of the boring
indicate that approximately 42 feet of very dense, compacted,
granular fill is underlain by over 95 feet of hydraulically
placed, stratified, fine sandy silt core material. The zone
of compacted fill above the core consists of dense, gravelly
sands. The high penetration resistance (over 200 blows per
foot) presumably reflects the high percentage of cobbles in
the fill.

The core material was primarily stratified, fine sandy.

silt. Strata thicknesses noted in split spoon samples ranged
from 1/32-inch to 1/2-inch and were distinguished by variations
in color, grain size, and silt content. Penetration resistance
indicates that the core material is generally medium-dense to
dense, although the lowest recorded resistance was 8 blows per
foot.

A change of soil stratum to a very dense, fine sand (100
to 200 blows per foot) occurred at a depth of approximately
138 feet. Based on a review of design drawings, original topography,
and penetration resistances, this material is judged to be compacted
fill placed prior to hydraulic filling operations.

4.40 GOODNOUGH DIKE - SHELL

Two borings, B-8 and B-9, were taken through the downstream
shell of the embankment at Station 21+80. The material encountered
in the borings consists primarily of dense, fine to coarse sand
with varying amounts of silt, gravel, and cobbles.

7
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The predominant soil encountered in Boring B-8, taken
at midslope on the downstream face, is a dense, fine sand.
A transition from fine sand to a gravelly sand with cobbles
was noted at a depth of about 74 feet. From a review of design
drawings and original topography this material appears to be
compacted fill placed on original ground prior to the hydraulic
filling operations.

At Boring B-9, taken near the downstream toe, the shell
material consists of about 17 feet of medium-dense, fine to
coarse sand, underlain by 30 feet of medium- to very dense,
gravelly, fine to coarse sand with cobbles. The transition
to natural material is estimated to be at a depth of 48 feet

,

'below the top of borehole. The natural foundation soils at
this depth and location consist of stratified fine sand. At
71 feet below the top of borehole, a gravelly, fine to coarse
sand with cobbles was encountered in the boring.

5.00 LABORATORY TESTING PROGRAM

E program of laboratory testing was conducted on selected split
spoon and undisturbed thin-walled tube samples. The purpose
of the testing was to provide information for soil classification
and to provide engineering parameters necessary to assess the,
shear strength and liquefaction potential of the embankment
soils. The results of the laboratory soil testing are presented
in Appendix C and are summarized below.

5.10 CLASSIFICATION TESTS

Representative soil samples were selected from both undisturbed
tube and split spoon samples. Grain size analyses were conducted
on representative samples of the core, shell, and foundation
soils from both the Main Dam and the Dike. Atterberg limits
and moisture content tests were conducted on soils consisting
of fine-grained material found in the core. The purpose of
these tests was to assist in the classification of the embankment
and foundation materials. Tests for specific gravity were also
conducted on representative samples of the core material.

A summary plot showing the limits of all gradation tests
performed on the soil samples is presented in Figure 6. These
results are in compliance with other gradation analyses f' rom
published sources (Reference 9) and MDC records. Results of
all classification testing are shown on summary sheets presented
in Appendix C.

8
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5.20 STRAIN-CONTROLLED UNDRAINED SHEAR TESTS

Conventional triaxial undrained shear tests with pore
pressure measurements were conducted on undisturbed samples
from the core of the Main Dam and Dike. Similar tests were
conducted on representative samples of the shell material.
For the shell material, however, tests were performed on remolded
samples that had been compacted to both a relatively loose (100
pcf dry density) and a relatively dense (110 pcf dry density)
state. The purpose of the tests was to measure a friction angle
and cohesion intercept for the two densities and to provide
data as a basis for selecting shear strength parameters for --

the shell material. -

Triaxial test samples were approximately 2.9 inches in
diameter and 6.0 inches in length. Water content and sample
weights were recorded prior to testing. Samples were back-pressured
under a small effective stress to saturate the samples. The
chamber pressure was then increased to the desired consolidation
pressure and allowed to remain for approximately 12 hours.
During consolidation, volume change was recorded. After consoli-
dation of the sample, pore pressure response was checked by
increasing the cell pressure and monitoring the corresponding
increase in pore pressure. When required, additional back pressure
was applied to achieve a pore pressure response equal to or
greater than 95 percent.

.

The samples were loaded under strain-controlled conditions
while allowing no drainage during shear. Load application rates
were selected using formulas described in Reference 2. The
applied load, back pressure, and change in height of the samples
were recorded at regular intervals during the test. When 20
percent strain was reached, loading was terminated, and the
samples were removed from the loading apparatus. A sketch of
the failed sample was made, the weight obtained, and water content'
determined.

Applied pressures during application of load were corrected
for effects of membrane stiffness in accordance with procedures
outlined in Reference 3. The results of chese tests are presented
in Appendix C.

5.30 STRESS-CONTROLLED UNDRAINED SHEAR TESTS -

Stress-controlled triaxial undrained shear tests with
pore pressure measurements were conducted on representative
samples of core material from the Main Dam and Dike to establish
their potential for liquefaction. These tests were conducted

9
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in a manner similar to the previously described strain-controlled
tests, except that samples were loaded incrementally with a
constant stress. The purpose of tSese tests was to provide
data to construct a flow line showing the relationship between
the critical void ratio and the effective minor principal stress

at failure (c3f)-
Testing for the Main Dam was conducted on representative

samples obtained from Boring B-1 at a depth of 64 to 66 feet.
The material consisted of a nonplastic grey silt and fine sand.
Tests for the Dike were conducted on representative samples
obtained from Boring B-7 at a depth of 62 to 64 feet. The material
was a slightly plastic, clayey silt with a trace of fine sand.
The liquid limit of this sample was 36, and the plasticity index.

was 2. The liquid limit and plastic limit of a soil give an
approximate range of water contents between the soil's solid
and liquid state and are used as a measure of the soil's plasticity.

6.00 PIEZOMETRIC CONDITIONS IN THE MAIN DAM AND DIKE

Pneumatic piezometers were installed in the boreholes at the
completion of the borings and periodic readings have since been
made. The reservoir level varied between elevation 522.2 and
522.9 during this time as measured by MDC personnel. Piezometric
levels observed during May and June 1981 in the eighteen piezometers
have been tabulated in Tablel . The piezometric levels measured
on June 26, 1981, are considered stabilized readings, and were
used in the evaluation. Cross sections showing the piezometer
locations and piezometric levels on June 26, 1981, are shown
in Figures 7, 8, and 9 The water levels observed in boreholes.

are also shown on these figures.

Data for piezometers located in Borings B-1, B-4, and B-7 (crest
borings at the Main Dam and Dike) suggest that the measured
piezometric elevations in the core decrease with depth, indicating
dissipation of head in the core and downward flow. This trend
is expected. Piezometers located in the shell show little pressure,
suggesting that little flow is occurring within the downstream'
embankment. The estimated phreatic surfaces, or upper flow
lines, through the embankment at the three sections are shown
on the figures. The phreatic surface estimate was based on
a review of piezometric cata and on engineering judgment.

10
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7.00 METHODS OF ANALYSIS

The methods of analysis used in the evaluation of embankment
etability are described below.

7.10 STABILITY ANALYSIS

The stability of Winsor Dam and Goodnough Dike was evaluated
using LEASE II, a computerized slope stability analysis program.
LEASE II solves two-dimensional stability problems employing
the Simplified Bishop Method of Slices or the Morganstern-Frice
Method. All stability analyses performed for the dam and dike
were made using the Simplified Bishop Method of Slices for circul'ar

. failure surfaces. -

Input data to the program consist of the following:

1. Geometry of the embankment cross section
,

2. Soil data (unit weight, strength parameters)

3. Pore pressure data

4. Seismic coefficients (if analyzing "psuedo-static"
or earthquake condition)

5. Information describing the circle centers and the
range of radii to be analyzed.

An example of a typical set of program input is given ,

in Appendix D.

In the analyses completed for this study, three sets of
soil parameters were used to describe: (1) the core material,
(2) the shell material, and (3) the foundation material. The -

.

selection of soil parameters was based on results of laboratory
tests and on judgment. A parametric study was also performed
by selecting a series of friction angles for the core to evaluate
the effect on stability resulting from possibly weaker zones
within the core. A friction angle of zero was used to simulate
o complete loss of strength in the core material. The soil
properties used in the analyses are presented in the table below:

11
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Saturated Effective Cohesion
Density (psf) Friction Angle (degrees) Intercept (psf)

Core 124 0, 20, 25, 35 0

Shell 130 37 0.

Foundation 135 40 0

t'

Th'e limit of the core for analysis was defined by using
the approximate edge of pool as shown in the soil profile figures.
The approximate edge of pool was obtained from design drawings.
The edge of pool corresponds to the edge of the settling pond
maintained during construction of the core and describes the
probable maximum extent of the core. Limited data taken from
MDC files showing the limits of the core suggest that the actual
core extends to the edge of the pool.

Pore pressure data for these analyses was described by.
the phreatic surface. Pore pressures were internally calculated
by multiplying the distance of the point on the failure surface
below the phreatic surface by the unit weight of water.

7.20 EARTHQUAKE SELECTION

Earthquake peak accelerations of 0.18g and 0.12g were
selected. A peak acceleration of 0.18g was selected based on
a review of predicted values suggested by the New England Division,
U.S. Corps of Engineers for three Federal dams in central and
western Massachusetts, southern New Hampshire, and northern
Connecticut. The peak acceleration was determined by increasing
recorded Mercalli intensity by one unit for each event and at-
tenuating the value to the site (Reference 7). The Massachusetts
State Building Code, on the other hand, requires a peak acceleration
of 0.129 The selected values of peak acceleration 0.12g and
0.189 have been approximately equated to the Modified Mercalli
(1931) earthquake intensity level. A peak acceleration of 0.12g
and 0.18g correspond approximately to Level VII and Level VIII
earthquake intesities.

Data is presented in Appendix F which correlates the Modified
Mercalli intensity level and physical description with the peak
acceleration of seismic events. The Modified Mercalli scale
is an approximate rating of seismic events. Two maps are also
presented in the Appendix which show first a compilation of
recorded earthquakes in the central New England area and second

12
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a tectonic map of New England. Earthquakes observed within
about 50 miles of the Quabbin Reservoir have been intensity
V or less. Therefore, the analysis conducted on the basis of
a 0.12g or 0.189 peak acceleration is judged conservative.

7.30 EMBANKMENT STRESS ANALYSIS

A finite element analysis was performed to obtain an estimate
of the existing state of stress in the embankment. The stresses
were used to plot minor principal stress versus void ratio for
samples at selected locations within the embankment. The data
is used in assessing the potential of the core material to liquefy.

The method used to calculate the static stresses was based
on a reasonable representation of the nonlinear stress-strain
relationships for the construction material. The analysis follows
a step-by-step sequence representative of the construction sequence
for the embankment under consideration. The finite element
computer program ISBILD, which was developed at the University
of California, Berkeley (Reference 4) was used. A total stress
plane strain analysis using drained stress-strain parameters
was performed.

The computer program ISBILD employs a hyperbolic stress-strain
relationship to model several aspects of the stress-strain behavior
of soils, including (1) nonlinearity, or decreasing tangent
modulus with increasing strain; (2) stress-dependency, or increasing
stiffness and strength with increasing confining pressure; and
(3) realistic variations of Poisson's ratio with strain and
confining pressure. The parameters employed in the hyperbolic
stress-strain relationships are listed in Table 2, together
with descriptions of their physical significance and explanations
of their role in the finite element analyses. A more complete
description of these parameters is contained in a report by
Wong and Duncan, 1974 (Reference 5). The appropriate nonlinear
stress-strain parameters for each soil type in the embankment
were selected using the results of consolidated-undrained triaxial
tests with pore pressure measurements and published data for
similar soils.

The finite element analysis was conducted using the cross
section at Station 21+80 of Goodnough Dike. The initial states
of stress at Stations 15+08 and 20+00 of Winsor Dam were obtained
from the same analysis by scaling the stresses according to
the difference in the sizes of the cross sections. This was
possible because of the similarities among the three cross sections.

13
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The results of the analyses are shown as contours of
major principal stress (01) and minor principal stress (o3)
through the core and into the shell and are presented in Figures
10 and 11. It can be seen from these results that there is
o stress reduction in the core material caused by stresses arching '

on the stiffer shell material.

7.40 LIQUEFACTION POTENTIAL

The term " liquefaction" as used in this report refers
to the nearly complete loss of strength of a granular soil and
the attendant onset of flow. Such a condition can be brought
about by either static or transient loads, provided that the
soil exists at a void ratio at or greater than the critical
value (i.e., the soil contracts when sheared). Casagrande
(Reference 6) observed that the critical void ratio is proportional
to the initial effective confining pressure; i.e., the greater
the confining pressure, the denser the soil must be to avoid
a flow failure (liquefaction). Although flow can apparently
be induced by only a slight change in the loading if the soil
exists at or above the critical void ratio, it is also expected
that large deformations could develop (roughly in proportion
to the magnitude of imposed shear stress) in cases where the
void ratio is only slightly less than the critical value.

The evaluation of the potential for liquefaction was based
on the critical void ratio established through stress-controlled,
static triaxial tests (R-tests). The liquefaction potential,
L, was defined by Casagrande as:p

p= c 3i - 1L
a 3f

Data presented by Casagrande in the form of void ratio,
e, versuso3 (initial minor principal stress) for a particular
kind of sand is shown in Figure 12. The so-called F-line ("F"
designating " flow") separates contractive from dilative behavior.
For L values greater than zero (e greater than the criticalp
value), the soil contracts when sheared, and a flow condition
may prevail. For Lp values less than zero, the soil dilates
when sheared, and strains are limited by the attendant reduction
in pore pressure.

In some actual cases, the critical void ratio may be rather
insensitive to the initial confining pressure, and liquefaction
potential can be assessed qualititively only according to the
proximity of the existing void ratio relative to the critical
value.

14
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A similar analysis was conducted for these studies.
Representative samples of core material were subjected to stress
controlled consolidated undrained shear tests. The results
are presented as a plot of void ratio (e) versus a3, as shown
in Appendix C and summarized in Figure 13. Flow line A was
developed with nonplastic silt and fine sand. Flow line B was
developed with slightly plastic, clayey silt. Field data that
plot above and to the right of the flow line may be susceptible
to liquefaction, and data lying below and to the left of the
flow line are probably not susceptible to liquefaction.

8.00 DISCUSSION OF RESULTS

In accordance with recommendations contained in the Department
of the Army, U.S. Corps of Engineers' Phase I Report (Reference
1), a stability analysis including both static and seismic factors
was conducted for the downstream embankment of the Main Dam
cnd Dike. The analysis consisted of: (1) evaluating the penetration
resistances recorded in the field during the subsurface explorations;
(2) evaluating the laboratory soil testing data, and (3) evaluating
the results of slope stability anal,yses.

8.10 PENETRATION RESISTANCE

*
Penetration resistances recorded in the field during the

subsurface explorations were used in this analysis as one basis
of evaluation.

8.11 Embankment Core

Penetration resistance values in the core material, uncor-
rected for overburden stress, range from 3 to greater than 50
blows per foot. The median of all values is 19. Approximately
50 percent of the values fall between the range of 3 to 15 blows
per foot. When corrected for confining pressures caused by
the depth of the sample within the embankment, these values
are expected to be lower and to fall within the loose range
between zero and 10 blows per foot.

Low penetration resistance values are probably indicative
of potential liquefaction susceptibility. Generally, values
less than 10 blows per foot in saturated, clean, fine to medium
cands exhibit a liquefaction potential. Although liquefaction
is not well understood in silty soils, it is advisable, nevertheless
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g . *

to consider that the loose, nonplastic silt encountered in the ''

core material is potentially liquefiable. However, liquefaction
would only occur for a seismic event of sufficient magnitude . , . .

or duration to cause pore pressure increase resulting in a loss
~

-1.2
'' .

of shear strength in the core.
^

8.12 Shell . |
-

Penetration resistance values in the shell material, uncor- N , ' I.. .*'

' ' -rected for overburden stress, range from a low of 5 to well
over 150 blows per foot. Median values of 77 and 25 blows per

.'.p^.lfoot and mean values of 83 and 31 blows per foot occur in the
midslope and toe boreholes, respectively. Even if the field

.

data were corrected for confining pressure, which would lower , . - -

the values, it is expected that approximately 85 percent of
the corrected data points would indicate that liquefaction is 7".
improbable.

M .

In addition, the free-water surface flowing within the !
.

,,

embankment is, on the average, at a depth of 50 feet or greater r'
below the face of the slope. Capillary rise above the free-water >,c .

surface in the fine to coarse sand shell is estimated to be ? D .' -
limited to about 8 feet. Therefore, the embankment, for all V'?
pratical purposes, is not saturated, is dense, and the shell .;
is not expected to liquefy. : ,

.., ,, +.
y ..;.. -.

The friction angle of the shell material, which is a measure A- 9of shear strength, is estimated to be about 37 degrees, based
,

.

*

on an assessment of field penetration resistance and laboratory ";,',

soil testing data. The maximum slope of the downstream embankment . v f*E
is 1 vertical to 2 horizontal, or an angle of 26.5 degrees. p.
Because the angle of internal resistance for the shell material fo~.
is greater than the slope of the embankment, the face of the ~.%6
embankment is judged to be stable. 'i''J

8.20 LABORATORY TEST RESULTS 'I*' '

'
.

.,

Stress-controlled undrained triaxial shear tests were conducted 1
_'

on selected samples of core material to guide the assessment of ". ..

liquefaction potential. Details of the tests are presented in ?~ '

Section 5.30. Calculated test sample void-ratio has been plotted i
versus the effective minor principal stress at failure (c ' 3f ) to : ,w ..

' .develop a flow line as shown by line A and line B in Figure 13. : _ -

A flow line separates contractive soils from dilative soils or '
' ,p

those soils in where liquefaction is possible from those soils ' ?, y

where liquefaction is not possible. As a measure of liquefaction .; ? _
potential in the core material, in situ void ratios of undisturbed * - -

,

3, r
.,g'' 9,

"'

~

.
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samples from the field were plotted versus calculated effective
minor principal stress within the embankment at the sampling
depth. These data have also been plotted on Figure 13.

Flow line A was developed using nonplastic soil samples
from within the core. Therefore, there appears to be a potential
for liquefaction of the nonplastic soils within the core.

Flow line B was developed using slightly plastic soils
(plastic index 2) from within the core. The state of two representa-
tive field samples of slightly plastic soils was plotted and
compared to line B. One sample plots in the contractive zone,
while the other plots in the dilative zone. These results suggest
that zones of nonliquefiable soils may exist in the core.

One apparent anomaly in the method of liquefaction evaluation
was noted. Stress-controlled undrained triaxial shear tests
were conducted according to generally accepted engineering methods
on remolded samples to test a range of void ratios to produce
contractive specimens. One stress-controlled test was conducted
on an undisturbed sample of slightly plastic soil consolidated
to the estimated effective minor principal stress within the
embankment. The test results indicated dilative behavior.
The sample was then remolded and tested at the same void ratio
and consolidation pressure, but it exhibited contractive behavior.
Results of the tests are shown in Figure 14. These limited
results suggest that the evaluation of the flow line locus based
on tests of remolded samples may be conservative. That is,
the flow lines of Figure 13 would be shif ted upward if based
on tests of undisturbed material, and the measured in situ void
ratios and calculated stresses would be less indicative of lique-
faction. A program of additional sampling and testing to explore
this possibility would be difficult and expensive, however,
and is therefore not recommended at this time.

8.30 STABILITY ANALYSIS

Stability analyses of the downstream embankment for both
static and seismic conditions were calculated. The calculated
factors of safety in the analyses were compared with minimum
factors of safety normally used for design. Minimum acceptable
factors of safety presented in Reference 3 (Table 1), included
herein as Table 3, were used as a guideline in this evaluation.

A series of analyses was conducted for trial-failure circles
using selected strength parameters for the core and shell. Results
of laboratory shear testing indicate that effective angles of
friction ( N') for the core and shell are 35 degrees and 37 degrees,
respectively.

17
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8.31 Static Case

The initial analysis for static conditions was conducted
using strength parameters of 35 degrees and 37 degrees for the
core and shell, respectively. To account for potentially weaker
zones within the core, the analysis was also conducted using
reduced friction angles for the core material of 25 and 20 degrees.
For the limiting case of zero shear strength in the core, which
represents complete liquefaction, a friction angle of zero was
used. Results of the analyses are presented in the table below
cnd indicate that acceptable factors of safety exist in the
embankment. The results also show that, even if the core were
completely liquefied, the strength of the shell would appear
to maintain an acceptable factor of safety. Critical circles
which show the potential failure surface with the lowest factor
of safety are presented in Appendix E.

Summary of Stability Analyses - Static (Downstream Embankment)

Section Core Shell Factor of Remarks
(degrees) (degrees) Safety

Winsor Dam

STA 20+00 35 37 2.39 Core strength
based on
laboratory
test results

25 37 2.21 Core strength
reduced for
possib1y
weaker zones

20 37 2.12 Core strength
reduced for
possib1y
weaker zones

0 37 1.75 Core assumed
to liquefy

STA 15+08 25 37 2.01 Reasonable
minimum friction
angle for core

18
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Goodnough Dike

STA 21+00 25 37 2.05 Reasonable
minimtan friction
angle for core

Minimum
Acceptable 1.50 Corps of-- --

Engineers
Design Minimum

8.32 Pseudo-Static Case

A similar stability analysis for a seismic event was conducted
for the embankment by applying a static horizontal force to
cimulate an earthquake. The seismic analysis was conducted
using two levels of peak acceleration, 0.129 and 0.18g, selected
as described in Section 7.20.

A peak acceleration of 0.12g is based on Massachusetts
State Building Code requirements, while the peak acceleration
of 0.189 is a more conservative maximum probable peak acceleration
for the area. A reasonable minimum friction angle for the core
of 25 degrees was selected for analysis. The results of the
enalysis presented in the table below show that, for both magnitudes
of peak accelerat. ion, acceptable minimum factors of safety exist.
Critical circles which show the potential failure surface with
the lowest factor of safety are present in Appendix E.

An additional conservative analysis was conducted on the
embankment. This analysis assumed that the peak acceleration
occurs and, at the same time, actual liquefaction of the core
occurs. For this analysis, peak accelerations of 0.12g and 0.18g
and a core having zero shear strength were assumed. Usually,
the pseudo--static analysis is conducted using embankment strengths
consistent with the static case. Results of this analysis indicate
that acceptable factors of safety exist for a peak acceleration
of 0.129

Resul ts of the analysis conducted with a peak acceleration
of 0.189 indicate a factor of safety slightly less than one.
However, because the assumptions made in this analysis were
conservative, and because the probability that the event will
occur is unlikely, these factors of safety are considered accept-
able. In addition, even if the core were to liquefy, total
failure of t.he dam is not expected. Damage to the embankment
would probably result from limited sloughing of the downstream
slope or subsidence of the crest during short periods of peak
shaking, but is is expected that movement would stop within a
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day after shaking has subsided. It should be noted that a design *

freeboard of about 20 feet is expected between the crest of
the dam and reservoir level at design pool.

Summary of Stability Analysis -
Pseudo-Static ( Downstream Embankment)

Section Core Shell Predicted Peak Factor Remarks
(degrees)(degrees) Acceleration of Safety

Winsor Dam

STA 20+00 25 37 .18g 1.35 *

0 37 .12g 1.18 **

0 37 .18g 1.00 **

STA 15+08 25 37 .189 1.26 *

O 37 .129 1.08 **

O 37 .189 0.93 **

Goodnough Dike

STA 21+80 25 37 .18g 1.28 *

O 37 .129 1.12 **

|0 37 .189 0.96 **

Minimum
Acceptable -- -- -- 1.00 Corps of

thgineers
Design
Minimum

NOTES:

* Heasonable minimum friction angle for core
** Assumes liquefaction of core
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9.00 CONCLUSIONS AND RECOMMENDATIONS

Conclusions on the stability of the downstream slope are presented
below, subject to the limitations set forth in Appendix G.

'l. Factors of safety normally considered acceptable exist in
the downstream embankment; therefore, complete failure of
the dam is judged to be unlikely.

2. The core exhibits limited liquefaction potential. Results
of the stability analyses indicate that, even if the core
were to liquefy, an acceptable factor of safety is available.

3. Should the core liquefy during an extreme seismic event
(peak acceleration of 0.189), the crest of the embankment
will probably subside. Settlement of the embankment, however,
is not expected to precipitate a breach or complete failure
of the dam especially since a minimum free-board of 20 feet
is expected above the reservoir level.
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74812 3 - SupethpY OP PIEZCeETRIC IEVEIA

PIEZOBE7ER EI2VRTION (NOTE 1), 30810N CITY S48E

MRT 1981 .7UNE 1981

PIEZOBETRIC DATE TIP
MUSSER INSTALIED E12VATIGE 11 12 14 29 1 3 4 5 9 10 12 16 18 19 23 26

1 6/04/81 475.2 512.2 497.7 497.4 497.4 497.4
! 2 6/04/81 440.2 480.4 4 78.1 477.6 477.2 477.6 -

3 6/04/81 413.0 482.3 479.5 478.4 479.0 479.0 479.0
4 5/11/81 458.5 468.9 458.7 458.9 458.9 459.0 458.9 459.0.

} 5 5/11/81 446.5 466.1 451.1 451.6 451.1 449.3 451.1 451.1
6 6/18/81 391.0 391.0 391.0

7 6/01/81 484.2 501.8 498.9 498.1 498.1 498.5 498.1 I

8 5/29/81 440.8 470.4 469.0 469.4 469.0 459.4 469.0 469.0

9 5/29/81 403.2 499.6 493.1 452.2 455.4 4 56. 3 491.7 451.7

10 6/03/81 457.0 457.9 457.2 457.5 457.0 457.5

11 6/03/81 4 36.3 436.8 436.3 436.8 436.3 436.0

12 6/23/81 378.2 445.2 392.9

13 6/19/81 482.4 510.6 602.3 502.3

14 6/19/81 456.0
.

486.0 487.0 481.9
4 15 6/19/81 413.5 495.7 Note 2

,

16 6/16/81 431.0 443.9 437.5 437.0
1

j 17 6/09/91 442.0 445.7 445.5 445.7 445.7

18 6/12/81 405.0, 425.8 425.1 425.8 425.3

NOTE: (1) Elevations are approximate and based on asstaned surf ace elevations.
(2) Piezameter lines probably plugged, reading unreliable.
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TABLE 2 - STRENGTH AND STRESS-STRAIN PARAMETERS USED IN
,

THE FINITE ELEMENT ANALYSIS

FOUNDATION CONCRETE SILT TRANSITION
PARAMETER SYMBOL ROLE OF ANALYSIS ALLUVIUM CORE WALL CORE FILTERS SHELLS RIPRAP

M'oist unit weight y* Stress values are proportional to 0.135 0.150. 0.124 0.127 0.130 0.135
unit weight (moist, saturated, or
bouyant, depending on zone).

Cohesion intercept
c '}l Together, determine how strength 0 432 0 0 0 0

varies with confining pressure.,

Friction angle $ j 40 0 35 36 37 37

Modulus number K I Together, determine how initial 700.0 450,000 125.0 510.0 500.0 500.0
tangent modulus varies with con-,

,

Modulus exponent n j fining pressure. 0.20 0.01 0.20 0.20 0.20 0.20

Failure ratio R Relates value of hyperbolic
f

asymptote to compressive strength 0.7 1.0 0.7 0.7 0.7 0.7

Poisson's ratio at
0 = 1 atmosphere, and Gl 0.35 .1 .40 0.45 0.35 .35.3
zaro strain

R: duction in Poisson's
rstion for 10-fold in- F Together, determine how Poisson's 0.15 0.01 0.1 0.1 0.1. 0.1-y

crecse in c I
3 ratio varies with c

3

Increase in Poisson's
ration for 100% strain dj 5.0 1.0 5.0 5.0 5.0 5.0

NOTE: All parameters are dimensionless, with the exception of Y, and C, which are in units of kips and feet.

-
--

_ _ _ _ - - _ _ _ _ _ _ _ _ - _ _



. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Table 3
Minimum Factors of Safetyt

Normally Accepted for Earth Embinkm:nts

Minimum
Case Factor of
No. Design Condition Sa fety Shear Strength Remarks

I End of construction 1.3 $ t Q or S$ Upstream and downstream
; slopes

II Sudden drawdown from 1.0$$ R, S Upstream slope only. Use com-
maximum pool posite envelope. See fig. 4

III Sudden drawdown from 1.2$$ R. S Upstream slope only. Use com-
spillway crest or top posite envelope. See fig. 4
of gates,

IV Partial pool with 1.5 R+S Upstream slope only. Use in-for R<S.steady seepage 2 termediate envelope. See
fig. 5S for R > S

V Steady seepage with 1.5
maximum storage pool {

R+S *n8tream 81 Pe only. Usefor R < S, .

> 2 intermediate envelope. See
VI Steady seepage with 1.4 L

ig. 5
S for R > S

surcharge pool [
VII Earthquake (Cases I, 1.0 $ Upstream and downstream

IV, and V with slopes
seismic loading)

t Not applicable to embankments on clay shale foundations.
,

! tt For embankments over 50 ft high on relatively weak foundations use minimum
' factor of safety of 1.4.

