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TABLE 2G-1

UNCONFI NED — COMPRESSI ON TESTS

Unconfi ned Axi al Initial Secant Poisson's Ratio
Test Hol e Rock Compressive Strain@ Tangent Modul us Initial Secant
No. Location No. Dept h Type Strength Failure Modul us @ 50% Load Value @ 50%

(ft) q, (psi) % (psi) q (psi) qu
u

ElA Reactor 1 = 31.4- 31.8 Diorite 22,400 .21 12 x 106 12 x 106 .29 .25
EID 78.3- 78.7 Diorite 19,520
ELF 79.1- 79.5 Diorite 19, 820 .21 9.3 x 106 9.3 x 106 .25 .25
E1G 79.5-79.9 Diorite 19, 400 .20 13 x 106 11 x 106
E2A Reactor 2 E2-1 49 .6- 50.0 Diorite 18, 020 .20 12 x 106 10 x 106 .36 .28
E2B 50.0-50.4 Diorite Failed by splitting. Do not report.
E2C 50.4~ 50.8 Diorite 15, 530 17 12 x 106 9.9 x 106 .18 .20
E2G 138.7-139.1 Diorite 5,970
E2J 139.4-139.8 Diorite 11, 610 .21 12 x 106 9.7 x 106 .21 .23
E2M 141.9-142.3 Diorite 18, 610 .20 10 x 106 10 x 106 .23 .25
B7B Near Reactors B7 27.8- 28.2 Schi st 17, 940 .20 11 x 106 10 x 106 .17 .19
B42D Cont act B42 123.5-123.9 Di abase 27,600 .27 11 x 106 10 x 106 .21 .26
B42F 141.3-141.7 Schi st 16, 500 .21 9.1 x 106 8.0 x 106 .18 .21
B42H 142.7-143. 1 Schi st 11,970 .18 10 x 106 7.4 x 106 ——
F1A Tunnel F1A 127.5-127.9 Diorite 16, 130 .19 11x 106 9.9 x 106 .33 .28
FIB 127.9-128.3 Diorite 13, 950
F2A Tunnel F2 246. 3-246.7 Schi st 6, 060
F2C 247.2-247.6 Schi st 6,000
F2F 260. 3- 260. 7 Schi st 6, 330
NOTE: In tests for which values of axial strain at failure, nodulus, and Poisson's ratio are omtted, the strain-gage

readi ngs appear

to be wunreliable,

No stress-strain curves are plotted

for

these tests.



Test No.

E1H
E2E
E2H
B 42 B
B42 G
F1D

F2D

Location

React or
React or
React or
Contact
Cont act
Tunne

Tunne

TABLE 2G6-2

LABORATORY COVPRESSI ON WAVE VELOCI TY MEASUREMENTS

Hole No

EI -1
E2 -1
E2-1
B 42

B 42
F1lA

F2

Depth  (Feet)
79.9 - 80.3
51.2 -« 51.6
139.1 - 139.4
122.5 = 123.0
141.8 = 142.3
128.7 - 129.2
259.0 - 259.4

Rock Type
Diorite
Diorite
Diorite
Di abase
Schi st
Diorite

Schi st

Jensit

(gm/cm®)

2.81
2.83
2.77
2.84
2.77
2.79
2.86

Laboratory Conpression

Wave Vel ocity

@ 0 psi @ 3000 psi
19, 460 19, 880

18, 860 19, 090

20, 050 20, 300

18, 600 18, 800

16, 960 17,320

20, 050 20, 340
18,110 18,370



TABLE 2¢-3

STRENGTH, VELOCITY, AND HARDNESS DATA
SAMPLES FROM TUNNEL ALl GNVENTS

SERIES 1
Tocity, fps Ultinate V) dulus Rock Description Rewarks
Soring | Depth, ft. | Rock Mechanics |‘.l."\ﬂ.' Sonfc Yelocity, fp nconfined| mtio]eor asticiey LT
na. Laboratory oh 108 Rl A
Naber ory AT Lod lE;pn;::.n psi g
» ré
e I TR | st u | e,
T s s | D
17,564 [17. a0t | 17601 954 3.72 | o0.24 1.29 | 52 6.U [ 132[16.7 | dlorita . ﬂne qrained; some quartz, feldspar, | Failed slong {ron stafned joint
wor | 16702670 n-4 293 | 17,564 117.606 | 17.40 n mfics, 404 1ron so)fides
- - . 16.992 |16.492 16.193 16.50% 22,587 2.76 | 0.94 4m [ as| o1 | 6.06 | 120]109 | Dforfte « coarse grained; primarilyfeldspar
ADT-2 | 266.6-267.6 1350 266 ' and blotite; STIGhE follation
uvnlop d
~ A 16.271 |16.312 16.437 16.479 15,580 3.26 1.46 6.32 36| &8 4.01 1.0 artz diorite « VEry fine grained; quartz,
agr-2 | 267.0-267.7 151 2.m |16 8.3 w eldspars, ® lcrr. andmifics;
med. gray
.. R 16.49 | 16.631 19.306 4.03 |0.80 6.01' [ 32| 62 | 3.61 | 61|9-9 | Dlorite + medium tO fine grained; highly
AOT-4 | 250.0-250.8 n-§2 2.13 16.370( 15,434 nkueous vtz feldspar.
alcs, mafics; gite qray; some
follation developes,
y 211 16.410 |16.616 15,570 | 18,87%¢ 20,895 2.26 | 0.91 8| 33|t 6.00 7Y]6.9 | Diorite « medium grained; quartz, feldspar Failed along pre-extsting but
M-1 | 266.4-256.0 15 4 ' ' ® ical. mafice; mediumgray; sca- hesled fracture
what slickersided,
. . . - . 14.99 [16.014 | 15.014 | 16.071 16,060 2.61 | 0.3 2.8 | 3 (69 | 500 [ 76°|12.1 | Schistose diorite . fine grained; high
AoT-11 | 222.8-223.8 364 blotite content; folfation
developed ¢ fair degree
. g - . 17.063 16,99 | 17.336 | 17.611 2.71 47| 88| 6.9 [ 125)9.1 | Dlorite « med. to coarse grained; quartz,
AT-13 | 3.0-213.7 73-66 21 feldspar, blotite, mafics; a¢
{ron sulfides
~ 17.07, 7.026 4.04 | 0.62 s | 60| 12 4.66 | 108 [16.4 | p{abase » fine gratned;feldspar, pyrite Falled along calcite filled
M-17 | 189.9-189.8 73-w 3.01 12,007 [17.007 | 17,079 and matiess ark gray Joint
i
. ,0-250. - . 1633 |16.423 | 16.747 | 16,62 | 21,290 3.42 144 | 606l | 1s | 466 | 08| 8.0| Guartz diorite + coarse grained: high Failed along pn-rist,n# but
AlT-1 | 250.0-250.9 n-$ ia ! . quartz-feldspar content, alse healed fracturs
O lcu; rd. th Hie gray
AIT-7 | 198.5-199.8 73-1) 14,682 | 14,682 | 14,789 | 14,84 6.910 2.61 | 0.3 LU | 46 67 4.76 99[10.: Blopite SChist » med. O fine grained; Failed along {ron stained joint
quartz, feldspar ||nd mafics;
tine foliation N1l developed
AlT-8 195.0-196.2 13-59 2.8 17,686 | 17,686 | 17.624 17.911 19.163 2.12 1.43 2.611 | 37| 58 6.13 & 1. Biotite schist . rd. gratned; well de-
veloped fine folfation with
quartz-rich layers; med. gray
f-6 196.3-198.9 73-60 2.1 16.662 |16.640 16,684 | 16.771 2,m 3.16 1.36 6.111 | a6 | 73 I ERLARTR Schistose quartz diorite v fine 1O med.
gnh\ed; quartz, feldspar bip
ite; folfation falr; med, to &, gni
F.$ 205.3-205.9 76 .78 | 15,989 |15,989 | 16.066 | 16.111 24,7% 341 (122 | 4w | 4|20 | 333 | 8 1. pravase - vy fine gratned; primarily Failed along pre-existing but healed
feldspar gnd mafics; dark gray fracture
AIT-18 | 140.2.142,3 73-62 e 16,493.[16.627 | 16.627 16.621 19,036 4.01 1.07 6.3 [W®|n 3.23 1 70| quartxitic Schist - rd. qrained; mstly
quartz, feldspar, and biotite wm
{ron sulfides; foltation only
fairly developed; med.grey
E' - {nitial tangent modulus
(‘” = tangent smodulus st 50T of the ultimste unconfined strength .
" - Scheidt (L-type) Rebound Hardness
LA - Shore Sclercscopa {C-2 type) Hardness
LA ~ Modifted Taber Abrasion Nardness
L S N
Ay = Rock Abrasiveness
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Title

Unconfined Test E1F Stress-Strain Curve
Unconfined Test E1G Stress-Strain Curve
Unconfined Test E2A Stress-Strain Curve
Unconfined Test E2C Stress-Strain Curve
Unconfined Test E2J Stress-Strain Curve
Unconfined Test E2M Stress-Strain Curve
Unconfined Test B7B Stress-Strain Curve
Unconfined Test B42D Stress-Strain Curve
Unconfined Test B42F Stress-Strain Curve
Unconfined Test B42H Stress-Strain Curve
Unconfined Test F1A Stress-Strain Curve
The stress-strain curves shown i n Figures 2G6-1 t hrough

2G-11 are termnated at the last strain reading before
sudden, brittle failure. The maxi mum conpressi ve | oad
at failure was recorded by the testing machine and was
used to calculate the conpressive strengths contained

in Table 2G-1.
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SUMMARY

Rock stress measurements were made in June and July 1973 at depths
of 33 ft to 42 ft in vertical Boring OC1A, which is about 34 ft from the center
of proposed Reactor No. 1 of Seabrook Station.

The results of five measurements of compressive stresses in the
horizontal plane were:

Largest stress: 1240 psi (150 to 2150 psi)
Smallest stress: 860 psi (50 to 1570 psi)

The vertical stress can be assumed equal to the overburden stress of about
50 psi. The average direction of the largest stress in the horizontal plane
was N 40 E (Z 36°). These results compare well with other stress measure-
ments in New England. (Fig. 18).

The rock at this location consists of a medium-grained, massive,
quartz-diorite that contains pegmatitie dikes ranging in thickness from inches
to two feet. See Figs. 2 and 3 for logs of Boring OC1A and EI-l. The latter
hole is NX-size and is located at the center of proposed Reactor No. 1.

The stress measurements were made by inserting a 6-arm borehole
gage in a 1.5 in. diameter hole and overcoring with a bit that cuts a 4.31 in.
diameter core around the inner hole.  The rock modulus was measured by
testing the annular core in a cell constructed to apply stress to the exterior
of the annulus while making deformation measurements in the inner hole with
the borehole gage.

@ GEOTECHNICAL ENGINEERS INC



SEA BROOK STATION

ROCK STRESS MEASUREMENTS
IN BORING OC1A

for

Yankee Atomic Electric Company

and

Public Service Company of New Hampshire

Geotechnical Engineers, Inc. September 10, 1973

1. INTRODUCTION

1.1 Background

Measurements of seismic velocities in the bedrock at the plant site at
Seabrook Station were made in the spring of 1969 by Weston Geophysical
Research. These measurements indicated that the velocity in the Newbury-
port granodiorite ranged from 16500 fps to 18500 fps, whereas in the Kittery
Schist the velocity was about 13000 fps.  The velocities in the granodiorite
were slightly on the high side, although not unusual in the area, and could
be taken as a possible indication of in-situ stresses in the bedrock. There-
fore, a modest program of stress measurement was undertaken in the zone
where high velocities were measured at the location of one of the two pro-
posed reactors. The measurements were made during June and July 1973.

1.2 Purpose
The purpose of this report is to present the results of measurements of
in-situ stresses in the Newburyport granodiorite in vertical Boring OC1A at

a depth of 31 to 43 ft using the overcoring technique. The coordinates of this
hole are N20413, E796'71.

1.3 Scope

One hole was drilled near the center of proposed Reactor #1 at Seabrook
Station for the purpose of measuring in-situ stresses. Eleven measurements

@ GEOTECHNICAL ENGINEERS INC



were made using the overcoring technique. Each measurement consisted0
of three deformation readings in the horizontal plane on axes oriented 120
apart. Of the eleven attempts, the data from five of the measurements, at
depthsof 33ft9in.to41ft5in., were deemed suitable for analysis and
are reported herein. The other measurements gave poor or marginal in-
formation because of rock fracture and /or equipment breakdown during
overcoring.

