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1. 0 . y INTRODUCTION -

q,,

'

1.1 - General f
'

. 4

-
.

The .results of a geotechnical study relating to |,
<

proposed-Radwaste and Off-Gas Buildings'for'the Oyster-Creek.
^,~

I-

-Nuclear Power' Station are presented in~-a~ report-prepared;by

Woodward-C1'yde Consultants (WCC), dated 4 February 1975. The
'

:

study was~ based.on|the design assumpti'n thatLfoundationo ;

, !

media of Seismic Category ILatructures-(such as the proposed
|

Radwaste Building) would have to be resistant to' liquefaction
i

during the. Safe . Shutdown Earthquake ' (SSE) . At the Oyster

Creek site,'the SSE.has a magnitude less than 5.0, and an

associated peak ground surface acceleration of 0.22 g. !
I 1

In order to complete their-review of the WCC study, :
!

e

NRC requested answers to questions relating.to'the study outlined ;

in the 4 February 1975-report. However, the current NRC staff f

i

position with regard to the seismic design' requirements for the j
,

.

; .

proposed Radwaste Building, is that the foundation media shall,

,

l not. liquefy during the Operating Basis Earthquake (OBE). The OBE
|

! '

would produce a peak ground surface acceleration of 0.11 g; i.e.,

one-half of that of the SSE.
!

1 .

.The results of detailed response analyses are presented i

!
'

These analyses are based on a
'

;

.

in'the14 February 1975 report.--

: peak-ground surface acceleration twice that associated with the l
.

'
4 > i

OBE...For the depth range of1 interest.at'the Oyster Creek site, ~ i

the shear' stresses produced by ground motions may be-considered . <
''

, .

l'

..

'
.

i

. .

y p - . - -- w,
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to...be-approximately proportional to. ground surface acceleration. #'

,

Based on this premise,.the shear. stresses induced by the OBE

| were taken to be one-half those determined in the response*
,

analyses made previously for the SSE.
,

4

Evaluating. liquefaction potential basedion a' peak -|
,

i

fground. surface acceleration of.0.11 g required changes in the'

'

} figures and tables presented in our report'of 4 February 1975.
-

TheseEchanges are described below.

1.2 Evaluation of Liquefaction Potential During OBE Based ;

on Simplified Procedure Using Relative Density Data |

The method of analysis is the same as described in~

Section 1.10.3.1 (p. 43) of'the 4 February 19'5 report, except7 _

for the following changes as compatible with current NRC position: ,

i
1. A peak ground surface acceleration of-0.11 g was

f
used (compared to 0.22 g used originally). An average grain '

i

size of'O.25 mm was used in the new analysis for both the

conservative and the less. conservative approaches (compared to
,

O.1 mm and 0.9 mm, respectively, in the 4 February 1975 report).'

2. Strength at-10 cycles was used (compared to strength.

at 5 cycles, as used in the 4 February 1975 report). The choice

of 10 cycles is compatible with the acceleration ratio (a,y,/a,,x) ,

of 0.65 used'in the simplified procedure (Seed and Idriss, 1971).
.

.

3. A. constant correction factor C . f 0.57 was used,r

regardless of the~ relative density. ,,

,

,

E

i

-

m___m _ am . _ , g. % y.i m . _ m.-,. y- g - w
- - . _ , . , w
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The results of calculations based on the modifications

referred to above, are shown in Fig. 1.10.2A, wherein relative

densities determined in laboratory tests on undisturbed samples-

are plotted versus depth, along with curves defining zones of

different liquefaction potential; refer to Section 1.10.3.1 of

the 4 February 1975 report for discussion of the significance

of the three zones indicated. The plot includes data from both

the proposed Radwaste and Off-Gas Building sites. It should be

noted that all of the data points plot in Zone III (liquefaction

unlikely).

1.3 Evaluation of Liquefaction Potential During OBE Based

on Simplified Procedure Using N-Value Data

The relative density versus depth curves defining the |
three zones of different liquefaction potential shown in !

Fig.-1.10.2A were converted to N-value versus depth relation-

ships, by means of correlations developed by Gibbs and Holtz

(1957), as reported by Seed and Idriss (1971). The results of

these calculations are shown in Fig. 1.10.3A, together with

N-values measured during the 1973 exploration program, along

with N-values measured in the exploration programs of 1964 and

1968. This plot includes N-values associated with the proposed

Off-Gas site. All of the N-values plot in Zone III (liquefaction

unlikely).

1.4 overall Evaluation of Liquefaction Potential During

OBE Based on Simplified Procedure
,

T |
As evident from the data plotted in Fig. 1.10.2A and |

|
Fig. 1.10.3A using the simplified procedure, all measured

i

*
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relative densities and N-values. fall in Zone III, indicating

'l'iquefaction ofLthe Cape May, Cohansey Formation and sand in-

{ clusions'in the Upper Clay Layer to be unlikely during the OBE.-
'

I ,

1'. 5 Evaluation of Liquefaction Potential During OBE"of
Upper Portion of Cohansey Formation Based on Response.

Analyses and Laboratory Cyclic Tests )
4

The approach.that was used for the OBE was similar

to that described in the 4 February 1975 report for the SSE,
.

except for the following changes as compatible with the current

NRC staff position

1. The peak shear' stresses summarized in Table 1.10.2
~

;-
'

of the 4 February 1975 report were divided by 2.0 to obtain :.

shear stresses compatible with a peak ground surface. acceleration
4

i of 0.11 g. The peak shear stresses associated with the OBE are

; summarized in Table 1.10.2A. The computed equivalent uniform
:

shear stress amplitudes (associated with the OBE) are summarized i

; in Table l.10.3A.

'

2. A correction factor C = 0.57 was used (compared to
r

1
*

the value 0.66 referred to in the 4 February 1975 report).

The calculated safety factors against liquefaction
,

during the OBE are summarized in Table 1.10.6A and Fig. 1.10.5A. ]
|

1.6 Conclusions With Regard to the Liquefaction Potential |.

.

| of Upper Portion of Cohansey Formation Based on Response

Analyses and Laboratory Cyclic Tests
,

4

fAs shown by Table 1.10.6A and Fig. 1.10.5A, the factors-
,

of safety against both initial. liquefaction and the development

.

8

, ._ _ . _ . . . . _ . .
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-

of ilot average strain are high. This indicates'that thb sand
,

deposits underlying the Oyster Creek site.are non-liquefiable

with respect to the OBE, a conclusion compatible with that based -

on the qualitative. analyses using the " simplified procedure"..

2.0 RESPONSE TO QUESTIONS RAISED.BY NRC-

2. l' General )

In Enclosure 1 of a letter by Mr. George Lear, Chief,

Operating Reactors Branch #3, of Division of Reactor Licensing

of NRC to Jersey Central Power & Light Company, dated 14 August

'1975, a series of questions are raised related to the WCC report

entitled'"Geotechnical Study, Proposed Radwaste and Off-Gas

h Buildings, Oyster Creek Nuclear Power Station", dated 4 February
,

1975. In Enclosure 2 of that same letter, it is stated that

"the foundation media of structures housing the radwaste systems-

should not liquefy during the Operating Basis Earthquake". The

evaluations of liquefaction described in the WCC report of
'

4. February 1975 assumed a peak ground surface acceleration of

0.22 g, which corresponds to the SSE, as opposed to the current

criterion of 0.11 g, which corresponds to the Operating Basis

Earthquake (OBE).

In responding to.the series of questions raised by

NRC, we.have reevaluated the liquefaction potential of the

' foundation media at the site of the proposed Radwaste Building,
a

Le using a peak ground surface acceleration of 0.11 g; refer'to

n

I

|

|
m ,

___ _ .. _ _ _ _ _ _ _ _ _ _ . _ _ _. _ _. J
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Section 1.0 of this report. The responses to the NRC questions

are' based, in.part, on this reevaluation.

i

*

Unless a figure or table number, which is not in the

"324 series", is followed by the letter "A", the figure or' table

is in the WCC report dated 4 February 1975; the letter "A" per-
,

|
j. tains to figures or tables resulting from the reevaluation of

liquefaction potential using the operating basis earthquake as

{
'

described in Section 1.0 of this report.

2.2 Responses to Questions

Question 324.1

(a) "You have not adequately sampled and' evaluated
'

the natural deposits directly below the proposed

radwaste building. Thirteen borings are shown.

f' on Fig. 1.3.1 at this location. Only two

borings (W1 and W4) of 13 completely sampled-
,

'

the entire subsurface materials of interest in

a meaningful way."

Response4

i

The scope of the exploration program at the Oyster

Creek site is described in Section 1.7 of the report, dated

4 February 1975. The program consisted of 13 borings made during

November and December 1973, and in early 1974, and nine borings

made in October 1974. The latter borings were made to " expand'

the data bank", a suggestion which was made by the NRC staff '

during an informal meeting on 15 August 1974. At that meeting,

.

e

|
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( it was pointed out by members of the NRC staff that relatively
.

few borings had been made within the proposed building area

(Wl,.W4,.and Wil). The suggestion was made that more information

was needed concerning the details of stratigraphy of the Upper

Clay Layer, and that more samples be obtained for cyclic testing.

No indication was given, at that time, that the number of standard

penetration test (SPT) results was deficient, or that that type

of test be emphasized in the. evaluation of the ground stability

of the site. Nithough we believe that the SPT can provide useful

input to a liquefaction evaluation, we also believe that the

properties (relative density and cyclic undrained shear strength)

of undisturbed samples provide a more detailed _ basis to evaluate

f-
the liquefaction potential. Liquefaction assessment based on

N-values is very useful in a preliminary evaluation of liquefaction
; potential. However, in planning our exploration program, primary

; emphasis was given to obtaining undisturbed samples, with second-

ary emphasis being given to SPT. I

*

Expansion of the data bank required that undisturbed

samples be obtained to: (a) assess the in-situ relative densityi

of the site soils; (b) perform additional laboratory cyclic

; strength tests; and (c) assess the continuity of sand inclusions

in the Upper Clay Layer. The three borings that had been made

within the building area, as well as those made outside of that
'

area, consistently exhibited high SPT values in the Cape May

-Formation, clearly demonstrating (as discussed in the 4 February
c
, 1975 report) the non-liquefiability of that deposit for the

..

*$
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postulated earthquake. Consequently, no additione.1 information

on the Cape May Formation was considered necessary, and no

.

samples were taken in that deposit during the October 1974 boring.-

program; the borings were drilled through the Cape May Formation

in order to expedite the exploration program. Virtually con-

tinuous undisturbed samples were'taken in the Upper Clay Layer

in all of the borings made in October 1974. In all but two of

those borings (W16 and W17), undisturbed samples were taken
'

.down to the very dense portion of the Cohansey Formation, the.

denseness of which was confirmed by means of an SPT. The

undisturbed sampling frequency was high, with the distance

between sampling operations being only 1 ft to 2 ft. It-is our
'

. opinion that a distance between undisturbed samples of less than.-

" "^

1 ft might contribute to sample disturbance.

The borings made in October 1974 were not extended

much'below a depth of 50 ft, since the results of previous borings

clearly showed that there is a marked increase in the relative

density of the Cohansey Formation below that depth, confirming
,

the adequacy (but not necessarily the necessity) of founding

Seismic Category I structures at, or below, that level.