$ In zones where no excess pore water pressures are anticipated, use'

S strength.

$$ The safety factor should not be less than 1.5 when drawdown rate and pore water
pressures developed from flow nets (Appendix III) are used in stability analyses.

5 Use shear strength for case analyzed without carthquake except that it is not
; necessary to analyze sudden drav down for earthquake effects.
I

Reference: Department of the Army, Corps of Engineers; Engineering Design Stability
1 of Earth and Rock-Fill Dams, EM 1110-2-1902, April 1970.
)
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i EMBANnMENT GEOMETRY AND DET&lLS ARE BASED ON DESIGN DRAwlNGS PREPARED FOR WL TROPollf AN Disf RtCT WATER
SUPPLY COMMISSION ENTITLED * MAIN DAM C09E w ALL TR AlesvfRSE SECTIONS * DATED DECEMBE R 21.1354 (CONTRACT
38, FILE 38-2 32 S) AND *QUABBIN RE SERV 04R-MAIN DAM * DATED SEPTEMBER 44,1332 (FILE 2 32 Sl

2 7 8+E t * A T E R LEVELS ARE BASED ON 00SERVATIONS MADE DURING PIE 20 METER INSTALLATION AND ON PIE 20 METER
RE ADI NGS

3. PHRE ATIC SURFACE SHOWN 13 AN APPROxlMATE REPRESENTATION BASED ON OBSEnvAflONS IN BOR E HOLE S
AND ON PIEZOMETE R RE ADINGS, AleD IS ONLY INTE NDED TO ILLUSTR ATE THE ESTIMATED FREE WATER LEVEL IN THE DAM

4 ELEVATIONS SHDwN ARE APPROxlMATE AND ARE BASED ON GROUND SURFACE ELEVATIONS GIVEN Oss THE DESIGN DRAwlNGS LISTED
ABOVE ELEVAflONS SHOULD BE CONSIDERED ACCURATE ONLY TO THE DEGREE IMPLIED BY THE METHOD USED TO DETERMINE THERA-

S. PIE 20 METERS WEnt MODEL P lO2 PNEUMATIC PIE 20 MET ERS MANUFACTURED BY PETUR INSTRUMENT COMPANY,1NC ,$EATTLE,wA$

6 WATER LEVEL RE ADINGS HAVE BEEN MADE IN THE DRILL HOLES AT TIMES AND UNDER CONDITIONS STATED ON THE 90 RING LOGS F
IN THE LEVEL OF THE PHIfATIC SURFACE elLL OCCUR DUE TO OTHER FACTORS THAN THOSE PRESENT AT THE TIME ME ASUREMENTS i
PARTICUL ARLY AS THE RESERVOIR LEVEL CHANGES,

-

T DURING INSTALLATION OF P-T, w ATER IN BOREHOLE W AS NE AR GROUND SURF ACE AF TER INST ALL ATION w AS COMPLETED Is0
WAS REGISTERED
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4 SEE NOTES 4-6 ON FIGURE No. T-
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CONSOLIDATION PR ESSURE Fs, psf
iO 20 40 s0 e0 10 0 200 400 sc0 iOOc 2000 4000 seco 10,000,g

@\ 9 0-10
U-3

Z \O
DILATIVE ZONE J-

(LICUEFACTION NOTj h a U-5F
<g O9 POSSIBLE)- -

O \ 0 U-2

$z a N
CONTRACTIVE)m y) \( g

@ yj-1 ZONE (LIOUEFACTICtdD -4 Z ;g
2 - 2 O

N .,I[POSSIBLE)gU
.A Z O O | CONTRACTIVE ZONE-

g( LICU EFACTION POSSIBLE) .

'08E O g g
> m g r- uJ l u-s e "'7

\
8 s2 esa ; x

\ 4 -9Um m U) o

g %_ d | \ "U-il
DILATIVE ZONE /O

-
f

y( LIQUEFACTION NOT POSStBLE) 9 0-6E -4 ! r
m s
O

bc- > ce /c
E [ |t_n o :
0 *C |
m r_ m- Z[gj)_

C
C) 05
yK !O 20 40 60 90 100 2CC 400 600 1000 2000 4000 6000 IO, COO

<->
"' z 3 EFFECTIVE CONFINING PRESSURE AT FAILURE, & r , psf3
3 o
[ g D ATA POINTS, BORING B-1 FLOW LINE @, CORE MATERIAL BORING B-l(NCf4 RJ.STIC)
Oc gq A CATA POINTS, BCRIN3 B-4 - - - FLOW LINE @, CORE MATER %L BCFiiNG B-7(SLIGHTLY

%C
g Z m CATA POINTS, BORING B-7 P.ASTIC) SEE CATA AFFENIXX C FCR CEVELOFMENT OF

d_ U- 8 SAMFLE NUMBER FLOW LPE

o D O INCCATES S' lGHT P. ASTICITY (OPEN SYMBOL)

Q I E !NCICATES NCt! PLASTIC (CLOSED SYMBOL)
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CONSOLl[ATION PRESSURE,#s , psf
C 20 40 60 80 100 200 400 600 1000 2000 4000 6000 0,000 20,000 40,000

*Z
0 90 -- - - ---

<
9
_J
O
v3

085 -- ------ --- -- - - - .

T
t.AJ

P-
LL.
4

.

yO 6C --

6
6,:6CE psf 3 = 6 ;:2900 psf RE:ONSTITUE3 3

SAMPLE

O G&3;:2900 psf
{JN3tSTURBED }DIL ATI VE

9 0.75 SAVPLE

' '

OO o 20 40 60 80 00 200 400 600 1000 2000 4 coo 6000 10,000 20000 40p00
EFFECTIVE CONFINING PRESSURE AT FAILURE,d e, psf3

_1
,

O INITIAL CONDITIONS CCt.DITIONS BEFORE LOADING r= asema
NG PHTEST he SYu p e, cw ggw ,, , e, QUABBIN RESERVOIR DAMS, m 7, ,.

2900 10080 309 96 .76 29.5 9 7.2 BELC HERTOW N, M A SSz Tl4 3 1 e 84 #$8'4 29 5 942 6h7
78 g; 7. 5 93 g 6 M 2900 11520 2 46 95 .78 26.5 9 6.1T 14 3 2 m 84 7 p

MONO, TONIC TRIAXIAL TESTS

DATEJULY1981 FILE 2729
GOLDBERG-ZOINO & ASSOCIATES,INC.

GEOTECHNICAL-GEOHYDROLOGICAL CONSULTANTS
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PROJECT REPORT OF BORING ND. B-1GOLDBERG ZOINO O ASSOC.,1NC.
QUAB7IN RESERVOIR DAM SHEET I OF 5

GEOTECHNICAL/GEOHYDROLOGICAL WARE, MASSACHUSETTS DATE MAY 1981 FILE 2801CONSULTANTS
1

BORING CO. .NEW ENGLAND BORING CONTR. BORING LOCATION WINSOR DAM, STA 15+08
|

FOREMAN RON STAVINSKI/T. CARPENTIER GROUND ELEV. CREST; EL 1552' |

G-Z-A ENGINEE.9 _ _UADGE. D. CARDINALL DATE START 5/12/81 DATE END 5/21/81W

CASING SAMPLER GROUNDWATER RE ADINGS
DA,E DEPTH CASING At 9949,t,ett,ers TIME

Split Spoon (24")21ZE: 4" F.J. TYPE OTHER: 3" thin- 5/14 29.8' 29' 0830 llours

HAMMER; 300 lb HAMMER 140 lb walled tube 5/19 29' 29' 0930 flours

FALL: 30" (Osterberg 5/20 29' 29' 0845 IIoursFALL: 24"
Sampler) 5/22 34' 30' 1000 llours

% CAS. SAMPLE g d w
g BL C SAMPLE DESCRIPTION $a-
o / FT. NO. PEN./ R EC. OEPTH BLOWS /6,, W ASPilALT PAVEMENT.1 4 inches.

'o "-

S-1 18"/12" 0.5-2' 20- brown, fine SAND, little * fine Gravel ,

25-65 trace fractured Stone, trace Silt,
trace dark brown Loam.

5 Gravelly
S-2 12"/8" 5-6' 80-170 fine to Brown, fine SAND, trace + fine Gravel,

coarse trace Silt, trace coarse Sand, trace
SAND fractured Stone.

(ROLLED16610 FILL) (1)
S-3 18"/10" 10-11.5' 80-85 Brown, fine to coarse SAND, little~

105 fine Gravel, trace Silt.

80 (2)

in 100
31 S-4 18"/7" 15-16.5' 33-117 Brown, fine to coarse SAND, little
28 22 (300#) Silt, trace fine Gravel. Fractured (3)
27 18' Cobble.

53
Gravelly

S-5 18"/8" 20-21.5' 49-58- Gray-green fine SAND, comc~ Silt,
37 65 " " '(ROLLED
34 coarse Sand. One-inch plug of darkpg

brown, fine SAND and SILT in end ofgg g,
3 Spoon. (4)

9535
80 S-6 18"/4" 25-26.5' 49-50 Green, fine SAND, trace Silt. (5)

Fine80 45
SAND and85
SILT
(llYDRAU-

30 LIC FILt; (6)
U-1 24"/23" 30-32' (Top sample 3-3/4" from top of tubes (7)

fixed piston sampler used.)
S-7 32-33.5' 10-7 Brown, fine SAND and SILT.

8

REM ARKS: (1) 166 blows / foot typical for 5-10 feet. (2) Driller drilled ahead of casing
hith rotary bit from 10 to 20 feet to break cobbles. (3) From 16' to 16.5', used 300 lb.
hammer falling 24". [ NOTES CONTINUE ON NEXT PAGE.1

IO T E S : j ',3,,',,''''.,g'..,',7.'.o.O. '.,'.,,".'|,"'J.',",o,'v. "A,e ""r .,*., |";',",, '',,JN'..".', '" U.' 'f. . .u',,4.'.".J.A,, ..'.",'.,.',.00. |.'.g", .,0'. .'.',, *,,".'o.ok , mc r u.,,0.,,,, ,,,,4 C ,,,,,

| o, .. . ou. . occo o . ..c o. v , ,es ,,. . u. . .
.

E l.3
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PROJECT REPORT OF BORING NO. B-1SOLDBERG ZOINO S ASSOC.,INC.
OUABBIN RESERVOIR DAM SHEET 2 OF 5

GEOTECHMCAL/GEOHYDROLOGICAL WARE, MASSACHUSETTS DATE MAY 1981 FILE 2801
CONSULTANTS

y CAS. SAMPLE gg! O w
o. B L. crTT de SAMPLE DESCRIPTION H

$ /FT. NO. PEN. /R EC. DEPTH BL OWS / 6" 7 C$ 0

35

U-2 24"/0 39-41' No recovery. (Hydraulic sampler) (8)
40

U-3 24"/0 41-43' No recovery. (Fixed-piston sampler) (9)

SS S-8 24"/10" 44-46' 5-2 Fine Brownish-green, fine SAND and SILT.
3-2

U-4 24"/24" 46-48e SAND (Hydraulic sampler) (Jar sample :10)
taken of soil at tip of tube.)

#
S-9 18"/13" 49-49.5' 12-13 Brownish-green, fine SAND and SILT.

1250 SILT

(HYDRAU-
LIC

U-5 24"/24" 54-56' FILL)
55

S - 10 18"/16" 56-57.5' 5-8 Brownish-green, fine SAND and SILT.
7

'

60
S - 11 18"/17" 60-61.5' 4-3 Brownish-green, fine SAND and SILT.

4

U-6 24"/23-3/4" 64-66' (Jar sample taken of soil at tip of (12)55
tube.)

S - 12 18"/12" f.6-67. 5 ' 9-4 Brownish-green, fine SAND, some Silt,
3 trace Root Matter.

70

S-13 18"/18" 70-71.5' 4-4 Brownish-green, Clayey SILT and fine
5 SAND; slight plasticity.

REMARKS:(4) Noted change in color of wash from brown to dark brown; also, wood in wash at
'24 feet. (5) Lost sample; redrove spoon from 21.5' to 23.5' using 300 lb. hammer to obtain
| sample. (6) 4-inch casing to 29 feet. Using drilling mud to keep hole open below 29 feet.
(7) Sample U-l subjected to significant disturbance when driller removed piston and sample
glaced horizontally, jolted, and shaken during efforts to remove piston. Sample is split
Dtorizontally in tube. (8) Lost sample using Osterberg (hydraulic) sampler. (9) Pushed samp-

|ler 2 feet; piston moved with tube; no sample. [ NOTES CONTINUE ON NEXT PAGE.]

40TES:,'$f"fi''','00FO*,"E*'#,"lla ',", Of"O l',,0tn"Ar 'E40'",J 3,s"*> ^"?o.,",' |1"'3's,","'' n '"'M ,cuoruAr,0,,, ,,,1,,, t ev ec
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PROJECT REPORT GF BORING NO. B-1
SOLDBERG ZOINO O ASSOC.,INC.

QUABBIN RESERVOIR DAM SHEET 3 OF 5
GEOTECHMCAL/GEOHYDf0 LOGICAL WARE, MASSACHUSETTS DATE MAY 1981 FILE 2801
CONSULTANTS

4

I
,

f CAS. SAMPLE
f_ i de

w
a. BL. e SAMPLE DESCRIPTION Fa-
$ /FT. NO. PEft / REC. DEPTH BL OWS / 6" $ *$ 0 !

U-7 24"/21" 74-76'
F5

S - 14 18"/18" 76-77.5' 4-4 Brownish-green SILT, little fine
3 Sand, pockets of brownish-gray Silt.

80
S - 15 18"/12" 80-81.5' 6-12 Brownish-green SILT, little fine

8 Sand, trace Root Matter.

85 U-6 24"/ Note 13 84-86' (13)
Fine and

S - 16 18"/9" 86-87.5' 2-10 Brownish-green SILT, little fine

8 Silty Sand; Clayey SILT (slight to low
plasticity), trace Root Matter in

Fine top 3 inches of Spoon.
90

S-17 18"/9" 90-91.5' 13-7 Brown SILT, some fine Sand; ClayeySAND
8 SILT (slight plasticity) in top 2

(HYDRAU- inches of Spoon.

LIC

U-9 24"/2" 94-96' ;14)95

U-10 24"/15-3/# 97-99' :15)

S - 18 18"/14" 99'- 10-18 Brownish-green SILT, some fine Sand,
100

100.5' 27 trace Root Matter, trace Wood; thin
lenses of brown and gray Silt.

S - 19 18"/9" 104'- 10-27 Brownish-green SILT and fine SAND,
-

105.5' 32 trace Root Matter.

U-11 24"/24" 107-109'
Brownish-green, fine SAND and SILT,
trace Root Matter.

L10 S-20 18"/15" 109'- 12-26 s

110.5' 24 Gray, fine SAND, trace Silt.

REM ARKS: (10) All undisturbed sampics from U-4 on taken with hydraulic sampler. Samples U-l
and U-3 made with conventional push-type stationary piston sampler. (11) The fine sand be-
low 25 feet is very fine. (12) Sample split horizontally in the tubo during removal of
picton. (13) Sample split horizontally in tube during removal of piston. From top tube to
'@op sample = 4 inches; bottom sample is flush with bottom tube; must be at least a 2-inch gap
An sample. (14) Poor recovery; sample lost during raising of rods. (15) Six inches from top
Quba to sample; 8-1/4 inches from bottom tube to bottom sample.

OTE S:,'y,7,"f0^,',7"otO,,*,77'#,",,',70 ',",T,i."'"#' 'E"n"AT f,',U'", * 3,o','."C0, n"7,,",' #AT3"f,,,"T ,' n, ,, & nvefo.T,0,.. ,,, T,,, t v c
" '' '* * " '"'

| OF THE enouMosarsm AT OCCum DW 70 OT *ER FACTOR $ THAN THORE PHESf MT AT TME TI,st NE ASUREMENTS wfRt ,eAD(,

!
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PROJECT REPORT OF BORING NO. B-1kDBERG ZOINO O ASSOC.,1NC.
OUABBIN RESERVOIR DAM SHEET 4 OF 5

NOTECHMCAL/GEOHYDROLOGICAL WARE, MASSACIIUSETTS DATE ttAv 1981 FILE 2801CONSULTANTS

>- CAS. SAMPLE <g w
a: p ke
g

SAMP;.E DESCRIPTION FBL.
/FT. NO. PEM /R EC. DEPTH BLOWS / 6" $ % 0'-

15 Gray-brown SILT, some fine Sand witt
S-21 18"/12" 115'- 17-35 lenses, up to 1/2", of brown Silt,

116.5' 40 trace Root Matter.

S-22 18"/6" 117'- 20-33 Stratified fine SAND, trace Silt,

118.5' 48 color varies from rust to brown to
gray; layers 1/16" to 1/8"; Silt

20
Strati- content varies in strata; trace Root

fied Matter.
__

Fine
3-23 18"/6" 123'- 21-28 Gray, fine SAND, trace Silt, with

25 124.5' 38 SAND 1/2" layers of brown SILT.

and

SILT

30 3-24 18"/16" 129'- 11-8 Brown SILT, trace fine Sand; visible
(IIYDRAU-

130.5' 22 stratification, indicated by differ-
IC

ent shades of brown.

FILL)
3-25 18"/18" 133'- 9-12 Brownish-green SILT, trace fine Sand,

134.5' 25 trace Root Matter. Lenses of gray,15
fine Sand, trace Silt.

_

3-26 18"/13" 138'- 9-21 Stratified brown and gray, fine SAND
1 9.5' 39 trace Silt; strata approximately40

1/8" thick.

;-27 18"/12" 143'- 16-27 Stratified fine SAND, trace to little

144.5' 34 Silt (varios from strata to strata),
45

trace Root matter. Strata from

1/32" to 1/8" thick. Color varies
from brownish-gray to gray.

3-28 18"/12" 148'- 18-28 Dark brown, fine SAND and SILT, (16)
149.5' 44 trace Root Matter. 1" piece of (17)

50 Quartz lodged in end of Spoon.
Brown to gray-brown, fine SAND, lit-

153'- tle Silt, trace Root Matter. 1" piece
3-29 18"/9" 154.5' 35-45 of fractured Gravel. Sand is finely

REMARKS: bonded, indicating stratification

I f:1/32").
(16) Material has appearance of topsoil.
'17) Foundation material appears to start at 148 feet.

40T E S :,%,'',7,"d.i',*.'.0 ". ',W'J ".' J"'. ',".".?",,"',tt.R. "n,."', To.',U '".,.'. 3,J',, c.'o.'",,?.7,".'..,.'r"'O..'.;.|n,".r|".' ",, *,"',^% ,tucru.rio,.. ,,, r,t.m
'* "

r
I o r,.. .ou ,o m . occo ou to or . . .cro 1 . 1, - r 1r r-. .u, . . . . .
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PROJECT REPORT OF BORING NO. B-1K)LDBERG ZOINO O ASSOC.,INC.
QUABBIN RESERVOIR DAM SHEET 5 OF 5

IEOTECHMCAL/GEOHYDROLOGICAL WARE, MASSACHUSETTS DATE MAY 1981 FILE 2801,0NSULTANTS

3 CAS. SAMPLE 49p d W
L B L. a: Tide SAMPLE DESCRIPTION H

$ /FT. NO. PER /R EC. DEPTH BL OWS / 6" $ *$ 0

55 40

Silty
Fine
SAND

(FOUNDA-
Dark brown, fine SAND and SILT, (18)S-30 18"/14" 158'- 23-41

159.5' 67 trace Root Matter, fractured Cobble.60 TION)

Dark brown and yellow-brown, fine

S-31 18"/12 " 163'- 40-36 SAND, little Silt, trace fine
"#* *

164.5' 38 s65

Bottom of hole at 164.5 feet.

.

REMARKS:

(18) Few grains of medium to coarse SAND observed in Spoon.

OTES:||!"r,'"fi"",""M',7"'",",,' O ^,", T, "g& ="Ar "40'".S E NT At THE T,ME N. ASL5tf Mtei"TSfA' O,',"1,'s, *' ,'1.',3';|,",|''' '',,,*,",'M; ,tueroAr,0,,, ,,, Tt,vec
" ' ' "

,
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PROJECT REPORT OF BORING NO. B-2IGOLDBERG ZOINO O ASSOC.,1NC.
QUABBIN RESERVOIR DAM SHEET I OF 3

GEOTECHNICAL/GEOHYDROLDGICAL WARE, MASSACHUSETTS DATE MAY 1981 FILE 2801CONSULTANTS

BORING CO. NEW ENGLAND BORING CONTR. BORING LOCATION WINSOR . DAM, STA 15+085

FOREMAN RON STAVINSKY GROUND ELEV. MIDDLE BERM, EL 1500'

G-Z A ENGINEER W. HADGE DATE START 5/6/81 DATE END s/11/s1
|

CASING SAMPLER GROUNOWATER READINGS
*** * * ""'(1-3/8" ID)

5tZE: 4" F.J. TYPE Split Spoon OTHER, 5/06 17.5' 29.0' 1645 Ilours
iAMMER: 300 lb HAMMER 140 lb. 5/07 26.0' 29.0' 0900 Hours
rAtt: 24" FALL: 30" 5/11 41.5' 35.0' 1020 Ifours

5/11 35.6' 30.0' 1500 Hours
I CAS. SAMPLE < d W
; BL $ y SAMPLE DESCRIPTION P

OC / FT. NO. PE N./ R EC. DEPTH B LOWS / 6" D50 o

S-1 24"/16" 0-2' 4-13 LOAM Dark brown, fine SAND, some Silt,

26-32 3 trace Roots. (LOAM)
Brown, fine to coarse SAND, little
fine Gravel, trace Silt (Gravel frac-

tured). Cobbles.
5

(1)S-2 8"/4" 5-5'8" 40/105-2" Brown, fine to coarse SAND, trace
125 fine Gravel, trace Silt (Gravel frac-
233 Gravelly tured, angular). Cobbles.

215
Fine to

S-3 4"/0" 10-10'4" 150-4" Coarse (3)
50
80 SAND

70

lq 60 with

S-4 24"/6" 15-17' 24-20 Green-brown, fine to coarse SAND,1s50 22-55 little fine Gravel, trace + Silt
82 (Gravel angular, fractured).

60
(4)

S-5 8"/3" 19-19' 8" 65/130-2" Brown, fine to coarse SAND and finegg
Gravel, trace + Silt. Cobbles.

34
39

100

25 S-6 18"/4" 24-25.5' 145-25 Orange-white-brown, fine + to coarse (5)
230 32 SAND and fine GRAVEL, trace + Silt (6)
130 (Gravel angular, fractured). Cobbles.

125

i 220

S-7 18"/3" 29-30.5' 50-87 Gray-green, fine to coarse SAND, someg
63 fine Gravel, trace + Silt (Gravel

angular, fractured). Cobbles.

EM ARKS: (1) Driller advancing hole using rotary bit. Progress slowed by cobbles and
lones. (2) Sampler on cobble; terminated sample at 5'7". (3) Refusal; sample terminated.
3) Drove 20 feet of 4" casing; drilling mud used [ NOTES CONTINUED NEXT PAGE.1
9TES:,'| '"','J3'Jg',',n|J;;i',"||,"tii",',";; ^,"r!|1,^,!' Q';^*,',','!,U'",,' ;';,4'|'c'&',",' J"'n";",0' &S,",'CJ^r ,coc,u,,,o,,, ,,, ,, ,,m
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PROJECT REPORT OF BORING NO. B-2
OLDBERG ZOINO O ASSOC.,INC.

QUABBIN RESERVOIR DAM SHEET 2 OF 3
EOHYD M CAL WARE. MASSACHUSETTS DATE MAY 1981 FILE 2801

O

% CAS. SAMPLE 4o d w
ghka- SAMPLE DESCRIPTION Fct B L.

$ /FT. NO. PER /R EC. DEPTH BLOWS / 6" $ Co O

S-7 18"/3" 29-30.5' 50-87 Gray-green, fine to coarse SAND,30
63 some fine Gravel, traca+ Silt

(Gravel angular, fractured). Cob-

K
bles.

35 S-8 18"/8" 34-35.5' 44-46 Brown, fine to medium SAND, trace +
47 coarse Sand, trace Silt.pgg g

Medium

S-9 18"/7" 39-40.5' 87-104 SAND Brown, fine to medium SAND, trace *
40

110 coarse Sand, trace Silt.

S S-10 18"/10" 44-45.5' 41-42 Brown, fine to medium SAND, trace
33 coarse Sand, little Silt.

Brown, fine to medium SAND, trace

50 S-11 10"/8"- 49-50.5' 38-35 coarse Sand, trace Silt.

35 Brown, fine SAND, trace Silt.

S-12 18"/11" 54-55.5' 57-67 Brown, fine SAND, trace Silt; grad-
55'

83 Fine ing to brown, fine to medium SAND,
trace Silt, in bottom of tube.

SAND One 2" thick layer of black, fine
SAND in top of sample.

30 S-13 18"/10" 59-60.5' 27-32 Brown, fine SAND, some Silt.
40

S-14 18"/8" G4-65.5' 53-68 Brown, fine SAND, trace Silt. Tracc
35

60 of stratification indicated by
lighter and darker shados of brown.

REMARKS: (4) Continued...below 20 feet in uncased hole. (5) Last foot driven with 300 lb.
ammer falling 24". (6) Added 10 feet of 4" casing to 30 feet; could not maintain drilling

d in hole.

IOT E S:,' %".,',". *.'.1",*.WO. b.,"'occ'J"J "",""#. ",,'lA '%. ".1".', "4"'",f. .A' 4'."a,,.'",? "',".^rn.,."s.,"r'"' n.. .*,.".^R. .,tocto.1,o,,. ,,, m t ...t7
I

o, r . oo . m . o m to o m .cro- m.r- m. 1 or 1 r- .. .. .
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PROJECT REPORT OF BORING NO. B-23OLDBERG ZOINO O ASSOC.*INC* QUABBIN RESERVOIR DAM SHEET 3 OF 3
L

WARE. MASSACHUSETTS DATE MAY 1981 FILE 2801O

I CAS. SAMPLE do d to$ BL. $$ik SAMPLE DESCRIPTION $$'/FT. NO. PEM /R EC. DEPTH BLOWS / 6" po o z

65 S-M 18"/8" 64-65.5' 53-68 Brown, fine SAND, trace Silt. Tram

60 Fine of stratification, indicated by

SAND lighter and darker shades of brown.

Alternate layers of brown, very fim
SAND, trace Silt; and SILT, some

70 S-15 18"/11" 69-70.5' 26-52 fine Sand (layers 1/8"-3/8").

82 Brown, fine to coarse SAND, trace + (7)FM M
fine Gravel, trace Silt.

Coarse

SAND Dark brown, fine to coarse SAND,
S-16 18"/'" 74-75.5' 20-26 little- fine Gravel, trace Silt. 2"

67 of dark brown SILT and fine SAND,
trace Wood, trace Root Matter.

S-17 18"/8" 79-80.5' 76-85 Orange-gray-brown, fine to coarse
30 (8)

88 SAND and fine GRAVEL, little decom-Gravelly
posed, green-black Rock, little

Fine to Silt.

Coarse

45 S-18 18"/10" 84-85.5' 70-164 SAND Orange-gray-brown, fine to coarse g)
46 (300#) SAND and weathered ROCK, little+

fine Gravel, trace Silt.

Orange-gray-brown, fine to coarse
SAND, little* fine Gravel, little-

S-19 24"/9" 89-91' 119-160 weathered Rock, trace Silt.30 (10)37-49(300#)
Bottom of hole at 91.0 feet.

(ll)

>5

30

REMARKS:(7) 1" piece of fractured, white quartz lodged in end of spoon. (7A) Original
ground appears to start at approximately 75', possibly several feet higher, due to topsoil
matsrial found in Sample S-16. (8) 1" piece of granite lodged in end of spoon. (9) From 12"
to 18", used 300 lb. hammer falling 24". /10) From 12" to 24", used 300 lb. hammer falling

24". (11) At completion of drilling, 5 additional feet of 4" casing driven to 35',and 55'
of 2.5" O.D. casing dropped in hole in preparation for piezometer installation.

IOT ES :,' %''T,'"f7%J','O',."'"',,""' 1"A ^;",,,"",*l' ',,o"tt"AT' "/,U'"l'A' 4',", a *"?J,"' 4".'"J''s,"T"",' n,'|",'M ,tuCTUAT,0,,, ,,, ,,,, tevet'

OF THE GROUNOWATER IsAT OCCUR DUE TO OTHER FACTORS TMAN THOSE PRESENT AT THE Tlast est Asu,,tMfMTS wtRE esADE.

_ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ . _ _ . _ _ _ _ . .



GOLDBERG ZOINO O ASSOC.,INC. PROJECT REPORT OF BORING NO. B-3
QUAB IN RESERVOIR DAM SHEET I OF _ 3 i

GEOTECHNICAL/GEOHYDROLOGICAL j

CONSULTANTS
WARE, MASSACHUSETTS

DATE JUNE 1981 FILE 2801

BORING CQ NEW ENGLAND BORING CONTR. BORING LOCATION WINSOR DAM, STA 15+08

FOREMAN STEVE RAMSDELL GROUND ELEV. LOWER BERM; EL 1460'

G-Z-A ENGINEER W. HADGE. N. CARDINALE DATE START 6/16/81 DATE END 6/18/81

CASING SAMPLER GROUNDWATER RE ADINGS
DATE DEPTH CAS:NG AT S TA BILIZ ATION TinIE

SIZE: 4" F.J. TYPE: Split Spoon OTHER: NOTE 1
HAMMER: 300 lb- HAMMER 140 lb

FALL.: 24" FALU 30"

I CAS' SAMPLE g$ y SAMPLE DESCRIPTION H
d W$ BL g

$ / FT. NO. PEN./ R EC. DEPTH BLOWS / 6" DjO o O
wson, uson. vS-1 18"/1o" 0-1.5' 2-4

Br wn, fine to coarse SAND, trace
5

fine Gravel, trace Cobble, trace Silt .

Fine to

'S-2 18"/11" 5-6.5' 14-15 Light brown, fine to coarse SAND,
17 trace fine Gravel, trace Silt.SAND

10
S-3 18"/9" 10-11.5' 16-17 Light brown, medium to coarse SAND,

18 little fine Gravel, trace Silt.

19
S-4 18"/12" 15-16.5' 12-16 Brown, fine to coarse SAND, trace

19 fine Gravel, trace Silt.

20
S-5 18"/10" 20-21.5' 12-14 Brown, fine to medium SAND, little

14 fine Gravel, trace Silt.

Fine to

f5 M"di""
i S-6 18"/10" 25-26.5' 13-16 Brown, fine to medium SAND, little
| 20 SAND fine Gravel, trace Silt.
r

|

[ (2)
5

[0 S-7 18"/8" 30-31.5* 14-15 Brown, fine to coarse SAND, trace
9 fine Gravel, trace Silt.

;EMARKS' (1) Driller advanced hole using drilling mud. After flushing hole with clean
eter, groundwater level remained near top of casing and did not stabilize prior to piezomete
estallation and grouting. Therefore, no groundwater reading. (2) ISEE NEXT PAGE FOR NOTE 21

c)TES: ,'j '|;','|"fic^;7,'J;7,$ "<|,"'J',",,',;"4 ^,",Tf",4!'t %"n",',*,';g',",joA' ;'|'d,,';J,,",' |r"^g';",0'|& ',,"^fot,ue,u,,,,,,, ,,, y,,, t,m
0F TME 4ROUNDanTtR esAT OCCUR Dut 70 OfMtR 4C7021 TMAN TMOSE PR($tN7 AT TM( TlMt Mi ASUR(MtN75 wERt as A DE,

kb
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PROJECT REPORT OF BORING NO. B-3GOLDBERG ZOINO u ASSOC..INC.
i OUABBIN RESERVOIR DAM SHEET 2 OF 3
GEOTECHMCAL/GEOHYDR0 LOGICAL WARE, MASSACHUSETIS DATE atme 1981 FILE 2801CONSULTANTS

f CAS. SAMPLE $9 d W
o. BL. a:Ti be SAMPLE DESCRIPTION $$ /FT. NO. PER /R EC. DEPTH BLOWS /6" M c$ z

35

S-8 18"/8" 35-36.5' 15-20 Brown, fine to medium SAND, little
24 fine Grav 1, trace Silt.

Gravelly,

Fine to

40 Coarce
S-9 18"/10" 40-41.5' 27-23

, D
Brown, fine to coarse SAND, little

20 fine Gravel, trace Silt. Fractured
Cobble.

45
S-10 18"/11" 45-46.5' 26-30 Brown, fine to coarse SAND, little

31 fine Gravel, trace Silt. Fractured
Cobble.3

Stratified, brown, fine SAND, trace
Fine Silt; coarseness of Sand varies;

50 SAND several 1/8" to 1/4" layers of fineS-11 18"/9" S0-51.5' 19-29
to medium Sand; fine Sand strata40
vary from 1/8"-1". Fractured Cobble.

Fine to
Medium55
SANDS-12 18"/7" 55-56.5' 36-39 Brown, fine to medium SAND, trace

41 fine Gravel, trace Silt. Fractured
Cobble.

20

S-13 18"/10" 30-61.5' 43-49 Clean, light brown, fine to coarse
41 SAND, little fine Gravel, trace

Silt. Fractured Cobble.
Gravelly,

>5 Fine to
S-14 18"/14" 35-66.5' 81-103 Brown, fine to coarse SAND, some

79 fine Gravel, trace Silt. FracturedCoarse
Cobble.

SAND

'O

3-15 12"/9" 70-71' 92-127 Brown, fine to coarse SAND, some
fine Gravel, trace Silt. Fractured
Cobble.

REMARKS: (2) Foundation material appears to begin at 29 feet.

lOTES:,'j!.7,',"t/i'^Z,FO,'Z''J,"| 4"4 ^3#"g' b"""'"AT 740'",fj';,4',7'Co,'" ,J,"| 4"'n''s,"T ,'|,f,,*,",ba"^r,tueTu.,,,,,, ,,, ,,,, t,m
' ' * '"

OF THE GRouMOW4ftR Maf OCCum OLE TO OTMER FACTORS TMAN THQat PRESENT AT TME TIME ht ASunfurtfTS wtpt 0440g.
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PROJECT REPORT OF BORING NO. B-3
GOLDBERG ZOINO O ASSOC.'INC. QUABIIN RESERVOIR DAM SHEET 3 OF 3
GEOTECHMCAL/GEOHYDROLOGICAL WARE, MASSACIIUSETTS DATE JtmE 1981 FILE 2001, CONSULTANTS

$ CAS. SAMPLE
4 g keg w

a. B L. mgy SAMPLE DESCRIPTION F

$ /FT. NO. PEN./ REC. DEPTH BLOWS / 6" M So O
Brown, fine to coarno SAND, little

n ave race S m . Fractu mi,
S - 16 18"/12" 75-76.5' 69-88

Cobblen.g

Bottom of hole at 76.5'.

80,
- -

_

B5

.)0

IS

_

l00

05

_

10

(EMARKS:

OT E S : ,'|'.'*,'"t 7,',0,f,, |',',",'/,'',",",,' ,, "A '.""?''"JA %"'".', " ' O ' "J"j,o',',", a,'L ',",' .',".' 3'0",O' '',,f,",'Mr , o oc, o.,,0,,, ,,, ,,,, t v.o

''' " '

UP THE GR0omesargit MAT OrCUR Dut TO OYMER PACfo#9 f ttAN TM04E PREtt NT Af TMg tiest est atungutwtg eg ns ,sa04

El.3
_ _ _ _ . .. _ _ _ _ _ _ _ _ _ _ _



GOLDBERG ZOINO O ASSOC.,1NC. PROJECT REPORT OF BORING NO. B-4
QUABBIN RESERVOIR DAM SHEET I OF 5G T L/GEOHYDROLOGICAL WARE, MASSACHUSETTS DATEMAY 1981 FILE 2801

BORING CO. NEW ENGLAND BORING CONTR. BORING LOCATION WINSOR DAM, STA 20t00

FOREMAN STEVE RAMSDELL/ TIM CARPENTIER GROUND ELEV. CREST; EL 1552'

G-Z-A ENGINEER W.. HARGL D. CARDINALE - DATE START 5/14/81 DATE END 5/27/81

CASING SAMPLER GROUNDWATER RE ADINGS
DATE DEPTH CASLNG At 0:^21:2^ :'r: TIME-

SIZE: 4" F.J. TYPE Split SpoonOTHER 3" thin- 5/18 24.5' 24' 0930 liours

HAMMER. 300 lb- HAMMER 140 ItL walled tube 5/19 33.0' 24' 0830 flours

FAtt: 24" FALL: 30" (Osterberg 5/21 33.0' 24' 0850 IIours
Sampler)

I CAS SAMPLE g d W$ BL.' m Y"g $ SAMPLE DESCRIPTION
$ / FT. N O. PE N./ R EC. DEPTH B LOWS / 6,, Dio a AgggALT p3yggy7 9

S-1 18"/10" 0.5-2' 2
Fine to coarse GRAVEL and fine to

6-12 coarse SAND, trace Silt. Fractured
Cobbles. Gravel angular, fractured.

5

S-2 18"/4" 5-5'4" 1.20-4" Brown, fine to coarse SAND, some (1)
Gravelly, fine Gravel, traco+ Silt. Gravel

angular, fractured.

10 Coarse
S-3 18"/12" 10-11.5' 20-24 Brown, fine to coarse SAND, little-

50 SAND fine Gravel, trace Silt.

(ROLLED

S-4 1"/0" 15-15'1" 100-1" CODDLE

30
S-5 18"/4" 20-21.5' 6-8 Orange-white-brown, fine to coarse +

14 SAND, some fine Gravel, trace Silt.

25 Dark brown, fine SAND and SILT,
(2)S-6 18"/11" 25-26.5' 6-10 \ Cobble. in top of tube.

10 Grayish-green, fine SAND, trace Silt
in bottom of tube.

Fine

30 -- SAND and-

| S-7 18"/12" 30-31.5' 4-4 Drown, fine SAND and SILT. (3)
U-1 24"/13" 31.5'- 5

33.5' (llYDRAU-
LIC FILL)

TEM ARKS: (1) Sample terminated after 4 inches. (2) Driller drove 24 feet of 4-inch casing;
prilledaheadofcasingwithrotarybitduetopresenceofgravelandcobbles. (3) Sample
alid 11 inches in tube while draining.

O T E S : ,'| ',';',',,'"'',g a;;LO',',",'|,"',',',",,' ,;"4 ^,"|",,' "o',('f,*A"G"', *,",U '."ff' ,,4',, 'ct,'&',",' ?"'g' ?,," ,T j',, *,",a,n g , wc , v.,,o,,, ,,, ,,,, , , ,, ,

'

o
OF TMt GRO1880eef t4 es4T OCCUA DUE Te OtMit '4CTOR9 YM4N TM095 Pet 9847 At fMt fiet ME Atomt ha mt s we nt osact
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PROJECT REPORT OF BORING NO. B-4GOLDBERG ZOINO O ASSOC. INC.
OUABBIN RESERVOIR DAM SHEET 2 OF 5

GEOTECHMCAL/GEOHYDR0 LOGICAL WARE, MASSACl!USETTS DATE MAY 1981 FILE 2801CONSULTANTS

f CAS. SAMPLE $g! O w
a. BL. a:Tik SAMPLE DESCRIPTION $o /FT. NO. PER /R EC. DEPTH BLOWS / 6" 7 Co z

35
S-8 18"/12" 35-36.5' 4-4 Brown, fine SAND and SILT.

5

SILT

U-2 24"/20" 38-40' and
40

FineS-9 18"/10" 40-41.5' 3-4 Brownish-green, fine SAND and SILT,
5 SAND trace Wood, trace Root Matter.

(IlYDRAU-
LIC FILI)

45 S-10 18"/11" 44.5-46' 3-2 Brown, fine SAND and SILT, trace
1 Root Matter. Brownish-green SILT

in top 2" of spoon.

U-3 24"/23" 48-50'

50
S-11 18"/13" 50-51.5' 2-2 Brownish-green SILT, little fine

2 Sand, trace Root Matter.

------ - - - - - - - - - - - - - - - - - - - - .

55
S-12 18"/11" 55-56.5' 3-3 Brownish-green, Clayey SILT (slight

4 plasticity), trace Roots, trace fine
Sand with lenses of brown, fine SAND,
trace Silt.U-4 24"/19" 58-60

60
S-13 18"/16" 60-61.5' 3-4 Clayey / Brownish-green, Clayey SILT (slight

5 plasticity), trace Roots, trace Wood,
Sandy with lenses of brown, fine SAND.
SILT

65 (IlYDRAU-
S-14 18"/13" 65-66.5' 3-3 LIC FILL) Brownish-green, Clayey SILT, some

5 fine Sand, trace Roots, trace Wood
with lenses of brownish-green, fine

U-5 24"/231" 68-70 SAND, trace Silt, trace Roots, trace
Wo d.

70
S-15 18"/16" 70-71.5' 2-2 Drownish-green, Clayey SILT, little

3 fine Sand, trace Roots (slight plas-
ticity).

REMARKS:

40T E S :,'y,*,"'''7,'7.'J,,",',".'"'J,"J i"4 '";'#"',1 *M'.".'T'flJ"",fj' ; llI'c'o,',L,,"| |1?&g,"4",' f,,"'M ,tuef u.T,o,,, ,,, ,,,, t,vit
0,?HE GROUnce4TER esAT OCCUR DUE TO OTHER FACTORS THAN THOSE MittNT AT THE Titet htely , emf,fT1 WE RE 84ADE.

E l.3.

d .



PROJECT REPORT CF BORING N3. B-4
GOLDBERG ZOINO O ASSOC.'INC. QUABBIN RESERVOIR DAM SHEET 3 OF 5
GEOTECHMCAL/GEOHYDROLOGICAL WARE, MASSACHUSETTS DATE MAY 1981 FILE 2801CONSULTANTS

% CAS. SAMPLE $
?ke

w
a. BL. a: SAMPLE DESCRIPTION F
o /FT. NO. PEN./R EC. DEPTH BL OWS / 6" $ "o O

Br wnis green SI n , some une Sand,
S - 16 18"/17" 75-76.5' 3-2

trace Root Matter, spotted with gray -

2
green Silt (nonplastic).

U-6 24"/23-3/4" 78-80'

80
S-17 18"/18" 80-81.5' 5-5 Clayey / Brownish-green SILT, some fine Sand,

5 spotted with gray-green Silt.

SILT

@5 (HYDRAU-
S-18 18"/18" 85-86.5' 1-2 LIC FILL) Gray-green, Clayey SILT, trace Root

3 Matter, trace fine Sand (top 14");
slight plasticity. Dark brown,
ayey SIM Wo uom 0 ; s Hg h plas~

U-7 24"/23" 88-90'
ticity.

@0
S - 19 18"/16" 90-91.5' 9-12 Brownish-green SILT, some fine Sand,

10 trace Roots.

05
S - 20 18"/12" 95-96.5' 4-13 Brownish-green SILT, trace fine Sand ,

14 trace Root Matter (nonplastic).

U-8 24"/15" 98-100'
____, _ _ _ , , _ _ _ _ _ _ , , , _ _ , , , , _ , , ,

300
S - 21 36"/ 100-103' Note (4) Stratified, gray, fine SAND and (4)

brown SILT; strata 1/4" to 1/2"
thick.

Fine
105

S - 22 18"/18" 105'- 5-3 Brownish-green to gray, fine SAND,
SAND

106.5' 7 little Silt, trace Root Matter.

(!!YDRAU-
LIC FILL)

klO
U-9 24"/16" 110-112'

S - 23 18"/10" 112-1119 5-8 Gray, fine SAND, trace Silt; lenses

REMARKS:
(4) No blows; rods dropped by driller; penetrated 3 feet,

i !
|

|

40TES :,'y,','"'.'1.".O.r,ffo.',"|7'J,."J ,'O ',", ".,?'",d.c('t .%. 11,,7.',".'".,.,'.%,|.|1 1 . r1.,,"|.|.,.".O, ..';.|,,",,|"' n. m*,"".^%. .,tvero.1,o,.. ,,, ,, t.v.c
' "n*| ' |' fog, i

.. . r acco our to or,, ro 1 o u , . o l

F l.3 l
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PROJECT REPORT OF BORING NO. ;-4BOLDBERG Z0iNO O ASSOC.,1NC.
QUABBIN RESERVOIR DAM SHEET 4 OF 5

KOTECHNICAL/GEOHYDROLOGICAL WARE, MASSACIIUSETTS DATE MAY 1981 FILE 2notONSULTANTS

CAS. SAMPLE
'g< g ke

w
BL. egi SAMPLE DESCRIPTION F

/FT. NO. PER /R EC. DEPTH BLOWS / 6" $ % O

(1', 7_ 1/8" thick of brownish-green, Clayey

( Silt (slight plasticity).
Brownish-green, Claycy Silt, top 3"
of spoon (slight plasticity).

__

U-10 24"/0" 118-120' (5)

L20
U-11 24"/14i"T20-122' (6)

S - 24 18"/13" 122'- 8-23 Green-brown-gray SILT, with lenses
123.5' 40 of fine Sand 1/32" to 1/8" thick,

Strati- trace Root Matter.
L2R

S-2i 18"/11" 125'- 38-56 fled Brown, fine SAND, trace Silt.
126.5' 58

Fine

SANDS

L3n
S - 26 18"/18" 130'- 10-7 and Brownish-green SILT, lenses of gray,

131.5' 28 fine SAND 1/32" to 1/8" thick, trace
_

SILTS Root Matter.

(!!YDRAU-
Light brown, fine SAND, trace Silt,L3; LIC FILL)

S - 27 18"/14" 135'- 22-36 trace Root Matter (top 4" of spoon) .
136.5' 38 Brownish-green, fine SAND, trace

Silts lenses of gray, fine Sand 1/32 '

to 1/8" thick, bottom 10".

l40
S-al 18"/10" 140'- 22-19 Brownish-green SILTS thin lenses of

141.5' 24 gray, fine Sand 1/2" layer of black
Silt.

L 45

E-2) _.30_"/lD"_ 145'- 7-10 Stratified, brown SILT and gray, fine

146.5' 20 SAND; strata vary in thickness from

1/16" to 1/4": trace Root Matter. (7)

.50
S - 30._ 18"/14" 150'- 16-28 Fine Dark brown, fine SAND, little Silt,

151.5' 38 SAND trace Root Matter, trace Organic
(FOUNDA- Matter.
TION)

REMARKS: (5) No recovery. (6) 5.5 inches from top tube to top sample 10 inches from
bottom sample to bottom tube. (7) Foundation material appears to start at 148 feet.

, 40T E S :,' j ','',',"'''!",", "',','|',',Z",'',"! 1"'. ^,"Y ,,''"o /A ',*,m*"*"A, '",',U ' " ,* 3,o',',7'c'o,'A '"| .'1.U,3,f Mf 9ff,
" ^ ' "^

"s," ,"'' &,*,",'M,' ,t ocr oar ,o,,,,,, ,,,, t m, ,
OF THE GROUf8DWATER IsAT OCCust DUE TO OTHER ,4CTOR. THAM THONE PRE TNT AT THE TIME N. A wtRE daot.

_ _ _ _ _ _ _ _
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PROJECT REPORT OF BORING NO. B-4
3OLDBERG ZOINO O ASSOC.f INC. OUABBIN RESERVOIR Dart - SHEET 5 OF S
GEOTECHMCAL/GEOHYDROLOGICAL WARE, MASSACHUSETTS DATE MAY 1981- FILE 2801
CONSULTANTS

f CAS. SAMPLE $ ;kd w
a. B L. a: SAMPLE DESCRIPTION f'$ /FT. NO. PER /R EC. DEPTH BLOWS / 6" M o z

.55
"

S-31 18"116" 155'- 86-79 Brown, fine SAND, trace Silt, trace

156.5' 67 ' #" ' "
(FOUNDA-
TION)

Brown, fine SAND, trace Silt; color

.60 varies from tan to dark brown in
S-32 18"/12" 160'- 49-56

_

lensen from 1/16" to 1/4" thick;

161.5' 73 several thin lenses of black, fine
SAND and SILT, trace coarse Gravel.

Bottom of hole at 161.5 feet.

REMARKS:

NOT ES :,' j;."r,i"t,X*^L',|"','O',''",' 4"o', '," .'""^('M. THAN THORE Nt tf1' 4',"a0 ',,",' 4".',""%",,'",' &.*,4ADE .",^%,,tuC,UA1,o,,, ,,, ,,,, t ,,,e

' "' ";;;'"A, ,
07 fHE ROUNOWATER ta4f OCCUR DUE TO OTHER FACTOR TNT AT THE flhT Bet A.U tf MfMT WfRE

.. . - - _ _ _ _ _ _ _ _ _ _ - 00
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GOLDBERG ZOINO O ASSOC.,1NC. PROJECT REPORT OF BORING NO. B-5
QUABBIN RESERVOIR DAM SHEET I OF 3

GEOTECHNiCAL/GEOHYDROLOGICAL
CONSULTANTS

WARE, MASSACHUSETTS
DATE MAY 1981 FILE 2801

BORING CO. NEW ENGLAND BORING CONTR. BORING LOCATION WINSOR DAM, STA 20+00
FOREMAN STEVE RAMSDELL GROUND ELEV. MIDDLE BERMS EL 1500'

G Z-A ENGINEER W. HADGE. D. CARDINALE DATE START 5/27/81 6/03/81DATE END
CASING SAMPLER GROUNDWATER RE A DINGS

DATE DEPfM CAS'NG AT 0 72:a :;0!G:; T ile t.

SIZE: 4" F.J. TYPE. Split Spoon OTHER: 5-foot 6/03 35.5' 60' 0900 Hours

HAMMER: 300 lb HAMMER 140 lb. Spoon; 3-inch 6/03 38.5' 60' 1030 liours

FALL: 24" FALL: 30" Tube. 6/03 40.0' 35' 1500 I!ours

I CAS. SAMPLE g d u$ BL m $"g y SAMPLE DESCRIPTION H

bo / FT. NO. PEN./R EC. DEPTH B LOWS / 6" MO o
inAM Dark brown, fine SAND, some Silt,S-1 18"/16" 0-1.5' 2-5

h trace Roots (LOAM).10
Brown, fine to coarse SAND, little
fine Gravel, trace Silt. Cobbles.

Gravelly
5

S-2 18"/12" 5-6.5' 18-13 Fine to Gray-brown, fine to coarse SAND,
14 little fine Gravel, trace Silt.

Coarse Cobbles.

SAND
10

S-3 18"/14" 10-11.5' 10-13 Brown, fine to coarse SAND, little
17 fine Gravel, trace Silt. Ccbbles

S-4 6"/0" 15-15.5' 43-6"

30
S-5 9"/2" 20-20'9" 10/140(3") Brown, fine to coarse SAND, little

fine Gravel, trace Silt. Cobbles.

25
S-6 18"/12" 25-26.5' 40-96 Gray-brown, fine to coarse SAND,

54 some fine Gravel, trace Silt.
Cobbles.

30 Pine to
S-7 18"/10" 30-31.5' 17-21 Brown, fine to medium SAND, trace

23 fine Gravel, trace Silt. Cobbles,
SAND trace coarse Sand.

R EM ARKS: (1) Advanced hole to 15 feet using 4-inch hollow stem auger due to presence of
cobbles.

90T E S : ,'j '"','J"*,'Jg',',gg,;;',',",'|t |,,,, 4"A ',",*,7"o',"&"0".','," M '"#,'',,4'|'c' %,',,"| |,0g'g" ,"'' ;',, *,," Tag ,, oc , u.,,o,,, ,,, ,,,, ,, m

"' '"'

OF Ypt geouhountge esav OCCum Out te OTMe e factor 9 TMAN TMost pe: Stat at tMt Tiut meagantest estt stat os a Dt .

__ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ ._ _
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REPORT OF BORING N1. D-5PRO'ECTGOLDBERG ZOINO u ASSOC.,1NC.n

OUABBIN RESERVOIR DAM SHEET 2 OF 3
GEOTECHNCAL/GEOHYDRDLOGICAL WARE, MASSACHUSEYrS DATE JUNE 1981 FILE 2801CONSULTANTS

I CAS. SAMPLE **E d W$ BL. $g?k SAMPLE DESCRIPTION $
'

$ /FT. NO. PER /R EC. DEPTH BL OWS / 6" M Co z

35 Fine to
S-8 18"/6" 35-36.5' 23-30 Brown, fine to medium SAND, trace

38 fine Gravel, trace Silt, trace
SAND coarse Sand. '

s

40 Drown, fis3 SAND, trace Silt, trace
S-9 18"/10" 40-41.5' 11-19 Rbot Matter.

(2)_

S-10 42"/12" 41.5-45' 28 # ""' " ' "** "*
SAND

NOTE (2) coarse Sand, trace Silt.

_. 1

45. /

,

50
U-1 20"/14" 50-51.7 NOTE (3) (3)

'

S-11 18"/16" 52-53.5' 32-66 Fine.t Br')wn, fine to medium SAND, trace (4)
i

62 coarse Sand, trace fine Gravel, traw '

Medium Silt.
55 ,

'

S-12 18"/7" 55-56.5' 30-36 Drown, fine to medium SAND, trace
b40 coarse Sand, trace fine Gravel, trace

'
Silt.

60
S-13 18"/7" 60-61.5' 34-60 Brown, fine to medium SAND, trace

56 coarse Sand, trace Silt.

-

Strati-
65 fied Dr wn, fine SAND, hace S m . Alter-

, ,S-14 18"/9" 65-66.5' 25-48 nate layers, 12" thick, of t cry fine
89 Fine and Sand and coarser, fine Sand.

Fine to |

Medium Brown, fine SAND, trace Silt in top

70 2"; brown, fine to medium SAND, trace
S-15 18"/10" 70-71.5' 38-62 SAND coarse Sand, trace Silt, bottom 7";

90 1" ctratified, fine SAND and SILT in -

between (strata 1/8"-1/4" thick).
I

REMARKS: (2) Drove 5-foot-long, 2-inch I.D., sampler'3.5 feet. (3) Drove 3-inch tube
20 inches, using 300-lb. hammer. Ifit cobble at 20 inches. (4) Driller noted occasional
cobbles below 50 feet.

.

3

NOT ES:,Q*r,7,'"''0"," ",'O.'Z'''Jt ,,' ,,'O "";', 7"#A 'E".'r 7,',U '!?j;,o','|'c'oOJ,",' .',"'3""/,," r|';' '',, *,",'to",'r ,tuC,o.,,,,,, ,,, ,,,, t,, ;
"

or'Mg encumpe4 Tim asAt CCCU81 Out TO Otnte raCToms THAN Twont tsestui at TMg faut estasunture,TS a set seAog.s

t an a



PROJECT REPORT OF BORING ND. B-5GOLDBERG ZOINO b, ASSOC.,1NC.
, QUABBIN RESERVOIR DAM SHEET 3 . OF 3

GEOTECHMCAL/GEOHYDROLOGICAL WARE, MASSACHUSETTS DATE JUNE 1981 FILE --- 2801CONC,ULTANTS

f CAS. SAMPLE gg
a: p ke

w
a. B L. SAMPLE DESCRIPTION $
o /FT. NO. PEM / REC. DEPTH BLOWS / 6" b oo z

95 Brown, fine SAND, trace Silt with

S-16. 18"/9" 75-76.5' _17-59 strata of brown SILT (1/16" to 1/4"
78 thick) also layer of fine to medium

Strati- SAND, trace coarse Sand, trace Silt
~

fled (2" to 3").

10 Fine and Brown, fine SAND, trace Silt with
S-17 18"/7" 80-81.5' 44-105 very thin Silt lenses in top 3";

"
112 brown, fine to medium SAND, trace

"

Medium coarse Sand, trace fine Gravel, traa
" "

.
SAND

[35 . S-18 18 '' / 9" 85-86.5' 23-36 Brown, fine SAND, trace Silt: 1/2"
45 layer of brown SILT; 1" layer of

-

fine to medium SAND, trace Silt.

O
I _

S-19 18"/O" 90-91.5' 23-21 (5)
S-20 18"/13" 91.5-93' 12-25 Brown, fine SAND, trace Silt top 8" (6)

50-100 of spoons stratified, brown and dark
brown SILT, trace fine Sand, trace

Root Matter (1/8" to 1/4" strata)(5D T middle 3": brown, fine to medium
SAND, trace fine Gravel, trace Silt
bottom 2".

Bottom of hole at 93 feet.

600

05

_

--

-

L10 -

.. _

REMARKS: (5) Lost sample while rasing rods; redrove spoon. (6) Foundation material appears
Go stcrt at 92 feet. Boring terminated at 93 feet.

90T E S : ,'| ','*,'.'''.'.O. "..".ot,,.',27',,", ".' ,,'"'. 'U, *",^.'A '%. "n.".'r ",',U.'.".,.2. .j' ;,o'.'."c,*o,'"?',"/...',"'.".'.".s.,,",,v' f, ',,,'.".'M. . , t ucr o.,,o.,,,, 1, t .v. t7 , occo. ou. to or
I - . .cro. .v- r .,14 r, ..o .. .. moo.1. ou

| F l.3
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GOLDBERG IOINO O ASSOC.,1NC. PROJECT REPORT OF BORING NO. "-6
QUABBIN RESERVOIR DAM SHEET I OF 3GEOTECHNICAL/GEOHYDROLOGICAL

CONSULTANTS
WARE, MASSACHUSETTS

DATE JUNE 1981 FILE _2801

BORING CO. _N_EW ENGLAtlD BORING CONTR. BORING LOCATION WINSOR DAM, STA 20+00

FOREMAN _.EEVE RAMSDELL GROUND ELEV. LOWER BERM, EL 1460'

G Z-A ENGINEER , HADGE. N. CARDINALE DATE START 6/18/81 DATE END 6/23/81 |W

CASING SAMPLER GROUNDWATER RE A DINGS
DATE OfPTM CAS.NG AT 94*9+e+f**4ees TIME

SIZE: 4" F.J. TYPE Split Spoon OTHER: NOTE (1)_

HAMMER; 300 L. HAMMER 140 lb

7ALL: 24"
_ re 30"

5 CAS. SAMPLE g d wa. BL cry"g 0 SAMPLE DESCRIPTION *
o / FT. NO. PEN./ REC. DEPTH BLOWS / 6" Dj w soil, 6"

S-1 18"/8" 0-1.5' 1-3 ~

Brown to light brown,~~ fine'~t'o m'ediu'ri
~ ~ ~ ~ ~

r

5 SAND.

5
S-2 18"/10" 5-6.5' 1.6-18 Light brown, fine to medium SAND,

20 trace fine Gravel, trace Silt.
Fractured Cobble.