Moduli of elasticity of the rock were measured (a) on two annular
cylinders of rock removed after overcoring, and (b) intact specimens
oriented such that the load was' applied in the direction of the axis that
was horizontal in-situ. These moduli were used with the measured defor-
mations and published formulae to compute the magnitude and direction of
the largest and smallest normal stresses in the horizontal plane. The ver-
tical stress was assumed to be equal to the overburden pressure.

The test procedures used are described in detail in Appendix A and B.
The tests were carried out in the field by Pierre Le Francois under the

direction of Geotechnical Engineers Inc. The drilling was performed by the
American Drilling and Boring Company.

@ GEOTECHNICAL ENGINEERS INC
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2. METHOD OF MEASUREMENT

2.1 General
The overcoring technique consists of three phases:
1. Measurement of borehole expansion during overcoring.
2. Determination of the modulus of elasticity of the rock,
for rebound to zero stress, preferably at the point of

measurement, and

3. Computation of stresses using the theory of linear
elasticity and the measured deformations and moduli.

Each of the above steps are described briefly in subsequent subsections.

2.2 The Overcoring Technique

Fig. 1 is a sketch of the appearance of the hole during overcoring. A
PX hole, 5. O-in. diameter, was first drilled with a single-tube core barrel
to the desired depth. In this case, this depth was the shallowest at which the
rock was continuous enough to be tested, which turned out to be 31 to 43 ft
below ground surface. Logs of Boring OC1A and Boring El-l (NX-size),
which are about 14 ft apart, are shown in Figs. 2 and 3, respectively.

An EX single-tube core barrel, 1.5 in, 0. D. , was then carefully cen-
tered in the bottom of the PX hole and drilled to a depth of about 2 ft. The
recovered EX core was examined to determine whether the rock was suffi-
ciently continuous to attempt a measurement.  If the core was unbroken, or
only jointed once or twice, then an attempt was made.

The borehole gage, which is described in Subsection 2.3, was then low-
ered into the hole using orientation rods.  These rods were used to preserve
the orientation of the measuring points and for measuring depths accurately
when the borehole gage was lowered into the hole.  The measuring points on
the borehole gage were at least 3.5 in. below the bottom of the PX core barrel
(Fig. 1) so that a minimum depth of overcoring would be needed for a measure-
ment, and to allow two measurements for each EX run if the rock did not break.

Overcoring with the PX single-tube core barrel was then carried out.
Readings of deformation on three axes 120° apart in the horizontal plane were
taken continuously until the PX core barrel was about 5 in. below the measuring
points, or until the readings stopped changing rapidly.

@ GEOTECHNICAL ENGINEERS INC.
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The procedure for carrying out each measurement is described in
detail in Appendix A.

2.3 The Borehole Gage

A photograph of the instrument, the hose, the readout, and the pres-
sure application system is shown in Fig. 4. The instrument, without its
vinyl sheath, is shown in Fig. 5. The deformation is measured by bending
of the cantilevers that are seen at the left in Fig. 5. The readout. of the
strain gages on the cantilever arms is proportional to the movement of the
tips of the cantilevers. In this instrument three pairs of cantilevers were
installed 120° apart. In principle only three cantilevers are needed, but a
fourth is necessary to be able to compute body movement of the instrument
within the hole. To eliminate this computation, the cantilevers were in-
stalled in pairs such that body movements cause zero output on the readout
device. The instrument was designed and constructed by Pierre Ie Francois.

The tips of the cantilevers are attached to the vinyl sheath, Fig. 4,
such that when air pressure (or bottlednitrogen pressure) is applied in-
side, the cantilevers are forced against the side of the hole. Hence the
hose serves the dual purpose of protecting the strain gage leads and passing
air to the instrument. The readout is made on a conventional strain gage in-
dicator.

2.4 Measurement of Modulus of Rock

To obtain the best value of the modulus of elasticity of the rock in the
zone tested, it is necessary to remove the overcored annular cylinder of
rock from the hole and test it in a rock modulus cell. In Fig. 6 an annular
core is shown in the cell with the borehole gage in the central hole of the
core. To determine the modulus one applies pressure to the outside of the
core, up to about 3000 psi, and then removes it in increments, measuring
the deformation of the central hole for each pressure decrement. In this
way one reproduces reasonably well in the core the stresses that it under-
went during overcoring. The details of the measurement procedure are

given in Appendix B.

In the present case the rock in Boring OC14, at the measuring
points, was so broken up that only two satisfactory annular cores of suf-
ficient length (16 in.) were recovered. They both contained slightly healed
joints that broke during testing, although satisfactory results were obtained

from both.
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‘To supplement the measurement of modulus on the annular cores,
intact specimens of rock from Boring OC1A, from depths where stress
measurements were made, were tested in unconfined compression. The
goecimens were loaded in the direction of the axis that was horizontal
insitu so that the load was in the same direction as in stu.  The rebound
modulus of these specimens was messured with the ad of dran gages
glued on the ddes of the specimens

25 Computation of Stresses

The mgor and minor dresses in the horizontd plane were computed
from the measurements usng the following formulae from Obert (1 966):

=

P=Tea BT Ry Ry )

2 2
Ak R.- R.)%+ (R - R,)"+ R.- R) (2)
= 1 2 2 3 3 71
12d
where:
p = Stress a center of Mohr circles of dtress ps
g = Radius of Mohr circle of dress, ps

E= Modulus of dadticity measured for same dress changes
as occurred in situ, psi

d = Diange of centrd hole in which indrument is placed, in.

kR = Horizontd expanson of the diameter of the borehole during
overcoring. The subscripts refer to axes that are 120 apart
in the plane perpendicular to the axis of the borehole gage - in
this case horizontal. R is the reading in microinches/inch (¢)
and k is the ingrument cdibraion in in. /ue

From the vaues p and g one can compute the largest and smalest
dresses in the plane perpendicular to the axis of the borehole gage from:

0'I =p +q (3)
The direction of dress oI is obtained from the formula 1):
y /3By Ro) 5)

a=1/2 tan ~m—=——
2R1— (R2 +R3)
where o = angle measured from the direction of R, to the direction of
o in the counterclockwise direction.
Reference (1) Obert, Leonard (1966) “Determination of the Stress in Rock -
A Stae of the Art Report," Presented at the 69th Annud Meseting of the ASTM,
Atlantic City.
1) Eg. (5) contains /3 in the argument rather than 3, which was shown in the
Reference (1) by eror, but was correct in an earlier reference.
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Equation (5) is subject to the following restrictions:

o]

>
IfR2 R_and R2+R3< 2R1,then 0 <« g < 45

andR2+R3> 2R, then 45°%< ¢ < 90°

’ S (s} <

If R2< R3 and Rz* R3 2R1, then 90°< @ < 135
and R+ R, < 2R, then 1358% o < 180°

3

2

All but Eq. (5) above are based on the assumption that a plane stress
condition exists at the measuring point in situ, i.e. that the vertical stress is
zero. Since the vertical stress is very close to the overburden stress of about.
50 psi, which is small compared to the magnitude of horizontal stresses of
interest, the plane stress assumption is appropriate in this case. Hence the
computed stresses are dependent only on the modulus of elasticity and not on
Poisson's ratio of the rock.

q) GEOTECHNICAL ENGINEERS [INC'.



3. TEST DATA AND RESULTS

3.1 Calibrations

The results of calibrations of the instrument and measurements
of rock modulus are shown in Table 1. Direct calibration of Instrument,
No, 2 with a micrometer yielded k = 10 g in. /u«¢ . Since 5ue can be
read, the instrument can be used to discern movements in the borehole as
small as 5 x 10 °in. Instrument, No. 1 was not calibrated directly, but
it is capable of discerning movements of 2 x 10™°in. in the borehole.

The borehole gages were calibrated under conditions similar to
in-situ conditions by using an annular aluminum cylinder of known modulus
(10 x 108 psi) as a standard. Table 1 shows that Instrument No. 2 yielded
K = 8.6y in./ue , ascompared with 10 g in./u € for the direct calibration
above. Since the calibration in the rock modulus cell models very closely
the in-situ testing conditions and since the modulus of aluminum is well
known, the value of k = 8.6 g in. /u € for Instrument No. 2 is the better
value and was used herein. * Similarly k = 4.4 i in./ue was used fo:
Instrument No. 1.

Two annular cores of granodiorite were retrieved that could
be tested in the rock modulus cell. The second of these, near tests
OC1A-8/9, broke and had to be glued with epoxy to complete the test, The
results in Table 1 show that the moduli of the two cores were 4.1 and 3.0
x 108 psi. The modulus for the pegmatite (Test OCIA-2) was assumed to
be 4.1 x 108 psi also since it was harder but seemed to contain a greater
number of healed joints than the granodiorite.

As a check on the modulus values obtained for the annular cores
of granodiorite, additional tests were made by cutting 1.2 in. cube samples
from some of the broken cores, gluing on strain gages, and loading them
hori zontally . The moduli were:

*The direct calibration was made without the vinyl sheath in place. The canti-
levers were therefore unstressed. When the gage is in the borehole, the canti-
levers are stressed to half their elastic limit. Hence, the direct calibration is
not as appropriate as the calibration which makes use of a standard annular

cylinder.
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From Rock* Rebound
Test Modulus
P
10 )psi

OC1A-2 Granodiorite 12
OC1A-2 Pegmatite 12
OC1lA-3 Granodiorite 5
OC1lA-7 Granodiorite 11

= Specimens were cubes 1.2 in. on a side.

The range of possible moduli of the granodiorite is from about 3 to
12 X 10° psi. The larger values were measured on small intact specimens
using strain gages, whereas the smaller values were measured on the an-
nular cores using a loading sys tern and measuring device which were iden-
tical for practical purposes to in situ conditions. Hence the moduli used
in the computations were those measured on the annular cores. The fact
that one intact specimen of granodiorite had a modulus of only 5 x10° psi
gives some confidence in the use of a still lower modulus for the large an-
nular cores, because they can be expected to contain more defects than the
smaller specimens.

3.2 In Situ Stresses and Directions

Table 2 shows the test conditions and the computed calibrations
and moduli. Table 3 shows the readings selected from the data in Figs. 7
to 11 together with the stresses and directions computed from Eys. (3}, (4),
and /5). The dimensions of the overcored hole for each test are shown in
Figs. 12-16, and photographs of the annular cores recovered, including the
ones for which moduli were measured, are shown in Fig. 17.

Fig. 18 shows to scale the computed stresses and directions for
the Dbest estimated values. Table 3 shows the numerical values for these
best estimates as well as other possible values for Tests OC1A-2, 7, and
9. These additional values arise from alternate selections of the changes
in reading from Figs. 7, 10, and 11.

The largest normal stress in the horizontal plane @) is compres-
sive, ranges from 150 to 2150 psi, and averages 1240 psi. The smallest
normal stress in the horizontal plane ©..) is also compressive, ranges from
50 to 1570 psi, and averages 860 psi. T’f%e direction of oI iIsN40 E f, 36°.
In giving this direction,the direction for Test OC1A-5 is neglected because
the stress was so small in that test that the computed direction is not mean-
ingful.

@ GEOTHCHNICAL ENGINEERS 1N



-0-

4. DISCUSSION OF RESULTS

The stresses and directions in Fig. 18 show that the direction of
the major stress in the horizontal plane is generally NE-SW. The magni-
tude of this stress is best taken as the average of the five satisfactory
measurements, since inherent vaiations in the sress and direction can
occur within any given block of rock in situ, particularly near surface.

This average is 1240 psi (87 bars) for the mgor stress and 860 ps (61 bars)
for the minor dress in the horizontal plane The vertical stress is zssumed
equal to the overburden pressure of about. 50 psi,

At the bottom of Fig. 18 is a tabulation of some known previous stress
measurements in New England (Sbar and Sykes, 1973). The general agreement.
between the stresses at Seabrook and those elsewhere in New England is clear.
The direction of the major stress is also in reasonable agreement. The range
of error in the computed direction, simply due to alternate selections of the
changes that occurred during overcoring, is such as to place all of the earlier
values essentially within the possible total range for the present case.

It should be noted that the technique used herein for modulus mea-
surement is really nothingmore than a method for reapplying the in-situ
stresses under laboratory conditions. Hence the computed stresses are in
fact independent of the absolute values of the modulus and the instrument cali-
bration constant. If the researchers who made the previous measurements did
not use a similar approach, then the agreement of all the data may be fortuitous.