'

In summary, a very detailed boring program was

carried out within the site of the proposed Radwaste Building;

.furthermore, the borings that were made outside of that site

penetrate deposits that have the same depositional history as

those underlying the proposed building site, and provide data ,

a,

e

t-

b

M

_, . - ~
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that can be used to evaluate' site subsurface conditions.' We

acknowledge that relatively few SPT were made in the upper.

portion of the Cohansey Formation in borings located within

the site of the proposed Radwaste Building, but we believe -

that this is more than offset by the 14 direct relative density

determinations made in the laboratory on undisturbed samples

from borings made within the proposed building area, and the

32 such measurements on undisturbed samples from borings in

close proximity to the proposed building site. It is our

opinion that the'SPT provides useful data which can be used in

evaluations of in-situ relative density and in liquefaction

analyses. However, conversion of the results of SPT to relative

density requires the use of a correlation (e.g., that proposed

by Gibbs and Holtz) which n'ecessarily has its own errors.and

uncertainties. It is our opinion that direct determination

of relative density from laboratory tests on undisturbed samples |

is a more reliable. approach than indirect determination from

SPT results. |
|

(b) "You have almost ignored the use of the standard

penetration test (SPT) sampler in your investi-

gation of the subsurface conditions bumediately

under the proposed site. Much of the data

presented to evaluate liquefaction conditions

are based on SPT data."

.
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Respon'se _,

,

We agree that much of the data presented to interpret

liquefaction case histories was obtained by means of the SPT.
~

However, as indicated in our response to the previous' question,

we believe that the properties (relative density and cyclic

undrained shear strength) of undisturbed samples provide a

more reliable basis to judge liquefaction potential than does

evaluation based on N-values. This opinion appears to be

consistent with the current position of NRC; refer to NRC

Standard Review Plan, Subsection 2.5.4.8, dated June 1975.

The state-of-the-art concerning evaluation of lique-

faction potential has advanced considerably since the earlier

studies were made, which were based solely on SPT results.

Major ete'ps in this advance have been the development of cyclic

laboratory test procedures to evaluate liquefaction resistance,

and more recently, the recognition of the importance of using

undisturbed samples in those laboratory tests.

On the other hand, we acknowledge that the SPT can

provide useful input to a liquefaction evaluation. In line

with this, the use of the SPT was not "almost ignored". This

is evidenced by the fact that all the available data were used

in the qualitative evaluation of liquefaction potential; refer

to Section 1.10.3 of our report. As indicated previously, we

believe that the information obtained in borings outside the

proposed building area can be used to evaluate conditions below 'g
)

,
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point falls within Zone.II, and that is very close to the

boundary of Zones II and III; refer to Fig. 324.1.1. Further-

more, as, indicated previously, we believe that data obtained
' from borings made outside the plan limits of the proposed

building should also be included in the liquefaction evaluation,

since the geologic histories of the deposits, both within and

outside of the proposed building limits, are the same. We say

this despite the fact that most of the less favorable SPT data

were obtained in borings located outside of the proposed building

limits. Considering all the data, only few data points were

plotted in Zone II where liquefaction can be considered as

possible; refer to Fig. 324.1.2. At the time we were making our

evaluation of liquefaction potential during the SSE, we inter-

k
preted the data plotted in Fig. 324.1.2 to indicate that'a more

detailed analysis was required and, therefore, we made a quanti-

tative evaluation of liquefaction potential of the upper portion

of the Cohansey Formation based on stresses determined in a

response analyses and strength based on cyclic triaxial tests

involving undisturbed samples.
|

In addition to the above line of reasoning, an evaluation

of liquefaction case histories demonstrates that the upper portion

of the Cohansey Formation would not liquefy during either the SSE

or the OBE. The upper portion of the Cohansey F rmation at the

proposed Radwaste Building site has an average N-value of 22 bl/ft.

The SSE has a magnitude less than 5.0 and a peak ground surface

.

- - - . _ _ _ - -
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acceleration of 0.22 g. Case histories referred to by Castro. of
(1975) have been reevaluated by Yegian and Oweis (1975), taking

magnitude into account. Magnitude is an important consideration

in the evaluation, since most of the earthquakes referred to by
.

Castro (1975) have large magnitudes; i.e., 7.0, or greater.

The reevaluation of these earthquake data, as applied to the

Oyster Creek site and SSE, is illustrated in Fig. 324.1.3. This

figure clearly demonstrates that, even for the.SSE, an N-value

of 22 bl/ft would be more than sufficient to preclude 1:tque-

faction; it follows that the same conclusion is drawn lor thrJ

OBE. These conclusions are. compatible with those drawr in our

report of 4 February 1975; namely, that both qualitative and

quantitative liquefaction evaluations indicate that the Cohansey -

Formation is non-liquefiable relative to the SSE, and, therefore, -

non-liquefiable relative to the OBE.

The procedure suggested by Yegian and Oweis is similar

to a suggestion made by Whitman (1971). In interpreting earth-

Whitman normalized the ' hear stresses to a standardquake data, s
,

20 cycles employing the strength relationship by Lee and Seed

(1967) for 20% double-amplitude strain. For example, the Alaskan

earthquake of 1964 was estimated to have 120 significant cycles.

To convert to an equivalent earthquake of 20 cycles., the shear

stresses causing failure will be approximately 50% greater than

those corresponding to 120 cycles.

A copy of the Yegian and Oweis (1975) reference is ,,

-included in Appendix 324.A. I

._ ___ _ ___ . _ _ _ _ _ _ _ .
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,

respect to liquefaction, was adequately developed. This*is

apparent.when reading the PSAR, wherein li,quefaction is not a

major consideration. Based on the results of liquefaction
.

studies for the Radwaste Building, it is possible that much ,

shallower foundations would be possible for the structures
,

referred to in the question.

Question 324.2

"You have not provided sufficient evidence to support

your conclusions regarding the previous loading of ,

the clay in the upper clay formation. Only one con-

solidation test is provided for materials under the

Radwaste Building. Provide additional data to support

your evaluation of previous loadings."

Response

Three consolidation tests were made on specimens of

the Upper Clay Layer, two from within, or near, the site of the

proposed Radwaste Building, and one from the site of the pro-

posed Off-Gas Building. The preconsolidation pressures and

overconsolidation ratios (OCR) , ' along with various index prop-

erties (initial water content, liquid and plastic limits and

liquidity index) are presented for these three specimens in

Table 324.2.1 Although the samples involved were taken at

three different locations within the same geologic deposit, the

test data are quite similar.. In each case, the preconsolidation

( pressure is 10 ton /ft ,-or greater (range 10 ton /ft to 12 ton /ft2)2 2

.

a



. - - . . . -. -. -

-

'

73C807B 22

with the liquidity index ranging between 0.08 and 0.23. Both
^

the very high preconsolidation pressure and very low liquidity

index'are-indicative of a highly overconsolidated soil. This

is further. evidenced by the values of OCR Presented in~

Table 324.2.1; the values range between 8 and 10. The sample

- taken from within the proposed building area (boring W4,
2Sample U3C) 'had a preconsolidation pressure (11 ton /ft ),

liquidity index (0.18) and OCR (8), all of which are repre-

sentative of the characteristics of the three specimens of the#

a

Upper Clay. Layer on which consolidation tests were run. This'

is further demonstrated by the similarity of the consolidation
,

i curves plotted in Fig. 324.2.1.
<

.

The heavily overconsolidated character of the Upper

Clay Layer is further demonstrated by the. liquidity indices of !

I the 15 specimens for which such determinations were made; see
!

4 Table 324.2.2. The liquidity index is typically less than 0.4,

|I indicating a heavily overconsolidated clay. The contention i

that the Upper Clay Layer is heavily overconsolidated is further
;

supported by the ratio of undrained shear strength to vertical

consolidation pressur'e (s O ) f r the Upper Clay Layer. Inu y

cases where clay is normally loaded, the ratio s / v is givenu

reasonably well by the following empirical relationship (Bjerrum

and Simons, 1960):

s / v = 0.10 + 0.004 Ip;u

where I is the plasticity index expressed in, percent.p

t

__.m
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The' samples listed in Table 324.2.2 have plasticity

indices that are typically less than 45%. Using a plasticity

index of 45%, the above relationship yields a ratio s /#v f '

u,

O.28. This suggests that ratios of s / v much in excess ofu

0.3 indicate heavily-overconsolidated clays. The' ratio is

summarized in Table 324.2.3 for 14 samples of the Upper Clay.

Layer for which undrained shear strength was determined and

the actual value of S b could be calculated.u v

Examination of.the data in Table 324.2.3 reveals.that

all values of the ratio are 0.5, or more, with values typically

0.7, or greater, indicating heavily overconsolidated clay.

We conclude that the Upper Clay Layer is heavily

] overconsolidated. The results of the three consolidation tests

performed on samples of the layer'are very similar even though

they were obtained at different locations. These test results

provide sufficient data to evaluate the compressibility of the

| Upper Clay Layer, including the portion that underlies the site

of the proposed Radwaste Building.
,

Question 324.3;

"The clays are described as organic deposits. Organic

soils are generally poor foundation materials. Evalu-

ate secondary compression which can be very large for

organic soils. Discuss the results of your evaluation."

:

.
.

i

|

1
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Response

', The view expressed in Question 324.3 is certainly

valid for normally consolidated soils. However, organic clays,

; when heavily overconsolidated, as are both the Upper'and Lower ,

|
-

Clay _ Layers, are relatively incompressible and have small rates

of secondary compression. The coefficient of secondary com-<

pression (Ca) of the Upper Clay Layer determined in the labora-

tory tests varied from 5.5x10~4 in./in./ log cycle of time to
~4'7.3x10 in./in./ log cycle of time within the range of stress

levels of interest; the corresponding value determined for the

~4Lower Clay Layer was 3.3x10 in./in./ log cycle of time. However,

because of its considerable depth and high degree of overconsoli-

dation, the Lower Clay Layer would contribute very little to the
'

settlement of the Radwaste Building.

Taking an average thickness of the Upper Clay Layer to

~4be 15 ft,'and assuming Ca = 7x10 in./in./ log cycle of time, we

calculate the secondary compression of that layer to be 0.126 in./

log cycle of time. We estimate that primary consolidation of the

Upper Clay Layer will take about one year. Consequently, we

estimate that secondary compression will contribute about 1/8 in.

to total settlement between the first and tenth year and about

1/4 in, between the first and 100th year. Our estimate of the

total settlement of the Radwaste Building indicated values between

-2-1/2 in and 4 in. Consequently, settlement due to secondary

compression of this heavily overconsolidated soil would be but ~

a small fraction of the total amount. -

"

.
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L

1

(. Question 324~.4 3
-

+

,

*
"The data provided regarding the continuity of the

deposits of the sand included in the' upper clay is-

.

not sufficient. Provide cross-sections to'show the*

sand' strata in the upper clay.. The boring logs do

not contain a detailed description terminology

required to assess the continuity of these strata. .

Provide detailed stratigraphic information to. support

your conclusions that these strata are not continuous."

Response

Cross-sections on which detailed stratigraphy is

indicated for each boring are presented in Appendix 324-B. As
, .

|
N concluded.in Section 1.5.2 6 2 of the 4 February 1975 report,

'

the sand deposited in the Upper Clay Layer is typically in the ,

form of lenses and inclusions. In Section 1.10.3.1.2 of the :i

I

same report it is concluded that such inclusions are non-

liquefiable under the SSE and would therefore be non-liquefiable !