10
S-3 18"/10" 10-11.5' 1-2 Light brown, fine to medium SAND,

3 Gravelly, little fine to coarse Gravel, trace
Silt. Fractured Cobble.

Fine to

S-4 18"/14" 15-16.5' 82-71 Light brown, fine to coarse SAND,
85 some fine to coarse Gravel, traccSAND

Silt. Fractured Cobble.

(COBBLES)

20
S-5 18"/6" 20-21.5' 52-89 Light brown to gray, medium to coam

66 SAND, little fine to coarse Gravel,
trace Silt. Fractured Cobble.

|25
| S-6 18"/12" 25-26.5' 47-121 Light gray, fine to coarse SAND, lit -

118 tle fine Gravel, trace Silt. Frac-
tured Cobble.

10
l S-7 18"/8" 30-31.5' 92-111 Brown, fine to coarse SAND, trace

100 fine to coarse Gravel, trace Silt.

Fractured Cobble.

EEMARKS: (1) Drilling mud used to advance hole. Water level did not stabilize after hole
ecs flushed or during piezometer installation, remaining several feet below ground surface.

g 14LEvtL 06 49 MAvE 14 NTf .L LES AT Ti S AN UM 4 CONDI IONS STA D T LO '[ FSuCTUATIONS IN TM( LEVEL
OF TMt tRoumDeaf te hav OCCum Dut TC OTMte * ACTORS TM4M THOSE PRtSE NT AT Thf T14E WE ASJ#thf MTS WERE kt S8

GLTUD
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MDBERG ZOINO O ASSOC.,INC. PROJECT REPORT OF BORING NJ. B-6

|GEOTECHMCAL/GEOHYDRDLOGICAL
OUABBIN RESERVOIR DAM SHEET 2 OF 3
WARE, MASSACHUSETTS DATE JUNE 1981 FILE 2801

,

, CONSULTANTS

I CAS. SAMPLE 4 0 td$ B L.
$ ik*o O

SAMPLE DESCRIPTION F
$ /FT. NO. PEN./R EC. DEPTH BLOWS / 6" $
35

S-8 18"/10" 35-36.5' 65-80 Brown, fine to coarse SAND, little
121 Gravelly fine to coarse Gravel, trace Silt.

Fractured Cobble.
Fine to

'
S-9 18"/10" 40-41.5 60-83 Brown, fine to coarse SAND, trace

110 fine to coarso Gravel, trace Silt.
SAND

Fractured Cobble.

(COBBLES)

45
S-10 18"/8" 45-46.5' 30-90 Light brown, fine to medium SAND,

150 little fine to coarse Gravel, trace
Silt, trace Root Matter. Fractured
Cobble.

!30
| S-11 18"/10" 50-51.5' 32-42 Light brown, fine to coarse SAND,

| 93 trace fine Gravel, trace Silt, trace
'

Root Matter. Fractured Cobble.

-

|%5
. S-12 18"/7" 55-56' 45-165 Brown, fine to coarse SAND, trace
'

fine Gravel, trace Silt. Fractured
Cobble.

10 Brown, fine to coarse SAND, trace
S-13 18"/6" 60-61.5' 28-35 fine Gravel, trace Silt. Fractured

51 Cobble.

25
| S-14 10"/9" 65-66.5' 46-61 Light brown, fine to medium SAND,

144 little fine Gravel, trace Silt, trace
Fine to Root Matter. Fractured Cobble.

Medium-

| S-15 18"/10" 70-71.5' 81-71 Light brown, fine to medium SAND,SAND
40 trace Silt.

LGEMARKS:

OT E S :,Q,7,'"fE'','7'JO,*,"'"' ",",,' .'"', ^,";'#"gA *R, THAN T HOSE Pitt, t N T AT THE fla,E tot a,U,O,,"s,",",*' l',,,*,",'g ,,ocroA,,,,,, ,,, ,,,, t,m"7,"|,"|,U'l#Ala"A ^3 ,',"| |,"'
08 THE 480uMDeaftn enAY OCCU81 OUE TO OTHER FACTOR t MfNTS wtRE ,AADE,

b



PROJECT REPORT ?.F BORING N2 B-6GOLDBERG ZOINO O ASSOC.,1NC.
QUABBIN RESERVOIR DAM SHEET 3 OF 3 |

GEOTECHMCAL/GEOHYDR0 LOGICAL WARE, MASSACHUSETTS DATE JUNE 1981 mLE 2801 |CONSULTANTS I
-

1

% CAS. SAMPLE d

$ * k* e
w 'g

|: a. BL. a: i SAMPLE DESCRIPTION H

O
'% /FT. NO. PEM /R EC. DEPTH BLOWS / 6" o

75
S-16 18"/13" 75-76.5' 30-30 Dark brown, streaked with light broe ,

20 fine to medium SAND, trace fine to
coarse Gravel, trace Silt, trace Boot
Matter (top 10" of spoon); Gray to

Gravelly brown, fine to medium SAND, trace
@0 Silt (bottom 3" of spoon) .

S-17 18"/20" 80-81.5' -72 fine S-17: Yellow-gray, fine SAND, some
fine Gravel, little Silt.

SAND

@S
S-18 12"/6" 85-86' 128-107 Fractured, coarse GRAVEL and COBBLE,

COBBLES some fine Sand, trace Silt.

DO
S-19 18"/0" 90-90.4' 106-5" No sample.

Fine to

"
@5

S-20 18"/12"_ 95-96.5' 39-40 SAND Orange-brown, fine to medium SAND,
43 trace Silt.

300
S-21 18"/11" 100'- 32-58 Fractured, coarse GRAVEL and COBBLE,

101.5' 64 some fine Sand, little fine Gravel,
trace Silt.

105
S-22 18"/12" 105'- 29-21 Gray-brown, fine to coarse SAND,

106.5' 22 SAND, little fine to coarse Gravel, trace
Silt. Fractured Cobble.

GRAVEL,
S-23: Gray-brown, fine SAND, some

610 COBBLES fractured, coarse Gravel, trace fine
S-23 18"/7" 110'- 35-62 Gravel, trace Silt. Fractured' Cobble.

111.5' 48

j Bottom of hole at 111.5 feet.

FEMARKS:
i
l

NOTES:,'j!'*T,7|"t,'f,'L';,7',"C'#,"!Ja ',", " "?/A',i"U."AT' '",',U'",,' A' o'4"a,^,"?, ',"' |,".M'"g|,"TM' L,O^to".'t;,tocTu.7,0. ,,,T,,, t ,.
a "

OF THE GROUNOWATER asAT OCCUR OLE TO OTHER FACTORS TH M THORE PRESENT AT TME TI,st WE AsuntestWT3 wtRE aAct.

E l.3
- _ - - - _ _ _ _ _ _



GOLDBERG ZOINO O ASSOC..INC. PROJECT REPORT OF BORING NO. B-7
QUABBIN RESERVOIR DAM SHEET 1 OF 5

GEOTECHNICAtJGEOHYDROLOGICAL
CONSULTANTS

WARE, MASSACHUSETTS DATE JUNE 1981 FILE 2801

BORING CO. NEW ENGLAND BORING CONTR. BORING LOCATION GOODNOUGli DIKE. STA 21+80
FOREMAN TIM CARPENTER GROUND ELEV. CREST. EL 1552'
G Z A ENGINEER W. HADGE. N. CARDINALE DATE START 6/08/81 DATE END 6/17/81 j

CASING SAMPLER GROUNDWATER R E ADINGS
DATE DEPTM CAS.NG AT Sfe9Pttft990w f inst

SIZE: 4" F.J. TYPEn Split Spoon OTHER: Piston 6/19 38' 140' 0900 Hours
HAMMER; 300 lb HAMMER 140 lb Sampler--3"

FALL: 24" FC 30" tubes (Oster-
berg)

f CAS. SAMPLE g d w
a. BL 0 SAMPLE DESCRIPTION Ha-
$ / FT. NO. PEN./ REC. DEPTH B LOWS / 6" MO o BLACKTOP, 6" 1

ASPHALTS-1 18"/10" 0.5-2' 10-53
_

66
tured COBBLES, little fine Gravel,
trace coarse Sand, trace Silt.

Gravelly

S-2 18"/14" 5-6.5' 5.6-73 Fine to Light brown, fine to coarse SAND,
88 little fine Gravel, trace Silt.

Coarse

SAND

S-3 18"/8" 10-11.5' 79-120 Light brown, fine to coarse SAND,
(ROLLED51 trace fine Gravel, trace fractured
FILL) Cobbles, trace Silt.

14
S-4 18"/7" 15-16.5' 139-116 Gray, fine to medium SAND, little

59 fine Gravel, trace fractured Cobbles,
trace coarse Sand, trace Silt.

Gravelly

20
S-5 18"/12" 20-21.5' 159-43 Fine and Gray, fine to coarse SAND, little

80 fine Gravel, little fractured Cob- (1)
Fino to bles, trace Silt.

Medium
25

S-6 12"/10" 25-26.5' 210-112 SAND Greenish-brown, fine to medium SAND,
NOTE (2) some fractured Cobbles, little fine (2)

(COBBLES) Gravel, trace coarse Sand, trace
Silt.

30 Gray and gray-brown, fine to medium
S-7 18"/12" 30-31.5' 150-37 SAND, little fractured Cobble, trace

45 fine Gravel, trace coarse Sand, traco (3)
NOTE (3) Silt, with lenses of brown and rust,

fine Sand.

REMARKS: (1) 1"-2" cobble of quartz. (2) Second 6" of spoon driven with 300-lb. hammer;
%neissandquartz,cobbleinbottomofspoon. (3) Last 12" of spoon driven with 300-lb ham-
mer.
WOTES: $;,5,'3',g';;g;;pg|,"yA",,' 4"A ",",T,*"J" =",',?;g'",ys' ,4'|'c','&',y ,'"'g'g",0'||,'"^ fog,,oc,o.,,,,, ,,, y,,, u m

OF THE 980U880etite as47 OCCUR DUE Te Otutt 'ACTomt Ynam fMost Potstur at test fint utasumisetats utet hact.

I F#13
_
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PROJECT REPORT OF BORING NO. B-7GOLDBERG 20!NO O ASSOC..lNC.
OUABBIN RESERVOIR DAM SHEET 2 OF 5

H L WARE, MASSACHUSE m DATE atmE 1981 FILE 28010

% CAS. SAMPLE 4

?ke
wg

a. BL. SAMPLE DESCRIPTION *a-
o /FT. NO. PEN / REC. DEPTH BL OWS / 6" M Co O
35

S-8 . _10"/12" 35-36 3 38-56 Gray, fine SAND, little fractured
71 Cobbles, trace fino Gravel, trace

medium to coarse Sand, traco Silt.

Gray, fino SAND, traco fino Gravel,

40 traco medium to coarso Sand,, trace
S-9 18"/14" 40-41.5' 29-29 Silt. Thin lenses of rust-colored,

35 fine Sand.

45.
S-10 18"/16" 45-46.5' 5-6 Very fine, brown SAND, little Silt,

a trace Root Matter. Lense of rust-
colored, fine Sand, 1/4" thick.

Strati-
H ed50

S-11 18"/16" 50-51.5' 7-5 Brown, fine SAND, trace Silt, with
Fino5 lenses of brown Silt (1/16"-1/4").

U-1 24"/12" 52-54' NOTE (4)4

SAND

55 S-12 . 18"/12"_ 54-55.5' 7-6 (HYDRAU- Top 6" brown, fine SAND, trace Silt.
7 LIC FIIL) Bottom 6" brown, fine SAND with very

thin lenses of brown Silt (1/32" to
1/16" thick).

60 Stratified, gray and brown, fine SMm ,

. S-13. _10" / 18" QQ-01 5 ' . 8-4 Silt content varies from trace to
7 littles strata vary from 1/32" to

U-2 24"/24" 62-64' 1/2"; also several lenses of rust-
colored, fino Sand.

S-14 18"/16" 64-65.5' 8-4 Stratified, gray and brown, fine SMO65 ,

4 Silt content varies from trace to
little; strata vary from 1/32" to
1/2" thick.

_

70
S-15 18"/14" 70-71.5' 8-10 Brown-gray, fine SAND, trace Silt;

16 (bottom 10" of spoon) greenish-brown,
U-3 24"/20.5" 72-74' fine SAND. (5)

REMARKS: (4) 7" from top tube to top sample; 11" from bottom tubo to bottom samplo.
(5) 2" from top tube to top sample; 7-1/2" from bottom tube to bottom sample.

NOT E S :,' %'',',"''1'',0sa fia esAT,'7"JO,',".'7'"t ,,' 4"4 '"T ,f"J'A ',b""|'."A, "' U '", ' j' ,4'"Co 'L ,",' .',"'"!|'s,","' '',, *,"'2 n ucroA,,. ,,, ,,,e i tm

" ' *
OF TMt GRouf OCCum Ota TO OTMen FACTORS THAM ,Mont Patstuf af TMt THet NE Atuntuf wT, stat esAOt.

_ _ . _ _ _ _ _ . _ _ . .
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PROJECT REPORT OF BORING NO. B-7
' OLDBERG ZOINO O ASSOC.'INC.G
1 QUABBIN RESERVOIR DAM SHEET 3 OF 5
,GEOTECHMCAL/GEOHYOROLOGICAL WARE, MASSACHUSETTS DATE JUNE 1981 FILE 2801CONSULTANTS

f CAS. SAMPLE
$$g ke w

o. B L. a:Ti SAMPLE DESCRIPTION g
a /FT. NO. PEN /R EC. DEPTH BLOWS / 6" 7o o z

T5
S-16 18"/18" 74-75.5' 9-13 Stratified, greenish-brown, fine

16 SAND, little Silt; 1/32" to 1/4"
layers of gray and rust-colored,
fine Sand, trace Silt; trace Root
Matter.

80
S-17 18"/18" 80-81.5' 7-11 Stratified, gray to greenish-brown,

17 fine SAND, little Silt.

U-4 24"/0" 82-84' (6)

Strati-
Greenish-brown, fine SAND; Silt con-

@S S-18 18"/18" 84-85.5' 8-4 fled
8 tent varies from trace to some; l/8"

Fine layers of rust colored, fine Sand.

SAND

S-19 18"/14" 89-90.5' 4-6 Gray, fine SAND, trace Silt, trace90I 13 Wood (top 8" of spoon); greenish-W DRAU-
LIC FILL) brown, fine SAND, trace Silt (bottom

U-5 24"/16" 92-94' 8" of spoon). (7)
1

5 S-20 18"/18" 94-95.5' 27-36 Stratified, greenish-brown, fine
42 SAND; Silt content varies from trace

to some; trace Root Matter. Strata

from 1/32" to 1/8" thick.

S-21 18"/18" 99'- 4-4 Stratified, greenish-brown, fine00
100.5' 9 SAND; Silt content varies from trace

to some; trace Root Matter. Strata

fr m 1/32" to 1/8" thick.U-6 24"/17" 102-104

|

505 S-22 18"/18" 104'- 14-15 Stratified, greenish-brown, fine
105.5' 21 SAND, trace Silt; l/32" to 1/8"

layers of brown, gray, rust-colored,
fine Sand, trace Silt.

S-23 18"/16" 109'- 5-11 Greenish-brown to gray, fine SAND,
$10

110.5' 27 little Silt, trace Root Matter.

U-7 24"/23" 112-114'

IEMARKS: (6) No recovery. (7) 8" from top of tube to top of sample; 6" from bottom of
tube to bottom of sample.

40TES:,'y.id"ff,"'"OZ|'8."";"'JE,,' 'n ^, T?.!"",','.'%"n",'T T40'"#J;,4',"'s,'L,E NE ASLNBEMENTS,,",' l1,0',"f,,,"T'"' g?,",^=; nocTu.1,0 , ,,,,,,E m Et
" "" "

E
OF TME SROUNDWATER R$AY OCCUR DUE TO OTMER FACTORS THAM THO5E PRESENT AT THE Tit WERE 84ADE.

__

_ F 0,3
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PROJECT REPORT OF BORING NO. B-7GOLDBERG ZOINO O ASSOC. INC.
QUABBIN RESERVOIR DAM SHEET 4 OF 5

,GEOTECHMCAL/GEOHYDR0 LOGICAL WARE, MASSACHUSETTS DATE JUNE 1981 FILE 2801CONSULTANTS
i

y CAS. SAMPLE 4g de wg
o. B L. aT e SAMPLE DESCRIPTION F

$ /FT. NO. PER /R EC. DEPTH BLOWS / 6" [T *$ 0

15 S-24 18"/18" 114'- 7-19 Stratified, greenish-brown and brown

115.5' 23 fine SAND, little Silt, trace Root

Matter. Strata 1/32" to 1/8" thick.
Strati-
fled Stratified, greenish-brown to gray,

.20 S-25 18"/13" 119'- 17-19 fine SAND, little Silt, trace Root

120.5' 23 Fine Matter. Strata 1/32" to 1/4" thick.
Rust-colored lenses, top 1" of spoon.

SANDU-8 24"/17" 122-124 (8)

.25 S-26 18"/18" 124'- 5-5 Stratifjed, greenish-brown and brown,
F

125.5' 8 fine SAND; Silt content varies from
trace to some; trace Root Matter.
Strata 1/16" thick, average.

Stratified, gray and brownish-green,

,30 S-27 18"/ 129'- 5-7 fine SAND of varying coarseness;

| 130.5' 21 lenses of Silt from 1/32" to 1/4";

j trace Root Matter. Middle 3" of
SamP e was brownish-green Silt.l

U-9 24"/22" 132-134
|
t

35 S-28 18"/18" 134'- 11-9 Stratified, gray and brownish-green,
135.5' 19 fine SAND of varying coarseness.

Silt content varies from trace to
somer trace Root Matter. (9)

40 S-29 18"/18" 139'- 31-37 Dark brown, fine SAND, little Silt,
1 140.5' 53 trace fine Gravel, trace Root Matter,

trace Cobble.
Fine

|

| SAND
S-30 18"/8" 144'- 56-60 Stratified, brown and yellow-brown,

145
145.5' 83 fine SAND, little Silt, trace fine

(FOUNDA-
Gravel, trace Root Matter. Strata /

| TION
lenses 1/32" to 1/8".HATERIAL)

;50 S-31 18"/13" 149'- 51-57 Brown, fine SAND, little fine Gravel,
150.5' 77 trace Silt, trace Root Matter, with

lenses of yellow-brown, fine Sand.

@EMARKS: (8) 3" from top of sample to top of tube; 10" from bottom of sample to bottom of
tube. (9) Foundation material appears to start at 137.5 feet.

NOTES:,'|n'"''L",0eAftn anAT,'",',|||', ,TJ,",,' ,,'O""T,,',""^.'A '%'#"AT %"'", * J' ;,4',, c*o,'3,hst WE A tun t,st,ffS0' J"g"g,",|'',''',,,',,",'%. . t ,oocf uAT,o,,, ,,, ,,,, t, .o
* '" ' "

or THE eRous OCCom DtX TO OTHER FACTORS THAN THORE PWitt NT AT THE T wt RE B AD

_, ,. g _ _.



PROJECT REPORT OF BORING NO. B-73OLDBERG ZOINO O ASSOC.,1NC.
I OUABBIN RESERVOIR DAM SHEET 5 OF 5
GEOTECHMCAL/GEOHYDR0 LOGICAL WARE. MASSACHUSETTS DATE JUNE 1981 FILE 2801
CONSULTANTS

? CAS. SAMPLE
$3a: Tike

to

SAMPLE DESCRIPTION yBL.'-

(r- /FT. NO. PEN./R EC. DEPTH BLOWS / 6" M % z

b5 S-32 18"/ 154'- 28-73 Yellow-brown, fine SAND, trace fine
s

155.5' 115 Gravel, trace Root Matter, fractured
1

Cobble. Lenses of dark brown, fine
Sand, 1/8" to 3/C" thick. 1" layer
of dark brown, fine Sand, little Silt ,

trace Roots, trace Leaves, trace

B0 Organic Matter (typical of Topsoil).

Bottom of hole at 155.5 feet.

I

l
|

4EMARKS:
|

|

40T ES:||2*T,,'''Jt"T.,;||"b"W",',,'O ""T,,.""|"." *Q'"#"AT 7;U'",fj' , ",'' coo 4' '03''o',,"TO' & ',",' ".",';,toCTUAT,o,,, ,,,T,,, t.,et
' ' " '' '

,
OF THE GR0uN0gATER taAT OCCUR DUE TO OTHER ,4CTORS THAN THOSE PRESENT AT THE Tust estaguptaIEIfTS wERE BAADE

_ _ ____ _____ . . El.3



GOLDBERG ZOINO O ASSOC. INC. PROJECT REPORT OF BORING NO. B-8
QUABBIN RESERVOIR DAM SHEET I OF 3GEOTECHNICAldGEOHYDROLOGICAL WARE, MASSACHUSETTS

DATE JUNE 1981 FILE 2801-CONSULTANTS

BORING CO. NEW ENGLAND BORING CONTR. BORING LOCATION GOODNOUGII DIKE, STA 21+80

FOREMAN STEVE RAMSDELL GROUND ELEV. MIDDLE BERM, EL 1500'

G-Z-A ENGINEER W. HADGE. N. CARDINALE DATE START 6/04/81 DATE END 6 /m /m

CASING SAMPLER GROUNDWATER RE ADINGS
DATE DEPTH CA$iNG AT 3921pt9f*999's TIME

SIZE: 4" F.J. TYPE Split Spoon OTHER 5-foot, 6/09 46' 55' 1600 Hours
KAMMER: 300 lb HAMMER 140 lb 2-inch I.D. 6/10 52 55' 0900 Ilours

FALL: 24" pe 30" Spoon

f CAS. SAMPLE <r . d w
g BL $$ y SAMPLE DESCRIPTION *
o / FT. N O. PEN./ R EC. DEPTH B LOWS / 6" $U o TOPSOIL, 3" ei

'
S-1 18"/8" 0-1.5' 2-4 Brown, fine to medium SAND, trace

5 Silt, trace Root Matter, trace Cobble .

5 Fine to

S-2 18"/12" 5-6.5' 1.7-9 Light brown, fine to medium SAND,
8 Medium little fine Gravel, trace coarse

Sand, trace Silt.,

| SAND

10
5-3 18"/10" 10-11.5' 11-13 Light brown, fine SAND, trace medium

10 to coarse Sand, trace fine Gravel,
trace Silt. Fractured Cobble.

14
S-4 18"/8" 15-16.5' 28-32 Gray-brown, fine to coarse SAND and

I 75 fractured COBBLES, little fine
! Gruvel, trace Silt.
|

20
S-5 18"/0" 20-21.5' Gravelly

Fine to

Coarse
25

S-6 18"/10" 25-26.5' 31-50 SAND Gray-brown, fine to coarse SAND,
48 little fractured Cobbles, little

(COBBLES) fine Gravel, trace Silt.

20
S-7 18"/8" 30-31.5' 39-58 Gray-brown, fine to coarse SAND,

60 little fractured Cobbles, little
fine Gravel, trace Silt.

DEMARKS:

2T ES : ,'| ',';'/,,'"*d'ga;gJ,;;;',"L","11',",,' d's ^,",%,*"'I'a''M".',",'IN '.",yA' |||'c*o,,o", d"| 43g'0",0'|J,,,*,,",^C4,. ,coc,v.,,o,,, ,,, ,,,, t,,,t
^

OF TMt SROUNDe4TER MAY OCCUR DUE TC OTMie 'ACTon9 TMAN TMOSE PatstMT AT THE Tiut utasvatutats stat k a bt .

Ff3
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PROJECT REPORT OF BORING NO. B-8
GOLDBERG ZOINO O ASSOC.'INC. OUABBIN RESERVOIR DAM SHEET 2 OF 3
GEOTECHMCAL/GEOHYDROLOGICAL WARE, MASSACHUSETTS DATE JimP 1991 FILE 2801. CONSULTANTS

f CAS. SAMPLE f_!E d w
a:gidein. BL. SAMPLE DESCRIPTION F

[$ /FT. NO. PEN./R EC. DEPTH BLOWS / 6" $ *$ 0
(35

S-8 18"/8" 35-36.5' 53-71 Gray-brown, fine to coarse SAND,
75 little fractured Cobbles, little fine

Gravel, trace Silt.

.

40
S-9 18"/9" 40-41.5' 26-50 Brown, fine SAND, trace fine Gravel,

52 trace Silt.

45
S-10 18"/9" 45-46.5' 25-35 Light brown to brown, fine SAND,

55 trace fine Gravel, trace Silt.

Fine
50

S-11 60"/20" 50-55' NOTE (1) _ SAND Light gray-brown, fine SAND, trace (1)
fine Gravel, trace Silt.

55
S-12 18"/9" 55-56.5' 14-26 Gray-brown, fine to medium SAND,

34 trace fine Gravel, trace Silt.

10
s-13 18"/9" GO-61.5' 21-26 Gray-brown, fine SAND, trace fine

22 Gravel, trace Silt. Fractured
Cobble.

15
S-14 18"/11" r> 5-66. 5 ' 11-22 Gray-brown, fine SAND, trace fine

26 Gravel, trace Silt.

YO
S-15 18"/11" 70-71.5' 20-13 Gray-brown, fine SAND, trace fine

19 Gravel, trace Silt.

|

fEMARKS: (1) Drove 5-foot spoon with 300-lb. hammer.
|

|

WT ES:,'j;'*J"'%"|,'|"o'Ob"'"'J,",,' 4"A ''"T&"#&'R**"AT T,',U'",J%4'R ag,A' .'"'Tn''s, 4",' " ',",'M ,u,CTo.T,... ,,, ,,,, met' " "

OP het e#0UNOWATER IRAT OCCust Out TO OTHER PACTO8t$ TM.M TMOSE PRESENT AT TME TiagE NE ASUREntNTS wtRE RIADE.
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PROJECT REPORT OF BORING NO. B-8GOLDBERG ZOINO O ASSOC. lNC.
QUABBIN RESERVOIR DM SHEET 3 OF 3

GEOTECHMCAL/GEOHYDROLOGICAL WARE, MASSACHUSETTS DATE JUNE 1981 FILE 2801CONSULTANTS

I CAS. SAMPLE 43
$ gibe

w$ BL. e SAMPLE DESCRIPTION F

$ **$ 0$ / @T. NO. PEM / REC. DEPTH BLOWS / 6"
Brown to dark brown, fine to coarse (2)
AND, Wace Une Gravel, trace Silt,S-16 18"/11" 76-77.5' 30-108

73 Gravelly trace Wood (top 3" of spoon); Gray,

Fine to fine to coarse SAND, trace fine Grav-
,

Coarse el, trace fractured Cobble, trace
Silt (bottom 8" of spoon).SAND

80
S-17 18"/ 80-81.5' 76-86 (COBBLES) Gray, fine to coarse SAND, little

106 fine Gravel, trace Silt. Fractured
Cobbles.

(3)

85 Bottom of hole at 83.7 feet.

;90
l
l

95

100

105

|

110

l
l

|

REMARKS: (2) Driller noted change in strata at 74 feet. Natural material appears to start
at 74 feet. (3) Roller bit refusal at 83.7 feet. Drilled through boulder last 8 inches.

|
|

|

08 'NE GROUseDe4TER Ia47 OCCUR OW TO OTHER PACTORS THAM THOSE PRESENT AT THF TIME tot ASUR(MENTS w(RE RAADE.
,

. - - _ - - _ __ - - ._- . - -

F l.3



GOLDBERG ZOINO O ASSOC. lNC. PROJECT REPORT OF BORING NO. B-9
QUABBIN RESERVOIR DAM SHEET I OF 3G T N1 L/GEOHYDROLOGICAL WARE, MASSACifUSETTS

DATE JUNE 1981 FILE _2801

BORING CO. NEW ENGLAND BORING CONTR. BORING LOCATION GOODNOUGli DIKE, STA 21+80

FOREMAN STEVE RAMSDELL GROUND ELEV. LOWER BERM, EL 1460'

G Z-A ENGINEER W. IIADGE. N. CA8DINALE DATE START 6/09/81 DATE END 6/12/81
1 CASING SAMPLER

--DATE OtPTM CASING AT 99eGettfilttt09e TIME
GROUNDWATER RE ADINGS

OZE: 4" P.J. TYPE Split Spoon OTHERi 6/12 25' 55' 0900 11ours
HAMMER. 300 lb HAMMER 140 lh._ 6/12 34' 50' 1200 llours

FALL: 24" FALL: 30" SEEI|OTE (1)
{

f CAS. SAMPLE <t d w
n. BL. $ M SAMPLE DESCRIPTION H
$ / FT. N O. PEN./ R EC. DEPTH B LOWS / 6" 7 $ .roPSOI L , 7" n

| S-1 18"/8" 0-1.5' 2-2 Brown, fine to coarse SAND, trace
3

| fine Gravel, trace Silt.

|5
S-2 18"/12" 5-6.5' 6-6 Light brown, clean, fine to coarse

10 Clean SAND, trace fine Gravel, trace Silt.

Fine to

1

110 Coarse~

S-3 18"/16" 10-11.5' 16-15 Light brown, clean, fine to medium
16 SAND SAND, some fractured Cobble, trace (2)

fine Gravel, trace coarse Sand,
trace Silt.