By measuring the deformation of an annular specimen of rock in the
laboratory one eliminates many potential sources of error. However, the
damage done to the core during drilling is not taken into account. If the rock
In-situ contains microfractures, they may be opened during drilling of the EX
and the PX holes. When this annulus is brought to the laboratory, its modulus
is likely to be lower than in situ. Previous work by Obert (1962) indicates that
until the stress levels reach about 50% of the crushing strength of the intact
rock, the effect of stress relief is likely to be low. The effect in the present
case is probably low because the crushing strength is more than four times the
highest stress that was measured.

Reference (2) Sbar, M. L. and Sykes, L. R. (1973) “Contemporary Compressive
Stress and Seismicity in Eastern North America: An Example of Intra-Plate
Tectonics,''Geological Society of America Bulletin, Volume 84, No. 6, p. 1871.

Reference (3) Obert, Leonard (1962) “Effects of Stress Relief and Other Changes
in Stress on the Physical Properties of Rock,” Bureau of Mines, Rl 6053.
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TABLE 1 CALIBRATIONS

A. DIRECT CALIBRATION WITH MICROMETER

Inst Change in Reading per 1072 in. I nstrument
No. for each Channd, uE€ Calibration
k
R1 R2 R3 Avg pin. /e
2 100 100 103 101 10
B. CALIBRATIONS USING ANNULAR CORES IN ROCK
MODULUS CELL
st Change in Reading per 10° psi k E Medium
No. for each Channd, pue
Ry R, R RAvg uin. fee 106psi
1 76 78 76 77 4.4 10 Al
2 40 41 39 40 8.6 10 Al
41 39 39 40 8.6 10 Al
1 200 173 192 188 4.4 4.1 OCI1A-4
diorite
9 135 140 130 135 8.6 3.0 OC1A-8/9
diorite

Underlined vaues computed usng equation for thick-waled cylinder under ex-

ternd pressure for OD =

431 in,

ID = 150 in: kR = 3.43}}

kR is equa to the diametrd deformation. Al = Aluminum.

. The quantity
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TABLE 2 TEST CONDITIONS FOR
STRESS MEASUREMENTS

Test Depth Inst. Inst. Modulus True Rock
No. No. Calib. E Azimuth Type
k 6 Channel #1
ft-in. pin. /e | 10 psi deg.

OC1A-2 33 - 9% 2 8.6 4.1 285 Pegmatite
OC1A-5 36 -9 1 4.4 4.1 165 Granodiorite
OC1A-6 38 =3 2 8.6 4.1 285 Granodiorite
OC1A-7 | 39 -3 2 8.6 3.0 255 Granodiori te
OC1A-9 41 -5 2 8.6 3.0 240 Granodiorite
g in. = microinches ge = micros train

k = instrument calibration E = modulus of elasticity used for compu-

tation of stresses (see Table 3)

All tests performed in vertical Boring OC1A. Coordinates 20413N; 79671E.
Ground El. 28.0. Hole diameter = 5.0 in. Core O.D. = 4.3 in.

Hole 0. D. in which instrument placed = 1.5in. Of eleven attempts made to
measure stresses, five were successful.
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TABLE 3 DATA AND RESULTS OF
STRESS MEASUREMENTS

Compressive Stress

Test Depth Reading Change during in Hor izon tal True
No. Overcoring 1) 3) Plane 2) Bearing

R1 R2 R3 UI O‘H OfU]

ft-in. He ne Ke psi psi

OC1A-2 | 33-9% | 80 95 125 1335 1025 N 38 E
80 95 (90) (1090) (990) (N 5 E)
OC1A-5 | 36-19 20 30 0 150 50 N 55w

OC1A-6 | 38 =3 60 110 90 1190 850 N3E
OClA-7 | 39 -3 250 150 250 2150 1570 N 45 E
250  (200) (200) (2010) (1710) (N 75 E)
250 150 (200) (1970) (1470) (N 60 E)

0C1A-9 | 41-5 90 195 100 1400 800 N 48 E
(130) 195 100 (1470) (970) (N 36 E)

1) Readings are shown for data from Channels 1, 2, and 3 on instrument. For
all tests except OC1A-5, the numbering of the channels, each 120° apart, was
counterclockwise. For OC1A-5 it was clockwise. In the equations for com-
putation of the angle between the ¢_ and the Channel 1 directions, the number-
ing is assumed to be clockwise. Hence for all but Test OC1A-5,R_and R
should be exchanged when computing this angle.  See text for equat%ns useg'
for computations.

2) The vertical stress is assumed to be equal to the overburden, i.e. about
50 psi. Hence the stresses shown for the horizontal plane are close to the
major and the intermediate principal stresses at each point tested.

3) Numbers in parentheses are alternate possible selections of reading changes
during each test from the plots in Figs. 7, 10, and 11. These alternates are
not considered quite as probable as the ones without parentheses, but they are
included, together with the resulting stresses and stress directions to provide
insight into the significance and dependability of the results as they are affected
by this one source of error.
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5.0in. OD, 4.2 in. ID —>

A

1
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|
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PX Barrel-Start
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PX Barrel-Finish
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SKETCH OF HOLE
DURING OVERCORING

Geotechnical Engineers, Inc.
Winchester, Massachusetts Proiect 7236

Sept. 10. 1973 FIG. 1
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30

34

ft

# Depth

40

42

44

SEABROOK STATION
LOG OF BORING OC1A

32 ¢

Coordinates: N 20413; E 79671 Logged by I'. LeFrancois
Top EIl. (MSL): 28.0 Da (¢ Lozged Aucust 1973 .
DREAKS DIP CONDITION OF CORL GRAPIIC DESCRIPTIVE NOTES
LOG
F Multiple [ [ 60° Joint rusty j:«
F drilling 3¢° Joint slightly rusty ’| Pegmatite dike, coarse grained.
- breaks @_ v
: 1 v o .
] jJ Contact: 60" dip
3 >< Joint set Intersecting Ex Quartz diorite. Dark gray, medium
at. 30 . :.“ grain, massive texture. Quartz
i _ 2% "M~ 18% , Feldspar- 35%, Ferromag-
[ \|Multiple joints, with pieces ]+ 2| nesium ~ 40%, Biotite ~ 10%
[ ifrom 1/4" to 3" long. Dip o—InN
» -V
: ~ from 20 to 7¢° 3. | Pegmatite dike, coarse grained.
: © ﬁ& Contact 45° dip
C 3 ‘s: Quartz diorite as above.
I
L x
- 55° Tight joint broken by (7 o T ,:
drilling R
S G171 «
' Drilling o 154
[ break » |35 ::“ X
r A
- . = \d
[ \|70° JTight joint ® 7.QPegmatite dike, 2" wide, at about
I N 40 Rusted joint 3% x|40° dip.
N40° Two tight joints, rusty K
i x
®—-] ¥ A Quartz diorite as above.
.. x X
. 60° Rusty joint j A
¥ N 20 Rusty joint SR
N|40° Two tight joints 3 AR
F Drilling o h
F break -0 © ¥«
L J XK
- 6 0° Tight joint .{ Xy
Jux
i \|60° Tight joint jx:
 Drilling 14, !
[ breaks | @ 3 % %

REMARKS - Log is shown, to a large scale, only for range of depth where stress mea-

surements were attempted. Photographs of cores from tested depths are shown in
Fig. 17. Log of Boring El-l, 14 ft away, shown in Fig. 3. Depth of stress measure-

ments are shown above by:(D=0QC1A-1.

| FIG. 2
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10

20 |

ft

S Depth

60

70

SEABROOIK STATION
LOG OF BORING EH

Coordinates: N 20400; E 79675 Logged by J. R. Rand
Top EIl. (MSL): 25.9 Date Logged _ Dec. 26, 1972
BREAKS  DIP CONDITION OF CORE GRAPHIC  DESCRIPTIVE NOTLS
LOG
* Core Breaks| usty Rock is fresh. Loc- 3% 4 Quartz diorite, medium
-on low ally affected by shcrhtixx fine éramo .medium. grey,
Fangle (3 0°) | 707 joint to moderate weather-q x * y tMaSS' € te’*f(‘)ﬁa({‘gé I}Oé?éol
joints @ even ing on joints as shown Xx gtgma tte Veinlet, ally intruded by
;Ch}ps to Chips- Mgst joints dip ab out 13 Pegmatite Veinlet, Pegmatite vein-
L1' intervals Rusty 30° at . 3'to 1' inter-FI& 750 Dip lets as shown.
! . vals. 1% 7
. 70 joint 1%
Chips, rusty 1<
z\moderate weather- 1. A
- - - o ] # . . .
gg mlnl?r Zuggl %?)Ck is fresh. T _Pegmatlte Veinlet
Breaks on “{;60 ILg?nt USY " slight weather- | ¥ ¢ Quartz diorite, as above,
~low angle \ Aminor rust ing to minor ]« hla:f,swe, med_lum fine
Hoints @ .5' |2 65° joint slight Tusty coatings - |4 * grained, medium grey.
+to 1.5 in- |- Weathermg on some joints.|, A
r‘tervals y - ¥
X
- %
= X
§65° joint 1«
- N\ clean, minor Joints are nor- 4 f
— rust mally clean. L g .
- e o® ini Not rusty. X Quartz diorite as above.
| Breaks @.5' 10 Joint X ium fi ;
 t0 2 pieces [l minor rust  Rock is fresh. Low- Mostly medium fine graj
- \\70°joint angle joints @ 3¢° - X% meglum grey I_ow angle
frough to 35° dips. Joints .|, * (30"to 35 I) joints @.5' to
=! slight weather- not rusty ex- | 2 ! intervals.
- 5 ing cept as shown. ~ x
1 | moderately 1x *
i —| weathered 1 x
- - Jx
[ ': 1~
' slight weathering X Rock becomes
N . ' : X coarse-
'.Bre%ks_ @.3 B _ Rock is fresh. 1, grained Quartz diorite @
| to 3' pieces [ slightly Slight to moderae «x 72.6" depth. 50°dip on

T

weatheredyeathering, rust
rusty on occasional
joints as shown.

X
*

K

intrusive, welded contact.
Reactor
excavation

J. R. Rand for the PSAR for Seabrook Station.
nal and is included to cover the rock above and immediately below the zone where stres

measurements were made, i.e. from 33 - 44 ft.

REMARKS =~ The total depth of this boring is 150 ft, as shown in the log submitted by

This partial log is taken from the origi-.

FIG. 3
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TRUE

NORTH
‘ OC1A-7
OC1A-6
OC1A-2
OC1A-9
2000 psi ///////”ﬁ
1000 psi
OC1A-5
W E

\ Boring OC1A:
N 20413, E 79671, El. 28 (MSL)
Depth 33'9'" to 41'5"

MAXIMUM IN-SITU COMPRESSIVE STRESSES ON HORIZONTAL PLANE
Seabrook Nuclear Station, New Hampshire
June - July, 1973

PREVIOUS STRESS MEASUREMENTS IN NEW ENGLAND *

Location UI o-II Bearing Rock Type
bars bars
Barre, Vit. 118 54 N 14 E Granite
Proctor, Vt. 90 35 N 4 W Dolomite
Tewksbury, Mass. 81 45 N 2W Paragneiss
W. Chelmsford, Mass. 145 76 N 56 E Granite
Seabrook, N. H. 85 59 N 40 E Granodiorite
Range (8 = 145) (3 - 106) % 36°)

All stresses measured at depths less than 50 m (160 ft)
Stresses are compressive
One bar is 14.5 psi

*Sbar, M. L. and Sykes, L. R. (1973) "Contomporary Compressive Stress and
Seismicity in Eastern North America: An Example of Intra-Plate Tectonics, "
Geological Society of America Bulletin, Volume 84, No. 6, p. 1871.

Yank_ee Atomic SEABROOK SUMMARY OF
Electric Company STATION STRESS MEASUREMENTS

Geotechnical Engineers, Inc. |, .
Winchester, Massachusetts Project 7286 Sept. 7, 1973 Fig. 18
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APPENDIX A

Test Procedure For

MEASUREMENT OF STRESSES IN ROCK
BY OVERCORING TECHNIQUE
IN VERTICAL HOLE

Geotechnical Engineers, Inc. Septemhar 1973

NOTE: HANDLE THE INSTRUMENT, HOSE, ORIENTATION RODS AND
ALL ASSOCIATED EQUIPMENT VERY CAREFULLY TO PRE-
VENT KINKING HOSE, LEAKS, AND INSTRUMENT DAMAGE.

1. Drill a pilot NX hole to examine the type and quality of rock. Make
measurements only in zones where NX cores are primarily longer
than 10 in.