,

under the~OBE.

Question 324.5

" Provide copies of boring logs and reports for the

proposed Oyster Creek Unit No. 2. Also provide copies

.of the Casagrande report for this site."

Response

Copies of_both the logs and the Casagrande reports are

presented in Appendix 324-C.
.

4
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Question 324.6

" Based on the boring logs presented we cannot assess

the depth of the fill encountered. Document your'

t

evaluation of the depth of the fill encountered and

discuss the methods employed."

Response
,

The distinction between the fill and underlying

naturally deposited soil was made based on field and laboratory

examination of the spoon samples recovered. The fill is a re-

worked material with no identifiabla structure and is generally

! mottled in color. Occasionally, pieces of wood were encountered

in the fill. In most cases, the underlying natural soil was of

the Cape May Formation, which has a more identificable strdcture -
,

and colors which are banded or are uniform. In two cases (W2

and W5), the underlying natural soil was the Upper Clay Layer;

the latter is readily identifiable. In three cases (W3, W4 and

OW1), no fill was encountered.

Question 324.7

"The data in Table 1.8.2 does not support your state-
;1

:||. ment that the undrained ' shear strength (s ) , indicatedu

values of s between 1 and 2 tsf. The. average triaxial
u

shear and vane shear strength is less than 1 tsf.

! Explain."

!!

1
-,

a.
.t

.

' I
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C. Response

The range given in the report is correct if all of the

strength data are considered, including that determined by the

63 Torvane tests and the 62 pocket penetrometer tests.

Question 324.8

" Discuss the possibility of the groundwater level

increasing during the life of the plant, and the

effect on the liquefaction potential."

Response

The Oyster Creek Nuclear Power Station is underlain by

two aquifers. These are the Cape May aquifer and the underlying

( Cohansey aquifer. The Cape May is a water table aquifer while

the Cohansey is a confined (or arte'sian) aquifer.

The plant sito is bordered on two sides by tidal rivers

and on a third side by Barnegat Bay. The Cape May is hydrau-

lically connected to these waters, and its water level is,

therefore, in part, controlled by sea level. At the plant site,

this formation is directly recharged by rainfall, and large rain-

falls can cause short duration increases in~ water level (approxi-
'

mately a 2 in, rise in water level for each inch of rainfall,

assuming a 50%' recharge (Hardt and Hilton, 1969) and a 25%

porosity). However, due to the plant site's proximity to tidal
'

water, excess water in the Cape May will rapidly discharge to

these tidal water bodies. Unless.there is a change in sea levelr
I

t relative to the Cape May aquifer, it is not likely that there will

be any long-term increases in the water level of the Cape May.

.

______
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3|1
i

The main recharge area for the Cohansey is to the J|
!

northwest of the plant site in the Pine Barrens. The USGS has,

l
an obseryation well in Whiting, New Jersey, approximately !

10 miles from the plant site, which is completed in the Cohansey.

Continuous water level records have been obtained from this well !
'

since 1952 (see Fig. 342.8.1). Between 1952 and 1972 inclusive !
l

(21 years of record) , the total water level fluctuation was j

8.75 ft, and the maximum 1972 water level was only 0.63 ft less ]

than the maximum level recorded in that well. Another USGS

observation well, located near the Garden State Parkway, is

approximately two to three miles from the plant site. Water

levels have been measured sporadically in this well since 1967

(see. Fig. 324.8.1). Between 1967 and 1973 inclusive, fluctuation )
)

'

was 2.22 ft (compared with 4.22 ft for the Whiting.Well'for the

same period) and the maximum water level for the period was !

recorded in 1972. The maximum water level for 1973 was only
1

0.42 ft less than that for 1972. The rainfall for 1972 was '

approximately 15 in. above the mean. (see Fig. 324.8.1) , while the

rainfall for 1973 was less than that for 1972, but still well
,

above average. Piezometer P1, which was installed in 1973, has,

during a period of over one year, fluctuated very little (about

1 ft; ie, between el 6 ft and el 7 ft). The records of the two

USGS observation wells indicate that the maximum piezametric level
.

in the Cohansey Formation in 1973 was within about 1 ft of the |

maximum level recorded since 1952 The rainfall records suggest

that the 1972 piezometric level is.probably within about 1 ft of

the maximum level since 1952. ,,

i

i

1

|

'

t'
i
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Based on the above. data, which are' illustrated.in
.

Fig. 324.8.1, we conclude that water levels in the Cape May

and Cohansey Formations are not likely to rise above el 13 ft |,

and el 8 ft, respectively, during the life of the proposed
,

l

!Radwaste Building. The effect on liquefaction potential would

'be minimal. If one conservatively assumes the piezometric
. :

' level in the Cohansey Formation would rise to the same level !

as the Cape May Formation (say to el 13), then the factors of
l

safety against liquefaction summarized in Table 1.10.6A and

Fig. 1.10.5A would be reduced by 8% to 10%. The resulting,

factors of safety would still be very high, and quite satis-

factory.

Question 324.9
'

'

.

" Describe the backfill procedure used to place the

fill near boring W2, W5, and W9. Explain the reason

for the extremely loose condition of the fill."

Response

;
The area near borings W2, W5, arid W9 is remote from

the original oyster Creek Unit 1 structures and as such back-

fill was required by applicable. specification to provide for a

plant yard area backfilled and smooth graded but without

specific density requirements.

-_
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Question 324.10

"Your evaluation of the significant number of cycles

in the liquefaction analysis is not consistent with.

Lee and Chan data for a,y,/a equal 0.65. Amax

number of 10 appears more reasonable for the sim-

plified procedure. This higher value will result in

an increase in'the likelihood of liquefaction for

each strata. Evaluate and compare the results based

on 5 and 10 cycles. Duplicate the apprcpriate

figures in the report at 10 equivalent stress cycles.

Use a C value of 0.57 in all calculations and report
r

the results."

i
.,

Resp'onse I'j

'

As explained in Section 1.2, a qualitative evaluation

of liquefaction potential during the OBE was made using the

simplified procedure (Seed and Idriss, 1971) based on 10 cycles

and C value of 0.57. The results are summarized in Fig. 1.10.2Ar

and 1.10.3A. An evaluation based on five cycles was used in our

report, dated 4 February 1975, and was somewhat less conserva-

tive. However, the laboratory (uncorrected) cyclic stress ratio

for 10 cycles is 0.246 for a relative density of 50% (Seed and

Idriss, 1971) based on an average grain size D50 = 0.25 mm. The

corresponding value for five cycles is approximately 0.27; the

degree of conservatism involved is-quite small. The figures

(Fig. 1.10.2A and 1.10.3A), however, are based on 10 cycles and
C = 0.57 as requested. '
r

,
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Question'324.ll

i

"Less than half of the relative density test data is

representative of the Radwaste Building location.*

Discuss the justification for using any.daba other

than that obtained at this location. Provide a

correlation with SPT data and relative density data."

Response

Relative density data from borings W3, W9, and W10A.

were used in evaluating the liquefaction potential at the site.

Thesa borings are located 50 ft to 120 ft from the proposed
Radwaste Building locaticn. The relative density measurements

|

from those borings, together with data from the borings located
'

Iwithin the proposed . building area,, are presented in Fig. 1.10.2 |

of our report and_also Fig. 1.10.2A presented here; it should
be recognized that these values are based on direct determina-,

'

tion of the relative density in the laboratory using undis-
i

|
turbed samples.

Examination of Table 1.8.3 of the report dated

4 February 1975 reveals that there were six relative density'

; measurements involving undisturbed samples which are'less than

60%. Five of.these values are associated with borings outside
the building area (W2, W3, W9, and W10A). It is our opinion

that, in . evaluating . liquefaction potential, not considering.

data-from borings W2, W3, W9, and W10A would be imprudent and

unconservative, since the soil strata underlying those boring
locations (which are relatively close to the location of the |

proposed'Radwaste Building) have the same geologic histories

-
.

_ , , , .- , - - - - ,- ~ s'
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)and. involved the same depositional processes as the corres-.

ponding strata underlying the proposed building area. <

iA correlation between the SPT data and relative'

'

density data (obtained from laboratory tests on undisturbed
.

samples) is given in Fig. 324.11.1. This plot indicates that

both sources of relative density data have similar distribu-

tions-of values.

-
.

Question 324.12
,

" Recalculate the uniform shear stress amplitude given

in Table 1.10.3 using five cycles for conversion

(p. 52) and report the results."

R'esponse

The uniform shear stress amplitudes given in

Table 1.10.3 of our report have been recalculated using five

cycles for conversion. As explained in Section 1.0, the shear

stresses were reduced to be compatible with the current NRC
,

position with regard to the design (earthquake. This position
,

resulted in assigning 0.11 g for the peak ground surface

acceleration ~instead of the 0.22 g used in the 4 February 1975'

report. .The results of the recalculation are presented in

Table 324.12.1.

Question 324.13 ,

" Provide the pore pressure, stress, strain, and the

number of cycles data in graphic format for the )

- cyclic tests used in this evaluation. ~ Provide the
,

factor'of safety against 10% double amplitude

strain." ,

. . . - _ _ _ _ _ _ _ . . _ _ _ _ . . ._- _ . -
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*Response
,

The factors of safety (best estimate and lower bound) !

against 10% double amplitude (15% average) strain were calcu-

lated in accordance with the procedures outlined ~in our repor't, ;
i

but using induced shear stresses based on a peak ground surface

acceleration of 0.11 g (instead of the 0.22 g used in our

report, dated 4 February 1975) and also using a C V"1"* f

{r

0.57 instead of 0.66. These results are presented in

Table 324.13.1. The best estimate' refers to the. average
'

_. strength value, while the lower bound'is based on the average

strength minus one standard deviation. )
1

!-Graphical presentations of the results of the cyclic.

,

"

. strength tests are given in Appendix D.
,

i
- -o

Question 324.14
.

(a) " Designate a maximum, total, and differential

settlement criterion for this structure."

Response,

Settlement criteria have been established as follows,

based on a design check for anticipated settlement:

a. Maximum' total: settlement - 3-1/2 inches
.

|

b. 1 Maximum differential settlement - 1-1/2 inches. )
-

In establishing these. criteria,.the foundation mat was modeled |

J
'

as a plate on elastic-springs with wall stiffness considered. .

.

a M w e -.w-.. m.- - r mi. - g
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']J .The soil was modeled to 700 f t, in diameter and 1000 ft, in

depth to achieve good boundary conditions for both upper

bound an,d lower bound soil module. A realistic load distri-

bution from the super structure and equipment was established.

The computer program stardyne was used to perform the calcu-

lations.

It should be noted that previously identified esti-

mates of maximum total and differential settlement had been
!made assuming uniform load distribution and without considering

the effects of wall stiffness.
f

It has been verified that the structures and other
design features, such as interconnections, will accept the
total and dif ferential settlement thus calculated with appro- T'

I

~ priate safety margin.
' #

, b) " Provide a settlement monitoring program for(,

the life of the structure."

' Response
|

A settlemcit monitoring program will be carried out.
1

,

Markers will be placed at 25-ft spacing around the perimeter

of the proposed structure. Vertical movements will be measured

by taking level readings, using remote benchmarks. It is anti- |

cipated that readings can be taken to within 0.1 in. accuracy.