In Light brown, clean, fine to medium
S-4 18"/9" 15-16.5' 10-12 SAND, trace fine Gravel, trace

14 coarse Sand, trace Silt.
|

20
S-5 18"/7" 20-21.5' 17-17 Brown, fine to coarse SAND, little

8 fine Gravel, trace fractured Cobble,
trace Silt.

Gravelly
.25

S-6 18"/7" 25-26.5' 21-33 Fine to Gray-brown, fine to coarse SAMD,
36 little fine Gravel, trace fractured

Coarse Cobble, trace Silt.

AD
30

S-7 18"/6" 30-31.5' 55-38 Gray-brown, fine to coarse SAND,(COBBLES)
21 little fine Gravel, trace fractured

Cobble, trace Silt.

LEMARKS: (1) First reading prior to flushing with water; second reading 2.5 hours after
flushing hole with water. (2) 3" cobble of quartz, 8" from bottom of spoon.

4OT ES: ,'p,"',$|"'',g';gg,;;','O||'//t,,' 4"A ^,",*,|f"'"M'",',"T|,3 ',",j J' ;,4'|'cb^&',"| |,"'";';",'|7 |',,5,"afgn ,me,o ,,0,,, ,,, ,,,, ,, yu

" '

0F YMt 4mouMOWB4Tt4 esa? OCCUR Dut te OTMER *aCTon1 TNAM TMOSE Petit NT AT THE Tiut estA3untutats stat osact .

____ Ff3



PROJECT REPORT OF BORING NU. B-9I

GOLDBERG ZOINO O ASSOC.,1NC.
OUABBIN RESERVOIR DAM SHEET 2 OF 3

GEOTECHMCAL/GEOHYDROLOGICAL WARE, MASSACHUSETTS DATE JUNE 1981 FILE 2801CONSULTANTS

y CAS. SAMPLE 4

ide wg
a. B L. e SAMPLE DESCRIPTION *a:
$ /FT. NO. PEM / REC. DEPTH BLOWS / 6" $ *$ 0
35

S-8 18"/4" 35-36.5' 7-7 Gray, fine to coarse SAND, trace
8 fine Gravel, trace Silt.

Gravelly,
40

S-9 18"/O" 40-41.5' 19-17 Fine to
15

Coarse

SAND

S-10 18"/12" 45-46.5 48-33 Gray, fine to coarse SAND, little
24 fine Gravel, trace Silt.

(3)

50 Light gray-brown, fine to medium
S-11 18"/12" 50-51.5' 21-19 SAND, trace Silt (top 4" of spoon).

18 Light brown, fine to coarse SAND,
trace Silt (middle 3" of spoon).
Light brown to gray, fine to medium
SAND, trace Silt (bottom 5" of spoon) .

35
S-12 18"/10" 55-56.5' 15-14 Gray, fine SAND, trace Silt; light

,
32 brown, fine to medium SAND, trace

| Silt (in middle 2" of spoon) . Lenses
of rust-colored, fine to medium Sand.

$0 Strati-
| S-13 18"/10" 60-61.5' 17-20 fled Gray, fine SAND, trace Silt; streaked
j 22 with light brown, fine SAND (middle
l Clean 2" of spoon).

SAND
)5

S-14 18"/11" 65-66.5' 24-18 Light brown, fine SAND, trace Silt;(ALLUVIAL
16 1/32" to 1/4" lenses of rust andDEPOSITS

gray, fine Sand.

Greenish-brown, fine SAND, some Silt
* * 9 * "'S-15 18"/15" 70-71.5' 14-21 *

n ace S M W,34
die 6" of spoon). Gray, fine te coarst
Sand, trace Silt, trace fine Gravel

4EMARKS: (bottom 4" of arm.i.[
(3) Natural material appears to start at 47 feet.

3 ftR Lt L R D Net SE g N N MOL AT S AND OER STAT D TE Me LDeS FLUCTUATIONS No TMt LEVEL* OF TNg $st0UNOWAfta tsaf OCCUR DUE TO OTMER FACTORS THAN THOSE PRESENT AT TME TIME tet AStNetMfMTS wtRE esA04,

F13



PROJECT REPORT OF BORING NO. B-9GOLDBERG ZOINO O ASSOC.,1NC.
QUABBIN RESERVOIR DAM SHEET 3 OF 3

GEOTECHMCAL/GEOHYDRDLOGICAL WARE, MASSACHUSETTS DATE JUNE 1981 FILE 2801CONSULTANTS

g CAS. SAMPLE 4

7de
wg

a. BL. a: m SAMPLE DESCRIPTION *
$ /FT. NO. PEM /R EC. DEPTH BLOWS / 6" $ *$ 0

75 I

S-16 18"/0" 75-76.5' 15-44 (4) )
33 (5)

Gravelly

80 Fine to
S-17 18"/9" 80-81.5' 25-34 Gray, fine to coarse SAND, little

32 Coarse fine to coarse Gravel, fractured
Cobble, trace Silt.

SAND

85 Gray, black, and light brown, fine
(COBBLES)S-18 18"/8" 85-86.5' 27-30 to coarse SAND, little fine to coarsc

32 Gravel, fractured Cobble, trace Silt

Gray-brown, fine to coarse SAND, lit'

90 tle fine to coarse Gravel, fractured
S-19 18"/7" 90-91.5' 69-37 Cobble, trace Silt.

43
Bottom of hole at 91.5 feet.

95

100

105

110

|
|

| REM ARKS: (4) No recovery. (5) Driller noted frequent cobbles below 75 feet.

|

NOTES:,%"TJ"f7&'".'."''"'J,"J Ja ',"T,,|r""|*.l'E" '"AT
" ' ",',U'",,! j';,o'J'43 "' U,"s,","'' '' *,"','u",.'t; ,toCTuaf.oH., ACTORS THAN THOE PRESENT AT THE Tie,4' .'TT , ,,,T, teveu

OP mt GRoum09AftR anaf OCCu8 DW TO OTHER t wtastsi,tufMTS wtRE Isaot.

Fl.3
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f a

SWEET 1 Op 5

.

TOWN tJa re , P_4 LOCATION Winsor Dam

PROJECT NAME Quabbin Reservoir Dam HOLE NO. S-1
LINE a stA. 15 + 1012,092| PROACT NO. ""'

BRIGGS
CASING SAMPLE R CORE B A R. SURF ACE ELEV.CMOUND WATER OSSERVATIONg

~

Type HW MR DATE START:
e 5-22-81

At ft. efter Hours Slae l.D. d" 1 1/n" DATE FINISH

Hemmer W1. 100 1h 1 an' 1h stT BORING FOREMAN Tim Carpenj
OIII IIOdQOAt it, after Hours Hemmer Fell ?A" ~1 n " INSPECTOR

LOCATION OF BORING.

" ' Fl*ld Identif3C8tlen Of S Il- SAMPLESemple Type On So C
Depths of Romertie llac4. color, loss of weeh mter,

* ' ' " ''' ' * * * **' No. Pen Rei'

f t S 6 12 12 1 18 24 .

E
6"-2' SS 20 25 66 -slllack. top __ ._ ._ __ _ _ _ . . I 1R 1:

GRAY, brown fine to coars e
sand, little trace silt

| (fill) fine to coarse
5'-6' SS 80 170 gravel. 2 12 Ri

3 18 1C
ln'-11'A" ce nn nm ing

i

? b5 JJ 117 22/2 0 0*- 4 18 7'
iq. ig.ca

4

20'-21'6" SS 49 58 65 5 18 8"

t

24'

25'-26'6" SS 49 50 45 GRAY fine sand, and silt 6 1R d'4

22in'-17' np1 33

198-11'6" 99 in 7 n , 1g 1;

UP2 ?d 0
39'-41'

!

!

Blow Counts for Clay Grenuler Meteriel

0 2 Very soft 9 15 Stiff 0 4 Very loose 30 50 Compact

2 4 Soft 15 30 Very stiff 4 10 t.oose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Pr: portion used: trece = 0 10% some = 20 36% and - 35 50%

L )
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SHEET 9 Op 5

-
TOWN Warp. Ma LOCATION Winnor Dam

- PROMCT NAME Ouabbin nonorvnir nam HOLE NO. B-1
-

LINE & STA.12,092
PROACT NO. ""'

BRIGGS
CASING SAMPLER COREBAR. SURF ACE ELEV.CROUNO WATER OesERVATIOe S

5-12-81
Type HW SS DATE START:

At 29' ft. efter . Hours Size 1.0. 4" 1 3/8" DATE FINISH 5-22-81

Hemmw Wt. 300 lb 140 lb. slT BORING FOREMANTim Carpente

At ft. efter Hours Hemmer Fell 24" 30" INSPECTOR Bill Hadge

LOCATION OF BORING:

Cesing F eld identification of Soll. SAMPLESemple Type on Sempler CBlows Romerte (incd. color, loss of wash 'wter,g

'" Fr * * seems in %, M
F To Semple No. Pen R'ec,

foot 06 6 12 12-te 18 24 E lev.

41'-43' UP3 GRAY fine sand, and silt 24 0

44'-d6' RR 4 ? 1 8 24 10
24 24

46'-dR8 IIP d

,

an'_go'ga sq 19 11 19 o rR 11

54'-56' UP5 og 24'

968-97'6" AR 9 R 7 _i n_
18 16

|

4 3 4 11 le 1/
,

en'_c1'ca ee
1

|
|

|
| 64'-66' UP6 24 23

66'-67'6" SS 9 4 3 17 1R 17

708-7186" RR d a R 17 la la

7A8 7A' f1P7 2A 21

SS 4 4 3 id in 1R7g'_77'ga

908-R186" RS 6 12 R ic 10 17

Blow Counts for Clay Granular Meteriel:

0 2 Very soft 9 - 15 Stiff 0 4 Very loose 30 50 Compact

2 4 Soft 15 30 Verystiff 4 10 Loose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used: trace = 0 - 10% some = 20 36% and = 35 - 50%
_ _ _ _ _ _



- - - _ - _ - _ _ -

6 N
3 0, 5SHEETW;ra, MA

TOM LOCATION Winsor Dam

PROJECT NAME Ouabbin Rnanrvni e nam HOLE NO. B-1
LINE & sTA.

PROJECT NO. 12.092 ' " "

BRIGGS
It CASINO SAMPLE R COREBAR. SURFACE ELEV.| CCOUND WATER OesERVATIONg

5-12-81HW SS oATE START:Type
R-22-81fot29, 4" 1 3/8" OATE Finish,,, , , , , , Hoo,e Sire 1.0.

1 Hemmer wi. 300 lb_ 140 lb BIT BORING FOREMANTim Carpante
EIII UAd9A!At ft. efter Hours Hammer Fell 24" 30" INSPECTOR

i LOCATION OF SORING:

Fleid identification of Soll. SAMPLESemple Type on Sempler C
Oopths of Remarke (incl. color, lose of wesh water,

p,, F To M
' ' * * * 0**EI' '" '' No. Pen Roc'

foot 06 6-12 12 18 18-24 E lev.

3 RAY fine sand, and silt'

24 Z4
84'-86' UP8

86'-87'6" SS 2 10 8 16 la 9"

o n e _ o l e s;" mg 14 7 a 17 18 9"

UP9 24 2"
94'-96'>

j,.
-g. ,,u_ e m .,, , m

74 16"97'-99' UPlC '

|

99'-100'6" SS 10 18 27 18 18 13"

104'-105'6" SS 10 27 32 1o in o"

107'-109' UPl] ?a ?d"

109'-110'6" ss 12 26 2d vn in in"

.

115'-116'6" SS 17 39 an 21 18 12"

|

| 117'-118'6" SS 20 33 48 22 18 6"

Blow Counts for Cley Granular Meterials

0 2 Very soft 9 - 15 Stiff 0- 4 Very loose 30 50 Compact |
| 2 4 Soft 15 30 Very stiff 4 10 Loose 50- Very compact !

| 5 8 Medium 30- Hard 10 30 Medium or Firm |

Proportion used: trace = 0 10% some = 20 36% and - 36 50%
| \



I
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SHEET 4 Op 5

.M TOWN _ Ware. MA LOCATION Winsor Dam

- PROJECT NAME Ouahhin no en,-sm 4 e n o,n HOLE NO. B-1
LINE & STA.

PROJECT NO. 12.092 OPPsET

BRIGGS
CASING SAMPLE R CORE BAR. SURFACE ELEV-CEOUND WATER OSSERVATIONs>

Tm S oATE START: 5-12-81

At it. efter Hours gg,,g,g, 4H 1 3/gu DATE FINISH 5-22-8129

Hemmer wt. 300 lb 140 lb elf SORINO FOREMANTim CarDente
At it. efter House Hemmer Feil 24" 30" INSPECTOR Bi11 Hadg'n'

LOCATION OF BORING:

Casing Fleid Identification of Soll. SAMPLESample Type on Sempler CBlows Depths of Romerks (lacd. color, lose of wesh veter,
P'' From To M

From Tc Semple esame in rocia, etc.) No. Pen Rocfoot 06 6-12 12 10 18 24 Elev.

GRAY fine sand, and silt

izJ'-124'b" SS 21 28 38 23 18 6"

|

128'-129'6" SS 11 8 22 ?d in 1K"

133'-134'6" SS 9 12 25 25 18 18

l
138'-139'6" SS 9 21 39 26 18 13

i

143'-144'6" SS 16 27 34 97 18 12

148' _ _ . _ _ _ _

BLACK SILT, little fine_ __. _ . _ . _

SS 18 28 44 sand. ?Q 1a 19190'-197'o

151'
GRAY brown fine to medium
sand, some silt (cobbles)

153'-154'6" SS 35 49 40 29 18 9"

-

149' 140'6" 99 23 41 67 30 18 12

Blow Counts for Cley Granular Meterials

0 2 Very soft 9 15 Stiff 0 4 Veryloose 30 50 Compact
2 4 Soft 15 30 Very stiff 4 - 10 Loose 50 - Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used: trece = 0 10% some = 20 36% and = 35 50%
_- __________- - _ . -- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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SHEET 9 OF 9

Tom Wa m . E LOCATION Winnor Dam
;

PROJECT NAME Ouabbin nennrvnir nnm HOLE NO. B-1
LINE & STA,

PROJECT NO. 12,092 ""'
BRIGGS
CROUND WATER OesERVATIONg CASINO SAMPLE R COREBAR. SURFACE ELEV.

llW SS DATE START: 5~12-01Type
4" 1 3/8" DATE FINISH 5-22-81At 29 ' fi. efier Hours sine 1.0.
300 lb 140 lb slT BORING FOREMANTim CarpentiHammer Wt.
24" 30" INSPECTOR _ Uill IIdd A9At ft. after Hours Hammer Fell

LOCATION OF SORING:

Field identifiution of Soll. SAMPLEsemple Typ* Se pier Cg
Oopths of Romertis (incl. color, loss of vesh water,
rom To Semple ** No. Pen Re*

f t 06 6 12 12 18 18 24

GRAY fine sand, and silt

'6103;-1b4'o; ss 4U 36 38 ~~

EOB T64' 6 '' '
Water at 29'

(

_

|
|

|

|
|

Blow Counts for Clay Granular Meterials

0 2 Very soft 9 15 Stiff 0 4 Very loose 30 50 Compact

2 4 Sof 15 - 30 Very stiff 4 10 Loose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Pr: portion used: trece = 0 10% some = 20 36% and - 35 50%
_ _ _ _ _ _ _ _ _ _ . - .



SHEET 1 OF 3

.
TOWN Ware, M3. LOCATION Wiriene nam

PROJECT NAME Ouabbin Rennrvnir nnm HOLE NO. B-2
LINE & STA. 19 + 10j PROJECT NO. 12.092 OFPSET 1'-1"

BRIGGS
CASING SAMPLER CORE BAR. SURFACE ELEV. 493CEOUNO WATER OSSERVATIONg

5-6-81
Type HW SS DATE START:

5-11-81
At R ft. efter Hours Slas1.D. d" 1 3/8" DATE FINISH _

:

Hemmer Wt. 100 1h 140 1h EIT BORING FOREMANTim Carpent

( At ft. efter Hours Hammer Fall 7d" 10" INSPECTOR _ Bill Hadge

LOCATION OP SORING:

Field Identification of Soil. SAMPLE
i Semple Type Sampler C Romertes (ined, alor, lose of wegh vuoter,Depths of

I" N o. Pen R.' * * * * I***I* '

f t O6 6 12 12 1 10 24 .

O'-2' SS 4 13 26 32 TOPSOIL, brown fine to 1 24 1

coarse sand, little fine
l

gravel, little silt.

ss_q'g" SS 40 105/ 2" 2 8

225
200 10'-10'4" SS 150/4" 1 4

21
%n

90 13'

70
15'-16'6" SS 24 20 22 GRAY brown fine coarse 4 18en

19 sand, and gravel, some
50 silt.
82
60

20'-70'g" RR 69 170/ ?" 5 8

l

24'-25'6" SS 145 25 32 g la

v/140 w/lan u/ 1nn

230
130
129
220 79'-10's" SS 50 87 63 7 in

14'-1s's" gg 44 d6 47 34' 8 18
GRAY fine to coarse sand,
some silt, trace fine

|
gravel.

39'-40'6" SS 87 104" 110 9 18

|
Blow Counts for Clay Granuter Meterials

0 2 Very soft 9 15 Stiff 0 4 Very loose 30 50 Compact

| 2 4 Soft 15 30 Very stiff 4 - 10 Loose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used: trece = 0 10% some = 20 36% and = 36 50%



4
SHEET 2 OF 1 ,

'

TOWN Warp- un LOCATION t.H nem,- %

PROJECT NAME Ouabbin Rectorvrsi r nam HOLE NO. B-2
LINE & STA.12,092| PROJECT NO. "'"

BRIGGS
493CASING SAMPLER COREBAR. SURFACE ELEV.cROuMO WATER OosERVATIONg
5-6-81HW SS DATE START:Typ.
5-11-814" 1 3/0" DATE FINISHAt it. after Hours Slie 8.D. Tim Carpents300 lb 140 lb BIT BORING FOREMANHammer Wt.

Bill Hadae24" 30" INSPECTORt At ft. .fter Hours g , p.ii

LOCATION OF SORING:

Sample Type on Se$1*' Field identification of Soll. SAMPLEC
Depths of Romerts (ince. color, loss of weeh water,

*** * **8I* ' ' " ' No. Pen Re'

I t O6 6 12 12 1 18 24 .

44'-45'6" SS 41 42 33 10 18 1

;

49'-50'6" SS 38 35 35 11 18
50' _

GRAY brown, fine to med-
ium sand, some silt.

| 54'-55'6" SS 57 67 83 12 18 1

|

99'-60'6" sg 27 1? an 13 18 1

|

|
'

64'-65'6" SS 53 68 60 14 18
65'

~-

GRAY brown, fine to coarc e
sand, trace silt.

69'-70'6" SS 26 56 82 1s in 1

74'-7s's" ng 2n 96 67 16 18 7
~

7qe

GRAY brown fine to coarsr-
sand, some fine gravel,
trace of silt.

79'-80'6" SS 76 85 RR 17 18 8

Blow Counts for Clay Granuler Meterials

0 2 Very soft 9 - 15 Stiff 0- 4 Very loose 30 50 Compact

2 4 Soft 15 30 Very stiff 4 to Loose 50- Very compact

5 8 Medium 30- Hard 10 - 30 Medium or Firm

Proportion used: trace = 0 10% some = 20 36% and = 35 50% |
1



P

SHEET 3 OF 3
,

Worm, MA LOCATION Winent DamTOWN
B-2Ouabbin Reservoir Dam HOLE NO.

PROJECT NAME
LINE & STA.

PROJECT NO. 12,092
,,,,,7

BRIGGS
CASING SAMPLER COREBAR. SURF ACE ELEV. d41

C"OUND WATER OSSERVATIONS 5-6-81
Type HW SS DATE START:

5-11-81
At it. eftw Hou'* Sizel.O. 4" 1 3/8" DATE FINISH

Hammer Wt. 300 lb 140 lb SBT BORINO FOREMANTim Carpent

At ft. efter Hours Hemmer Fell 24" 30" INSPECTOR Bill Hadge

LOCATION OF BORING:

Slows pw 6" Strete Field identification of Soll. SAMPLEw na
; Semple Type on Semple Chense n, ,te (Ind, color, lose of weeh ter,,,, ,

N of
,0 , , , , yo Och seeme in rock, etc.)per

No. Pen F, ,mp,..

foot 08 6-12 12 13 18 24 E lew.

}
84'-85'6" SS 70 164 46 15 18 :

I w/140 w/1 40 w/ 300

89'-91' 55 119 160 37 49 16 24

w/140 w/300 w/ 300 u/300 91'

EOB @ 91.0'

|
|

|

|

|
.

,

Slow Counts for Clay Grenular Meterials

|
: 0 2 Very soft 9 15 Stiff 0 4 Very io . , 30 50 Compact

24 Soft 15 30 Very stiff 4 - 10 Loose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used: trace = 0 - 10% some = 20 36% and = 35 50%



.

SHEET 1 Or 2
pgg g LOCATION Idinene rtwn

HOLE NO. n-3PROJECT NAME Chmbhin heny t ,- ny
LINE & STA. 15 + 00

PROJECT NO. 19 rico
~ ~ '''"

BMGGS
CIOUND WATER OSSERVATIONg CASINO SAMPLER COREsAR. SURFACE ELEV. .d.5_3 -

E SS DATE START: E-16-A1Type
4" 1 3/8" DATE FINISH E-17-R1At ft. efter Hours Site 1.D.

Hemmer wi. 300 lb 140 lb alt BORING FOREMAN R: nnmeAn11
B. Hadge24" 30" INSPECTORAt ft. efter Hours Hemmer Fet:

LOCATION OF 50 RING:

''i"8 Fleid Identifl#tlen of Soll- SAMPLESemple Type on Semo C" Depths of Romerte linel. color, loss of weeh water,

From To Sempk No. Pen Roc*
f a 6 6 12 12 18 18 24 E .

6-0-1'6" SS 2 4 5 *P Ecil 1 1R" in"

1'6" Brown finn nand, some silt,
l little medium to coarse sand
) occ. cobbles, little fine to

qe_ cec" SS 14 15 17 coarse gravel. 9 to" 11"

Gray-brown fine to coarse sand
and fine to coarse gravel,
occ. cobbles.

10'-11'6" R9 in 17 18 3 18' 9"

15'-16'6" SS 12 16 19 4 18' 12'

17'6"

Brown fine': sand, some medium
20'-21'6" SS 12 14 14 to coarse sand, same fine to n in" in

coarse gravel, trace silt,
occ. cobbles.

25'-26'6" SS 13 16 20 6 18" 10

29'
30'-31'6" SS 14 15 9 Light brown fine to coarse 7 18" 8"

sand, trace fine to coarse

gravel; trace silt, trace of
cobbles.

1G'-16'6" R9 15 70 24 R 1R" 8"

40t-41'6" SS 27 23 20 9 18" 10"

Blow Counts for Clay Granuler Meterials

0 2 Very soft 9 15 Stiff 0 4 Very loose 30 50 Compact

2 4 Sof 15 - 30 Very stiff 4 10 Loose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used: trece = 0 10% some = 20 36% and = 35 50%



.

2 op 2SHEET
Winsor Dam

.

TOWN _ Ware, M LOCATION
HOLE NO. B-3

- PROJECT NAME O mbhin Doen m ie rhm
_,

-

'

UNE &STA. 15 + 00
12,092| PROACT NO. "'"

BRIGGS
CASING SAMPLER COREBAR. SURF ACE ELEV. 453CROUNO WATER OSSERVATIONS

6-I6-81IM SS D ATE START:Type

At it, after Hours Slas I.D. 4" 13/8" DATE FINISH 6-17-81
S Ramsdell

Hemmer Wt. 300 lb 140 lb- slT BORING FOREMAN

At f t. after Houre Hammer Fall 24" 30" INSPECTOR .B EYIgA

LOCATION OP BORING:

# 8' Flo d Identification of Soll. SAMPLESample Type o Sempi Cs Romerks (incl. color, loss of wesh water,Depths of
" N o. Pen R ec.mrn To Sempk *

f t 08 6 12 12 18 18 24 E .

Ass 46'6" SS 76 in 11 in 1R" i t'

47'6"

Gray brown fine sand, little
50'-51'6" SS 19 74 an medium to coarse sand, little is ina n'

gravel, trace silt, ocx:. cob-
bles,

18" 7"sse-sgen" qq an an a1 3,

sgegn -

|

.
Gray brown fine to coarse sand
fine to coarse gravel, few cob,t.'

60'-61'6" SS 43 49 41 bles, truce of silt. 13 18" 10"

65'-66'6" SS 81 103 79 14 ina 1aa

70'-71' SS 92 127 15 12" 9"

_

75'-76'6" SS 69 88 91 16 1R" 12

76'6"

E0B 76'6"

Blow Counts for Clay Grenuler Meteriele

0 2 Very soft 9 15 Stiff 0- 4 Very loose 30 - 50 Compact

2 4 Soft 15 30 Very stiff 4 10 Loose 50- Very compact

5 - 8 Medium 30- Hard 10 - 30 Medium or Firm

|{ Proportion used: trace = 0 - 10% some a 20 36% and = 35 - 50%



_

SHEET 1 OF 5

TOWN tJava un LOCATION WinOor Dam
~ ~ PROJECT NAME Ouabbin Reservoi r nnm HOLE NO. B-4;

LINE & BTA. 20 + 00
PROJECT NO.

12,092 ""'

BRIGGS
550.0'l c;OuNO wATsR OssERVATIONg CASING SAMPLER COREBAR. SURF ACE ELEV.

Type HW SS DATE START: 5-14-81
,t. eftw Hours Sinel.O. 4" 1 3/8" DATE FINISH 6-03-81S4At

; Hemm, wt. 3005 140# slT sORING FOREMAN S. Ramsdill

At it. efter Hours Hammer Feil 24" 30" INSPECTOR Bill Hadge
t

| LOCATION OF SORING:

Sample Type o Se[pler Fleid identification of Sell. SAMPLECg Romerke (incl. color, loss of weeh veter,Depths of
p., F To Deh

No. Pen Rec.From To Sempi *
foot 06 6 12 12 18 18 24 Elew.

6"-2' SS 2 6 12 3 LACK TOP-road base 1 19" 10"

BROWN fine to coarse sand
3' and fine to coarse gravel;

I little silt.
q _qiga SS 120/4" BROWN fine to coarse sandi 2 4" 4

some fine to coarse grav-
el, occ. cobbles.

10'-11'6" SS 20 21 90 1 in" 1?

1gs_14:1a cc inn / 1" 4 la 0

20'-21'6" SS 6 8 14 5 18" 4

21'6"-23' UPl 18" 13

25'-26'6" SS 6 10 10 25'6" 6 18 '' 11

GRAY fine sand & silt.

2R'

GRAY brown fine sand &
10s-1186" AR 4 4 9 silt. 7 1A" 1?

35'-36'6" SS 4 5 4 8 18" 12

38'-40' UP2 24" 20

SS 3 4 5 9 18* 1C40'-41'6" '

_

Blow Counts for Clay Granular Meteriele

0 2 Very soft 9 - 15 Stiff 0- 4 Very loose 30 50 Compact
2 4 Soft 15 30 Very stiff 4 - 10 Loose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used: trace = 0 10% some = 20 36% and = 35 50%



ss
' ~

1 .

SHEET 2 OFj 5
LOCATION Winsor DamT;WN Ware. MA '

PROJECT NAME Oiinhhi n Rocovtrn4 e nom HOLE hO. B-4
LINE h STA. 20 + 00'

PROJECT NO.
12,092 '~

OFFSET

BRIGGS r _

-

CASING SAMPLER CORE BAR. SURF ACE ELEV. _ 550 O'
COUND WATER OSSERVATIONS

Type HW 99 D ATE START: 5-14-R1

ft it. efter Hours Size 1.D. 4" 1 1/R" ' DATE FINISH 6-03-RI '

Hammer Wt. 1006 140f BIT SCRING FOREMAN S_ Rnm ct d i 11

Qt ft. etter Houre Hammer Fall 24" ~4 A " )NSPECTOR _ EIII HAAgA .-
,_

f
LOCATION OF BORING: _ _

)@tting Blows per 6" Strate Field identificPfjon of Soll. '

' -SAMPLE '|"
Blows emerge (incl. ce r, teer f weeh water,

From To Ot o seems M so&, W No. Pen Rec.P'' From -To Sample
foot o.8 8 12 12 18 18 24 Elev.

, GRAY brown tlne sand and
'

silt

10 18' 18
44'6"-46' SS 3 2 1

24* 23
4R'-sne in>1

11 18 '' 12
50'-91'6" SS 2 2 2

12
55'-56'6" SS 3 3 4 3, , o .,

24" 1958'-60' UP4
| 60'-61'6" SS 3 4 5 13 18" 16

65'-66'6" SS 3 3 5 14 19" 11

?a" ?T
68'-70' UPS
70'-71'6" A9 2 ? 1 1c lo" 1c

I

75'-76'6" SS 3 2 3 16 18" 17 !