2. In a hole about 5-10 ft from pilot hole, drill through poor zones with
large diameter double-tube core barrel to reach measuring zone as
quickly as possible. Then continue with PX overcore barrel to de-
sired depth in three to five foot runs, each time examining the core
to determine whether the rock is suitable for 4 measurement.

3. If the last run of PX core was suitable to try a measurement, attach
the EX core barrel to the rods at the bottom end of the PX barrel
with an adapter specially designed for that purpose. The adapter en-
sures that the EX core barrel is centered in the PX hole.

4, Drill the EX hole about 2 ft beneath the bottom of the previous bottom
elevation of the PX bit and then withdraw the EX core.

5. Examine the EX core carefully to determine whether the rock is good
enough for a stress measurement. The core pieces preferably should
contain only drilling breaks and no natural fractures. If a natural
fracture is more than 10 in. below the top, then a measurement near
the top of the hole can be attempted.

6. Return the PX overcore bit to the bottom of the hole.

7. Wash through the BW casing rods and out the bottom of the PX bit for
15 minutes to remove all cuttings.

@ GEOTECHNICAL ENGINEERS INC.



10.

11.

12,

13.

14.

15.

-2

Measure accurately (to 1/8 in.) the depth from the surface refer-
ence point to the top of the rock at the bottom of the PX (not EX)
hole. Enter the measurement on a sketch of the hole.

Measure and mark the required length on the orientation rods, so
that measuring points will be at the proper depth.

Thread the instrument hose through the swivel at the top of the drive
rod, attach gasket and reducing coupling, then attach to swivel. Do
not over-tighten as this action may damage the instrument hose.

Attachinstrument leads to readout device and check readout to en-
sure that the strain gages can be read, that nothing is wrong with
the instrument, and record the direction of reading change that
corresponds to expansion of hole. Record instrument number.
Record arrangement of leads on readout device.

Select desired orientation of measuring points on instrument. If
possible, orient one axis in direction of anticipated major stress.
Record orientation.

Lower the instrument in the hole after attaching it to the orientation
rod with the special fitting for the instrument.  The orientation of
the cantilevers in the instrument relative to the orientation line on
the rods must be recorded on the data sheet. Lower the instrument
slowly and carefully, pulling up with slight pressure on the instru-
ment hose so that the instrument is held in the orientation device.
When the instrument goes below water, apply pressure inside the
vinyl sheath to ensure that no water can enter.  Use 2 psi pressure
per foot of depth (or 1 kg/cm2 per 30 ft of depth) as a minimum, but
do not apply so much that the instrument will be over inflated and
cannot be inserted into the EX hole.

Insert the instrument into the EX hole very carefully and without
banging it on the lip of the EX hole. It helps to use a tapered point
on the lower end of the instrument so that the EX hole can be found
easily. Lower to the desired elevation and make sure that this
elevation is accurate. Record the depth to the measurement point
on the instrument from the surface reference point to the nearest

1/8in.
Before inflating, make sure that the orientation of the measuring

rpoints relative to the line on the orientation rods and relative to a
fixed azimuth reference is correct and record the orientation.

APPENDIX A

@ CEOTECHNICAL ENGINEERS INC



-3-

16. Inflate the instrument to a pressure of about 4 kg/cm? greater
than the water pressure at that depth, but not greater than about
6 kg/cm2 above the water pressure.

17. Remove the orientation rods carefully, making sure that the
orientation fitting at the bottom does not catch on the hose on
the way up. The rods should be unhooked carefully so that the
connectors will not be broken.

18. Screw the drive rod (to which the swivel is attached) to the top of
the drill rods using the special adapter. During this process the
instrument hose has to be pulled up slightly through the swivel
until the hose is straight in the drill rods.

19. Pull the PX barrel off the bottom of the hole slightly and start the
drilling fluid running through the system.

20. Take readings continuously on the instrument readout device until
the readings have stabilized with the water running and the PX
barrel turning without any downward pressure.

DO NOT START OVERCORING UNTIL THE READINGS HAVE STABILJZED

21. When a plot shows that the readings are stable, which may take
about 20 minutes, then set the readout to a convenient starting
point so that the subsequent readings can be taken easily.

22. Apply slight downward pressure on the PX bit to start the over-
coring. Drill at a rate of about 1/2 in. per minute (24 min. per
foot), A slightly faster rate could be used if the rock is particular-
ly good. The core catcher should be in place during this operation
to ensure that the annular core will be recovered later. The core
catcher may cause some extraneous vibrations.

23. Take readings during overcoring in the following sequence:
TIME DEPTH GAGE 1 GAGE 2 GAGE 3

Take readings continuously during overcoring, so that as good a
graph as possible can be prepared. The driller should call out the
overcoring depth to the nearest 1/8 in. when requested by the re-
corder. Then the person making the strain gage readings should
provide his readings. A third person records all readings given to
him and the time to the nearest ten seconds.

APPENDIX A
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BE READY TO STOP THE DRILL DURING OVERCORING ANYTTME
THAT THE READINGS START TO FLUCTUATE RAPIDLY-HAVE A
SIGNAL  PREARRANGED. ROTATION OF INSTRUMENT IN HOLE
MAY DAMAGE IT.

24.  When the readings stop changing during overcoring, stop the
downward pressure and rotation but continue water flow. Conti-
nue the recording until the readings have again stabilized. During
this wait, plot the readings taken in Step 23.

25.  Lower the orientation rods into the hole and attach to instrument
after detaching the drive rod from the drill rod at the top. When
lowering the orientation rods, be sure that the hose is not cut or
damaged.

26. Release the pressure in the instrument to that required to keep the
water out. Wait until the pressure down at the instrument is at
this level.

27. At this stage the instrument may be lowered to make a second
stress measurement (to Step 14) or the instrument may be removed.
The orientation rods are desirable for removal because if they are
not used the top of the instrument can get caught on the lower lip of
the drill rods at the top of the PX barrel. Remove from hole care-
fully and slowly, reducing internal pressure gradually if necessary.

28. Loosen the reducing coupling at the swivel, detach instrument from
readout device, unthread the instrument hose from the swivel care-
fully, and put the instrument in a safe place, Examine the instrument
and the hose for damage. Recheck instrument readout.

29. Attach the drive rod to the drill rod.
30. Remove the annular core.

31, With a crayon mark the location where the measuring points were on
the annular core.

32. Carefully and in detail describe the core, particularly within 3 in.,
on each side of the measurement point.  Photograph the core wet
and dry, making sure that the crayon mark shows up.

33. To determine the modulus of the rock for computation of stresses,
it is necessary to have a core with a length of 12 in. or more. Save
such a piece from the measurement elevation so that it may be tested
in the laboratory or field.

APPENDIX A
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CHECK THE DATA SHEET, SKETCHES AND DESCRIPTIONS TO EN-
SURE THAT ALL DATA NEEDED FOR UNDERSTANDING THE TEST
HAVE BEEN RECORDED. LIST THE NAMES OF ALL PERSONNEL AT
THE SITE.

APPARATUS

1. Borehole gage for EX hole (1.5-m. dia. ) including hose
containing lead wires and air tube.

2. Portable strain gage readout system, including strain
indicator and switching and balancing unit for three strain
gages.

3. Dry nitrogen supply system, pressure gage, and pressure

regulator. Pressure required is 100 psi plus hydrostatic
pressure at greatest depth below water levd a which in-
strument will be used.

4. Drilling system for overcoring, including hydraulic drill
rig, SW casing for seating to rock, NW casing for use as
drill rod for overcoring bit, 5 in. by 4-3/16 in. (PX) over-
coring bit 5 ft long, 2 and 5-ft-long EX core barrel (1.5 in.
0. D.) adaptor to attach EX core barrel to bottom of over-
coring bit. Swivel to allow passage of instrument hose so
that it will not twist during test but drill water will not leak

appreciably.
5. Data sheets, form attached.
6. Orientation rods for setting the borehole gage elevation and

for maintaining orientation of borehole gage.

7. Compass for determining orientation of borehole gage.

APPENDIX A
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APPENDIX B

MEASUREMENT OF MODULUS OF ANNULAR ROCK CORE

Geotechnical Engineers Inc. ~September 1973

1. Prepare rock modulus cell by inserting membrane, filling with hy-
draulic fluid (trapping as little air as possible) and securing end plates.

2. Break rock gnnulus that was removed from hole in field into sections
not less than 12 in. long and such that points within EX hole at which
borehole gage measurements were made in field can be close to center
of rock modulus cell if possible.

3. Insert core in cell.

4. Insert borehole gage in cell, preferably at same location as in field.

5.  Apply 100 psi nitrogen pressure to interior of gage to secure it in proper
location. Preferably use same pressure as was used in-situ during over-
coring (after subtracting in-situ water pressure).

6. Connect leads from borehole gage to strain gage readout device, using
same wires, lengths, and hook-up as in-situ.

7. Take initial gage readings until readings are stable.

8. Apply pressure to exterior of rock annulus in increments of 500 psi until
the compression of the diameters is equal to theirextension during over-
coring but do not exceed 3000 psi unless an axial load is put on the core.
Record all strain gage readings each time an increment is applied. Allow
for equilibrium to be reached before adding each new increment.

9. Release the pressure in decrements of 500 psi, taking readings as before.

10. Reapply the maximum stress in 1000 psi increments. Repeat the loading
and unloading until results are consistent.
11.  Using the diameter changes measured in the field and in the laboratory,

together with the stresses applied in the laboratory, compute the rock
modulus and the stress in situ. For the rock modulus cell:

(D GEOTECHNICAL ENGINEERS INC.



whe re :

u = diametral deformation
k instrument calibration
R = instrument reading

d = 1.D. of core

b = 0. D. of core

P = external pressure

E = rock modulus

APPENDIX B
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The information contained in this appendi x was not revised, but has been
extracted from the original FSAR and is provided for historical information.
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1.0 | NTRODUCTI ON

1.1 Purpose

The purpose of the geotechnical investigation was to provi de soi
and bedrock descriptions pertinent to the design and construction of
several proposed structures which will be located at the plant site, in-
cluding water and oil storage tanks, settling basin, retaining wall,
seawall, and rip-rap structures.

1.2 Scope

A subsurface investigation, consisting of a total of 12 borings and
1 test pit was made for the following areas:

a. Water and G| Tanks At Fire Punp House ~ One boring was nade
at the center of the fuel oil storage tank, using standard
split-spoon sanpling techniques to refusal for the purpose of
investigating deposits that my cause settlenment problens.
Because no unsuitable deposits were encountered at the site
for the proposed oil storage tank and based on the genera
know edge of site geology, supplenmentary borings for the
proposed water tanks were not done

b. Settling Basin = A series of three borings was made in the
area of a proposed settling basin using standard split-spoon
sanpling techni ques to refusal for the purpose of invest-
igating soil conditions at the proposed inlet and outl et
structures for the basin, and also to examine the in-situ soi
for possible use as construction materials for the dikes. In
addition, a test pit bag sanple was taken near the center of
the settling basin, tested for grain size distribution, and
examned as a possible dike mterial

c. Retaining Vll - A series of four borings was nade for a pro-
posed retaining wall for the purpose of |ocating and sanpling
the dense glacial till. These borings were advanced by first
"washing" to establish the top of the till layer, then sanpl-
ing this layer by split-spoon techniques, and finally ad-
vancing the borehole to refusal using a roller bhit. Based on
the results of geophysical surveys and other borings drilled
into bedrock in the vicinity, it is believed that refusal does
correspond to the bedrock surface in these holes




2.0 BORNG AND TEST PIT DATA

2.1 Table and Figures

Table | is a summary of the boring data including boring
location, "as-bored" coordinates, ground elevation, depth to
glacial till, and depth to top of bedrock.

The locations of the borings and one exploratory test pit
are included in Fig. 1. Fig. 2 shows the grain size curve from
a sieve anal ysis which was perforned on a sanple fromthe test

pit.