In order to measure movements of the mat inside the building,

a hose level instrument will be used. An accuracy to within

~N,
I

J

_
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10.01 in. is anticipated. Six pins will be installed at appro-

priate locations inside the building and readings will be taken

at regular intervals.

Measurements will be made on weekly to bi-weekly

basis during the first year. Depending on the progress of

settlement, an appropriate interval will be selected after the

[ first year. We plan to start'taking readings following the

completion of the mat foundation for.the proposed buildings as

soon as placing markers and pins becomes possible. .

.
.

6

4

i

9

9
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TABLE 1.10.2A

CALCULATED PEAK SHEAR STRESSES FOR THE
OPERATING BASIS EARTHQUAKE (OBE)

.

Calculated Peak'
Shear Stress, T

max

2
(lb/ft )

Depth (ft)
Method of Analysis Accelerogram 32 40 44 48

Site Response Analysis State Building 297 375 403 425

Parkfield 346 415 444 473

Artificial 336 406 450 491

Simplified Procedure of
Seed & Idriss (1971) Not Applicable 375 441 463 484 ,

using average stress
attenuation coefficient

+ .

e

,

.

.
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TABLE 1.10.3A

COMPUTED EQUIVALENT UNIFORM SHEAR-STRESS AMPLITUDES AT
VARIOUS DEPTHS WITHIN THE UPPER PORTION OF THE

COHANSEY FORMATION FOR THE OPERATING BASIS EARTHQUAKE (OBE),

Equivalent Uniform
Shear-Stress Amplitude, Td

(lb/ft )
Depth Below Ground Surface (ft),

Accelerogram 32 40 44 48

State Building 211 266 286 302

Parkfield 267 319 342 364

Artificial 244 300 333 364,

{ Maximum Value 267 319 342 364

|

I

I
.- - - _ _ _ -___'



TABLE 1.10.6A
,

+

SUMMARY OF CALCULATED FACTORS OF SAFETY
UPPER PORTION OF THE COHANSEY FORMATION

FOR THE-OPERATING BASIS EARTHQUAKE (OBE)

Calculated Factors- of Safety
Initial

Liquefaction 10% Average Strain
Depth'Below

3 s l s'

Ground Surface Best Lower Best Lower
(ft) Estimate Bound Estimate Bound

5

32 2.43 2.02 3.68 2.97

~40 2.36 1.96 3.60 2.88

44 2.38 1.97 3.59 2.90

48 2.40 1.98 3.63 2.90
.

. .

* Based on average strength value.
2 Based on strength value equal to average minus
one standard deviation.

,

;

a-

a
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TABLE 324.2.1

SUMMARY OF CONSOLIDATION TEST RESULTS
UPPER CLAY LAYER

'
.

.

4

Liquid Plastic Preconsolidation Overconsolidation
. Boring Sample Depth Water Content Limit Limit Liquidity Pressure

No. No. -(ft) (%) (%) (%) Index (ton /ft ) Ratio (OCR)2

W3 U4C 33.6 42.1 72 33 0.23 10 10
.

. W4 U3C 21.1 45.3 84 ' 37. 0.18 11 8

W8 U6B 28.6 45.1 92 41 0.08 12 10

|

..
,

l ,

!

!
,
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TABLE 324.2.2 ,

"

SUMMARY OF LIQUIDITY INDICES

,

Natural Liquid Plastic
Boring Sample Depth Water Content- Limit Limit Liquidity

No. No. -(ft) (%)- (%) (%) Index

W1 U2C 17.5 47.9 77 .40 0.21

S7 19.0 49.7 54' 29 0.83

S8 23.7 39.1 65 32 0.22
'

W2 U2B 20.8 41.3 79 39 0.06

W3 S7B 18.0 41.0 70 34 0.19

S8 22.7 45.6 78 32 0.30
'

59A 29.7 43.9 71 32 0.31

U4C 33.6 41.4 72 33 0.22

W4 U3C 21.1 44.3 84 37 0.16,

S8 25.7 44.2 77 36 0.20

W5 U6C 33.3 28.0 54 28 0.00

S10A 34.0 27.8 38 20 0.43
' '

W6 S7 24.7 45.6 77 34 0.27

S9 34.7 45.4 65 33 0.39

W8 U6B 28 6 42.6 92 41 0.03 j

.

.

e

4
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TABLE 324.2.3 .

'

SUMMARY OF RATIO s / vu

. .

Boring No. Sample No. Depth (f t) s / vou

Wl- 03B 21.6 0.53
W3 U4B 33.0 1.14
W4 U3B 20.7 0.80

W12 S2B 20.3 0.85

W13A S2C 20.1 1.03

S2E 20.6 1.35
W14 S2C 20.2 0.77

W16 SlD 18.4 0.69

S3C 21.8 0.61-

W17 SlD 19.0 0.55
S3C 22.3 0.67. .

;

W18 SlB 18.2 0.92

S2E 21.3 0.71

W19 S2D 20.7 0.48
l

i
|

|

,
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TABL 324.12'.1 |

COMPUTED EQUIVALENT UNIFORM SHEAR-STRESS AMPLITUDES AT
VARIOUS DEPTHS WITHIN THE UPPER PORTION OF THE

dOHANSEY FORMATION USING 5 CYCLES FOR CONVERSION
FOR THE OPERATING BASIS EARTHQUAKE (OBE) .

Equivalent Uniform
Shear-Stress Amplitude, Td

(lb/ft )
Depth Below Ground Surface (ft)

Peak Amplitude of 0.22 g) 32 40 44 48

State Building 196 251 270 284

Parkfield 261 313 335 357

Artificial 268 329 366 399

.

):.

TABLE 324.13.1 '

.

SUMMARY OF CALCULATED FACTORS OF SAFETY IN UPPER PORTION OF
COHANSEY FORMATION FOR 10% DOUBLE-AMPLITUDE (15% AVERAGE) :

STRAIN FOR THE OPERATING BASIS EARTHQUAKE (OBE) - a,,x = 0.11 g j
l

l

Calculated Factor of Safety )
Depth Below j

Ground Surface Best Lower i

(ft) Estimate Bound ]
32 -2.72. 2.26 i

40- 2.66 2.19
44 2.68 2.19 |
48 2.69 2.23 |

1

1-

a ~-
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EFFECTS OF SAND COMPACTION ON LIQUEFACTION
DURING TI1E TOKACHIOKI EARTHQUAKE

Yontitigo OHSAKl**

.

1. FOREWORD

During the Tokachioki earthquake of 1968, a site of sandy ground showed a variety of'
damage features due to liquefaction. A.p.irt of the ground consisted of loose sand and

. the other part was of dense sand, the latter suffering little damage. The part of loose
sand had been compacted locally by means of vibrollotation, which demonstrated its
effectiveness for preventing liquefaction.

In this paper, the characteristics of sand deposits before and after the earthquake and

,

the features of damage are described to ofter field-observational information useful for
the establishment of criteria concerning the occurrence of liquefaction.

2. SITE AND SOIL CONDITIONS

{
The site of the paper manufacturing plant is located in the city of 11achinohe which lies;

., p .
s

% ,) .
.

f bs
y ,,' ,Y'

e n m
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c' y|grgg-
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/.*

' IC AT A
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TOKYO )

Qb'' o no m m
Fig. 1. 14 cation of Hachinohe City

.

* Dr. Eng., Head, Structures Division, Building Research lastitute,4-394, Hyakunin.cho, Shinjuku-ku
Tokyo.
Written discussions on this report should be submitted before January 1,1971.
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- as shown in Fig.1, about 560 kilometers north of Tokyo.
The site'with an area of about 660,000 m' is a Rat, sandy beach fronting on the Pacific;

'

Ocean, its ground elevation being in the range from 2.5 to 5.0 m. The west side of the site
is bordered by a diluvial, coastal terrace of elevation 20 to 25 m. *

'Ihe ground of the site' consists of sands almost entirely down to a depth of more than'

20 m from the ground surface, containing a large quantity of iron sand. Eight explora-
tory borings P-1 through P-8 were performed in the site at the locations shown in Fig. 2,
and an example of the boring logs is represented in Fig. 3, in which it will be noticed

. that N values of the standard penetration test are extremely small down to a depth of about
5 meters from the ground surface. This portion had once been excavated to collect

! iron sand and backfilled with the waste sand. S'uch excavation und backfilling had
+

' been made almost all over the site, as shown in Fig. 4, except in a wood at the central part
ef tige site and along a few paths within the site. There were several swampy places along
the west border of the site.

The ground water table is not deeper than 1.5 meters everywhere in the site and, there-
,

fore, almost entire mass.of the sand is saturated with the ground water.
|
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3. EXPTR10NCES OF Tilt NilGATA EARTilQUAKE OF 1964
The construction of the manufacturing plant was schemed in the early fall of 1964,

which was immediately after the Niigata earthquake of June 16, 1964.
Being asked engineering advices in connection to the problems ofliquefaction of sandy

ground, the writer tentatively pointed out, based on the experiences of the Niigata carth-
quake, the following fne items as the conditions under which the ground would liquefy
during an earthquake of a considerable intensity, resulting in heavy damage to structures:

(I) Most of the soil from the ground surface down to a depth of.15 to 20 m consists
of sands.

(2) It is submerged under the ground water table.
#

(3) Its age of deposition is young.
(4) It consists of pure, uniform sands of medium grain size,i.e.,i) the content of silt i

and/or clay is less than 10 per cent, ii)its 60-per cent grain size is in the range of 0.2 to |
2.0 mm, and (ii)its coefficient of uniformity is less than 5. In other words, its grain-size

distribution curve lies in the hatched zone in Fig. 5.
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Il6 - SOILS AND FOUNDATIONS ,

(5) Its compactness is loose and the N-values of the standard penetration test are smal-
ler than the critical value represented by an expression

N,,==2: (1)

in which denotes a depth in m. .

4. FOUNDATION PLANNING

When the soil conditions in the site are compared with the criteria in the preceding
section, it is readily apparent that (1) the constitution of the ground,(2) the ground water
condition and (3) the age of deposition are completely the case.

As for the grain-size of the sands, the grain size distribution curves for simples taken
from the top 5 m of the ground lie in the hatched zone in Fig. 6, indicating that most of
them are within the critical range represented in Fig. 5.

Furthermore, if the line of the critical N-values expressed by eq. (1) is drawn overlap-
ping the curve of actual N values, for instance, of Fig. 3, then Fig. 7 is obtained, which

- indicates that the actual N-values are smaller than the critical ones in a range from the
ground surface down to a depth' of approximately 5 m.

!!ased on the above considerations, a possibility was foreseen quite defmitely that the
soils in the site, specifically the loose sands near the ground surface, would liquefy during
a future carthquake and cause heavy damage to buildings and facilities.

As a resuh, an adoption of pile foundation was suggested to support verticalloads from
buildings and facilities and it was confirmed by a pile loading test that a reinforced con-
crete pile of 30cm in diameter and 7 m in length could develop an allowable bestmg 1

capacity of 22 tons.
Even if piles are used, however, the experiences of the Niigata carthquake indicate that, !

if the mass of soil around the piles was liquelied, the bearing capacity was reduced because |
|of the loss in surface friction and overburden circets upon the pile point and, at the same

time, the lateral resistance of the pile disappeared almost completely.
To provide against such destructive situations, it was decided to compact the loose 1

sands between the piles so that they possessed N values larger than the critical values

,
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expressed by eq. (1). As a method of compactic.i. a vibroflotation process was fmally
suggested after technical and economical comparisons with several other methods.