24" 24
78'-80' UP6
80'-81'6" SS 5 5 5 17 18" 18

Blow Counts for Clay Granuter Materials

0 2 Very soft 9 15 Stiff 0- 4 Very loose 30- 50 Cornpact

2 4 Soft 15 30 Very stiff 4 - 10 Loose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used: trace = 0 - 10% some = 20 35% and = 35 50%

_____ i---



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _

l

SHEET 3 OF 5I

| Wintor Drm' TOWN Wnrn, MA LOCATION
_ Quabbin Reservoir Dam HOLE NO. B-4

I - PROxCT NAME LINE & STA. 20 + 0012,092| FROMCT NO. ""'
BRIGGS
cRouNo WATER oesERvAtlows CASINO SAMPLER CORE BAR. 550.O'SURF ACE ELEV.

5-14-81Type HW RR DATE START:

At ft. sfter Hours Sla.31.D. 4" 1 1/R" DATE FINISH 6-03-81
Hammer W1. J005 140E BIT BORING FOREMAN S. Ramsdill

At it, after Hours Hemmer Fell 24" 10" INSPECTOR Bill Hadce

| LOCATIO*d OF BORING:
# Floid Identification of Soll. SAMPLESample Type on Sempler C n

Depths of Romerks (incl. color, Ices of weeh water,
E' *

From To Sample esame in rock, etc.)
, , ,

No. Pen R ec.

GRAY brown fine sand and
silt.

55 86'6" SS 1 2 3 18 18" 18

89'-90' UP7 -_ l?" ?1

90'-91'6" SS 9 14 1U 13 18" 17

95'-96'6" SS 4 13 14 20 18" 13

98'-100' UP8 24" 15
100'-103- SS drooped rods 21 36" 20

_.

105'-106'6' SS 5 1 7 22 18" 18

10R'_8 11O' ffp4 ?d" 16

112'-113'6' SS 5 8 7 23 18" 10

1188-120' IIP l(I 9d" n"

Blow Counts for Clay Granuier Motorials

0 2 Very soft 9 15 Stiff 0 4 Very loose 30 50 Compact

2 4 Soft 15 30 Very stiff 4 10 Locae 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used: trace = 0 - 10% some = 20 36% and = 35 - 50%

.__________ _ - __ _ _ _ __



,

SHEET 4 OF 5
Wars, MA LOCATION Winnnr DamTOWN

PROJECT NAME Ouabbin Reservoir Dam HOLE NO. R-d
' LINE & sTA, 70 + OO

PROJECT NO.
12,092 ""'

BRIGGS
550.0'CASING SAMPLER COREBAR* SURF ACE ELEV.cRouwo WATER oesERvATlons 5-14-81

Type llW ES D ATE START:
6-03-81

At it. efter Hours Slae l.D. 4" 1 1/R" DATE FINISH
S. Ramsdi11

Hammer Wt. 1OOE 1 DOE BIT BORING FOREMAN
Bill lladge

At ft. efter Hours Hemmer Fall 7d" 10" INSPECTOR

LOCATION OF h5RINO:

Semple Type on $,[ pie' Field identification of Soll. SAMPLEat
C

Oepths of Romerte linct, color, ions of meh mier,
,,, , , , , 7, o ,,,3

F'om To Semple eseme in rock, etc.)
foot , ,, , ,

, ,, ,,

120'-122' UPll GRAY brown fine sand 24" 13
and silt.

122'-123'6" SS 8 23 40 24 18" 13

1 179'-176'6" AR 1R 96 MR 99 1A" 11

130'-131'6" 55 10 7 28 26 18" 18"

135'-136'6" SS 22 36 38 27 18" 14

1408-141'6" 99 22 19 24 2R 1R" 10

143'-14b'b' dd I IU zu 29 18" 18

148'
GRAY-brown fine sand,

1b0'-151'6" SS 16 28 38 little silt, (cobbles) 30 18" 14

155'-156'6" SS 86 79 67 11 inn in

32 18" 12
160'-161'6" SS 49 56 73

Blow Counts for Clay Granuler Meterials

0 2 Very soft 9 - 15 Stiff 0 4 Very loose 30 - 50 Compact

2 4 Sof t 15 - 30 Very stiff 4 - 10 Loose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used: trace = 0 10% some = 20 36% and = 35 50%
..



SHEET 5 OF 5
TOWN tda vo _ Ma LOCATION Winsor Dam

- PROJECT NAME Ouabbin Reservoir Dam HOLE NO. B-4
uP'E & STA. 20 + 00

PROxCT NO. 12,092 ""'
BRIGGS
CEOUNO WATER OBSERVATIONS CASING SAMPLER CORE BAR. SURFACE ELEV. 550 0'

HW SS DATE START: 9-ld-AlType
4" 1 3/8" DATE FINISH 6-01-A1At ft. efter Hoem Slre i.D.

Hammer Wt. 300# 140# BIT 80 RING FOREMAN R _ Dnm cel 411
At ft. efter Hours Hammer Fell 24" 30" INSPECTOR Rill Mn rirye

LOCATION OF BORING:

Cgsing Slows ow 6" Strate Fleid identification of Soll. SAMPLESemph Type on Sampler Change811ws Depths of R e . cow, b of M wetw,
p, From To Depth

' * * * * N*EI' No. Pen Roc*
foot OS 6 12 12 18 18 24 Elev.

"161'6
EOB 161'6Wateratb4', installed i

Ipiezometers at P-7 68',
installed 2nd piezometer
at P-8 111.0', installed |
3rd piezometer at P-9
149'.

|

Blow Counts for Clay Granuler Meterials

0 2 Very soft 9 15 Stiff 0- 4 Very loose 30 50 Compact
2 4 Soft 15 30 Very stiff 4 10 Loose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used: trace = 0 10% some = 20 36% and = 35 50%



SHEET 1 OF 3

,
TOWN Ware. M LOCATION

HOLE NO. n_5
PROJECT NAME tJ4 nAcm n,m m,mq n

j
~ LINE & STA. g n 2. nn

PROJECT NO. .6, ann OFFSET,
u.

CASINO SAMPLER COREBAR. SURFACE ELEV. 441
CROUNO WATER OsSERVATIONS

Type }{W MR DATE START: 4-77-R1

At 3,8,_ ft, efter Hours Size 1.0. d" 1 1/R" DATE FINISH 6-nd-R1

Hammer wt. 7nna 1dna SIT BORINO FOREMAN A_ pnmeAn11

90*

At ft. efter Hours Hammer Fall ?a" 7n" INSPECTOR

LOCATION OF SORING:

'" Field identification of Soll. SAMPLE I

Semple Type on Sempler C Romerits lincl. oolor, loss of weeh water,Depths of
From To h

From To Sample me in % me.) g g g
f t

SS 2 5 10 R" Tnmoi l 1 18" 14"
n_lica Gray br. fine to coarse sand

some fine to coarse gravel.
Few cobbles.

2 18" 12"
ge-6'6" 99 1R 13 14

99 10 13 17 3 18 '' 14'
3n._yy.cn

ini_inen" cc 41/ A o 4 6" 0

1R'

Gray-br. fine to coarse sand, q gn 3,
?n'-?n'9" 99 in 14n/7',

and fine to coarse gravel, fe'.r
cobbles, little silt.

7s'-?6'6" Rn an 96 sa n 1 R' 17

28'6"

30'-31'6" SS 17 21 23 Gray br. fine sand, little 7 18" 10"
medium to coarse sand, little
fine to coarse gravel, trace
of silt, occ. cobbles

Jr -Jb'6" ss 23 30 38 8 18" 6"

40'-41'6" SS 11 19 28 9 18" 10"

Blow Counts for CleY Granuter Meterials

0 2 Very soft 9 15 Stiff 04 Very loose 30 50 Compact

2 4 Soft 15 30 Very stiff 4 10 Loose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used: trace = 0 10% some - 20 36% and = 35 50%
. _ - _ _ - . - -__- .-.



1

2 OF 1
'

SHEET

,
TOWN Warp. MA LOCATION

. PROJECT NAME Windsor Dam Oimbhin noa . HOLE NO. B .)

LINE & STA. 20 + 00
j PROJECT NO. 12,092

OFFSET

BRIGGS
SURFACE ELEV. 493c;OUND WATER OSSERVATIONg CASING SAMPLER CORE BAR.

5-27-81
Type HW SS DATE START:

At it. efter Hours Size I.D. 4" 1 3/8" DATE FINISH 6-04-81

Hemmer Wt. 3009 140# BlT BORING FOREMAN S. Ramsdell
At it. efter Hours Hammer Fall 24" 30" INSPECTOR B. Hadge

| LOCATION OF BORING:

Field identification of Soll. SAMPLESemple Type n Se pler C nBe Remarke (incl. color, loss of weeh vuoter,Depths of E' * seems la rock, etc.)From To Semple
,

N o. Pen Rocf t _

43'
Gray br. fine to medium sand,

41'6"-45' RR NO MGM little Coarse sand, little 10 42" 12"
fine to coarse gravel, occ.

cobbles. Trace of silt.

gni_r,' UP1 DRGE 24" 14"

52'-53'6" SS 32 66 62 11 18" 16"

9;'-s6'6" 99 in 16 an 19 to" 7"

57'6"

Gray br. fine sand, little

An'_A1'A" cc 34 60 56 medium to coarse sand, trace 3, 3 9., . , , ,

of silt, occ. cobbles.

Aq'_AA'6" cc 9q an no 14 1R" 9"

7n'_71'A" cc 1R 62 90 15 18" 10"

,g'_, gig" cc 17 59 78 16 18" 9" i

Rn'-91'6" RS 44 105 112 17 18" 7"

Blow Counts for Clay Granular Meterials

0 2 Very soft 9 15 Stiff 0 4 Veryloose 30 50 Compact

2 4 Soft 15 30 Very stiff 4 - 10 Loose 50 - Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used: trace = 0- 10% some = 20 36% and = 35 - 50% |
|

_ _ _ _ - _ _ _ _ _ ___ |



__

SHEET 1 OF 1
1

, TOWN Wam. MA LOCATION

- PROJECT NAME Ota M in Reservoir Dam HOLE NO. n_4

j LINE & STA. 9n 4 nn
PROJECT NO. 17 047

- OFFSET

CROUND WATER OSSERVATIONg CASING SAMPLER COREBAR. SURFACE ELEV. 493

Type IM RS DATE START: 5-27-81
At ft. efter Hours Size 1.D. 4" 1 3/A" UATE FINISH 6-04-81

Hommer Wt. 7005 1409 BIT BORING FOREMAN S Ramsdell '

B. HadgeAt ft. efter Hours Hammer Fall 24" 30" INSPECTOR

LOCATION OF SORING:

" * Field identification of Soll. SAMPLESample Typ* on So pier C
Depths of Romerke (laci. color, loss of weeh tutor,

NFrom - To Semple '
f 1 O6 6 12 12 18 18 24 E No. Pen Roc*

85'-86'6" SS 23 36 45 18 18" 9'

on'_ol'A" cc 97 91 19 io ina n

o _t ' _A a_ot e cc 9q n_ n. _i n_ n_ o ?, ' ., o n_ 1 n_ a --

17'
- - ,

_ _

Dark br. silt. lij;tle fine sanc"4- '

Gray br. fine to medium sand,
trace of coarse sand, trace of
fine gravel, trace of silt.

End of Boring 93'
P-10 Top at 43 '
P-ll Top at 63 '8"

.

Blow Counts for Clay Grenuter Materials

0 2 Very soft 9 15 Stiff 0 4 Very loose 30 50 Compact

2 4 Soft 15 30 Very stiff 4 - 10 Loose 50- Very compact
5 8 Medium 30- Hard 10 - 30 Medium or Firm

Proportion used: trace = 0 10% some = 20 35% and = 35 EO%
_ _ _ _ _ _ _ _ _ _ _ _ _ _ - .



SHEET 1 OF 3
.

TOWN LOCATION
.

Quahhin Reservoir Dam HOLE NO. B-6 |
- PROJECT NAME

LINE & STA. 20 + 00
|j PROJECT NO. 12,092 g,,,,7

BRIGGS
CASING SAMPLER CORE B AR. SURF ACE CLEV.CROUNO WATER Oe4ERVATIONS
IM SS DATE START: 6-17-R1

Type
At ft. efter Hour' SI s i.D. 4" 1 3/8" DATE FINISH 6-17-R1

Hammer Wt. 300 lb 140 lb OIT BORING FOREMAN R_ RnmeAnl1
B. IIadge

At ft. efter Hours Hammer Fall 24" 30" INSPECTOR

LOCATION OF BORING:

at wiper 6" StrateCefn8 Field identification of Soll. SAMPLE81E Sample Type n Sampler Change ,,,,,g, g g,,,, ,,,,,, go,, og ,,,n ,t er,
p, , 7 Depth

F - hmple ,,,,, g, ,,,g, ,g,,)per
N o. Pen Rocfoot 06 6 12 12 18 18-24 Elev.

4 18" 8"6" PWi0-1'6" SS 1 3 5

2'6" _ Brown fine sand, little silt

\few cobbles, little gravel.
5'-6'6" SS 16 18 20 Gray brown fine to coarse sand 2 18" 10

some fine to coarse gravel,
few cobbles, trace silt.

10'-11'6" SS 1 2 3 1 1R" in"

1 ') *

Gray brown fine to coarse
sand and fine to coarse gra-

4 18" 14"in'_1c'r" cc 82 71 85 vel, few cobbles.

208-21'6" SS 57 89 66 ti 1R" A"

c'-2b'6" SS 4/ 121 110 6 18" 12"

-

30'-31'6" SS 92 111 100 7 18" 8"

35'-36'6" SS 65 80 121 R 18" 13"

.

40'-41'6" SS 60 83 110 9 1R" 10"

Blow Counts for Clay Granular Meterials

0 - 2 Very soft 9 - 15 Stiff 0- 4 Very loose 30 50 Compact

24 Soft 15 30 Very stiff 4 - 10 Loose 50- Very compact

5 - 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used: trece = 0 10% some = 20 36% and = 35 50%
.-.
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SHEET 9 OF 't

. TOWN __ Ware. MA LOCATION

PROJECT NAME Quahhin Reservoir Dam HOLE NO. B-6
LINE & STA. 20 + 00>

| PROJECT NO. 12.092 ""'
BRIGGS

CASINO SAMPLE R CORE BAR. SURFACE ELEV. _.CROUND WATER OSSERVATIONs
Type ]])q SS DATE START: *

-IAt ft. efter Houre Slae 1.0. A" l 3/8" DATE FINISH
~

Hammer Wt. 3n0 lh idn lh EIT BORINO FOREMAN S. Ram <vloll
O' IIOd90At ft. after Hours Hammer Fall 24" In" INSPECTOR

LOCATION OF BORING:

glows per 6" Streteg,;n8 Field Identification of Soll. SAMPLESample Type on Samples Change
R g |lacl. Color, loss of ineeh ==eter,

per From To UM esame in rock, etc.), No. Pen Roc,

foot 06 6 12 12 18 18 24 E lev.

|

42'
Brown fine to nodium, sand lit-
tle coarse sand, little gra-

1R" A"45'-46'6" Rs an on inn vel, occ. cobbles, trace silt 10

'

50'-50'6" SS 32 42 93 11 18" 10'

__

55'-56' SS 45 165 12 12" 7"

60'-61'6" SS 28 35 51 1, 1na na

_

65'-66'6" SS 46 61 144 33 jga ga

70'-71'6" SS 81 71 40 15 18" 10"

74'
75'-76'6" SS 30 30 20 Brown fine sand, some silt, 1G 1R" 1'"

76' traco miinm en mnrno entvi it,n

77' Gray Brown fine sand, some
\ silt.

80'-81'6" SS 42 72 55 17 in" ina

Blow Counts for Clay Granular Meterials

0 2 Very soft 9 15 Stiff 0 4 Very loose 30 50 Compact

2 4 Soft 15 30 Very stiff 4 10 Loose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used; trece = 0 10% some = 20 36% and = 35 50%
___ ._ ____ _ _ __ -
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SHEET 3 OF 3
TOWN Warp. MA LOCATION

;

PROMCT NAME Onnhhin Romrvnir nam HOLE NO. B-6
NE & STA. M + nn

PROMCT NO. 12.092 ""'

BRIGGS
_.M4CASING SAMPLER CORE BAR. SURFACE ELEV.CROUND WATER OesERVATIONg b~l7-Ol <OATE START:Type
6-l7-OlDATE FINISHAt ft. after Hours Slas 1.D. S. Ramsdell

Hammer Wt. SlT BORING FOREMAN
B. Hadge

At ft. after Hours Hammer Fall INSPECTOR

LOCATION OF 8ORING:

*
Sample Type on$empler Fleid identification of Soll. SAMPLEc Romerke (incl. color, loss of weeh water,Depths of b " ' ' No. Pen Rerom To Sample

f t 08 6-12 12-1 18 24 E ,

Gray very fine sand, little
gravel, little silt, occ.
cobbles.

84'
85'-86' SS 128 107 Gray fine sand, some fine 1R 12" 6'

to coarse gravel, few cob-
bles, trace silt,

on'-on';" SS 160/5 19 5" 0"

'

93'6"

95'-96'6" SS 39 40 43 Brown fine to coarse sand, 20 18" 12'
trace of silt.

98'

100'-101'6" SS 32 58 64 Gray brown fine to coarse 21 18" 1'

sand and fine to coarse gra-
vel, occ. cobbles, trace of
silt.

22 18" 1:inq'-1nA'A" nc ?o 91 ??

110'-111'6" SS 36 62 48 23 18" 7'

111'A"

E0B 111'6"
Piezamter #12 at 81'10"

I
l

I
I

Blow Counts for Clay Grenuler Materials

0 2 Very soft 9 15 Stiff 0- 4 Very loose 30 50 Compact

2 4 Soft 15 30 Very stiff 4 10 Loose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Pr: portion used: trace = 0 10% some = 20 36% and - 35 50%

- /



SHEET 1 OF 4 |

.
TOWN Wnt p; MA LOCATION Mnonah Diko

HOLE NO. R-7PROJECT NAME Onnhhin no enr, n 4_v- n,7: _

LINE & STA. 91 + Rn
I PROJECT NO. 19_n4? "'"
BRIGGS
CROUND WATER OSSERVATIONg CASING SAMPLER COREBAR. SURFACE ELEV. RRO

Type IM SS DATE START: A-A-R1

At ft. efter Hours Stre 1.D. 4" 1 3/R" DATE FINISH 6-17-A1
Hammw Wt. 300 lb 140 lb slT BORING FOREMAN 'P P ny-nnn Fn ,-

At ft. efter Hours Hemmer Fall 24" 30" INSPECTOR n _ Mndryn

LOCATION OF BORING:

' * F eld Identification of Soll. SAMPLESample Type onSampl* C
Depths of * ' "*"'* *

. , From To Depth
hom To Sample seems la rock. etc.)

| foot n Pm R.

C ulacimm6"-2' SS 10 53 66 1 in" in*

Brown fine to coarse sand and
gravel.

S'-6'6" R4 96 71 RR ? 1R" 1a"

l

10'-11'6" SS 79 120 51 3 18" 8"

| 12'
Gray Irown fine to medium
sand, little gravel, trace of

15'-16'6" SS 139 116 59 silt. 4 1R" 9"

l

9n8-21'6" SS 159 43 80 5 18" 12"

24'
25'-26' SS 210 112/300 Gray fine to coarse sand, lit- 6 12" 10"

tle gravel, scne silt.

10'-11'6" RA 190/ 17 49/ 7 1R" 19"

300 300

|
|

|

i J3'-J6'6" 65 JU b6 Tl 8 18" 12"

|

40'-41'6" SS 29 29 35 9 18" 14"

Blow Counts for Clay Granular Meteriale

0 2 Very soft 9 15 Stiff 0 4 Very loose 30 50 Compact

2 4 Soft 15 30 Very stiff 4 10 Loose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used: trace = 0 10% some = 20 36% and = 35 50%
- - - - _ _ _ . . 1



SHEET ? OF d

f TOWN WEtre. M LOCATION PMnnngh Diko
HOLE NO. nt

PROJECT NAME Onnbhin Dnenng 4_r rw
"I * ' #* *M

PROJECT NO. 12.097 ""'

BRIGGS
CEOUND WATER OSSERVATIONs CASINO SAMPLER CORE BAR. SURFACE ELEV. 550

Type HW SS DATE START: 6-R-81

'At ft, efter Hours $3281.0. 4" 1 3/8" DATE FINISH 6-17-R1

|
Hammer Wt. 300 lb 140 lb alt 80RINO FOREMAN T Parnnntot-

|At ft. efter Hours Hemmer Feli 24" 30" INSPECTOR E HMgA

| LOCATION OF BORING:

Field identification of Soll. SAMPLESample Typ* on Se lor C8 Depths of Res Und. cow, h of M mter,
p., From To Depth

' ~T $* '" No. Pen Rec.*
f008 o.6 6 12 12-15 18 24 Elev.

-

42'

Brown
45'-46'6" SS S 6 8 Silt, and fine sand, 10 18" 16"

50'-51'6" SS 7 5 5 11 1R" 16"

24" 12"52'-54' tm-1

94'-55'6" RS 7 6 7 12 18" 12"

60'-61'6" SS 8 4 7 13 18" 18"

62'-64' UP-2 24" 24"

64'-65'6" SS 8 4 4 14 18" 16"

70'-71'6" SS 8 10 16 15 18" 14"

72'-74' tm-3 24" 21"

748-79'6" (L9 9 13 16 16 18" 18"

80'-81'6" SS 7 11 17 17 18" 18"

Blow Counts for Clay Granuler Materials

0 2 Very soft 9 15 Stiff 0 4 Very loose 30 50 Compact

2 4 Soft 15 30 Very stiff 4 10 Loose 50 - Very compact

5- 8 Medium 30- Hard 10 - 30 Medium or Firm

Proportion used: trace = 0 10% some = 20 36% and = 35 50%

t . - - _ _ _



- - ux,. -

'

., , A'Q#.r g' ,,2.

j -% Goodnough Dike' '' mm,

_
se0LEtee.__ B-7

-

e g . ye g._...; mt - _ _ y ,,, %f ,,,

uses asTA. 21 + 80
,

,

| PRoacf d ? Ud'#'12 N#I
.

opw

BREGGS ~: nn- -
,

1 -

| CRoOND WATER OSSERVATIONs CAsesse SAsePLaR COAS SAR. SumFACE ELEV- 550
Type M DATE START: _ 6-8-81

| At it, after Hours $1:e 1.D. 1 1/R" DATE FINISH 6-17-81
~

6l Hammer Wt. 300 lb 140 1h stT sontNO FOREMAN E C2_ 7 "
At ft. efter Hours Hammer Fall 24" 30" INortcron in utge

LOCATION OF BORING:

'i"8 Field Identification of Soll.Sample Type n Se p C ggypgg
R e find. W, h of W wer,Depths of From To Depth '"*** * E No. Pen Roc*

foot O.6 6-12 12-18 18 24 E les.

82'-84' UP4 Brown Silt, and fine sand. ?4" 0

84'-85'6" SS 8 4 8 1R 1R" 1 R'

l

R4'-on'A" m a A 13 19 18" 14

92'-94' UP-5 24" 16

94'-95'6" SS 27 36 42 20 1R" 18

99'-100'6" RR 4 4 4 21 18" 18

in?'-1na' rip-6 21"

104'-105'6" RS 14 19 21 ?? 1R" 1R

ing'-11086" m R 11 97 23 1ga 1c

24" 23
| 117' 11A' ry ,

|
'

114'-115'6" SS 7 19 23 24 1R" 1R

1

|

119'-120'6" RS 17 14 71 74 iga 13

Blow Counts for Clay Granular Meterials

0 2 Very soft 9 15 Stiff 0 4 Veryloose 30 50 Compact

2 4 Soft 15 30 Very stiff 4 10 Loose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used: trace = 0 10% some = 20 36% and = 35 - 50%
__ - - _ - - . .



-,

SHEET 4 OF 4
TOWN Ware, MA LOCATION GoodnowTh Dik9

[
-

PROJECT NAME O_ta &in Reservoir nam HOLE NO. B-7
'

LINE & sTA. 21 + 80
I PROJECT NO. 12.092 "'"

| BRIGGS
CASING SAMPLE R COREBAR. SURFACE ELEV. 550c;OUND WATER OssERVATIONs

SS DATE START: 6-8-81Type g

At it. efter Hours SiteI.D. 1 3/8" DATE FINISH 6"l7-8I

wemmer wi. 300 lb 140 lb stT BORING FOREMAN T IANMAY*

At it. eMer Hours Hammer reis 24" 30" * INSPECTOR R_ Hnrigo

LOCATION OF SORING:

8
semple Type n$a pier FI*Id Id'"'I'388'30" O' 3*II- SAMPLEC
Depths of Romerks (lacl. color, loss of wash water,,

hFrom To Sempk ' ' " N o. Pen Rec.*
f t o6 6-12 12 18 18 24 E .

122'-124' UP-8 24" 17"

124'-125'6" SS 5 5 8 26 18" 18"

129'- 130'6" SS S 7 21 27 1R" 1R"

1178-114e rip _q 73u 99n

11d8-179'A" RA 11 o in 28 18" 18"

177' .

Brown fine sand, little silt
29 18" 18"139'-140'6', SS 31 37 53 trre of w bbles.

144'-145'6" SS 56 60 83 30 18" 12"

149'-150'6" SS 51 57 77 11 1R" 14

194'-199'6" RR ?R 71 11; 32 1g"

IDOB at 155'6"
1st Piezmeter 138'6"-140'6"

-- 2nd Piezmeter 96'-98'
3rd Piezamter 69'6"-71'6"

Blow Counts for Clay Granular Meterials

0 2 Very soft 9 15 Stiff 0 4 Veryloose 30 50 Compact

2 4 Soft 15 30 Very stiff 4 10 Loose 50- Very compact

5 8 Medium 30 - Hard 10 30 Medium or Firm

Proportion used: trece = 0 10% some = 20 36% and = 35 50%
_ _ _ _ . _- - ..



SHEET 1 OF 3r-'

,
TOWN. Wa h Ma LOCATION (We vth nh

HOLE NO. B-8
" - PROJECT NAME Onbhin unennini e n,m

~ LINE & STA. 71 + RO

PROJECT NO. 17;047 OFFSET

BRIGGS
493CASING SAMPLE R CORE BAR. SURFACE ELEV.CROUND WATER OesERVATIONg 6-4-81

Type IM RS D ATE START:
6-10-812 9 , ,,, , , , , , Hours si,e i.o. 4= 1 3/ga OATE FinishAt S. Ramsdell

Hemmer W1. 1000 - 1405 . SIT BORING FOREMAN

At ft, efter Hours Hammer Fall 24" 10" 1NSPECTOR

LOCATION OF SORING:

Sample Type Sohler Field identification of Soll. SAMPLEC se Romerks (incl. color, loss of weeh water,
Depths of

, Fr To OW
No. Pen Re*** * 0**EI' *

foot O6 6-12 12 18 18 24 Elev.

1 1R" R3" 'IbrmoilO'-1'6" ss 2 4 5
l'6

san. silt sme fine to coarse
Br

\ #

d, little fine gravel.

c; ' _6 ' g a en 17 9 8 Gray br. sand, sme medium to 2 18" 12

6' coarse sand, sme fine gravel,
\ little medium to coarse gravel
\little silt, few cobbles,

l in' tisca SS 13 11 13 Br. fine to medium sand, 3 18" 1C

11' little coarse sand.
Gray br. fine to coarse sand
and fine to coarse gravel,

'

15'-16'6" SS 28 32 75 4 18" E

20'-21'6" SS 5 18" (

25'-26'6" SS 31 50 48 6 18" 1(

30'-31'6" SS 39 58 60 7 18" l

|

|

2n'asina ne n, vi vn g in., .

1R' / Gray br. fine sand, trace mLd-
ium sand, little fine to coarse -

40'-41'6" SS 26 50 52 grwni +.rnco nr <-i i t- 9 18"

Blow Counts for CleY Granular Meterials

0 2 Very soft 9 15 Stiff 0 4 Very loose 30 50 Compact

2 4 Sof 15 30 Very stiff 4 10 Loose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used: trace = 0 10% some = 20 36% and - 35 50%



5

2 3-.

SHEET op

TOWN Wam, M LOCATION GOOdnough Dike

PROJECT NAME Ouabbin Reservoir Dam HOLE NO. B-8

LINE & STA. 21 + 80:,

| PROJECT NO. 12 092 ""'

BRIGGS
CROUNO WATER OSSERVATIONS CASINO SAMPLE R CORE BAR. SURFACE ELEV. 493

Type HW SS D ATE START: 6-4-81

At ft. efter Hours Site 1.0. 4" 1 3/8" DATE FINISH 6-10-81

Hammer Wt. 300# 140# slT BORINO FOREMAN S E N dGl1
At ft. efter Hours Hammer Fall 24" 30" INSPECTOR

LOCATION OF BORING:

'" Fleid identiflation of Soll. SAMPLEgf* Sample Type on Se cler C
Depths of Romerke (incl. color, loss of meh water,

NFrorn To Sempk '"'"' No. Pen R'
'

f t o6 6 12 12 1 15 24 .