2.2 Boring and Test Pit Logs

Logs of the borings and one exploratory test pit are in-
cluded in Appendix I. Driller's boring logs are included in

Appendix |1
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TABLE |
SURIRIARY OF BORING DATA

Boring No. Boring Location As-bored Coord. Ground Elev Depth to Depth to
Top of Till Top of Bedrock
ft ft ft
G-l Oil Sorage Tank 29,690N 78,370E 17.3 8.0 --
G-2 Settling Basin
(Inlet) 21,380N 78,900E 159 5.0 --
G-3 Settling Basin
(Outlet) 21, 717N 178, 949E 9.4 28.0 --
G-4 Settling Basin
(additiond) 21,57IN 178,992E 9.6 19.0 --
G-5 Retaining Wall 20,969N 79,525E 7.8 9.0 9.7”
G-6 Retaining Wall 20, 949N 79, 349E 8.2 10.8 19.5*
G-7 Retaining Wall 20,932N 179,175E 8.6 115 23.2"
G-8 Retaining Wall 21,006N 79, 107E 7.3 10.5 19.0”
G-9 Seawall 20,123N 179,720E 9.5 -- 10.5
G-10 Seawall 20, 083N 78,587E 7.9 -- 6.8
G-11 Seawall 20,042N 79,455E 6.8 -- 159
G-12 Rip-Rap 19,898N 78,500E 7.2 -- 11. o*

*In these holes the boring was made to refusa and no rock was cored. However, hased on the results
of geophysca surveys and other borings drilled into bedrock in the vicinity, it is beieved that refusd
does correspond to the bedrock surface.
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3-1
BORING N O_._ G-1 pg. 1 of 1

Proj. No. : 7286
Dates Sent. 30. 1974

Ground Elevation +17.3 ft

Depth to Water Leve: depth a ground elcv. 0700; 10/1/74 Described by: W. Pitt
Number
Sample | Depth of .
NO. ft BIOWS Descrlptlon
per G"
S-1 0.0-1.0 -2 Black, soft PEAT and organic SILT; highly decomposed

S-1A | 1.0-20 6-14 Gray-brown, gravelly, sandy, slightly organic SILT,
contans subangular gravd up to 35 mm in sSze

s-2 |3.0-5.0 11-16 | Rust brown and brown dightly mottled gravely, sandy
32-23 | SILT, trace clay. Contains gravd up to 13 mm in sze
Moderate reaction to shaking test. Low plasticity.

s-3 5.0-6.5 27-39 | Smila to S2.

57 Contains gravel up to 35 mm in sSze
color change
s-4 [10.0-11.H 100/4" 140# hammer gray, very dense, sandy, gravelly SILT
trace clay.
5/2" 3004 hammer contains broken pieces of gravel up to
28-22 35 mm
s - 5]15.0-16.5|5 4 Smila to S4
100 /4" 140# hammer
1272
10 300# hammer

Casng refusd a 165
Bottom of Borchole

End of Exploration

(‘) GEOTECHNICAL ENGINEERS INC.




Ground Elevation

+15.9 ft
Depth to Waler Level: -5.1' measured at 0715, 10/2/74

BORING NO. - 2 pg. 1 of 1

Proj. No. : _7286

Date: OCt. 1, 1974

Described by: Y. Pitt

Number
Sample | Depth of Description
No. ft Blows
per 6"
S-1 0. 0-1.0 2-5 Light brown, silty fine SAND. Contains root fibers
and decomposed organic matter.
S-1A |1.0-2.(0 3-2 Dark brown/rust brown/gray mottled; fine sandy SILT,
trace fine gravel
S-2 3. 0-4.5|17-50/0" | 140# hammer  Light brown, gravelly, sandy SILT.
Contains gravel from various litho-
22-42 300# hammer logies up to 35 mm in size.
s-3 5.0-7.0 15 Light brown silty, gravelly, fine to coarse SAND
23 widely graded,” resembles glacial till
23
33
s-4 LO. O-11.p 57-100 140# hammer  Gray brown /rust brown slightly mottlec
33 300# hammer  dense, silty, gravelly SAND

(similar to S-3) Contains broken pieces
of gravel up to 35 mm in size.

Casing refusal met at 13.8’
Roller bit refusal at 14.5’

Bottom of Borehole

End of Exploration
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Ground Ilevation +9.4 ft
Depth 1o Water Level: -2.1 measured at 0730, 10/2/74

EQAING WO,

G-3

pg..1 of 2
Proj. No. : 7286
Date:  Qct, 1, 1974

Number
sample | Depth of i
No. it Elows Description
per 6"
S-1 0.0-2.0 1/1.5 Brown grading to buff, soft, homogeneous SILT, trace
2/.5 clay. Upper 1-2" contains grass and shallow root zone.
s-2 3. 0-5.0(10-20 Similar to S-1, buff/rust brown mottled, contains black
21-20 spots = decomposed organic matter? ?; trace roots and
mica particles
s-3 6.0-7.0 [14-16 Light brown, loose, silty fine SAND, trace clay
S-3A 7.0-8.0 2-32 Rust brown/buff medium dense, mottled SILT, little
to trace clay. Low plasticity.
s-4 10.0-12. C 24 Gray, medium stiff homogeneous CLAY; high plasticity
4-5
s-5 15.0-17. € 2-3 Similar to S-4
3-4
S-6 19.5-20. € 32 Gray-brown silty, sandy, GRAVEL,; trace clay. Con-
tains angular pieces of gravel up to 25 mm.  Well-
graded.
S-6A 20. 0-21.5 20-12 Light brown, gravelly, sandy CLAY. Contains gravel
pieces up to 25 mm in size
21,5
5-7 25-25.5(100/3" | 140# hammer Similar to S-6, very dense
50/2" |300# hammer (Resembles glacial till)

continued)
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Ground Elevaticn +9.4 ft

CEORING NG,  G-3
(Concluded)

Depth to Water Level: -2.1 measured at 0730, 10/2/74

pg. .2 of 2 .
Proj. No. : 7286
Date; Oct. 1, 1974
Described by: w, Pitt

Number
sample | Depth of et
NO. It Blows Description
per 6"
S-8 30.0-31.§ 25 Gray, very dense, silty fine SAND, some gravel up to
25 30 mm in size
58
s-9 34'10" 5 | 100/0" | 140# hammer
20/0" | 300# hammer O "ecovery

Casing refusal at 34'10"
Bottom of Borehole

End of Exploration

(D GEOTECHNICAL ENGINELIS INC.




BORING NO._G-4

pg.-1 of 1 .
Proj. No. : 7286
Date: Oct. 2, 1974
Ground Elevation +9, 6 ft . _
Depth to Water Level: Not taken Described by: W. Pitt
Number
Sample | Depth of o
No. f Blows Description
per 6"
S-1 0.0-0.5 1 Dak brown, fibrous PEAT and organic SILT
S-1A 0.5-2. |0 1-1-2 | Light brown, fine ssndy SILT or sty fine SAND
s-2 3.0-5. (] 6-10 Light brown/dark brown/rusty brown slightly mottled,
22-42 | medium dense, silty, gravelly fine SAND. Contains
gravd up to 35 mm in Sze
s-3 6-7.5 102;3" 140# hammer Smilar to SZ, medium dense to dense
35-60 | 300# hammer E
8.0 Large cobble g ¥
s-4 |10.0-11.5 25-50 | Smilar to S-3, coase to fine SAND %2
57 Widdly graded E
Q
s-5 |15.0-16.20 100’0 | 140# hammer Smilar to S4 % o
42 o 6
60 300# hammer g )
75 /3n \l
19 :
S-6 20-21 76-76 | Gray, vey dense, gravdly, dSlty coase to fine SAND;
little to trace clay. (Till)
Roller bit refusd a 225
22.5 Bottom of Borehole_

End of Exploration

d) GEOTECHNICAL ENGINEEFRS INC.




Ground Elevation
Depth to Water Level: Not taken

+7.8 ft

BORING NO.

G-5

Proj. No. :

pg..1 of 1 _
7286

Date; Oct. 3, 1974

Described by: W. Pitt

5/0"

300# hammer

Number
Sample | Depth of .
No. ft Blows Description
per Gll
Drove casing to 9.0, where encountered strata
change = casing refusal
Split-spoon at 9.0 - 9.7
S-1 9.0-9.7 58-100/2" 140# hammer gray/brown slightly mottled, very

dense silty, gravelly, SAND; little to

to trace clay, (Till)

Roller bit refusal at 9. 7

Bedrock ?

Bottom of Borehole

End of Exploration

d) GEOTECHNICAL FNGINEERS INC.




BORING NO. GG pg. L of 1

Proj. No.: _ 7286
Date: Oct. 3, 1974

Ground Elevation +8,2 ft :
. i . W. Pit
Depth to Water Level: Not taken Described by: . it
Number
sample | Depth of Description
No. ft Blows
per G"
Drove casng to refusa - 9.0
Roller bitted to 10.8 - draa change
Split-spoon attempt at 10. 8
S-1 |10.8-12.3 57 _ gray, very dense, sandy, gravelly
100/4n | 140 hammer g 7 ce 1o little clay. (Till)
82
30 300# hammer

Roller hit refusd a 195
Bottom Of Borehole

End of Exploration

d) GEOTECHNICAL ENGINEIRS INC.




Ground Elevation

Depth lo Water Level: Not taken

BORING NC). G-7 pg.- 1 of 1 .

Proj. No. : _ 7286
Date: _Oct. 3. 1974

+8.6 ft

Described by: W. Pjtt

Number
sample | Depth of L
No. it Blows Description
per 6"
Drove casing to 10!
Roller bitted to 11.5’ ~ strata change
11.5
S-1 |11.5-13]0 24 4 gray, very dense gravelly, silty SAND
gy | 140% hammer 4 e to little clay. (Tili)
22 300# hammer.
Roller bitted to refusal at 23.2
23.2 Bottom of Borehole

End of Exploration

(I) GEOTECHNICAL ENGINEEFRS INC




10.5

19.0

Ground Elevation +7.3

BORING NO._G-8 0g. .1 of 1

Proj. No. : 71286
Date: October 7, 1974

Depth to Water Level: Not Taken Described by: W. Pitt
Number
Sample | Depth of .
No. it Blows Description
per 6"
10.1 y1Cobble. Drove casing to refusal at 10.5. Strata
change.
S-1 10.5- | 18-16- | Gray, medium dense clayey silty, SAND, little to
12.0 24 trace. Gravel contains subround gravel up to 15 mm

in size. Medium plasticity, well graded. Moderate
reaction to shaking test.

Bottom of borehole, roller bit refusal at 19.0'.

(1) GEOTECHNICAL ENGINEERS INC.




10. %'

25.9’

Ground Elevation *9.5 ft

J
BORING N O_._G.9_ pg.-1 of 1 .

Proj. No. : _7286

Date: October 9, 1974

Depth to Water Level:  Not Taken Described by: W. Pitt
Run Ng Depth ft.|Recovery Description
and
RQD ¢
No Samples -- Washed through overburden
TOP_OF ROCK
— 7 /| /7 [/ / / ! / / / 7 /4 7 7 7 I [
NX-1’ 10.5- REC = | Gray/white mixed fine and medium grained DIORITE.
15.5 100% Minor jointing. Fresh and hard throughout. Minor
RQD = | slickensiding on joint surfaces.
96%
NX-2 15,5~ REC = | Similar to NX-1; minor to moderately jointed.  Joints
20.5 100% rusty; vuggy. Moderate weathering on joint surfaces.
RQD =
76%
NX-3 20,5- REC = | Similar to NX-2; high angle jointing with calcite
25.5 100% infilling.
RQD =
80%

Bottom of boring @ EI. -35.0 ft

(D GEOTECHNICAL ENGINLELERS INC.




BORING NO. _G-10

Proj. No. : _7286
Date: October 8, 1974
Described by: W, Pitt

Ground Elevation +7,9 ft
Depth to Water Level:  Not Taken

Run No| Depth ft.|JRecovery Description
and
RQD 9%

No Samples - Washed through overburden

6.5, TOP OF ROCK
7 721 7 [V 7 7 Rollerbittedto7.0ft/ 7 /7
NX-1 7.0- REC = Gray, mixed fine and medium g-rained DIORITE.
12,0 98% Moderately jointed. Generally fresh and hard through-
' RQD = out. Moderately weathered; rusty on joint surfaces.
65%
NX-2 12,0~ REC = Similar to NX-1; intact rock generally fresh and hard.
17.0 100% | Moderate to severe weathering on joint surfaces.
RQD =
62%
NX-3 17,0~ REC = Similar to NX-2; generally fresh and hard throughout.
220 100% Moderate we’athering on joint surfaces.
RQD =
75%

22.0'

Bottom of boring @ EI. -29.9 ft.

q) GEOTECHNICAL ENGINEENS INC.