S. VIBROFIOTATION TL5TS
,

Prior to the actual application of the vibroflotation process, a series pf field tests were
carried out in the site. Namely, as shown in Fig. 8 the mass of loose sands v.as com. -

pacted by a vibroflotatio'n equipment at 19 points of a regular, triangular configuration.
The pitch and the filling material for each test were as tabulated in Table 1.

Table 1. Pitches and Filling Materials *

for Vilmodation Tests

Test Pitch (ni) Filling Material
,

No. I l.20
No. 2 1.50 Sand
No. 3 1.80

. .-

No. 4 1.20 Gravel
. . . . . .

Outlines of the vibrollotation equipment are as follows:
Effective length 7.00 m
Outer diameter 17.78 cm
Driving power 15 HP .

Eccentric weight 23.4 kg
Eccentricity 47 mm
Amplitude 4.3 mm
Speed 1260 rpm

:

,
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i
Before and after the compaction, densities of the mass of sands were measured at

intermediate points shown in Fig. 8 by means of a cone penetrometer to check the effects
ofcompaction. The results of tests were as shown in Fig. 9. It was known with respect -

to the cone penetrometer that, between the penetration resistance g, and the N value of .

the standard penetration test, a relation

(, = 4N
.

held approximately. Therefore, from eq. (1),

(9,biomi=8: (2)

where : denotes a depth in meters. A " target" line, i.e., a line expressed by eq. (2) is
drawn in each of Fig. 9. It is observed in Fig. 9 that the loose sands have been compacted

beyond the target line irrespective of the pitch of vibroflotation, and that gravel is more
effective as filling material than sand.

'-

,

6. CONSTRUCTION OF FOUNDATIONS

Apparently it should be recommended to apply,if possible, both pile driving and com-
paction to all buildings and facilities, liowever, by reason of economy and time limita-
tion the actual construction of foundations was performed in the following way:

Group I-For structures of primary industrial importance such as pulping plant, paper-
-

N-VALUE N-VALUE

Q 20 40 60 0 20 40 60
-~

0- 0g
'

.

415... 9.3y.
. .,

-

64,-
2 ,..... .2- . .

,

..

.1 , . . . , . .2 .
.

. .

_ 4- .f e .-4- 3j . h ..ct ..jc : .

.' .o . .:.g. ... | [' Ev .h . .: g ,.;.: .-
.

6- a 6- c. . .. 3, .o ,
4

: . . .o .
,

8' 8' *
o . . .:

\
(a) SAND-FILLED 10- 1

(b) GRAVEL-FILLED
<

<

LEGEND:o BEFORE COMPACTION

AFTER COMPACTION.
'

--- CRITICAL N-VALUE

Fig.10. N Velues aber improvement'
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making plant, power plant, etc., a compaction by means of vibroRotation was first per-
formed covering all building areas in a triangular configuration of 1.55 m in pitch and
using sands as filling material, and then reinforced concrete piles of 30 cm in diameter were

'

driven to the bearing stratum at a depth of 6 to 7 m. hie-driving was performed after the

completion of vibroRotation process in expectation of further compaction effects by pile- .

driving.
After compaction and pile-driving the densities of thus compacted mass of sands were I

measured by the standard penetration tests. The results are shown in Fig.10(a),indicat- |

ing that the sands were fairly successfully compacted beyond the critical N-value.
Group //~For structures of secondary industrialimportance such as warehouses, office

J

buildings, etc., the ground beneath the columns and the grade beams was compacted
Asstripwise by means of vibroflotation with 1.55-m pitch down to a depth of 6 to 7 m.

filling material, gravel was used and the effects of compaction was as shown in Fig.10(b).
|

Then, footings of the building were placed upon thus compacted ground without piles.
|

Most tanks for chemicals were included in this group.
i

.
Group ///-For structures of minor industrial importance, neither pile foundations '

nor compaction process were adopted.
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7
Dus, the total number of vibroflotation processes amounted to 16,841, that is, ..* .

.' for Group I 13,354

for Group II 3,487

i for Group III 0
. . . .

- Total
..

16,841

; The locations of structures belonging to the above three groups are illustrated in Fig.11.

[ 7. DAMAGE BY TOKACHIOKI EARTilQUAKE
The paper manufacturing plant was completed in January,1%7, and about one'and

;

j half years after the completion it was attacked by the Tokachioki earthquake of May.

|
16,1968. The seismic data of the earthquake were as follows:

Epicenter . . . . . . . . . . 40.7'N.143.7'EL

Focal depth . . . . . . . . .approximately 20 kilometers
Magnitude . . . . . . . . . .M = 7.8 by Gutenberg Richter scale.

4

The location of the epicenter was as previously shown in Fig. I and the distance from the
city of Hachinohe was approximately 180 kilometers. According to the record of a'

: strong motion accelerograph installed at the harbor of Hachinohe, the maximum accele-
ration was 225 gals.

Structures, underground. pipings, roads, private railway tracks, timber yards and so
forth in the plant were more or less damaged during the earthquake. The damage was-

mostly due to liquefaction of the sandy ground. A certain vibrational damage such as
.

failure and buckling of steel bracings, shearing failure of rivets, falling of a. ceiling duct.

: cracking of cover concrete in steel columns, was also inyolved t however. it was quite minor.

r The damage due to liquefaction will be described in some detail in the following: _)
(1) Excavated, backfilled and not compacted portion of the ground liquefied almost >

all over, causing subsidence and cracking as shown in Photo I, and eruption of sand and
,

water as shown in Photos 2 and 3. The distribution ofliquefied zones and major crack-
ing of the ground is roughly sketched in Fig.12. It was clearly observed that liquefac.

- tion took place most intensively at formerly swampy places.'

; (2) ' In the wood and along the former paths, where the ground had not been excavated.
no liquefaction occurred. Therefore, at the boundaries between those areas and adjacent.

liquefied zones, there appeared fault.like dilTerences in the ground surface elevation as,

shown in Photo 4, amounting to about 50 cm at a maximum.
(3) No visible, structural damage was caused to the structures belonging to Group I,

! except slight settlements of the floor slabs which were placed directly upon the compacted
ground surface. According to a precise leveling after the earthquake, differential settle-.

ments in the structures of the Group were 9.8 mm on an average and 14 mm at a maximum.

(4) To the structures belonging to Group !! the damage was also slight. However.;. -

| the settlements of floor slabs placed on ihe not. compacted ground surface were considerably
large and the maximum settlement amounted to about 40 cm. A warehouse of the Group
moved horizontally by about 40cm. Differential settlements in the structures belonging'
to the Group were 15.0 mm on an average and 103 mm at a maximum. The warehouse

,
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Fig. 12. Liquefaction and Crackin's of the Ground

which settled the most is shown in Photo 5.
(5) Structures and facilities belonging to Group Ill were damaged heavily. An

example of the tilting of tanks is shown in Photo 6. Fortunately, however, no overturn-
ing occurred since every structure of the Group was not so heavy in weight. Furthermore,
two important features of damage were observed in relation to the piping system of the
plant, that is, failures of pipings at the entrance into structures, as shown in Photo 7, due
to displacement of the structure and subsidence of the liquefied ground adjacent to the
structure, and failures of underground pipes which were running through the not com-
pacted ground. These two features may be a trivial matter from a structural viewpoint
but, in fact, were important in the sense that the operation of the whole plant'had to be
stopped for about a month after the carthquake because of such failures of the piping
system. .
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l
8. CilANGE IN SOIL CONDITIONS

Approximately 20 days after the earthquake, borings were carried out in the site at the
locations P- 1, P-2, P-4, P-5 and P-6 previously shown in Fig. 2, the results of which were'

quite interesting and important in that they furnished information on the change in soil
,

conditions before and after the carthquake. ,-
|

Location P-6:
At this location the ground was apparently liquefied. As shown in Fig.13, N-values

of the standard penetration test, which had been extremely small before the earthquake,
increased to considerable values, indicating that the loose sands were liquefied, consoli- (

dated and, as a result, were corapacted by the earthquake motion. Increased N values |
i

are around the critical N-values of eq. (I), suggesting that the latter represents a stable

state.s

Locarlons P-I and P-4:'

At these locations the loose sands down to a depth of 5 to 6 rn had been compacted by)
means of vibroflotation, owing to which no liquefaction took place during the earthquake.

.

|
As shown in Fig.14, the densities are still affected by the carthquake rnotion.

*

Locottons P-2 and P-3:
As previously shown in Fig. 2, these points are located in the wood at the central part

of the site, where fairly dense sand had not been disturbed by excavation or backfilling.
Therefore, there occurred no liquefaction during the earthquake. The changes of N-
values before and after the earthquake are shown in Fig.15,in which it can be seen that

,
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the dense sand near the ground surface was rather loosened.
At every boringlocation the ground water table became somewhat shallower after the

earthquake.

9. CONCLUDING REMARKS AND ACKNOWLEDGEMENTS

in the preceding sections, features of damage to sandy ground during a severe carth-
quake and several related matters have been discussed, it is the writer's viewpoint,
however, that this paper is of interim nature at the present state since the experience at
this site would become more contributory to the solution of liquefaction problems, pro-
vided that more accurate and reliable determination of the field density of sand would be
performed. Such a supplementary and, at the same time, more essential measurement
program is now being projected.

This paper has been written based on a monograph which the writer presented at the
Second Seminar on Soil Behavior and Ground Response During Earthquakes held in
August,1969, at Berkeley, U. 5. A., under the auspices of Japan U.S. Cooperative Science
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The writer wishes to express his appreciation and thanks to the participantsProgram.
in the Seminar for their discussions and encouragements.
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LIQUEFACTION AND CYCLIC MOBILITY
IOF SATURATED SANDS.

Discussion by Mishac K. Yegian,8 A.M. ASCE

and Issa S. Oweis,8 M. ASCE

.

The author presented a valuable plot (Fig. 8) for

evaluating liquefaction potential' based on reported field

case histories.

.The writers attempted to employ this plot in their

, liquefaction studies for a site along the east coast of the
United States. The postulated earthquake for this site is

of magnitude 5.0; with a peak ground surface acceleration

of 0.22 gravity-at the site. A liquefaction analysis was 3
I

dmade of.a sand layer extending from 32 ft to 50 ft below

ground surface. The water table is at a d'epth of 11 ft
below ground surface. The average standard penetration

resistance, N, in the sand layer is 22 blows /ft. Measured

relative densities from undisturbed sample had an average

value of 75%. Results from dynamic response analyses and

liquefaction testing on " undisturbed" samples indicated

ample safety factors against liquefaction. Using the

.

June 1975, by Gonzalo Castro (Proc. Paper 11388).1

Senior Staff Engineer, Woodward-Clyde Consultants, Clifton,8

N.J.; Graduate Student, Massachusetts Institute of Technology.
s Project Engineer, Woodward-Clyde Consultants, Clifton, N.J. .
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author's plot, the likelihood for liquefaction would be

marginal at a depth of 32 ft and strong at a depth of 50 ft.s

The-discrepancy between the two conclusions prompted the

writers to examine the assumptions made by the author with

regard to the use of a constant conversion factor of 0.7
.

for all magnitudes and the calculation of shear stresses

based on a rigid body assumption.