(

as'-46'6" Rg ?; 19 ;; 10 18" 9

|

11 60" 209' stnnngg' gg' gg

53'
Gray br. fine to nodium sand,
trace coarse sand,little gra- 12 18" 9nne nc'c" se la 9c la

trace silt.

s9'

- Gray br. fine sand, trace med- 11 1R" C
! 50' El'5" c? 21 " "

ittu to coarse sand, trace silt -

little gravel.

65'-66'6" SS 11 22 26 14 18" 11

7n'-71'6" R9 ?n 11 19 15 18" 1:

7d'1"I4' ur. 11ne sand, little meditan

\ to coarse sand, little gravel, 343 jgu j-
76'_77'ga gg 3n inn 71

ilittle silt, scme enhhinn- jgn
Gray fine to coarse sand, sanc

bles, trace of' gravel few cob-
fine to coarse

silt.

Blow Counts for Clay Granular Meterials

0 2 Very soft 9 15 Stiff 0 4 Veryloose 30 50 Compact

2 4 Soft 15 30 Very stiff 4 10 Loose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used: trace = 0 10% some = 20 36% and = 35 50%



5

, SHEET 1 OF 1
GOOdnOugh Dike

| TOWN tah m . MA LOCATION
HOLE NO. B-8

PROJECT NAME
rhuhh4 n Doenet e n ,,,,

LINE & STA. 21 + 80
f -12,092 "'"PROJECT NO.

BRIGGS'

d41 1CASING SAMPLER COREBAR. SURFACE ELEV.
CROUND WATER OSSERVATIONS A-a Al |

Type HW E9 D ATE START:
'

n-lO-R1
At ft. efter _ Hours Size 1.0. d" I 1/A" DATE FINISH

Hammer wt. 1001 1 dos BIT SORING FOREMAN R_ Drmcdol1

At it. efter Houre Hammer Fall ?d" 10" INSPECTOR

LOCATION OF SORING:

Fleid Identification of Soll. SAMPLE
semple Type n s.Epg* C RMs N. cow, b of we uter,, Depths of To Oopth ' No. Pen RaFrom *,
0"* * **8I'

foot O6 6 12 12 18 18 24 Elev.

17 18" 9"
80'-81'6" SS 76 56 105

Al'R"
Roller bit refusal at 83'8"

Piezczneter set at 80'

Grenular MeterialsBlow Counts for Clay

0 2 Very soft 9 15 Stiff 04 Very loose 30 50 Compact

2 4 Soft 15 30 Very stiff 4 10 Loose 50- Very compact

5 8 Medium 30 - Hard 10 30 Medium or Firm

Proportion used: trace = 0 10% some = 20 36% and = 35 50%
u



w

sHeat 1 OF 3
'E LOCATION GOOdnough Dike

,
TOWN

. pMO;sCT NAME Onnhhin Reservoir n;am HOLE NO. B-9'
-

UNE a sTA. 21 + 80j
PROJECT NO. 12,092

,,,,,7

BRIGGS .

1
CASING SAMPLER CORE BAR. SURFACE ELEV. AMTROUNO WATER OSSERVATIONs

i

'

| Type IM SS OATE START: 6-8""81

At ft. efter Hours Size 1.0. 4" 1 3/8" DATE FINISH 6-12-81j
Hemmw Wt. 300# 140# slT BORING FOREMAN S. Ramsdell

At ft, efter Hours Hammer Fall 24" 30" INSFECTOR

LOCATION OF BORING:

8Casing Field Identification of Soll. SAMPLESemple Type Samplw CBlows e (Ind. cob, h of M ww.Oopths of
P'' From Depth

From - To Sample esame in W, me.)
No. Pen Roc

j foot 06 6 12 12 18 18-24 Elev.

1 18" 8"
1 (} ,, [IDPsoilO'-l'6" SS 2 2 3

light br silt, little fine to
\ m rno na.nci-
3 ray fine to coarse sand, littl o

2 1R" 12"5'-6'6" SS 6 6 10 fine to coarse gravel, occ.
:obbles.

I 10'-11'6" SS 16 15 16 1 1R" 16"

|

15'-16'6" SS 10 12 14 4 18" 9"

17'
1 3 ray fine to coarse sand, scme

fine to coarse gravel, occ.
20'-21'6" SS 17 17 8 :obbles. Trace of silt. 5 18" 7"

25'-26'6" SS 21 11 16 6 1A" 7"

30'-11'6" SS 55 1R 21 7 1R" 7"

|

|
i

35'-36'6" SS 7 7 8 R 1R" 4"
;

1
|

| 40'-41'6" SS 19 17 15 9 1R" O

Blow Counts for Clay Grenular Meterials

0 2 Very soft 9 15 Stiff 0- 4 Very loose 30 50 Compact ;

2 4 Soft 15 30 Very stiff 4 10 Loose 50- Very compact 1

5 8 Medium 30- Hard 10 30 Medium or Firm I
1

Pr: portion used: trece = 0 10% some = 20 36% and = 35 50% !
I

_ _ _ _ .



..

SHEET 2 Or 3

tom Wam M LOCATION Goodnouah Dike

PROJECT NAME Cuabbin Reservoir nun
HOLE N'O. _ B-9

'

4

LINE & STA. 21 + 80
k PROJECT NO. 12.092 ""'
BRIGGS

CAslNO SAMPLE R COREBAR. SURFACE ELEV.cROuMo wATsR OeSERVATIONs b'O~O1
Type IM RS D ATE START:

6-12-81
At ft. efter Hours Site 1.D. 4" 1 3/R" DATE FINISH

S. RamSdell__
Hemmer wi. 3005 1408 elT BORING FOREMAN

At it, efter Hours Hemmer Fell 24" 10" INSPECTOR

LOCATION OF BORING:

! esom per 6" StreteCa.ine F!ald Identification of Soll. SAMPLESemple Type on Semple' Changegrom
Depths of R e find. cow, less of me uter,

per From To Depth
From To Semple '" **' No. Pen Rei*

foot 06 6 12 12 10 18 24 Eiew.

|

45'-46'6" RR 4R 11 24 10 1R" 12

! 48'
.

50'-51'6" SS 21 19 18 Gray fine to coarse sand, 11 18" 11

a sm.am grav ,51'6"

Gray br. fine sand, little
.

55'-56'6" SS 15 14 32 medium to coarse sand in lay- 12 18" 10
|

__
ers, trace silt.

57'6"

nn'-61'6" RR 17 ?n ?? Gray br. fine sand, tr. silt il 1R" in

62'

|
,

65'-66'6" SS 24 18 16 Gray br. Very fine sand, 14 18" 11

trace silt.

67'6"

70'-7186" ss 14 21 la Gray br. silt, trace fine sand 15 1R" 19

71'
Gray fine to coarse sand, lit-

| tle fine to coarse gravel, {
trace silt, occ. cobbles.

75'-76'6" SS 15 24 33 16 1R" r

-

RO'-R1'6" SS 29 74 12 17 1R" (

Blow Counts for Clay Granular Meterlate

0 2 Very soft 9 15 Stiff 0 4 Very loose 30 50 Compact

2 4 Soft 15 30 Very stiff 4 10 Loose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used; trace = 0 10% some = 20 36% and = 35 50%



- -

SHEET 3 OP 3

.
TOWN tda m _ MA LOCATION GOOdDOugh Dike

, PROJECT NAMg Onnhhin Reservoir Dam HOLE NO. B-9'

UNE & STA. 21 + 80
PROJECT NO. 12,092 "'"

BRIGGS
CIOUNO WATER OesERVATIONg CA5INO SAMPLER COREBAR. SURF ACE ELEV. $.13

6-0~01
Type IM SS OATE START:

6-12-81At ft. efter Hours SlasI.D. 4" 1 3/8" DATE FINISH
S. Ramsdell

Hemmer wt. 300# 1408 slT BORING FOREMAN

At it. efter Hours Hemmer Fall 24" 30" INSPECTOR

LOCATION OF SORING:

'" Fleid Identifiution of Soll. SAMPLESample Type on Sempler C Romerke (inct color, loss of weeh veter,Depths of
Fr To D h

From To Sample ,,,,, g, ,,,g , ,,,,3 p p
f t _

1

85'-86'6" SS 27 30 32 1R 1R" 8"

|

90'-91'6" SS 69 57 43 19 18" 8"

91'6"
EDB 91'6"
Piezcmeter #18 set at 57'

|
|

|

Blow Counts for Cley Granuler Meteriale

0 2 Very soft 9 15 Stiff 0 4 Very loose 30 50 Compact

2 4 Soft 15 30 Very stiff 4 10 Loose 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportien used: trece = 0- 10% some = 20 36% and = 35 50%

_ _ _ 1



-a
SHEET 1 OP 1

TOWN Ware. M LOCATION j

O *

PROJECT NAME LINE & STA,
| PROJECT NO, 12.092 OpFsET int r, + nr run

BRIGGS
~

|
|

CASINO SAMPLER CORE BAR. SURF ACE ELEV.
'

CROUNO WATER OesERVATIONg

Type DATE START fi-11:
bl l **

At ft. after Houre Slfe 1.0. DATE FINISH

Hemmer W1. BIT BORING FOREMAN

At it. efter Hours Hemmer Fell INSPECTOR

LOCATION OF SORING:

"# *
Field Identification of Soll. SAMPLEsemple Type on Sempler C

Dept hs of Romerts (lace. soler, loss of weeh vuoter,,

N
F rom - To Sample ''

N o. Pen Roc'

f 1 O8 6 12 12 18 18 24 .

No sanples taken
4" casing to 30'
Revert ital hole to 75'

|
|,

1
|

Piezateter e 73.0'
| 75.0 ..

Thi of Doring 9 75.0'
|

Blow Counts for Clay Grenuler Motoriel:

0 2 Very soft 9 15 Stiff 04 Very loose 30 50 Compact

2 4 Soft 15 30 Very stiff 4 10 Looes 50- Very compact

5 8 Medium 30- Hard 10 30 Medium or Firm

Proportion used: trece = 0 10% some = 20 36% and = 35 50%
_ _ _ _ _ _ . _ _ _ _ _ . _ . _ .
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APPENDIX C

LABORATORY TEST RESULTS
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Cm g1Eisg2)7MASSAClfdSETTS

LABORATORY TESTING DATA SUMMARY R:. view:d by
/ DLt3

Prij:Cf N 3. 2801 Proj:Ct Engr. RW Assign 2d By RW Dcta Assigned Required

IDENTIFICATION TESTS STRENGTH TESTS CONSOL.*o 'm - Water Sieve Hyd Gs Failure a-as Stroeny ne er c5. , s

$ Content -200 -2E . " d E] Of Criteria C andor a or TM$ $$ f t. *g 84 84 */o
, Soil OescriptionE'f E$ w pst psf % **

B1 Ul i o 1 Average Total Unit Weight (30.0-31.l') = 124.5 pcf
30.0- yellow. brown and grey

26.931.1 98.1 fine SAND, little Silt
trace organics.,

Few layers 1/2-1"
thick of yellow brown
Clayey Silt or Silt
of non to slight plas-
ticity, comprising
lo t of total sample.

p em

e4 0.74
Used G =2.74s

;-4 us
>>C
cp E

gygEE 3 5 18
; tic 56 3 Grey SILT and finep

7m SAND (non-plastic)4C
EO
cp ri

IU F
3>

(D

-1
! fri
' (A
t -i

(A

COLD 8 ERG-ZOINO & ASSOCIATES. INC.
---.-....,..,-.....--.-,r.. ,.n............ a n ne ..m.., - 6

, , , ,

_ _ _ .--_0



BELCHERTOWN, MASSACHUSETTS

LABORATORY TESTING DATA SUMMARY R view:d by
*

Det3
Prej:Cf N 2. 2801 Proj:Cf Engr. RW Assignsd By RW Date Assigned Required

O6 IDENTIFIC ATION TESTS STRENGTH TESTS CONSOL.o2* Laborofory Logo 'm - water Sieve Hyd G ;, Torvone a or ag Foilure v-F3 Straing a$. k Content 200 2pM$ $$.
*E d E C- Of Criteria C andE or g ,, 7% % pcf gg F Soil Descripfionf t. jg ey, g cy, y ,y ,,, ,,, g eo

46.0-
B1 U4 48.0 2 Average Total Unit Weight (46. 0-47. 8 ' ) =123. 5 pcf

46.7- Yellow-brow fhe
46.0 31.1 30 24 SAND, little Silt,

47.0 trace organics.
47.1 2.76

Few layers 1/2"-l 1/2"46 28.0 96.5 thick of yellow-browng

Silt & Clay of low
plasticity comprising
15%+ of total sample

~ ~

e% 0.78
- -

56.
- SS10 19 46 35 Grey fine SAND and
rEm> SILT (non-plastic)

3
'2<C
EO
(D 71
m g-
2>

(D

-1
m
to
-1
(o

GOLOSERG-ZOINO & ASSOCIATES. INC.
-.. . . . - . - . . . . . ....-...n.... . . . . . - - * * " ' ' * ' ' " ''

- ___ ________ ______ ___ ________ _ _ _ .____ ~



BELCHERTOWN, MASSACHUSETTS
I LABORATORY TESTING DATA SUMMARY Reviewed by '

l
Dcta

| Prrj:CfNo. 2801 Prcj:Ct Engr. RW AssignId By RW D te Assigned Required

Oo IDENTIFICATION TESTS STRENGTH TESTS CONSOL.
* I 8b*f888 F Leg.; Water Sieve Hyd G |, , Torvone a oc F Failure ag - a3 Straing g* d o Criteria C **$ Content -200 -2p ; ,, yg g ,, 7yy .ez we z f t. ,, g g g g a- * Te e, pet psf % 00

B1 UP6 64
60 4 Average Total Unit Weight (64.0-65.8')=128.8 pcf

64 g g gg
1 25.6 Sand, (non-plastic)

64.6 26.4
1

65.1- Non
. 55 3 2.7465.3 Pla stic

; 65.3 23.7

65 3-85.8 23.9 105.0 CIU &= (Stress cont-rolled triarial
3989 Test

64.0- F= (Reconstituted Stress C:)ntrol-65.8 57 93 5 _

3989 led "riaxia L Test )CIU
64.0- 6.7 97.7 #* " " " "

65.8 CIU 3999

6bb55 8 7.5 100.9 cIU " " " "

i

_

-4 un
>c
mE
1rEmy
2 3

iC
;EO
, to *TI
4 m r-
i2>

m
-1
m
us
-1
un

GOLDeERG-ZOINO & ASSOCIATES,INC.
----.. . . . - . . . . , ... . .mer..-,,, y ,

_ _ _ _ - . _ _ _ _ - - _ _ - _ _ - . _ _ _ _ _ _ _ _ _ .



, _ _ _

EELCHERTOWN, MASSACIIUSETTS

LABORATORY TESTING DATA SUMMARY R; viewed by

Dt:t]
. Pra):Cf N3. 2801 Proj:Ct Engr. RW Assigned By RW Date Assigned Required

P4 ID ENTI FIC ATION TESTS STRENGTH TESTS CONSOL.oz
* I ._

Failure Laborotory Logo* Water Sieve Hyd G ;, Torvono a or o a-as Stroins$. c g
Yo e- or$ Content -200 2/4 ,, y Criterio C ande

E . "
,, rM$ $$ f t. jg ey, o4 c/o

P, , , , , , , , , , , , , , , ,PC' E$ D'I PSI N eT

B1 UP7 74.0- 5
76.0 Average Total Unit weight (74.0-75.6') 123.6 pcf=

74 Brown Clayey SILP,
25.76 trace fine Sand, over-

74.1 22.1 all slight plast.icity

74.6 27.2
74.6-

74.9 Save

74. ( 17 28 25 93 16
75.1 26.3

g[{[O $3 10050 6.9h6 25.2 97.8 CIU

SSl4 76.O- 20 Non--
77.5 Plantic 84 11 Grey SILT, little

fine Sand, (non-plas-
tic)

-1 (n
>C
CD E
t' Em>
Z 3

4C
EO
CD 71
(71 g-
2>

CD

-1
ITI
(n
-1
(n

GOLDSERG-ZOINO & ASSOCIATES,INC.
,,_ ,, .-n-..... - -

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ - _ _ _ _ .



__. .

g

LABORATORY TESTING DATA SUMMARY Revi:wed by
D;t3

Pr j;ct No. 2801 Prej:ct Engr. RW AssignId By RW Data Assign;d Required

Od IDENTIFIC ATION TESTS STRENGTH TESTS CONSOL.oz
* I 'm - Water Sieve Hyd G , Laboratory LogTorvone a or d Foilure Es - as Strain

*

fg c e" Criteria C dg Content 200 2p (: Type Seil Description
,, y ,, 7

eZ in Z f f- _a 3 */o */o */, at a Tes, pet psf % 8

B1 UP8 S4 60
Yellow-brown SILT,85.0- 26.785.5 96.5 (e S D.78', used G =2.75 ) little fine Sand3

@ 84.3' change to-

Yellow-brown SILT or
Clayey SILT of non to
slight plasticity

@ 84.6' change to-

Grey fine SAND, some
Silt, trace Organics

@ 85.0' change t.o_

Grey SILT, little (+J
fine Sand, trace Org3-
nics

'

@ 85.5' change to-' s

Yellow-brosn SIL'T,
little fine Sand

Note: Void in sample

,1 y 9 84.5' depth
mE
E' Em>
z2

4C
90.0- Non-EO SS17m n' 91.5 21 Plas tic 74 6 2.76

m r- Grey SILT, some fine
2> Sand, non-plasticm

-1
m
us

'

-t
us

GOLD 8 ERG-ZOINO & ASSOCIATES INC.
.._ , _ _ , _ . - - . . . . ana-..a." e a

_, ,

_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _



BELCHERTOWN, MASSACHUSETTS

LABORATORY TESTING DATA SUMMARY Redewed by '

Dcta
Pr: Ject No. 2801 Prej;ct Engr. RW Assigned By RW Dote Assigned Required

O6 IDENTIFIC ATION TESTS STRENGTH TESTS CONSOL.o2
Leborctory Leg* 2 Torvone ag or a- Foilure*o; Water Sieve Hyd G , a-as Strainsg

fg E Content -200 2p or a" d o Cederio C ,,,
g . g, 7

y , S oil CescriptioneE es Z II. ag ey, g cy, ao Te s, pet psf % *

97[OD1 UP10 7 Average Total Unit Weight (97.0-98.3')=117.3 pcf Grey SILT, trace fine
'

97.1 31.3 Sand (non-plastic)
- 97.2-

gg,o 35.5 34 34 96 8

97${04 Save

97.6 34.0 e s 0.98

98.1 41.4 used Gs = 2.74
W (AVG)= 35.5%
- -

9SS18 22 77 4 2.77
5 Grey SILT, some fine

Sand, (non-plastic)

,-A us
>C
(D E
rI
M>
Z 2

4C
EO
cp r:

m r
3>

CD

-1
m
us
-t
U3

s

GOLDSERG-ZO4NO & ASSOCIATES,INC.
__, ,, .---.... - -



'ELCHERTOWN, MASSACHUSETTSC

LABORATORY TESTING DATA SUMMARY Reviewed by

D ~ta
Prcj:CfNo. 2801 Prej:Ct Engr. RW Assigned Cy RW Date Assigned Required

O6 IDENTIFIC ATION TESTS STRENGTH TESTS CONSOL.oz
o I _

Foilure Leberetary Lego- water Sieve Hyd G Torvone ag or ag*
a-a3 Strain, s" d o Criteria U endg g Content 200 2p ( ,, g ort-yp. S eil Descriptionaz ez f t. ag og e4 e4 o. o y.., psf psf %

107.0-
B1 UPil 109.C 8 Average Total Unit Weight (107. 0-108. 4 ' ) =122. 7 pcf Grey brown SILT, trace10

g 30.6 94.0 fine Sand, trace Orga-
107.9- nics

108.0 2 74

- -

e% 0.82
_. _.,

.

fi[5 p ) ic Grey S M , s m U neSS21 70 .323
Sand, (non-plastic)..

,

'

_

-
,

,
-

j,-' '<

#

SS25 134.0- Non- 94 g ~-

134.5 24 Plastic' Grey SILT, tpacg finc-
Sand, (non-plastic}- .

. .
,

-t (n
DC
(D E

15hE SS30 g 25 47
Grey fine to medium

2m4 SAND and SILT, traceC
EO fine Gravel
cp r

'

m r-
2 b -

(D

-1
m
(n
-i
(n

GOLD 8 ERG.ZOINO & ASSOCIATES,INC. . >

. . . - . - . ... -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _
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BELCHERTOWN, MASSACHUSETTS .

RGin: wad by ___'LABORATORY TESTING DATA SUMMARY
, ,

- Dote ~'

~

Project No. 2801 Project Engr. RW Assigned By RW Date Assigned Required

Oo IDENTIFIC ATION TESTS STRENGTH TESTS CONSOL.
oz Laboratory Log
o- water Sieve Hyd G Tor vone a or F Foilu r e Es - 03 Stroin* -. *

m g C

f d o CrHerio C*
Content 200 2 ;_ ,, g ,, 7 So1 Descriptiong g , .

az en z f f. y, y, y, a* Test psf psf To O
, , ,

5.0-B2 SS2 26 13
5.7 1- Grey fine to coarse

SAND and fine to
coarse Gravel, little
SILT

27 17SS6 25 5 Grey fractured GRAVEL,
and fine to coarse
Sand, little Silt

44.0- -SS10 28 14 Grey fine to medium45.5
SAND, little Silt

5 |SS13 29 22 gg gggg m
(-) Silt

1

-4 u)
DC

.
I(D E

rg SS17 79.0- 30 12 Grey fine to coarse jmp 80.5
SAND and fine GRAVEL,

z2
c little (-) Silt4

EO
(D 1
m f-
k>

ED

-1
m
u)
-t I

u)

GOLDBERG-ZOINO & ASSOCIATES,INC.
.---..-. ,

- - -

_ _ _ _ . _ _ _ _ .



UEstaDifCM,N

LABORATORY TESTING DATA SUMMARY Reviewed by

D:t3
Pr j:Cf N2. 2801 Prej;Ct Engr. RW A: sign 2d Cy RW D;t2 A: signed Required

&6 ID ENTI FIC ATION TESTS STRENGTH TESTS CONSOL.oZ
o 2 Leberatory Lego- Water Sieve Hyd G Torvone a or o_ Foilure Fa - 83 S tre a.n

*
, c c

h'
Content -200 -2 ,, a Criteria C ,,,d og g ,, 7

,p. Seil DeecriptionaZ vn Z f t. ag 84 84 c4 a. o y , ,, paf psf % 8

B3 S7 30.0- 52 11.2 931.5
Light brown fine to
coarse SAND, some fine
Gravel, trace (+) Silt

S14 g 53 7.7 12
Brown, fine to coarse
SAND and GRAVEL, lit-
tle Silt

-1 m
>C
(D E
rg
m>
2 34C
EO
CD rl
frir-
'2>

(D

-1
m
us
-1
vs

GOLD 8 ERG-ZOINO & ASSOCIATES,INC.
- - - . . . . , . . . - . .,,e,..,.., , , , . . . . . . . . . . . . .,,nr.,n,y e ,

,, ,

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



~

~ lELCIIERTOWN, MASSACliUSETTS

LABORATORY TESTING DATA SUMMARY Reviewed by
DLt2

Prcj:ct N3. 2801 Prcj:Ct Engr. RW AssignId By RW Dcte Assigned Required

Ed IDENTIFICATION TESTS STRENGTH TESTS CONSOL.o2* --

Foilure Laborotory Loga o *- Water Sieve Hyd G |, , Tonone og or og a - a3 Strains
Ya

s ._7
5- E . 'I h* Con tent 200 -2p

or c,iterio c ,,g
,, y o, r

M$ $$ f t. *g e4 e4 cy,
% % PCI E* psf psf *4 08

.

PP ,

T

B4 UPl 31 95 Average Total Unit Weight (31.5-32.5')=124.0 pcf
Yellow-brown, fine

31.5- 20.4 103.0 SAND, little (+) Silt32.5

-. -

e% 0.66
used Gs" 2 74

.-. -

30.0- Non-SS7 31.6 32 Plar tic 45 2
Brown, fine SAND and
SILT (non-plastic)

-t M
>C
G) E
rEm>
2 2iC
EO
a) 1
A- f
2>

G)

-1
m
m
H

1=

COLDBERG-ZOINO & ASSOCIATES,INC.
. .. .m., . . - . - . . . . . . . . . . . . , * N a ' " "' r* *

* -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



TELCHERTOWN, MASSACHUSETTS
LABORATORY TESTING DATA SUMMARY R viewed by

D:t3
Pr:j:Cf N 3. 2801 Proj:Cf Engr. RW Assignsd By RW Data Assigned R:quircd

O6 ID ENTI FIC ATION TESTS STRENGTH TESTS CONSOL.oz
_

Foilure Laboratory Leg* 2 'm - Water Sieve Hyd G ,
* Torvone a or a a-a3 S trainsc c

h
'

fg d o Criterio C ,,," Content -200 -2p ; ,, a ,, 7g y p. S oil Descriptiony
eZ mZ f f- a3 % % % ao y., psf psf % 8

48[fB4 UP3 11 Average Total Unit Weight (48. 0-49. 8' ) =125. 0 pcf
e ow r wn sm,

48.0-
21.6 102.8 fine Sand with layers49.8

1/4-1 1/2" thick of48.6 42.1 40 28
yellow-brown CLAY &
SILT of medium plasti-
city comprising 10 Q
of sample

ie s =0.66
|used Gs = 2.74

5 O hya[SSil i 33 ; tic 88 7 Grey SILT, little (-)
fine Sand (non-plastic)

-i un
>c
ID E
rE
FI >
2 34C
EO
CD 71
m r
2>

CD

d t
DI
Us
-t
un

COLOSERG-ZOINO & ASSOCIATES. INC.
- - . - - - . anne..n.o - n ,,, ,



BELCHERTOWN, MASSACIIUSETTS
RaiW h -

D:t3
Prej:ct N2. 2801 Proj Ct Engr. RW Assign;d By RW Date Assigned Required

Od IDENTIFIC ATION TESTS STRENGTH TESTS cONSOL.oZ
Leberstery Log* 2 ;, Torvone og or og Foilureo* Water Sieve Hyd G. Yd E -j n, g n, 7 Sei Deecription

a-as Stro.ms5. s .
Depth 55 " "' or Criterio Ce

,,,
content -200 -2p$E $E f t. 3 % % % T per psf % eo% % f ' **

foOB4 UP4 12 Average Total Unit Weight (58.0-59.4')=128.5 pcf
Yellow-brown SILT,

5 21.1 106.1 some (-) fine Sand,

58.9- # "" *
2.7659.0

e% .62

-i m
DC
WE
rE

.

mp
32<C

EO
CD 71
m r"
2 b

(D

-1
m
m
-i
(n

COLD 8 ERG-ZOINO & ASSOCIA1ES,INC.
, ,,,, _ ,

_ _ _ _ _ _ _ _ _



' ~~

BELCHERTOWN, MASSACIIUSETTS
.