15.9'

31.0

Ground Elevation +6,8 ft

Depth to Waler ] evel:

BORING NO. _ G-11 ogo1 of 1 .
Proj. No. : _7286
Date: QOctober 8. 1974
Not Taken Described by: W. Pitt

Run No| Depth ft.|Recovery Description
and
RQD %
No Samples -- Washed through overburden
TOP OF ROCK
0 ] | [ Roller bitted to 16.0ft/ T T 1
NX-1 16. 0- REC = Gray, mixed fine and medium grained DIORITE;
-21.0 92% semi-schistose in texture. Moderately jointed with
RQD = several high angle joints. Generally hard and fresh
55% throughout with minor clay infilling on slicked joint
surfaces.
NX-2 21. 0- | REC = Similar to NX-1, moderately hard; vuggy in places with
26.0 100% several weathered, high angle joints.
RQD =
67%
NX-3 26. 0- REC = Similar to NX-2; moderate to severe weathering on
31.0 96% joint surfaces.
RQD =
68%

Bottom of boring @ EI. -37.8 ft.

(]) GEOTECHNICAL ENGINEFERS INC



BORING NO.__G-12 pg. 1 of 1

Proj. No. : _7286

_ Date: Qctober 10, 1274
Ground Elevation. .7, 9 ft

Depth to Water Level:  Not Taken. Described by: W, Pitt
[

Number

Sample | Depth of _

No. ft Blows Description

per GH

S-l 0,0~ -4 Brown-black soft PEAT and organic SILT, highly

1.0 decomposed, root mass throughout.

S-1A 1,0- 6-6 Gray-dark brown mottled, loose fine to medium SAND,
2.0 little to trace silt.
-~ """ --COLORCHANGE--- ------
s-2 5.0- -12-21- | Gray, slightly micaceous, similar to S-1A.
6.5 28

s-3 10. 0~ 5-100/5" [140# hammer. Gray, homogeneous
10.9 CLAY
10/0" |300# Hammer. High plasticity

Bottom of hole

Roller bitted 1" - refusal. Bedrock or large boulder.

End of exploration.

d) GEOTECHNICAL ENGINEERS INC.



DESCRIPIION OF EXPLORATORY TEST PITS
Ground Elev. : +9.6

Test Pit #100
Location tp adjacent to DH-G-4 Depth to Water: Not encountered
Coord. 21, 572N = 78,993E
Date October 3, 1974 Project 7286
Dcpth .
it S0il Deseription

0O-1.0 Black-brown fibrous PEAT and organic SILT

1.0
1.0~> | TP Sample - light brown-yelow brown, loose, sity fine SAND, cobbles
>3" found. throughout.

Test pit was hand dug to a depth of
goproximady 2 ft
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American Drilling & Boring Co., Inc.

SHEET oF
100 WATER STREET EAST PROVIDENCE, R. | DATE
. ) G-
70 __Yankee Atomic Electric Co. ADDRESS Yosthoro, Mass . HOLE NO. 1
PROJECT NAME QOCATIORLI e Hater Svsten Seabrnal: , M, 11, HINE © STA
REPORT SENT TOListribution_as per Speci Ticat isagy NO 723% OFFSET
SAMPLES SENT To __Delivered to Ccozech ot SitdoyroanNg. —002S | SURF. ELEV.
. Dote Time
GROUND WATER OBSERVATIONS CASING SAMPLER CORE BAR. START 9/10/7‘6 0
a__2" f 5 y 6
2" atter — 14 _Hours Type 13\:' Sl/‘-;/gu COMPLETE g
Sizel.D. i = TOTAL HRS. PR
At ofter Hours Hemmer Wt 300 140 ¢ 8 BORING FOREMAN . ' — 1Ten
AR ST T INSPECTOR RN
Hemmer Fall i d SOILS ENGR.
LOCATION OF BORING:
T Casing Sample Type Blows per 6" Moisture st SOIL  IDENTIFICATION
rata SAMPLE
e Blows Depths ot on Sampler Density Remarks inctude color, gradation, Type of
pa per From-To  [Somplelfrom Te or Chonge soi etc. Rock-color,fype, condition, hard-
o foot C-6l1 6121 12-18|Consist Elev ness, Drilling fime, seams ond etc N o
3 0'-1' Df 1 2 w/loose i Leaves,roct matter,sandy 10,4 -
& L2 T 14 moist N St (euddyd Tal |
14 i i m/dense ) _
15 N DT 11} 1o] 32| moist Brown fine SAND,some s ilt 2 [2471C
37 23] very trace coarse sand & fine
7 2=6.5" U | 371 34| 57} dense to coarse gpravel 53 1312
45
53
1J0 9’
1 e 7" ~re
10'-11.5! b 100 3% 27 | moist 4 118112
140 (37 hard sray clayey SILT,little fine
to medium sand & finc to
coarse gravel (TILL)
éll 8” \
RS USRI SO FS WG "l 165 5 18 [17
140) |[(300)
Bottom of Boring « 16.5
T
! !
] . .
]
|
|
. -
GROUND SURFACE TO 16’ USED Laar ' I ASING: ‘HEN seopled to 16.5°
Sompte Type Proportions Used 1401b Wt.x 30 1g on 270 0. Sampler SUMMARY: |
O-Dry C:Cored W-washed trace 01010% Cohesionless Density | Cohesive Consistency Eorth Boring c!
. - 1 : 1016209 O-10 Loose 0-4 Soft 30 + Hord | Rock Corin
UP: Undisturbed f’ls on httie 01020% 1030 Med. Donse 28 M/Snitt Samples 9 —5—-—]
TP= Test Pit AzAuger V=Vone Test some  201035% 30-50 Dense 8-15 St me—
UT= Undisturbed Thinwall ong 351050% : 5O + Very Dense 15 =30 y-Qpiff [HOLF NO -1 !



1

American Drilling & Boring Co., Inc. sweer_ L o F 1
100 WATER STREET EAST PROVIDENCE, R. |, DATE =
T0 Yankee Stomic Electric Co. ADDRESS Vestboro, Mass. HOLE  NO.
PROJECT NAMgCirculiting water Svsten ILOCATION Seabrook, ¥ .1 . LINE 8 STA. ‘
REPORT SEnT To _Distribution as per Sveciiic2ifproy No 7236 OFFSET
smPLES SENT TO Delivered to Gootech at S] i \OURJOBNO 4-85 SURF. ELEV.
- - Dote Time
GROUND WATER OBSERVATIONS CASING SAMPLER CORE 84R. 10/1/74 .
Al 1/2 START 4 8
¥——=———  ofter Hours | ype KW .S/ - | compLETE 8.
Sue I.D 3" o 13 /s TOTAL HRS. X lew——
o 00T 40 ING F A f 1le
U ofter Hours Hammer Wt. 3?9‘ 1(:9 R qu . ?&%gogaem N\,,_ Al
Hommer  Foll 22 b 0-2Z2. | SOILS ENGR.
LOCATION OF BORING: .
Casing |  Somple Type Blows per 6" Moisture Iralo SOIL  IDENTIFICATION SAMPLE
E Blows Depths of on Sampler Density Remorks inciuce color,gradation, Type of
] per E T  From 10 or honge soil efc Rock-color,type, condition, hord-
ot oot rom- ol S 0-6]T 6-12 | 12-18]Consist. __ | Elev. - - _ness, Dnlungtmjf"hs‘?_c:ts._and etc. No. [Pen |Re:
il nt-2! D 2 S 3 | moist 1’ Sandy SILT (Tonsoil) 1|24 °
Li 2 | loose Brown fine SAND, trace fin
20 2'-3,5" D | 17s0/07] 22 | dry gravel, trace of 2] 18)'1’
50 Qpm 42 | very 4’ Poulders
115 1300) | dense
2 5'-7"' ] 15 23 3] wet 3 ] 24]'1
5 33| very I3rown fine silty SAY¥D,some
2 dense ecoarse sand & fine-coarse
45 gravel,trace Boulders
an
H5 107-11.57 v [ 5/] 100] 33 " 4 [ IS
170 (140 (300} (Refusal cas.-12'6"-drilled
123/4¢ w/roller bit to 14'6")
14.5
Bottom of Boring = 14.5
GROUND SURFACE TO __12'a" USED___ N ASING: THEN _itoller hit to 14.5’
Sample Type Proportions Used 1401b Wt. x 30 'foll on 2”0 D. Sampler SUMMABY': N
Dﬁed Wz=Washed trace 01010% Cohesioniess Density | Cohesive Consistency Eorth Boring ) :
UP: Undisturbed Patton littie 10 1020% 0-10 Loose u=4’ Satt 30+ Hord| Rock Coring :
TP= Test Pt AzAuger V:Vone Test some 201035 o0 Med. Dense 4-B N/t Somples .
30-50  Dense 8-15. Sutt
UT= Undisturbed Thinwoll ond 351050% ., S0 + Very Dense 15-30 V-Sitt [HOLE NO .o




American Drilling & Boring Co., Inc. SHEET 1 op_)
100 WATER STREET EAST PROVIDENCE, R | DATE
T0 Yaniee Momic Tlectric Co. ADDRESS Westboro, Mass., HOLE G-3
~  PROJECT NAMgCLTCubating bater System  \ geapoy _ Scabrook, L, LINE & STA
REPORT SENT To istrihution as per Speciil coligay o /285 OFFSET
sAMPLES SENTTo elivered to Ceotech at fitc |gup jogno_4-%5 SURF. ELEV.
Dote Time
GROUND WATER OBSERVATICONS CASING SAMPLER CORE BAR. I on
START 10/1/74 -
A — after Hours Type " S/S | compLETE_10/2/74 B
Size 0 3 1-3/8 TOTAL  HRS. oA
' 00 A0 BORING A1 T
At of ter Hours Hemmer Wt i?(?‘ ‘69 i BIT |NSPECTOFROREMAN LT
tiommer Faoll = J SOILS ENGR.
LOCATION OF BORING
= ="
Casing Sample Type | Blows per 6 Moisture SOIL IDENTIFICATION
:1'5 Blows Depths of onSampler Density Strato Remarks inciude color, gradation, Type of SAMPLE
w per i From To r Chonge soil etc  Rock-color, type, condihon, hard-
W From- T1Q KSomoiel t10 o
foo! _ | 0-6]/ 6-12| i2-18{Consist. | Elev _ness, Driing hime, seams ond efc No |Pen|Re-
1 0'-2' 18] P s Y wet 1 124'1924°
3 | soft
& Brown SILT ‘
7 37-5T D110 201 21 ]wet 2 (24118
14 20 | hard ]
1n wet 6
12 _[H'=7" D 14 16 dense 7 Brn,fines i 1evSAND Lens) [3 112012
30 17'-8' D | 22] 32 wet g1 Brown silty CLAY
32 hard
7a 10'-12" ] 2 A 4 wet G4 12001247
28 5 stiff
30 Gray CLAY
20
<n wet
| 25 |15'=3i7¢ N z J 3 mediur 5 2424
25 stiff
75
25 wet 19'
LS 10,5'-20" 1 39 dense 20' |Grav CRAVFL (fractures) A AT 6
44 20'-21.5" D 20 12 17 [ wet 21.5" Broun sandy CLAY ba |18 [12
g very i
;g stiff Brown silty sandy GRAVEL
}
45 |o5to2s5.5' | D100 | 50 wet ‘ 7 16716
30 §140)] (300 very 5
45 I dense 28’ |
h5 '
A Gray silty fine SAND,little !
44 |30'-31,5' | D [2>] 25| 58 " f ine-medium gravel 1814
40 |
45 ';
20 'y |
e | ¢ S4TI9 | D [1on/T an/o7 " 34710 e ele celam
(10'") (14)) (L0o0) I |
Bottom of Boring « 34'10”" |
Refusal ’
- j
. ]
GROUND SURFACE TO _ 3% iU USED __ -+ ' !ASING: THEN Herusa l
Som.ple Typeé Proportions Used 14CIb Wt.x 30" tall on 270.D. Sompler SUMMARY:' !
D:Dry C:Cored W=Woshed troce 01010% Conesionless Density | Cohesive Consistency: Eorth Boring '
UP: Undisturbed Piston lile 10 1020% olo - Loose o-4 soft 30+ Hord| Rock Coring o
TP= Test Pl A-Auger V-Vone Test some  201035% ;(3320 Medbessegse g_}g M/Ss";'f‘ Samples —— |
UT= Undisturbed Thinwali ond 351050% 80+ Very Dense 15-30 v-3nite [HOLE NO @A.q!