Whitman (1971) , who used a format very similar to Fig. 8 for

organizing field observations, introduced the effect of

earthquake durations by correcting the dynamic shear stresses

to correspond to a standard duration. To correct the maximum'

dynamic shear stresses to a duration which would produce ten

uniform s4 nificant cycles, the author acknowledged that an

{ earthquake magnitude-dependent conversion factor R should be

employed.'However, because of the scatter present in Lee and

Chan's (1972) data, the author decided to adopt a constant ,

f actor of 0.7. In doing so, in effect, the author did not

take into account the influence of earthquake duration in

his interpretation of the data. Figure 12 presents the
,

relationship between R and earthquake magnitude M as

suggested by the average relationships from Lee and Chan

(1972). This figure indicates that the shear' stress
conversion factor, R, on the average, varies between 0.65 and

0.85 for magnitudes ranging between 5.2 and 7.2. This range

of values of R may even be larger if greater magnitudes are

also considered. Inasmuch as 80% of the case histories cited
by the author are for magnitudes greater than 7.2 and about

.
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- 95% of the data points plotted within or close to the )
~

critical-band suggested.by_the author also correspond to

magnitudes greater than 7.2, it is the writers' opinion
that the author's choice of~a constant value of R equal to

i
'

.

0.7 is overly conservative.

The writers reexamined the data used by the author and

decided to employ Fig. 12 to incorporate magnitude.-dependent
J

shear stress converson factor R. For the cases involving

magnitudes greater than 7.2 which, as previously stated,
.

;

constituted 95% of the critical data points, a constant.

value of R equal to 0.85 was adopted. This value of R

corresponds to a magnitude of 7.2 as suggested by Fig. 12.

For'the rest of the available data, the value of R was
~

.

I
,

chosen on the basis of Fig. 12. Figure 13 presents the'

writers' data and suggested critical band'.

The position of the critical band is dictated primarily
by the data points corresponding to magnitudes greater than i

J

7.2. The critical band thus obtained by.the writers could

have also been arrived at by shifting the critical band
l

suggested by the author vertically up by the ratio of 0.85

to 0.7 as shown in Fig. 14. To use the plot suggested by

the writers, it is essential that the user employs a con- |

|

Version factor of R = 0.85 for cases involving magnitudes

greater than 7.2 and Fig.12 for magnitudes less than 7.2.

The author assumed that the stress attenuation with

)depth for. the case histories studied was neglig ible. Th i :>

1-
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I
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assumption is certainly reasonable for near-surface (up to
25 ft) conditions which cons'titute the great majority o'f

the case histories cited by the author. However, the writers-

believe that for depths greater than 25 f t, a stress re-

duction factor should be used in conjunction with Fig. 13. -

Finally, the liquefaction potential of the sand layer

described was reevaluated based on the writers' recommendation

described above. The value of the stress. conversion factor

R was obtained from Fig. 12. The stress attentuation factors

as obtained from dynamic response analyses varied from 0.78 at
4

a depth of 32 ft to 0.75 at a depth of 50 ft. From Fig. 14,

it is clear that the sand layer in question would be safe

against liquefaciton; a conclusion compatible with response

{
analyses and liquefaction cyclic laboratory testing on

undisturbed samples.
.
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8. CilANGE IN SOIL CONDITIONS

( Approximately 20 days after the carthquake, borings were carried out in the site at the
locations P-1. P-2, P-4, P-5 and P-6 presiously shown in Fig. 2, the results of which were

quite interesting and importani in that they furnishcd information on the change in soil
conditions before and after the earthquake, f

Location P-6:
At this location the ground was apparently liquefied. As shown in Fig.13, N values

of the standard penetration test, which had been extremely small before the carthquake,
; increased to considerable valucs, indicating that the loose sands were liquefied, consoli- |

dated and, as a result, were cor.ipacted by the earthquake motion. Increased N values
are around the critical N values of eq. (I), suggesting that the latter represents a stab!c

.

state.

Locations P-1 and P-4:
At these locations the loose sands down to a depth of 5 to 6 m had been compacted by i

|means of vibroflotation, owing to which no liquefaction took place during the earthquake.
As shown in Fig.14, the densities are still affected by the earthquake motion.

*
Locations P-2 and P-5:

i
As previously shown in Fig. 2, these points are located in the wood at the central part

of the site, where fairly dense sand had not been disturbed by excavation .or backfilling. |

Therefore, there occurred no liquefaction during the carthquake. The changes of N.
values before and after the certhquake are shown in Fig.15,in which it can be seen that

,

,

.

1

.

-_ _ _
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,

the dense sand near the ground surface was rather loosened.
At every boringlocation the ground water table became somewhat shallower after the

carthquake.

9. CONCLUDING REM ARKS' AND ACKNOWLEDGEMENTS

In the preceding sections, features of damage to sandy ground during a severe carth-
quake and several related matters have been discussed. It is the writer's viewpoint,
however, that this paper is ofinterim nature at the present state since the experience at
this site would become more contributory to the solution of liquefaction problems, pro-
vided that more accurate and reliable determination of the field density of sand would be
performed. Such a supplementary and, at the same time, more essential measurement
program is now being projected.

This paper has been written based on a monograph which the writer presented at the -
Second Seminar on Soil Behavior and Ground Response During Earthquakes held in
August,1%9, at Berkeley, U. S. A., under the auspices of Japan-U.S. Cooperative Science

.
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The writer wishes to express his appreciation and thanks to the participantsProgram.
in the Seminar for their discussions and encouragements.
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LIQUEFACTION AND CYCLIC MOBILITY
-')

;

3OF SATURATED SANDS.

,

' Discussion by Mishac K. Yegian,2 A.M. ASCE |

and Issa S. Oweis,8 M. ASCE
*

.

;
.

The author presented a valuable plot (Fig. 8) for

evaluating liquefaction potential based on reported field |

case histories. -

The writers attempted to employ this plot in their

liquefaction studies for a site slong the east coast of the
,

United States. The postulated earthquake for this site is

of magnitude 5.0;.with a peak ground surface acceleration
.

of~0.22 gravity.at the, site. A liquefaction analysis was -

made of a sand layer extending from 32 ft to 50 ft below

ground surface. The water table is at a d'epth of 11 ft
below ground surface. The average standard penetration

resistance, N, in the sand layer is 22 blows /ft. Measured

relative densities from undisturbed sample had an average

value of 75%. Results from dynamic response analyses and

liquefaction testing on " undisturbed" samples indicated'

ample safety factors against liquefaction. Using the

June 1975, by Gonzalo Castro (Proc. Paper 11388).1

Senior Staff Engineer, Woodward-Clyde Consultants, Clifton,2

N.J.; Graduate Student, Massachusetts Institute of Technology.
Project Engineer, Woodward-Clyde Consultants, Clifton, N.J. ,8

.

e

e
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author's plot, the likelihood for liquefaction kould be
marginal at a depth of~32 ft and strong at a depth of 90 ft.
The discrepancy between the two conclusions prompted the

writers to examine the assumptions made by the author with

regard to the use of a constant conversion factor of 0.7 ,

"

for all magnitudes and the calculation of shear stresses

based on a rigid body assumption.

Whitman (1971) , who used a format very similar to Fig. 8 for

organizing field observations, introduced the effect of
earthquake durations by correcting the dynamic shear stresses

'to correspond t'o a standard duration. To correct the maximum

dynamic shear stresses to a duration which would produce ten

uniform s4 nificant cycles, the author acknowledged that an

(
earthquake magnitude-dependent conversion factor R should be

employed. However, because of the scatter present in Lee and

Chan's (1972) data, the author decidea to adopt a constant

f ac tor of 0.7. In doing so, in effect, the author did not

take into account the influence of earthquake duration in
' his interpretation of the data. Figure 12 presents the |

I'

relationship between R and earthquake magnitude M as

suggested by the average relationships from Lee and Chan
~

(1972) . This figure indicates -that the shear stress

conversion factor, R, on the average, varies between 0.65 and

0.85 for magnitudes ranging between 5.2 and 7.2. This range f

of values of R may even be larger if-greater magnitudes are

. also considered. Inasmuch as 80% of the case histories cited
,

by the author are for magnitudes greater than 7.2 and about

-2-
,

h.
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. ,
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,

95% of the data points plotted within or close to the f
i critical band suggested by.the author also correspond to.

I magnitudes greater _than 7.2, it is the writers' opinion '

,

b that the. author's choice of a constant value of R equal to

'0.7 is overly conservative.
1

The writers reexamined the data used by the author.and ,
,

decided to employ Fig. 12 to incorporate magnitude-dependent-

shear stress converson factor R. For the cases' involving !

:i

: magnitudes greater than 7.2 which, as previously stated,
,

g-,' constituted 95% of the critical .deta points, a constant

i
i - value of R equal to 0.85 was adopted. This value of R ;

;

corresponds to a magnitude of 7.2 as suggested by Fig. 12.
:

For the rest of_.the available data,.the value of R was -'

,

| chosen on the basis of Fig. 12. Figure 13 presents the. -

!
writers' data and suggested. critical . band'.'

i
.

The' position of the critical band is dictated primarily
by the data points corresponding to magnitudes greater than

7.2. The~ critical band thus obtained by the writers could'

!
t

'have also been arrived at by shifting the critical band

suggested by the ~ author vertically up by the ratio of 0.85

to-0.7 as shown in Fig. 14. To use the plot suggested by

the writers,~it is essential that the user employs a con-
,

version factor of R = 0.85 = for cases involving magnitudes ;

~

greater than 7.2 and Fig. 12 for magnitudes less than 7.2.
4

- The author. assumed that the-stress attenuation with

f'

depth for the case histories studied was negligible. Th ?

..

-3--

,

.

b

w c. m .=%., - _ _ - - . . . - . . . , - w n
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i
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_
assumption is certainly. reasonable for near-surface (up to

25 ft) conditions which constitute the great majority of

the case histories cited by the author. 'However, the writers'-

believe that for depths greater than 25 ft, a stress re-

duction factor should be used in conjunction with Fig. 13.

Finally, the liquefaction potential of the sand layer
'

described was reevaluated based on the writers' recommendation

described above. The value'of the stress. conversion factor

R was obtained from Fig. 12.- The stress attentuation factors-

as obtained from dynamic response analyses varied from 0.78 at
.

a depth of 32 ft to 0.75 at a depth of 50 ft. From Fig. 14,

it is clear that the sand layer in question would be safe

against liquefaciton; a conclusion compatible with response

analyses and liquefaction cyclic laboratory testing on

undisturbed samples.
\*
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. ARTilUR CASAGR ANDF.*
, ,

LEO CASAGRANDE

picrec ilel.'*

Cml> ridge,<)tia s 02:38

.

October 14, 1960
-

.

-
.

Mr. P. Nardonc'

' Project Manager .

. Burns and Roc
700 Kindcrhamack Road -

Oradell, N. J. 07649 -

*

Subject: Oyster Creek No. 2
Relativo Density Tests on Undisturbed
Sand Samples from Borings 19 and 20

'

Dear Mr. Nardono:

In accordance with your lotter of September 30, we have
. .

m ,

performed relativo density tests on the ton undisturbed scraplcc }'

of sand which were taken from borings 19 and 20. Those sampics
|

'wcro brought to our laboratory by car on September 30.
.