LABORATORY TESTING DATA SUMMARY Reviewed by

D:t3
Pr j:Cf N 2. 2801 Proj2Ct Engr. RW AstignId By RW Data Assigned Required

m6 IDENTIFICATION TESTS STRENGTH TESTS CONSOL.3z
am 3 Laboratory Logo- Water Sieve Hyd G E* I*" 8 "' # Foilure,,'# a - a3 StrainCO C sk. *

E .
Depth LL PL 8

Criterio C andd Eg or
-200 -2 g or 7ME E$ f t. ]g of, c4 of,

Soil DescriptionPCI E$ psf psf "4 08

B4 UP6 7 148 0 Averate Total Unit weight (78. 0-79. 9 ' ) = 124.2 pcf
78.1 20.1 Brown Clayey SILT,

trace fine Sand,
78.1- 26.3 97.7 ** 6/3s 5492 6.2 slight plasticity78.6 N 4000 max
7 ~

27 25 92 148
78.9-
79.4 29.5 94.2 'CIU

og . Stress Contr alled
2900 Triaxiz 1 Tes t-

78 97 "3900 C$nES5!;kN khi!x5SE* Test93 7.5 93.8 CIU
7

g 23.8

8 o-SSIB gj 6 34 29 28 91 8 Grey Clayey SILT,
trace fine Sand, over-
all slight plasticity.
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rEm>
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EELCHERTOWN, MASSACHUSETTS
LABORATORY TESTING DATA SUMMARY R viewed by

D t3
Pr:j:Cf N r. 2801 Project Engr. RW Assignsd By RW Dste Assign d Requir:d

O6 IDENTIFICATION TESTS STRENGTH TESTS CONSOL.oZ Laboratory Logo 2 o- water Sieve Hyd G ;, Tonone a or a Foilur e a - a3 Strainsc g

fg ,E g
'' d o Criteria C end

Content -200 2p ; or g o, 7 S oil Descriptiony,,
aZ mZ f t. ag c/o */o */o a. a y , ,, psf psf % 0

B4 UP7 88 15 Average Total Unit Weight (88.0-89.8')=124.0 pcf Yellow-grey SILT, lit-

28.4 96.6 tle fine Sand, trace
Organics. One pocket
of grey fine Sand,
trace SILT noted 988.9'

- depth comprising <5s
of total sample

e ~ 0.77

used Gs = 2.74

-1 (n
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rEmy
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BELCHERTOWN, MASSACHUSETTS
LABORATORY TESTING DATA SUMMARY R; view:d by

Dita
Pr:j:Cf N r. 2801 PrcieCt Engr. RW ASsignsd By RW Dste AssignId Rcquircd ;

)

*6 IDENTIFICATION TESTS STRENGTH TESTS CONSOL.Ez Laborofory Log
am 2 Ts - water Sieve Hyd G* Y

;, Torvone a or F Foilure a-E3 Strainsc eI. Of Criteria andE . 'I' h Content -200 2p
L' L d E] o, g or T S oil DeecriptionS$ $$ f t. *g og 4 4
% Vo pcf ga ,,, ,,, o4 to

Af$30
0B4 UP9 17 Average Total Unit Weight (110.0-111.3')=122.3 pcf

Yellow-brown SILT,
110.0-

22.4 99.9 trace fine Sand, trace111.3
Organics

@ 110.5' change to-

Yellow-brown and grey
SILT and fine Sand,
trace Organics

G 110.0' change to-

Yellow-brown SILT,
trace fine Sand

e% 0.71
used Gs = 2.74

-t (n
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BELCHERTOWN, MASSACHUSETTS

LABORATORY TESTING DATA SUMMARY Rcvi;w:d by
D"t3 |

Pr:j:ct N2. 2801 Project Engr. RW Assigntd By RW Dcte Assign:d Rsquircd

Od IDENTIFIC ATION TESTS STRENGTH TESTS CONSOL.
* '''''I '8* I Torvane a or F Foilure*; water Sieve Hyd G , r - a3 Strainc c e

d o Criteria C and$ Content -200 2 ;_ ,, yg g ,, 7,.az ez f t. ag og o4 a4 ** Te s, psf pet *4 to

120.0-B4 UPll 122.0 31 Average Total Unit weight (120.0-121.1')=120.2 pcf Yellow-brown SILT,
120.0- trace fine Sand with
121.1 19.6 100.5

two 1 1/2" thick layers
of grey fine Sand,
little Silt comprising
35-40% of sample

@ 120.7' change to-

Yellow-brown SILT with
thin layers of (1/32 -
1/4") of grey fine
Sand comprising 15-20%
of total

e%= 0.70
used Gs= 2.74

I -i m
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(D E
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. . . . - - . , - . . . - . . . - - , - . . - - . . . . . . . . . . . . e nnr ..n.v r- ,

,. -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _



~

QUA${ DIN RESERVOIR
BELCHERTOWN, MASSACHUSETTS LABORATORY TESTING DATA SUMMARY Rcviewed by

D"t3
Prcj:Cf N3. 2801 RW RWProj:Ct Engr. Assignsd By Dgte Assigned Required

Od IDENTIFIC ATION TESTS STRENGTH TESTS CONSOL.oz
* I

s
. Laboratory Log~ -

FailureWater Sieve Hyd G*
e', , Torvone &cor og~ a-as Strain$.

E$ $$-
'E' $ Content 200 2p

0 Criterio C g
E d [ ._~ ,',i

,
or g e, 7% Y' pcf gg psf psf % 'O

Soil Descriptionf t. jg of, of, of, Te s,

I!!s $$a$
oB4 SS27 39 tic 81 6 Yellow-brown SILT,

little (+) fine Sand

SS31 155.0- 40 41 Yellow-brown, fine to156.5
medium SAND and SILT
(non-plastic)

.

0

1

-

3> c
CD E
- rg
m j>1

. z 23
i; C

EO<

: m 71
N I~i

g 3>
UI
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m
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-1
u)

GOLDSERG-ZOINO 4 ASSOCIATES,INC.
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BELCHERTOWN, MASSACHUSETTS
Rcv';wed byLABORATORY TESTING DATA SUMMARY i

DEt3
Pre):Cf N 3. 2801 Project Engr. RW Assign 2d By RW Date Assigned Required

*6 ID ENTI FIC ATION TESTS STRENGTH TESTS CONSOL.o2
o 2 -

Failure Laborotory Logo- Water Sieve Hyd G |, , Torvone a of #c
.

fd a-73 Streinc s* d o Criteria C and-

d Content -200 -2p ;_ or g or ry,, S oil DescriptionaZ mz f t. ;g ey, cy, of, c. o y,,, psf psf % 0

SifsB5 SS7 35 33 1 Brown, fine SAND, some
(+) Silt

4fg05B5 SS10 42 12.9 19
y, - Grey fine to medium

6.6 109.3 CIU 20U2 7331 1.2x SAND, little (+) Silt
6.3 109.7 CIU 60b5 y 14995 2.4

6.6 99.4 CIU 4* 9''s 1030 0.5
2nn? max

6IOS6.6 99.4 CIU max 3142 2.2

-4 CD
DC
G3 E
rE
m>

2<7<C
EO
G3 ~71

> m r-
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G3

=A
m
in
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BELCHERTOWN, MASSACHUSETTS

LABORATORY TESTING DATA SUMMARY
Dcte2801 RW RWPrCj:Cf N3. Project Engr. Assign 2d By Data AssignId Required

56 ID ENTI FIC ATION TESTS STRENGTH TESTS CONSOL.oZ* Laboratory Log* 'm - Water Sieve Hyd G* Y cor acTonone a Foilure*
a - a3 S tro e.ns=-

$- $* Content 200 -2p
m' $ $$.

'' andd E C- Or Criterio OCE or a or T
!' ' PCI E$ psf psf % 00

, S oil Descriptionf t. 'g of, of, of, y, ,

h50B5 UPl 43 Average Total Unit Weight (50.0-51.l')-123.0 pcf
g

5 0-
17.9 22 104.3 some (-) Silt

e s 0.64
used Gs = 2.74

.

32 0-SSll 53.5 36 11 <1 Brown fine to medium
SAND, little fine
Gravel, little (-)
Silt

70 0-SS15 71.5 37 28 <1 Brown, fine to medium
SAND, some Silt

I -1 (n
>c
(D E

8h5 S18 86 38 22 <1, Brown fine to medium
z2 SAND, some (-) Silt,c* little fine GravelEO

' to n
.m-
%rb

m
-1
m
(n
-1
(n

COLDBERG-ZOINO & ASSOCIATES,INC.
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QUABBIN RESERVOIR Review:d by
,

BELCHERTOWN, MASSACHUSETTS L ABORATORY TESTING DATA SUMMARY
Data

Prcject No. 2801 Project Engr. RW Assigned By RW Date Assigned Required

ad ID ENTIFIC ATION TESTS STRENGTH TESTS CONSOL.
oz Laborofory Log

Water Sieve Hyd G' 4, Torvane|F or F Failure a-as Stroin* I ~~ s ande c
CDepm 5h$g fg ' ' d criteria ,, 7Cantent 200 2p (:) ,, a

, Type
ez ez f t. ag og o4 e4 a. o y , ,, psf psf *4 o

52.O-
B7 UPl 54.0 44 Average Total Unit Weight (52.0-52.9')=121.4 pcf Yellow-brown SILT or

52.0- 29.6 93.7 Clayey SILT of non to
52.9 slight plasticity with52.5 27,
52.6 few pockets of grey

fine Sand, trace Silt
comprising 15-20% of
sample

e%= 0.83 1
- |

|
|
|

|
1

|

I
1
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cD e
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32 4C
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CD ri
TTI r-
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CD

-1
m
(n
-t
V)

GOLD 8 ERG-ZOINO & ASSOCIATES,INC.
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MELINTJt414M N
BELCHERTOWN, MASSACHUSETTS LABORATORY TESTING DATA SUMMARY Raiew:d by

DGt32801 RWPr:j ct N3. Proj ct Engr. AssignId By Data Assigned Required

Od IDENTIFIC ATION TESTS STRENGTH TESTS CONSOL.oz
* 3 Laborofory LogTorvone &cor O- Foilureo- Water Sieve Hyd G* a-as S t ro e.ns=, c
j {g j3U''" ' "' d criteria c and

[:] 7,',g content 2 -2 or a or r% 3,i, 0,, c rip,,,,p ,mZ mz ag of, c/, o/, c. o Test psf psf %
B7 UP2 45 Average Total Unit weight (62.0-63.9' )=115.1 pcf

Grey-brown Clayey SILT
62.1-
62.6 89.3

- Fe. (Stres s con ;rollod32.8 CIU of slight plasticity,4003 Tria) ial Test)
62.6- with dark grey color

38.1 36 34 94 5 2.6962.8 banding, trace fine
6 35.2 SandReconstitui;ed
62.0- 7.3 2.70 82.8 Ne . Stress con <;rollod
63.9 CIU 4003 Trias ial Test

6go- 7.8 85.4 #
CIU 4$53 " " "

62.0- 7.5 83.5 #* * " " "
63.9 CIU 4003

64 0-B7 S14 65.5 55 91 9
Grey SILT, trace fine
Sand
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BELCHERTOWN, MASSACHUSFTTS LABORATORY TESTING DATA SUMMARY Rwi:wed by

Drt2
Pr j:Cf N s. 2801 RW RWProjCt Engr. Assignsd By Date Assigned Required

O6 IDENTIFIC ATION TESTS STRENGTH TESTS CONSOL.oz
Laboratory Logo 3 Tonane &cor o_ Foitureo- Water Sieve Hyd G =, a-73 Stroinscfd 'E Criterio C and

d Content -200 -2p [. 0, g or T,y p,y,ez in z f t. ;g c4 of, of, n. o y. , psf psf %

hB7 UP3 46 Average Total Unit Weight (72. 0-73. 6' ) =118.1 pcf Yellow-brown and grey
72.0- Non- . 86 4 2.74 86.8 SILT, little fine73.6 36.0 Plas tic

Sand with layers
(1/2-2 3/4") of grey
fine Sand, little Silt

comprising 25 g of
total sample

h 0.9

-1 (A
>C
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rE'm>
Z 3iC
EO
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BELCHERTOWN, MASSACHUSETTS

LABORATORY TESTING DATA SUMMARY R; view _,d by

Dcte
PrejsCt No. 2801 ProjsCt Engr. RW Assign 2d By RW Dcte AssignId Required

Od IDENTIFICATION TESTS STRENGTH TESTS CONSOL.oZ
* I Lot > orator y Logo; Water Sieve Hyd G ;, Torvone &cor a- Failure a-as Stroinss c5. $$ Content -200 -2p Eg or gE . 'P d or Criteria C ,g

o, 7N$ E$ f f. j, % % */o
S oil DescriptionPC E$ psf psf % 08y ,,

92 0-B7 UP5 94,0 47 Average Total Unit weight (92.0-93.3')=119.4 pcf Grey brown SILT, trace92.0-
33.6 89.4 fine Sand, trace Orga-93.3

nics. Few thin layers
(1/8-1" thick) of grey
fine Sand coniprising
10-15% of total sample

-

9eS 0.91
used Gs = 2.74

i
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BELCHERTOWN, MASSACHUSETTS LABORATORY TESTING DATA SUMMARY Rsvi w:d by *

Date
Project No. 2801 Project Engr. RW Assigned By RW Date Assigned Required

ad ID ENTI FIC ATION TESTS STRENGTH TESTS CONSOL.
oz Laboratory Log* Torvone 7 or F Foilure a - a3 Stroin. o- Water Sieve Hyd G,

Yd E ;*f g, g
se* c c and$. h Content -200 -2p or T Soil Description

of CriteriaE . 'E
/* * pcf ga ,,, ,,, g toFPE$ $$ f t. jg of, of, of,

1 $ *s 48 Average Total Unit Weight (102.0-103.1')=121.8 pcf Grey SILT, little fineB7 UP6

lh) #29.9 88 4 93.9 3 8114 7.6 Sand
CIU 4003 x

102.5 28.1 0 102.5' change to-

102.6-
CIU 8807

4fg* Grey Clayey SILT of31.9 29 27 88 7 89.9 max 9800 7.4103.1 slight plasticity,
little fine Sand
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QUABBIN RESERVOIR
BELCHERTOWN, MASSACHUSETTS LABORATORY TESTING DATA SUMMARY R; view:d by

Dcta
Prej:ct N2. 2801 Proj:ct Engr. RW RWAssign:d By Date Assigned Required

O6 IDENTIFIC ATION TESTS STRENGTH TESTS CONSOL.oz
* 2 _

FoHure Fs - a3 Stroin Laborofory Logo- Water Sieve Hyd G " " ' #c r c*m
Yo e ;- ,, yk- E

s
$ Content -200 -2E$ $$.

'' r criterio c ond
,, r% , , , , , , , , , , , , , , ,* PCI E$ D'I P'I *f t. *g e4 og c4 *Test

Afhj"00D~ UP8 50
12L - Grey brown SILT, little

122.5 32.6 90.6 (e % 0.90) fine Sand, trace Orga-
122.7- nics. Few thin layers33.0 89.5 (e s 0.92)123.0 (1/32-1/4") of greylfj3 2.76 fine Sand throughout

comprising <10% of
total sample

. -i (n
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! CD E
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4C
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BELCHERTOWN,. MASSACHUSETTS

LABORATORY TESTING DATA SUMMARY Raiew:d h
| D:t3|

Prej:Cf N 3. 2801 Project Engr. RW Assignsd By RW Date Assigned Required

O6 IDENTIFICATION TESTS STRENGTH TESTS CONSOL.oz
o 2 Laborofory Log~ -

Failure!. , TorvonoWater Sieve Hyd G* Yd [g
a or o~ a-as Stro.mc c sb- E .

Depth g: LL PL 0 Criteria C ,g
Cee -200 2, or a o, 7

| 5$ $$ f t. jg c/o ojg ojo
% To pcf gn ,,, ,,, g to

,, Soil Description

1$$[~oB7 UP9 51
Grey fine SAND, little

133*3
133.5 33.9 87.5 em 0.95 (used G = 2.74) Silt, trace organics

s
5 with few thin layers

l}}33 33.9 78.4 e% 1.18 (used Gs = 2.74) (1/32-1/8") of yellow
brown Silt , comprising
<5% of total

@ 133.5' change to-

Yellow brown SILT,
little fine Sand

Note: from 132.0 to
133.2', sample
disturbed
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G3 E
'r E'm>
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BELCHERTOWN, MASSACHUSETTS
LABORATORY TESTING DATA SUMMARY Rcview^d bY

Dct3
Prej:Cf No. 2801 RW RWPrOjsCt Engr. Assign 2d By Dste Assigned Requirec;

1

, O6 IDENTIFIC ATION TESTS STRENGTH TESTS CONSOL.i o2
i * I Laborofory Log~

m- Water Sieve Hyd G ;, Torvone &cor o Foilure a-as Strainsfg f Content -200 -2p
g" 0 CrHeria andd E ;_' or a or Tg

yp, S oil DescriptionaZ wa f f- ag o4 04 c/o a. o Tes, psf psf %
134.0-B7 S28 135.5 56 92 9

Grey SILT, trace fine
Sand

}$o j $"a557 26.3S29B 47; tic Dark brown fine SAND
and SILT, trace Orga-
nics

I
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QUABBIN RESERVOIR
| BELCHEETOWN, MASSACHUSETTS LABORATORY TESTING DATA SUMMARY Rcview:d by
>

Dcte
Prtj ct N3. 2801 Prcject Engr. RW RWAssigned By Date Assigned Required

*d IDENTIFICATION TESTS STRENGTH TESTS CONSOL.oz
o 2 Laboratory Log;, Torvone a or ac Failureo- Water Sieve Hyd G a-as Strainsc

Yo eg ,, y Criteria c ,g$. hhE - "I or
I Content 200 2 or ra$ $$ f f. jg % % %

IE , , , , , , , , , , , , , , ,PCf {8 peg p,g % to

|- B8 SSil 50 0-
55.0 41 14.9 6

Grey fine to medium
5.6 109.6 F* 4 /Is 7899 1.4 SAND, trace SilteCIU 2002 nax
5.9 110.1 CIU- bbo s .0x 20933

N 2kb2 Ek' 1778 1.4
6.8 99.1

6.7 99.3
CIU h00 inn * 4801 1.6

t
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BELCHERTOWN, MASSACHUSETTS

LABORATORY TESTING DATA SUMMARY Review:d by
D:te

2801 RW RWProject No. Project Engr. Assigned By Date: Assigned Required

h$ *d IDENTIFICATION TESTS STRENGTH TESTS CONSOL.
~

r oZ
_

Failure Laboratory Leg* 2 Tonone &cor omO o- Water Sieve Hyd .G ., r-as Streineg
c ED $. E . Depth jj LL PL 'H' C endg -200 - 2p 55 or a or TrQ EE EE f t. 3 % % % "S psf pst % '''

T Soil Description% % '*' '
T ,bQ

B9 S18 85. Ic; 54 7.4 9k~g g
Grey brown, fine toM E coarse SAND and GRAVEL

E.O
,

trace (+) SiltOQ Cm
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CONSOLIDATION PRESSURE,Fs , psf
0.80 -

l-
F , = 398 psf c _31 = 3989 psf3 : #

Z
9 0.75 -- - - - - - - - - - - - - - - - - - - ---

%
e
_J

@ F3r = 939 psf c eF3i = 3989 psf

0.70 - - - - - - - - - ' - - --- --,

tr
W
F-

k F3t = 2400 psf t = 6 F = 6005 psf, 3
.

|0.65 -- - - - --

Ci

!

O.60 a 3: = 3989 psfFA URE
?
I

O.55
IO 20 40 60 80 00 200 400 600 1000 2000 4000 6000 0000 20000 40000

EFFECTIVE CONFINING PRESSURE AT FAILURE,&se, psf
1

INITIAL NmmS NmmS KN NE = mm
TEST Na SYM BORING DEPTH QUABBIN RESERVOIR DAMS

i na (ft) %N 4 ,ce M 81;,P y.) 5. N SN e. wm Q,
T4.3.1 a el 683 8 23.9 105.0 3989 10080 1.54 96 .60 20.5 10 6.6 BELCHERTOWN, MASSACHUSETTS3 6

[go 3989 10080 3.11 95 .77 25.7 96.5T4.3.2 e el 68Si 5.7 9 3.5 6
SWMW MTT4.3.3 e el Rh 6.7 9 7.76 6MO 3989 7200 1.66 95 .72 25.5 99.4

| T4.3.4 a Bl sks 7.5 100.9 M 6005 7200 1.74 95 .67 25.6 10 2.76

DATE JUNE 1981 FILE 2801
1

j GOLDSERG-ZOINO & ASSOCIATES. INC.

- _ _ - _ __
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, . . . . .. . _ _ _ - . . __

I#C5810f'
B7. S WINSOR DAM, GUA881N RESERVOIR DSN * W!N205

1 CD/150

C). 9 STA 20+00, FULL STRENGTH CCRE, BEST EST PIEZO, STATIC

C2. $ W HADGE

90. t ESA

91. POINT DATA

92. 6 POINT X Y
93, 1 925 120
94 2 S!! 210
95. 3 525 252
96. 4 490 252
97. 5 385 200
90. 6 165 120
99. 7 0 120

100. B 925 65
101. 9 595 85
102. 10 535 230
103. 11 ;85 230

104 12 430 E5
105. 13025
106. 14 541.21 215
107. 100 925 230
100. 101 571.44 230
109. $

110. LINE DATA

111. 1 L!NE ! J SOIL
112. I122
!!3. 2 2 10! 2
!!4 3342
!!5. 4452
11E. 55E2
!!7. 6E72
118. 7893
!!9. 9 5 10 1
120. 9 10 11 1
121. 10 !! 12 !
i22. !! 12 13 2
123. 12 9 12 3
424. 100 100 101 4
:25. 103 101 3 2
25. EJECT

27.
29. S0IL DATA

29. I 124 0 25 10
30. 2 130 0 37 10
31. 3 135 0 40 10
32. 4 62.4 0 .01 10
33. 4

34 PIE 20aETRIC DATA

35. 10 925 230
38. 10 2 560 230
37. 10 3 490 2^0
39. 10 4 385 105
29. 10 5 0 100
40. I
41. NP9E9 Or SL!CES 25

42. 1

43. RMIN TH800GH POINT 14

44. RMAX TA %ENT LINE !!

45. 1

46. EJECT

47.

fB. GRID 1,300.850 2.200,650 3.100,650 4.4



10,
ID.
D'sintsve'
446. THE MINIMUM FACTOR OF SF ETY IS 2.206 FOR Xe 200.00 Ye 900.00 R) 677.24
1 ' lowest'
164 THE LOWEST FACTOR Or S M ETY FOUND MS 2.316 AT Re 497.40

'12. THE LOWEST FACTOR OF SM ETY F0V#0 MS 2.368 Ai Rs $41.67

209. TK LOWEST FACT 04 0F SFETY FOUND MS 2.434 Af Re 506.06
|231. THE LOWEST FACTOR Or SMETY FOUND WAS 2.!!4 AT Re 634.00
254. TK LOWEST FACTOR Or S W ETY FOUhD MS 2.596 AT Re 679.27

'267. THE LOWEST FACTOR OF SMETY FDL'ND WAS 2.215 Af Re 523.48

|281. THE LOWEST FACTOR Or 6AFETY FOUND WAS 2.232 AT Ra 565.7!
'296. THE LOWEST FACTOR OF SMETY FOUND WAS 2.262 AT Re 609.12

311. T K LOWEST FACTOR OF SAFETY FOUND WAS 2.299 AT Re 6!3.47
3Z7. THE L0 WEST FACTOR Or SAFETY FOUND WAS 2.346 At Rs 690.59

336. THE LOWEST FACTOR OF SAFETY FOUND WAS 2.356 AT Re !!2.06

347. THE LOWEST FACTOR OF SWETY FOUND WAS 2.270 Af Ra 593.00
359. THE LOWEST FACTOR OF SMETY FOUND WAS 2.206 Ai R' 634.55
371. THE LOWEST FACY04 0F SAFETY FOUND WAS 2.206 Af Re 677.24
384 THE LOWEST FACTOR OF S M ETY FOUND WAS 2.229 AT Re 720.97
390. THE L09EST FACTOR Or SAFETY FOUND WAS 2.491 Ai Rs 550.02
396. THE LOWEST FACT 08 0F SMETY FOUND WAS 2.433 Af Re 599.08
802. THE LOWEST FACICR OF S M ETY FOUND WAS 2.419 AT Rs 647.61
400. THC LOWEST FACTOR Or SAFETY FOUhD WAS 2.427 AT R. 696.35
114 THE LOWEST FACTOR Or SMETY FOUN!' WAS 2.440 At Re 745.25

820. THE LOWEST FACTOR Or SMETY FOUND WAS 2.001 AT Re 539.35
126. THE L0w(Si FACTOR Or SMETY t00hD WAS 2.571 AT Re 588.56
132. THE L0bEST FACTOR OF SAFETY FOUND WAS 2.333 AT R' 637.09
138. THE LOWCST FACTOR Gr SAFETY FOUND WAS 2.271 AT Rs 687.31
144 THE LOWEST FACTOR Or SMETY FOUND WAS 2.2!S AT Re 726.92

'FnOP'
151. FS6SHP iS% PL FSRAM RADIUS NO.5LCS. X' 300.00. Ye 650.00
67. FSBS P FSM "L FSRAM RADIUS NO.5LCS. X= 300.00. Ye 700.00
'89. FSBSwp r$ko=L FSRAM RADIUS NO.SLCS. X. 3N.00. Ye 750.00
'11. FSBSkP FS% "L FSRAW RADIUS NO.SLCS. Xi 300.00. Ye 800.00
'34 FSPSHP FSWPL FSRAV RAD!bS NO.SLCS. Xi 300.00, Y. O'0.00
'J7. rSgSwo Is o=, rSRAv RADIUS NO.SLCS. X' 250.00. Ye 650.00
'70. FSBSHP Ff M N CSRA M RAD!bS NO.5LCS. X' 250.00. Y' 700.00
'94 FSBS9P FS% N FSRAM RADIUS 40.SLCS, X' 250.00. Y= 750.00
'99. FSBSWP FSH*L FSRAM CADIUS NO.ELCS. X* 250.00. Ye 800.00
11 4 FSBSkP f$@ "L rSRA W RADIUS NO.SLCS. x' 250.00. Y' 050.00
l30. FS95d* FSW=L 8SRAW RADIUS NO.SLCS. X' 200.N. Ye 650.00
39. FSESHP FS p FL (S9AW RADIUS NO.SLCS. X' 200.00. Ya 700.00
50. FS95wP FSM=L FSRAW DADIUS NO.SLC5. X' 2N.M. Ye 750.00
C2. FSESHP FS H "L FSpA V RADIUS NO.SLCS. X= 200.00. Y' 000.00
74, FSESwP ESH "L 55RAu RADIUS NO.5LCS. X' 200.00. Ye 950,00
07. FSBSwP FSWmL FSRAM RADIUS NO.SLCS. X' 150.00. Yi 650.00
93. FSBSWP FSMat FSRAM RADIUS NO.5LCS. X* 150.00. Y' 700.00
99. FS?SwP FSus FSRAM RADIUS NO.SLCS. Xi 150.00. Ye 750.00
05. FSBSHP 8SNRat FSRAM RADIUS NO.SLCS. X' 150.00. Ys 900.00
!!. FSESWP FSHML FSRAW RAD!US NO.SLCS. X' 150.00. Ye 850.00
17. FSESHP FSNRPL FSRAM RADIUS NO.SLCS. X* 100.00. Ye 650.00
23. FSESkP FSWML FSRAM RADluS NO.SLCS. X 100.N. Ya 700.00
29. FCSHP FSWML FSRAV RADIUS NO.SLCS. X' 100.00. Ye 750.00
35. FSESwP FSNRML FSRAM RADIUS NO.SLCS. X' 100.00. Y' 000.00
81. FSBSHP FSNRML FSRAM RADIUS NO.SLCS. Xi 100.00. Y' 850.00
:e act

. . . . . .. .. . . . . . . .



-- -

262. FS85HP FS888L FSRAW. RAD!US M.SLCS. X= 200.00, Ye 800.00
363.

364 2.532 2.472 2.306 709.80 19
369. 2.493 2.440 2.279 703.46 18
366. 2.438 2.392 2.237 690.12 17
367. 2.352 2.312 2.159 692.78 16
369. 2.277 2.243 2.000 627.44 15
369. 2.216 2.185 2.02S 692.09 13
270. 2.206 2.173 2.000 677.24 13
371. THE LOWEST FACTOR OF SAFETY FOUND WAS 2.206 Af Rs 677.24
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NOTES:
''

THE CROSS-SECTION ANALYZED WAS AN IDEALIZATION OF GEOMETRICl.
SOIL AND PIEZOMETRIC CONDITIONS FOUND AT STATION 15+08.

2. THE LOC l OF FAILURE CIRCLES WAS LIMITED AS FOLLOWS: UPPERMOSTg
m CIRCLE HAD TO PASS WITHIN SEVERAL FEET OF RESERVOIR SURFACE;

LOWEST CIRCLE HAD TO BE TANGENT TO THE SHELL/ FOUNDATION BOUNDARY-4 600 ..

hh 3. FS STATIC THE FACTOR OF SAFETY AGAINST A SLOPE FAILURE FOR STATIC
>T CONDITIONS

T fD O> d) C 4. FS SEISMIC = THE FACTOR OF SAFETY AGAINST A SLOPE FAILURE DURING
{g AN EARTHQUAKE WITH PEAK ACCELERATIONa.18g'D
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'CC- - NOTES: -r CENTER OF CIRCLE

I THE CROSS-SECTION ANALYZED W AS ANIOEALIZATION OF GEOMETRIC
SOIL AN3 PIEZCHETRIC CONDITIONS FOUND AT STATICN 20eOO.

2. THE LOCl CF FAILURE CIRCLES WAS LiWITED AS FOLLOWS: UPPERMOST
7tc CIRCLE HAD TO PASS WITHIN SEVERAL FEET OF RESERVOIR SURFACE;.

g LOWEST CIRCLE HAD TO BE TANGENT TO THE SHELL/ FOUNDATION BOUNDARY
M 3 THE FACTOR CF SAFETY AGAINST A SLOPE FAILURE FOR STATIC CO@lTICNS

O (FS starid wAS CALCULATED FOR 4 coat : W. 25' AN3 35' -
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APPENDIX G

LIMITATIONS

1. The analysis and conclusions submitted in this report are
based in part upon the data obtained from subsurface explora-
tions. The explorations were limited to a total of three
cross-sections along the Main Dam and Dike. Actual conditions
between the boreholes or at other cross-sections within
the dam may be different. Refer to the boring logs for
detailed descriptions of soil conditions at the borehole.

2. Water Icvel readings have been made in the boreholes and
piezometers at the times specified. Water level conditions
within the embankment are expected to change with changes
in the reservoir icvel.

3. It should be noted that the conditions of a dam isnot static
but depends cn many and constantly changing internal and
external factors which may affect future performance.

4. This report has been prepared for the exclusive use of the
Commonwealth of Massachusetts, Metropolitan District Commission
for specific application to the Quabbin Reservoir Dams in
Ware /Belchertown, Massachusetts, in accordance with generally
acccepted soil and foundation engineering practicos. No
other warranty, expressed or implied, is made,
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