American Drilling & Boring Co., Inc. SHEET__ 1 el
100 WATER STREET EAST PROVIDENCE, R. 1. DATE "
o _ Yankee Atomic Flectric Co. DDRESS Westboro, Mass, HOLE NO. ki
“~ PROJECT NAME Circulatinp Mater Svstom. | gaunon Seabrool N ,H, LINE 8 STA.
REPORY SENT TO vistrubution 2s ner Sweci Pt Ib‘éOJ.NO. ;796 OFFSET
SAMPLES SENT TO 1)015.‘.'0‘:(‘(: t o (;(‘O:L‘Ch at oyl t:lOURJOBNO 4-15 SURF. ELEV.
SROUND 1 Dote Time
WATER OBSERVATIONS CASING SAMPLER CORE BAR
1'6" START 1”{:2/7{* Pt b
A= after-23_Hours | 1, N S/& - - | compLETE 8
. qn 1-3/8" TOTAL HRS, .o
Size | 0. e BORING FOREMAN __R. " TTC0
} ofter. Hours Hommer Wt 3OOH 1“ BIT W‘-‘B‘F_’V-QR T 3 ek
Homme r /tFal =30 soiLs ENGR.
LOCATION OF BORING: - -
. | Casing Sample Type Blows per 6” Moisture i SOIL IDENTIFICATION
: frota SAMPLE
| Blows Depths of on Sampier Density . Remorks include color,gradation, Type of
y r -hange soil etc Rock-color,type,condition, hard-
{ pe From- To Somple}From To or Dritiin d
foot | 06|l 6-i2|_12-18{Consist. | Eley ness, Driling ime,, seams ond eic No. [Pen|Rec
1 o'-2! D 1 1 1 | wet 1! (ionsoi.l ) Crown SILT 1 1247 &'
1 2 soft
17 wet Brown fine sandy SILT
10 41-5" D16 10 | 22| very 4 2 124mM1¢
24 47 | dense
10 “i'f 6”
< 67-7.5" D 11991 381 60 " Brown fine SAND,some coarse [ 3 |18]18
199 120Y  (3D) sand & fine-coarse gravel
2 trace of silt
A
- 10'-11.5" L 25 50 52 " 4L {15718
— 90
)
1121
- | | '
20 [15'-1¢,2' [ (i e2 60 ' 5 {15715
2] =/ GM
245
75 19’
.5 Gray silty SAND,some fine
20f-21! DL 76| 76 " to coarse gravel 6 |127}12
22.5’ ‘
Bottom of Boring - 22.5 :
Refusal = Roller Bit |
t
|
|
|
o |
GROUND SURFACE TO USED __ish ASING: THEN _ Roller bit to refusal "
Sample Type Proportions  Used 1401b W1.x 30" teil on 2"'0.0. Somplcr SUMMARY: !
D:0ry C=Cored W-Washed tmce  01010% C°";5'l°(;"°“ LDe”s”y C°h95ive4 Cg“Si]f‘te“Cy30+ EO”N(?W\Q 22,3
= i littl 1010209 . oose 0- 0 Hord] Rock Coring !
UP= Undisturbed EIS'O“ - e 0 0200/0 10-30 Med. Dense 4-8 M/Stiff Sqmples _6_—:
TPz Test Pit A:Auger VzVone Test some  201635% 30-50 Dense B-15 Stiff i
UT=Undisturbed Thinwail ond  351050% ! 50 + very Dense 15-30 V-Stiff [—HOLE NO. . .




j

/
i

American Drilling & Boring Go., Inc. SHEET—_L__oF__-
100 WATER STREET EAST PROVIDENCE,, R.. L Date
0 Yaniee Atonic Dlastweic Co, ADDRESS liestboro, Mass, HOLE NO. C-S
PROJECT NAME({?m—*léﬁgz'_"'iltcr_m_I_LOCAT,ON Seabrook, T, LINE & STA.
REPCRT SENT To Listribution as pe- yreelt calyapg ;) no. R OFFSET
SAMPLES SENT YO Delivered Lo Cooteochi ot Lie OUR JOB NO. G-ty . SURF. ELEV,
Date Tima
GROUND WATER OBSERVATIONS SAMPLER '
CASING CORE BAR et 1074774 am
MuBJ
At ofter _ _ _ Hours Type l.;:.‘ i/i/q.. COMPLETE u grmn
Size | D. : - TOTAL HRS. _
Al ofter Hours | 1y w 500 [0~ BORING FOREMAN __F/ 1170
Hemmer Wi T LB BIT INSPECTOR iuv
Hemmer Fall - | _ T _ e SOILS  ENGR.
LOCATION OF BORING’
Casing Sample Type Bigws per 6" Moisture N SOIL IDENTIFICATION
g Blows Depths of on Sompler Density :no!o Remarks include color,gradation, Type of SAMPLE
W per From- To 5 omple|froT Te or ~hange soil etc  Focx-color, type, condition, hard-
e loot 0-6l1 6-12 2-18[Consist. | Elev _ness, Drilling time, seams ond efc No. [Pen|Rec
1
/
17 Casing Refusal @ 9
T 1 Top of TILL 9 . sampled
73
100~
42 :
30
=T, oM n't wet Q¢ .
at.arey B 2] 1no | nn very Gray fine silty SAND,sonc 1]8o" 6
{1a01(500) dense | ©'8" fine-coarse gravel
Bottom of Boring - 9'8"
| | Refusal w/roller bit
i
|
]
!
I
-
|
}
|
/
. GROUND SURFACE TO 9' USED . 1se__ ASING: THENRetusal v/rolier bit
Somple Type ) Proportigns Used 1401 W1.x 30" falt on 20 0. Sompier SUMMARY: |
D-Dry C:Cored W=washed troce  Q1ol0% | Conesionless Density | Cohesive Consistency Eorth Boring gra' !
UP: Undisturbed Piston it 101020%, 10 s 2oe 2"; M5°f?” 30 + Hord| Rock Coring !
TPz Test Pi! AzAuger V:Vone Test some  20t035% 30__50 eD.enSegse 8-15 /g::” Somples
UT-Undisturbed Thinwoll ond 351050% &0+ very Dense 15-30 V-Stitf IHOLE NO. G-5 l

tAsIa peber Y ¥ BT



i i
American Uritling & Boring Co., Inc. SHEET__*  gp_L
100 WATER STREET EAST PROVIDENCE, R. | DATE X
10 Yankee Atomic Electric Co. ADDRESS Yosthoro, Mass., HOLE NO.
PROJECT NaMg Circulatine VWatgeafigpton | Segabrook, N .IL LINE & STA.
REPORT SENT TOistribution as per Specs fient i PROJ.NO. 7256 OFFSET
SAMPLES SENTTO_i'el iverad to Ceotech,o® § ivn fOUR JOB NO. _ =185 SURF. ELEV.
Date Time
GROUND WATER OBSERVATIONS CASING SAMPLER  CORE BAR. - .
N € START 10/4/74 i
N_ ofter Hours Type NX'{ SIS .y COMPLETE n g:f'
Sue 1D 3 1-3/8 TOTAL HRS.
ve 1o T007 AR BORING FOREMAN,_X . 1Tcn
Al — ofter - Hours Hammer Wt. 57 t’;a”_ BIT INSPECTOR Ty
Homme r<¥ail SOILS ENGR.
LOCATION OF BORING:
T Casing Somple Type Blows per 6” Moisture irota SOIL IDENTIFICATION SAMPLE
& Blows Depths of on Sompler Density . Remorks inciude color,gradation, Type of
w per From- To s From To or -honge soil etc. Rock-color, type, condition, hord-
et oot ompie 06116 -12] 12-18 |Consust Eley | ness, Drnling_ time, seoms ond etc No. |Pen|Re-
é‘ -
14 )
30 Casing Refusal @ 9
=0 Strata change @ 9'9"
i (TILL)
102
70
120
110 Q
s st | wet
10Ta7-120 T 371 1001 358 very Gray fine SAXND,some fine 1 1 15116
(140) 4500) | dense to coarse gravel,little
) silt
19'6'
Bottom of Doring = 19'6”
Refusal wi/roller bit
n = .
GROUND SURFACE TO ____9' USED __Iw ' ASING: THEN _inller bit to refusal (rock?)
Somple T y p e Proportions Used 1401b W1.x 30" toll on 2" 0.0. Sompler SUMMARY:
Dmned Wz=Woshed troce 01010% Coh(()eslignless Density | Cohesive Consistency3 ‘ ,F;orth Boring 19’ 6 "
. i () - Loose 0-4 Soft O + Hard| Rock Corin
UP: Undisturbed Piston itle 10 ’°200/° 10-30 Med. Dense 4-8 M/Stiff ] Samples s
TP=Test Pit A:Auger V:=Vane Test some  201035% 10-50 Dense 815  Siff )
UT=Undisturbed Thinwoll ond 35 1050% 50 + Very Dense 15-30  V-Stiff rHOLE NO. G=-6

[ IR .



American Drilling & Boring Co., Inc. SWEET___ 1 oF 1
100 WATER STREET EAST PROVIDENCE R | DATE s
. CIPRSRSRP : . HOLE NoO. -
Yo Yankee “toris Flecrrig ADDRESS ligsthoro, tiasg
Cireniatin~ "ate= Svsrers Serbron't. i3 LINE & STA.
PROJECT NAME e i ILOCATION ===2202100 Ly el
REPORT SENT TO_Listrivuiion g pow Soced jeos PROJ. NO 223 OFFSET
SAMPLES SENTTO..clive se! to ~eorech,ot Si-¢ IOUR JOBNO, —L=2S SURF. ELEV.
- Dote Time
GROUND WATER OBSERVATIONS —
CASING SAMPLER CORE BAR. START 10/6/76 gcr-r
H N cin T
At offer oS Type v ZAAC. COMPLETE B
1D, > - TOTAL HRS,
Al after-- rours Ei]t::lmer Wt SN 140 BORING FOREMAN 4 — ",. ¥ Ak
' ~7 A BIT 'NSFECTOR LI
Hommer  Fall - SOILS ENGR.
LOCATION OF BCRING - - - -
x COSing Sample Type BlowsperG" Moisture lrcta SOIL IDENTIFICATION SAMPLE
E Blows Depihs of on Sampier Density . Remorks in¢lude color,grodation, Type of
u per From- To s omoiel_From To or ncnge soil elc Rock-calor,type, condition, hard-
o foot . .é 0-6| 6-12| 2-18|Consisy__ | Etev _nQSSLDH“In(}“Ll_mi, seoms ond etc No. | PeniRec
1
17
24 Casing Refusal @ 10'
43 Strata Change (TILL) 2 11'6
51
a2
in
4N
|
wet 1114t :
11'aY-12' ] 1 | a4l 0n] 231 very IR S
dense Gay fine SAND,sowe fine
to coarse gravel,lictle .
silt '
I
|
t
23' 2" i
i
Bottom of Boring « 23'2"
Rol ler Bit Refusal
|
|
4
!
GROUND SURFACE TO_ [ USED W " ASING: THEN _llsed Rpllpor Bit to ~23'92"
Somple Type Proportions Used 101D Wt.x 30"1o|| on 2"0.D. Sampler SUMMAEr
D-Dry C:=Cored W=wWoshed trace 01010% Conesioniess Density  Cohesive Consistency Eorth Bor.ung raRrA
UP: Undisturbed Piston littie 10 1020% 0-lo Loose 0-4 Soft 30+ HaRock Coring —
TP= Test Put A-Auger VzVone Tes! s om e 201635% 10-30 Med. Dense 4-a M/Shit Samples .
H E | g zyone les ? c 30-50 Dense| R-15 <rife = — P—

(T -t adie - 1 4« To. 7



American Drilling & Boring Co., Inc.
EAST PROVIDENCE, r. |

100 WATER STREET

SHEET

or. 1

DATE

HOLE NoO. (-8

10 Yankee Atoric Tlectri c ADDRESS i'esthoro, llass,
PROJECT NAME O I’CI‘| | . 7t | nc‘..’ator S_\‘_St(‘ﬂLOCATlON Senbroc!:, 1\!.]], LINE B STA.
REPORT SENT TOlistributjon as pe- Srecifis "idpray No. 7386 OFFSET
SAMPLES SENT To __lielivercd to Ceoterh .ot & tdgur yorNo &-873 i | SURF. ELEV.
GROUND WATER OBSERVATIONS ) Oate Lime
CASING SAMPLER CORE BAR :
" ( START 10/ 7/74 R gm'
N’ Al
ofler Hours Type I s | s - - - | compLETE " gm‘
coald o, 3N 1.1/90 TOTAL HRS. 1
’ ' " X .0 en
Al ofter Hours Harmer w - '2tnn j . 150 oo - BORING FOREMAN — ._"(
| U — b8 INSPECTOR
Hammer  Fall L SOILS ENGR.
LOCATION OF BORING
Casing Sample Type Blows per 6" Moisture SOIL  IDENTIFICATION ' !
£ Blows Depths of on Sampier Densit Strata Remorks include color,gradation. Tyoe of SAMPLE .
o ensilty  lchange ; s
W per From- To K, From To or 9 soll etc Rock-color,type, condition, hard —
© | foot - O 0-6]( 6712 | 1218 |Consist._| Eley ness, Oriling time, seoms ond etc No Pen Rec
== 3 i
5 .
? Casing Refusal @ 10'6" ;
15 |
7 !
15 :
15 |
21 ;
— Lot o
10'0 !
10757127 ST I7] 17 24 |wet T {1isf14
dense Gray fine SAND,somefine to !
coarse gravel,little silt:
i
19' L
Bottom of Boring « 13'
Rol ler Bit Refusal
» Al - oy : Roller bit refusal
GROUND SURFACE TO —d0-=o USED — CASING:  THEnlolle
Somplc Type Proportions  Used 1401b Wt.x 30" fal on 2"0.D, Sompler SUMMARY:
D: Dry C-Cored W=Washed frace 01010% Cohesionless Oensity | Cohesive consistency Eorth Boring 19
UP- Undisturbed Piston little 10 1020% ng:l_’?o " dLOSSG 0-4 Soft 30+ Hard| Rock Coring
TP=Test Pt AzAuger V=Vone Test some  201035% 30-50 ° benié'se g:lg Mgs'“'fif Somples
UT: Uindisiurhed Thinwnt! | nnd TR vn KA/ AL Ve P o e 2 Fumie sin ~ -




P!