Fivo of the comples were tahon in steel tubos with an out-.

sido diameter of three inches and a wall thickness of one-
,

cighth 1nch, and five sampics in brass tubes having the snmo

dimoncions. All tubes woro 30 in. long.' They were taken with

a Model 200 Mayhew truch-mounted drill rig, using an Osterberg l

sampicr with a 3.125 in. diamator piston. i
,

|The actual longth of the sampics intido.the tubes ranged

betwoon 12 in. and 24 in. The port. ton of each sampic that

appearca r:ufficiently undisturbed to permit volative density

dctorminnt. tons ranged betwcon 5 in, and 14 in. All cargpicr i.,d.

disturbed r.atorial in the upper portion, and several showed !

also sampic disturbanco in the bottom portion.

.

4
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:Mr. P. Hardonu -2- October 14, 1960'-
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The sands in these samples woro generally cican, i.e.
*

containing~less than 5% passing a No.-200 sieve. The majority
,

of the samples were fine to medium sands having uniform .

gradation. Several samples, contained layers with a wider' -

gradation which ranged into fine gravel, as can be seen in.

Figs. 1 and 2. All changes in gradation were gradual, without

distinct stratification. However, some of the sampics showed

color' stratification of yellow and gray. All thosc charactor-

: 1stics, and particularly the absence of distinct stratification
1' .

.

and cross-bedding, and also the high relativo densitics which
are reported below, are typical for beach deposits..

~

The ros'ults of 13 reintivo density determinations on

i, sections of the sampics Which appeared to be sufficiently un-
11

| disturbed, .are listed in' Table 1, together with 'other pertinent
l

!

information. Grain size analyscs w'ero performed on all test i

1

'
specimens.and the results are plotted in Figs. 1, 2 and 3.

As can be seen in Table 1, the relativo densitics of the
,

test specimens ranged betwoon 80% and 103%, with an arithmetic
, ,

mean of 93.5% of all results. There appears to be no distinct'

. variations in relativo densitics of the shnds betwoon tho -

depths of 43 and 74 ft. ,

It is of interest to comparc these retiults with relat'.v"

densit.cs reported in Table 4 of ocr report'0ated Septembot
"

1960, for the sand layers between the depths of 01 and 99 fc

; 9310 principal purpose of that report was to investigate the i

.

.
.

.>

f
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Mr. P. Hardone -3- .0ctober 14, 1968
----
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.
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.

.
. .

,

proportics of clay laycrs. However, sinco sanc of the un-
disturbed samples of clay contained sand'1ayers, we performed
on four spechnens the relative density tests shown in. that
Tabic 4.. Relativo densitics ranged betwoon 07% and 103%, with

.

an arithmetic mean of 95.25; i.e. these results are similar to
those listed in the appended Tabic 1. Ho' wever, the sand layers

between tho. clay layers were finer and contained about 7 to 0%-
of material passing a No. 200'sicve.

It is concluded from the relativo density determinations
that all sands below a' depth of about 43 ft are dense to very
denso and that they are safo beyond human doub,t against

,

liquefaction when subjected to a very sovere.carthquake.
bSincorcly yours, _,

,
.

e

f; 4 p1% ma/ ; ;

A. Casagrande ,

:
"

AC:kd

Enc. ,

!.
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TABLE 1--.4f. ,
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#

1
. .

RELATIVE DENSITY TEST & ON UNDISTURBED

'

SAND SPECIMENS !

'

BORINGS NO. 19 AND NO. 20 (El.~+20)
,

.
.

.

Boring, Depth Dry Unit: Weight Relative Density
8"*P O

ft lb/cu ft %
Section No. ,

.

__

1 !'
20-2B 43.0- 113.5 95 ;.

.

20-2C 43.4 105.0 103 .

20-2D '44.2 117.0 96'
,

19-2C 44.0 104.5 99 '
-

19-2D' 45.6 103.0 92

20-3D 48.0 118'.5 81

19-3D 49.5 121.2 101

20-4C 51.6 104.8 80-

19-4D 52.8 100.5 81 -

\
20-5D 54.0 101.5 92

'

20-9D 69.2 109.0. 101

20-10C 72.4 12'2.3 103

19-10D 73.5 11S.0 90
,

_ - .

'

O

.,
,

O

e

.

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



m

e

i
-

.

I ' 4 ,

Report
- .

*

~

to.

.

B

1

BURNS AND ROE
' - . - -

i

I
-

on

FOUNDATION INVESTIGATION.
-

,

.

.

.for tho I
,

t

OYSTER CitEEli 1Rf0 LEAR PONElt PLANT - UNIT lio. 2
.

by

A. & L. Casagrando '

,

|'

.

.

'

,

/-

i

-

h

.

's

b
. .

Picrco IIn.'sl

Cambridge; Mt.no.

September 19G0

I
c

8
,

*
3

,

9

b

a
g

# 7 r - T - =% - . . - _ _ . - . _ , .,,u, ,, _
_



. _. - _ . -

I
,

.

TABLE OF C._ON.TE..I.C..S--

,

.
,

Page
,

I INTRODUCTION 1. . . . , . . . . . . . . . . . .
,

II GENI 3RAL DESCP.IPTION 0F SOIL STRATA 3-. . . . . .

Stratum A - Compact Sand 3. . . . . . . . . . .

'

Stratuin D - Dark-colored Organic Clay . 3. . ,.
s

Stratum C - Compact Fine Sand . .' 4. . . . . . .
. .

P

Stratum D - Stratified Fino Sands and Thin
.

Layors of Clay O. . . . . . . . . .

Stratum 1; - Very Cchopact, Fine to !!cdium Sands. 9

sh ntum F very noep ('1.ny Ltyorn in Dor 4 W; 4 10.

III ST/ LIT-S1' OOH Shl.!PLES PR011 EOImGC 4 AtID 5 10. . .

. ,

XV DESCir!.PTIOli 0F UCDISTURD:.D SAlIPII:3 FROX

BOnX1C 14, J.DD CLASSIFICF.TIUR T E TS 11. . . . . .

. . .

V CO.;PR@ DIVE STRENGTilG OF UCDISTURHE)0 CIM
.

SPECIMRl13 12. . . . . . .. . ; . . . ,. . . . . .
,

VI CO21SOLIDATION TESTS OH Ul!DISTURDED'CIAY -

S PIX.I' .JNS . . . . . . . . . . . . . . . . ; . 13.

.

d

r,

$

.

-r

4

t

< _ _ _ _ - _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _



TAllLE _ OF C,OgCEMTfn{,'{onti,rittdQ)
,

* Page'

,

VII ) sTIMATIO;T OF SETTLM!.:OHTS
,

'

.l. Cccoparison of Subcoil Cunditioho at

Units No. 1 and No. 2 . - . .- - '. 14. . . . . . .

2. Settlements of nonctor Unit No. 2 Ectiinated
. . e

from Observed Settlementa of Reactor
.

'

Unit No. 1 16. . . . . . . . . . . . . . . .

Contribtttion to the Sotticicanto from

consolidation of clay Layers 1*/. . . . . . .

V.tII CU:"II.nY AI.D CCl%:L'JU10D3 If.;. . . . . . . . . . . .
|

L. .

'
.

T

-

9

6

0

0

.

e

, . -



.
.

..

.

IJ ST _OF FIGU.'''M,
.

.

Fig. No. ., Caption

.

1 Typical Grain Sizo Curvos of Sand - Boring No. 14

2 Typical Grain Sizo Curves of Sand - Doring No. 14

'

3 Placticity Chart. .Doring No. 14
6 *

4 Typical Stress-Strain Curven of Unconfined Compression
Testa Performed on Undinturbed Specimens of Clay
I.ayern"- Boring Mo. 14 -

5 ConsolidaLion Test on Undinturbed
Clay Speciman - Doring and Samplq Uo. 1 < --l P,

s

6 Concolidation Test on Undinturbad -

Clay Specinaen - Boring and, Sampic l!o. 14-19

*/ Consolidation Tcat on Undicturbad
Clay Specimen - Boring and Sampic Ho.14-20

*.

9

8 Consolidation Tent on Undisturbed
Clay Specimen - Boring and , San.ple lio. 14-23

1

9 Consolidation Tou'c on Undinturbed,
Clay Specimen - Boring and Sampic No. 14 -26

10 Connolidation Tout on Undicturbed
Clay Specimen - Doriag and Sampic No. 14-25

.

. - -- _ _ _ _ . . - - ..m _



.

e-

'

.

gpr or TnnLm
.

'

Tablo No. Caption
.

1 DoncriptionofSplit-Spoo$1 Samplos and
Clancification Tonts - Doring lio. 4

2 Descriptica of Split 5poon Sainplon and
'

Classification Tosts - Borincj,No. 5

3 Description and Classification Tonts of
,

Undicturbed Sampics - Boring No.14

4 Relative Density Tonts on Undiuturbed

Sand Spec 5monn - Boring Ho. 14
,

[ 5 Clannification Testa of Clay Layers -
*

Doring No. 14-
.

'

.

6 Unconfined Comprension Teatn on Undisturbed

Spcelmens of Clay I.ayorn - Boring No. 14

- ..-
7 Sunwary Data of Consolidation Tonto on '

Undisturbed Specimonc of Cluy Layorc -
IDoring No. 14

s
* e ,

e

.

~
,

.

.

4

6

e

b



r
.

.

I. Il&ltODl;CTION

' During 1?ay 1963, explo.izatory bor; ngs No.1 to 16 woro
|
|

carried out at the cito for ' Unit No. 2 by 'the boring contractor :

i

Warron Georgo. In 15 of those boringc, standard split-spoon

sumpics woro taken at approxitantcly 5 ft intervals, execpt'at

elevations where 3 in undinturbed sampico were taken in five

of those borings. In only one boring worc cpnnocutivo undic--

turbed unmpics token from the stratum botucon depths of about

80 and 100 f t, which wan found to contain clay layers.

Of the 16 boringo, seven ucro stopped at a depth of about
'

51 ft, onc at 75 ft, one at 102 ft, five at.1,50 ft, one at

200 it and one was advancca to a depth oi- 2:.: 2 tt.

In June 1960, we received the logs of borings 1 to 16 and
^

'

the uplit-spoon stuopics frca borinc.3s 4 and 5. Examination of

thena snup.1.co dincloacd the prencaco of thin layarn of oy.(;enic
,

clay at a Ocpth of about 100 ft. Furthc.? more, the boring,logn
.

indicated that similar thin clay layers may be found betwoon
'

the depths of about 00 and 100 ft. '"h e reforc we requested,

that the ninc undicturbed campics from IIoring 14, which woro
,

tahon betwoon th: depths of 00 and 1.0.7, be sont to un for de.. .

tailed examination and testine,. The.a samplos ucro trai.npr,rted

to un by 1;;: . W. G. 'thorpo by autonchi.ic on July 8, 1960.

.

.

.
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.The pur: nose of thin report-is to present the following |'

1.

. . 1

data and resulto of our investigatione:
1. .

1. The doucription, with a few classification tests,-of- !-

the split.-npoon aamples from borings 4 and 5.
.