American Drilling & Boring Co., Inc. sneer L oF 1
100 WATER STREET EAST PROVIDENCE, R | DATE P,
A i i - e M HOLE No. %=
0 Yankee ]toruc E”Iectrlté ADDRESS Tq-e‘s‘thor,loJ t;ais . UNE B STA
PROJECT NAME’erU atine ater .\ stcm | LOCATION ..en.,.t-)o.\, Wi, -
REPORT SENT tolistrinution asyper s peci i cil lqppgy o L2%0 OFFSET
sampLes sent Todeliveredt o Ceotech.at €2t pgosno. 422 SURF. ELEV.
GROUND WATER M Iime ;
OBSERVATIONS —
CASING SAMPLER CORE BAR.
2 1/4 START 10/7/74 g
] \r
At ofter Hours Tyoe NV WD lcompLETE " 8.
Sizel D an TOTAL  HRS. '
; 3007 BORING FOREMAN__l.c tlen
Al of ter rours ricmmer Wt : EYAL BT INSPECTOR LT I
H o m n e 't Fall- i SoILS ENGR.
LOCATION OF BORING:
Cosing Sample Type Blows per 6" Moisture SOIL IDENTIFICATION |
X P !
*a-_ Blows Depths ot on Sompier Density Strata Remorks include color,gradotion, Type of SAMPLE !
w per E From To or Change soM etc. Rock-color, type, condition, hard-
& rom- To [Sompie .
foo! 1 06l 6-12] i2-18|Consist, | Eley ] ness, Drilling time, seams and etc No [Pen|Rec
|
i
]
I}
OVERBURDEN !
4
t
| g .
10'6
10TE7-15 7T C 3 NIN/TT CIlvOT60
!
Gray QUARTZ DIORITE '
15'6"~20"'0}' C 6 NIS/FT C2{60Y6Y
I
|
20'6"-250]" c S NTI/FT c3} 60759
5'6
Bottom of Boring = 256’ |
cored 15!
|
. |
|
GROUND SURFACE TO USED ___ [}  “CASING: I'HEN r e d
Somple Type’ Proportions Used 140ib Wt.x 30" fallon 2"0D. Sampler SUMMARY: |
D:Ory C:Cored W=washed troce 010109, | Cohesionless Density | Cohesive Consistency Earth Boring
UP- Undisturbed Fiston wre  101020% | PO%0  Dense 815 SEU{ 30+ Hard| Rock Coring 15|
R . ) 10-30 Med. “vense 4 -8 M/SHift Somples =
TP=Test Pit A-Auger V:zVone Test some 201035% ,
T -1trdss ebpd The ad d 1P - ADy 1y ,|l"\| [ Vg " -




American Drilling & Boring Co., Inc. sweer 10 F I
100 WATER STREET EAST PROVIDENCE, R. I. DATE 10
T0 Yankee Atoric Electric ADDRESS wWesthoro, Mass. HOLE NO. =
- PROJECT NAMéjirCUlft ing \'.'dter S'.'Stcr-‘ LOCATION Sc:hroo'.<. AL LINE & STA.
REPORT SENT TODistribution as per Specificatijppoy no 720A¢ OFFSET
SAMPLES SENTTOLz2livered to Cecotech.ot §itc qgyr JoBNO._L-75 SURF. ELEV.
Dote Time
GROUND WATER OBSERVATIONS CASING SAMPLER CORE BAR. '—“(\/7/ T am
; START 10 , 70 pm,
A after Hours | 7y0e 1\'?: . YO |compLere 1N/ S8/7A o
3 TOTAL HRS.
SIZel.D, J— . : 1"; ] M
A of ter Hours Hommer Wt. 300+ BT BORING FOREMAN - t : 1%“‘“ 1
CTAL ST INSPECTOR Wt ITT
Hommer Foll : - SOILS ENGR.
LOCATION OF BORING’
Cosing Somple Type Blows per 6" Moisture Sirata SOIL IDENTIFICATION SAMPLE
E Blows Depths of on Sampler Density : Remorks Include color,gradation, Type of
& per From- To S ompie|From To or Change soil etc Rock-color,type, condition, hard- "
foot I 0-6\1 6-121 12-18|Consist. E | e v | ness.Drillinglime. seoms ond etc No. |Pen|Rec |
e ==4 = 1
. i
OVERBURDEN '
]
i
i
7' !
7'-12' ¢ 3-5 [in/FE Cl |60 60"
| ! |
4
"4 1] 1 < [had
12'-17 C [3-3 {in/TL C2160'[60";
1
Gray DIORITE i
i
X
17'.22" C 14 ldnftt C31R0' 00"
)
|
!
22 i
Bottan ofboring- 22’ 11
]
|
|
\
]
GROUND SURFACE TO ___ /' USED ___w.'  “CASING:  THEN Coredt o 22!
Somplc Type Proportions Used 140tb Wt.x 30" folt on 2"0.D. Sompler SUMMARY:
D-Dry C:=Cored W=Woshed tace  01010% | Conesionless Density | Conesive ~Consistency Earth Boring 7!
UP: Undisturbed Piston lttle 101020% o-10 Loose 0-4 Soft 30 +Hord | Rock Coring _ 15"
TP: Test Pit AzfAuger V=Vone Test s o m e 201035% ;g-so Me%e?‘i:se ‘é-lg M/SS.'f'f” Samples ===
UT:=Undicturhed Thinwnll and 154akN07 | en, '?0 A amen | oA nt.ly. Hun FoMany nan




American Drilling & Boring Co., Inc. sHEET 1 op 1
100 WATER STREET EAST PROVIDENCE, R |, DATE =
Yo Yankee Atomic Elcctri ¢, ; 5 g £ s s festboro, Mass, HOLE No. -
PROJECT NameCirculatine Water Svster | (peaTion__Seabroot, KT, LINE 8 STA\ e
REPORT SENT T@’istrubution as per Specificati "PRUY NGO 7980 OFFSET
SAMPLES SENT To _Peliveved t 0 Geotech.at Si'_]r- OUR JOBNO AR5 SURF E\eEy,
GROUND' WATER OBSERVAT IONS Date lime
CASING SAMPLER CORE BAR. START 10/8/74 gm
\ T2 1
A after Hours Type I;K:u NI | compLETE 7 SJT\:
TOTAL HRS,
Sue | D. —<ART - "o T-I——
At of ter Hours Hemmer W1 300" BORING FOREMAN_D.::- Cll
i T — ?‘_.T,. INSPECTOR e ]
Hgmmer | - - WLt | SOILS ENGR.
LOCATION OF BORING’
Cesing Sampie Type Biows per 6 Moisture : | SOIL IDENTIFICATION
T
Y Blows Depths of on Sampler Density Strata Remarks Include color, gradaltion, Type of SAMPLE ’
W per From- To S ampie|_From To or Chonge soil efc Rock-color, type, condition, hord- ‘
© | foot T C-6]T 6-12] i2-18Consist | Elev _ness, Driliing time, seoms ond etc No Pen [Rec |
' ‘ .
i
1
|
OVERBURDEN
I
!
i
| : !
\ \ |
16'
16'-21" C | &4 {Iiin/Ht C1| ~0['55'
T 26 c | a IMin/Me___| Gay DORITE C2] 60[60"
‘ I
26'-31"' C | 7 [win/T]t C3] 60]'60"
31
Bot t om of Boring - 31'
'‘GROUND SURFACE TO USED_Mi_____"CASING: THEN _Cored to 31°'
Sample Type ' Proportions  Used 1401b Wt. x30" fallon 2°0.D. Sompler SUMMARY:
D—=Dry C=Cored W=Washed troce O'0|O°/g Cohesiontess Densily | Cohesive Consistency Eorth Boring
UP- Undisturbed Prston fitle  101020% 0-10 Loose 0-4 Soft 30+ Hord| Rock Coring __135
TP= Test Pit AzAuger V-Vane Test some  201035% ;8%% MEdbeDr?:;e g'?f) M/Sst".:; | Somples ==
UT:tindich vk 24 Thinwntt rad LYY Y, 7 T e, e R AU [umi e [YTa)




American Drilling & Boring Co., Inc.

SHEET = OF
100 WATER STREET EAST PROVIDENCE, R | DATE o1
T0 Yankee Atormic Electric ADDRESS ___Westhoro, Mass, HOLE NO.
PROJECT NAMgCircul atine “ater Svsten 'LOCATION Seabrool, y.MH. HINE 8 STA.
REPORT SENT TO)istribution as par “nond isnt. i9pRoy NoO 7283 OFFSET
SAMPLES SENT TO ::(‘11"(‘ ‘."-": s} rwcof'(’(':‘. ol Siin OUR JOB NO. {4-;75 - SURF. ELEV==
¢ Datse Time
GROUND WATER OBSERVATIONS | CASING  SAMPLER CURE BARL, . o 10710/ 74 or
E pr
L1 ofter Hours NW < /s " r
Type - = e COMPLETE pF
Top of Ground Size 1.0, 3" 1-3'8M2-13/16" [ToTAL HRS. ,

BORING FOREMAN _-+ *1T€n

;U”z 7, I3
[V ofter Hours Hommer Wt o 140 T R
T . INSPECTOR .
Homme r’4Fan Y RO?‘]-C- SOILS ENGR.
LOCATION OF BORING:
- | Casing Sample Type Blows per 6" Moisture |4 010 SOIL IDENTIFICATION SAMPLE
- Blows Depths of on Sampler Densit . Remorks include color, gradation, Type of
& per E T From To or 4 -hange s0il etc Rock-color,type, condition, hord- [
a toot rom- To [Sample 9-617 12| 12-18 | Consist. Elev _ness, Drilling time, seoms and efc No Pen|Rec
1 0'-1" D | 1 4 w/m/s 1 Brown FPEAT 1 1127 &
7 17-2° V|6 6 vet laj 127 °
14 mediur
15 dense Gray fine silty SAND
ik |
11 | 5toely y | 12| 21| 28] wet 2 [18]12
35 dense
37 9"
) Gray CLAY
10'=10"11"] b 5 (35T 00/ wet 10711 3 JLIVEE
(140:1(140 stiff | oo TRoller—Bit—Refusai=G-i+
Bottom of Boring- 11'
Refusal
_—_ﬁ
}
{
3
j
i
}
( |
GROUND SURFACE TO 10 USED ___ kv " ASING:  THEN amplea to 11*° |
Sample Type Proportions Used 14016 wt. x 30" fail on 2"(_)0, Sampler SUMMARY:"
D:=Dry C=Cored W=Washed roce  010l0%, | Cohesionless Density | Cohesive Consistency Earth Boring ;
. ; ; littl 0 0, 0-l0 Loose 0 - 4 Soft 30+ Hord] Rock Coring === |
UP: Undisturbed Piston e '0200/0 10-30 Med. Dense 4-8 M/Stiff Somples J
TP= Test Pit AsAuger VzVone Test some  201035% - - i ’
30-50 Dense 8-15 Stiff 3
15230 v »Stiff fHOLE NO. G-1

UT- Undisturbed Thinwoll ond 351050% S0+ Very Dense

AU, espre . .

. semas
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