2. The detailed doncription and classification tests of
'

**

i.

the undisturbed sampics from boring 14, including relative-

density testo on undisturbed specimens of sand laycrs.

3. Compressive. strength tests on undisturbed specimens of

the organic clay layors from boring 14. ;

4. Consolidation tests on un61nturbed specimens of organic

clay layerc from boring 14. -

5.- Computation of' contribution to nettlements ft:om con-
.

'

solidation of the clay laycro.
'

6. Hutimation of probablo range of catticuents for Unit

No. 2 based on '(1) a coSpurinon of the borings fro.n Units No.
'

1 and No. 2 and (2) a review of the observed acttlements of
\-

Unit No. 1.
'

<

.
*

g.

. .

t

/

!. .

.
.

;.

.

I
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II. OZHMtA), .2!:CitIl?TIOD OF SOIL STahTA J
-

.

Tho ground nurface for all boringa 1 to,16 was apprm:imate- !

4

ly El. 20. Thoroforo, it .ts convenient to uno for reference'

1 . - - --

deptha from tha ground surface.
,

All cubcoil strata arc found to extend hor.l.zontally acrocu
,

tho entiro sito. They arc described under the following sub-*

headinga. . .

' Stratum A Corgl..ct dand.

'

i ' This atratum is probably a beach sand deposit. It exton0n
-

,
,

f

to an average depth of 17 f t (Ei. +3), with a-ininjinum dapth of' -

..

;

14 (Ul. +6) and a maxilaum depth of 20 f t (El. zoxo). -

The raajority of the standa):d panotration rnaistanco va.luon

"N" averagon botuccli 25 and 40 blr>ws/)!t. The L:inibu.a "H" valuan4

; iti al] boringo, c>aitting one extralne value, rango batu.on 20

and 51. The rauximum "H" valuca range be woon 34 and 70.

.
.

t

II.llil.t.t;m,1., ,,)}g,rk,ep_Mtcd Oygnie C1an i

This stratum rangou betwoon the avcNage depths of 17 r.nd

34 f t (El. +3 to E.1. -14), thus averaging 17 f t in thicklican.

The top nur anc varios botueen tha depths of 14 and 20 f t,r

i. (El . +6 a nd El . zero) , and thu bol.hom surfaco bet ween the deptha
^

of 25 ,and 39-f:. (i:). . 5 and El. -17). . _ _

,

d

s
8

- - -, , _ - - _ _ _ _ - . _ - . - - - _ . - - . . _ _ _ . - - - - _ - - -
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The consistoney of this ciny sti)tum varios erratically
'

'

betwcon stiff and medium soft,' indicating that during its, depo-

sition, it hau been subj ected to drying cyclos.

The standard 'ponctration renistance values "N" range be-
.

tween the entreu.oc of 3 and 32, with the majority of the blow-

counta ranging between 10' and 20. The highor blowcounts arc-
.

undoubtedly influenced by interbcdded layern of sand. ,

Stratum C - Compact Fino Sand

This atratum of light-brown, medium to fino sand cxtendo

from the ')o'ttom of the overlying organic clay to an average

h depth of about 80 f t (El . - 60) .
,

13 urns and 1103 has tentatively proposed to cxcavato all

coils to a depth of 50 f t (El. -30), ar.d then backfill to four -

dation grado El. -20 with properly compacted granular r.:iii:crialn.

itinofinteresttoreviewtlke "H" valuco in thisThorofore,

sand utratum caparately betwoon the depths of 40 and 50 f t
,

(sinco excavation to a depth of 40 f c would be noccacary to ci-

iminate a)1 clay) and below a depth of 50 f t.-

The "U" values between the 6:gr.hs of 40 and- S0 f t at.c

linted below ' for all borings, unin:; the abbreviation "C' fcr
.

"H" valuen greater than 100, which in usually referred to as

"RU f n dill " .
.

e

9
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. Dor,ipo No. "N" Valuon Dctuqcy Daynt1 q of 40 and 50 f t_3, _ _,_

.1 -37 :'

,

2 60-63-
..

,

3 49-R*

.

~

=4 R-R.
,

'

5 90-85 ;

.

6 ~17-R
-

7 47-43-61.
.

*

.0- 50-57..

,

9 44-42 .
,

. '10 59-62
'

11 R-d 0
.

-12 51-42

'13 35-33 i

l
1

14 R.-R ,

J

15 20-17 ]
-

g_. _

Yno "N" values b0 low a depth of 50 hre lint'ed for the eight
-

.

doop borlist, s - in the following . swranary . .

,

.

4
4

+.m

9

\
*

.

* I
i<

|

_ _ ._, _ _
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,

9

Doring-No. "N" Values Date'1en Depths of 50 and On f t

2 29-11-11-70-72-29-34 ,

3 49-R-R-R-7 2.-4 0 - '

s>
4 R-9 5 -It-R-R-R .

.So
5 91-22-R-R-59-64

6 85 -R-R-0 3-7 3 -R- S4 -R

SS-29 -it-6 2' -05-0510

14 7 0-li-R-H-8 9 -7 7
s

15 23-R-R-R-R-R
-

.

.

In the cin boringc uhich ucro ctopped at rhout 51 f t, /the
1

single "N" 'value obtained in cach boring, starti.ng uith the :-

. ,

'
e

blowcount at a depth of 50, unc us follows: .

1

Baring Ho. 7 8 9 11 12 13
1

"H" Valuo 37 R 33 I2 6 R ,

-

'

.

Of the total of 29 "N" values recorded betwoon the deptha j

a.

of 4 0 and 50 f t, there were six refucals and only throc values

lons than 30. .

|

Of .tho- total of 57 "N" values detonnined in this atrata 7
I

i

betwoon the depths of-50.nnd 80 ft. there were 22 refusals ( .' < ) , !

l

.

* e

|

!
i

_ _ _ _ _ _ _ _ _ _ _ _ _ __
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and.only fivr> values icos than 30. Four of those five "H"

values range between 22 and 29, and they,were preceded or

followed by very high bloucounts.

The last sp15.t-apoon sumpic which was tahon in boring 12

from. depth 50.0 to 51.5'ft,-showed blowcounts of only 3/3/3,

i.e. H n 6. This abacnce of any increane in resistanco botusen

the succesnivo blowcounts for 6-inch penetrationn, indicates

that the blowcount was taken in badly dinturbed sand, probably
.

sand which had bacn subjected to a " quick" condition created '

by faulty techbique.

As din N " v..a l u e s . i.. t .ca..n. .b.e. ...n oe n th a t th e r e ).I" I

_

.p lo s e cLhy. . t...h.. e
- s .. , _ ... ,,,,,, _

_

is no dif ference. in..thc.. con 2 pag.t..ne..n. .n.. o..f the sand stratmn betucen-
, . . , , . ,, .

the depths of 40 to 50 f t and balow S ) ft.
. _ _ . - . . . . - . . . - . . . . - - - .....

The boring contractor, Warren George, used boring ,.cc3uip-

mont and techniques for determining the ''N" valuen which arc

similar to thonc used by the naymond Company. Sinca uo have
i

c;ttonsivo c:Torience with "N" values in cands obtained by tho
* ,

,

Raymond Cc:.'.pany, we assume that the "M" valuco obtained by those

two contra- torn arc comparabic . On thin banis, we conclude that

a nand stratum with "N" valuen as .'isted above, and with only
i

,
-

oceanional blowcounta falling bc. lou 30, has relativa det.nition
,

sub.d. anti.;.lly greater than 70%. Thin cone.1 onion is a]no
I

i

m _ = . _ .
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1

substantia: cd by, the results of rc10tivo density determinations
'

of undistu.-bed samples of tho band from Stratum D (87% to.103%) ,,

in which the average "N" values ucro actually smallor than in

Stratum C, as prcsonted under the next heading. |

On the bas _i_s of this r.eview. t_.i_t 'is c on. cl.u...de..d.. _.t.ha..t the sand- - .
. . . . -

__
'

!
deposit. ...._..below rt flop,th of IiG f t is gonorally very ' compact .

a

. . - -
. _. _ _ ,_

. ... ,.. ;

|

I

Stratum D Strat_ified Fino Sands and Thin Lay,cro of C),ay,
4

Betwoon the average deptha of 00 ft and 105 ft (El. -60 to |
)

~

,

El. .85) there is a stratum of dark-gray and' brown fine cands,
.

l

usur.11y slightly ailty, containing thin layerc of onrh.hrcen ;

I

organic clay. In the und, trbed samples from boring 14, tho |
1

i

Tho' |greatest thickncan of a clay layer 'wan found to bc 5 in.
.

majority of the clay laycrs ucro less than onc inch thick.

Based on accurate tr,casurements of the thi,chnoco of all clay

laycro in the ninc undisturbed samples from boring 14, it is

estimated that the co.ubined thickncus of hil clay laycro in this
*stratum is nppro):imately S.5 ft n ,,

,_

Tho "N" values in this stratum varic J crratically bot.v te.1

the c):tremen of 14 and Rofusal, depending on whether tha.rci.f.c_

tance una developed chief).v in the compact sawl layern or M.ather
i

c)ay layers worc encountered.

..

|
|

'

.
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The "11" values'in-this;stratiur ranged.as follows:. ;
-

j

'

Dorin(1 No. "N" Values in Stratum D i"

.

2 34-40-66 ,

, ,

3 25-26
8

-
,

41 26-27-26-61
6 -*

; e

5 2 6 - 11 .

j,

G 54-R-R t

10 14-23-69-69

14 44 (onc datormination interrupting
.

sequenco of undinterbad sanz>lca) L

15 23-23-R .

,

'!

'
.--. . - - - -.. ----.-

Of the t.otal of 22 "N" values, four ucro in excess of 100 (ref -
9

unal) and 10 valuon were smaller than 30.

The clay layers ucre found to be hard and brittle in the

undisturbed stato. Further inforination ois the proporties of

these clay :'ayers arc . presented in Chapt't:rs V and VI .

Stra tu'.c 1: - Ve r,L,Corpnic t ,i_ Pino'to 1.caium San 6ri

Undor)ying Stratum D is a massive stratum of very compact,

'g ray five to medium niuid. In boring 2, it vrac found to c:: tend _
,

.

,

*
.

*

* |

_
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to the bottom of the boring, depth 200 f t (El. -100).' In hor- .s.

ing 4, this strattun.uas found to extend' to a depth of 218 ft ,

P

(81. -190). '

.

The majority of the "H" values are in excess of 100, i.c.

refusal. The single relatively low valuc of N = 40, in boring

15 was obtained imnodiately boncath Strattun D, at a depth of

105 to 10G.S ft. The other nine. "H" valtics at greater depths

worc all' refusals, i.e. in exccsa of 100.

Stra tom F - Verv Deco Clay J,averc in Dorino 4 ;

*

In boring 4, two very hnrd cluy layers utaro enconM r re:6

betwoon the depths of 213 and 230 f t (Bl . .-193 and F1. -210),
,

and betwoon 24 3 and 251 f t (El. -223 a):d El. 231). The "H"

valuen in thoso clay laycro ranged between 69 and 93.

.

,,

r

III. SPT,lT.-DVDOl' Shl'PJ.RS Pl!OM 110ljIMGS / LAM 0 5
*
:

Only fro.n horings 4 and 5 worc the split-opoon narnples
s o.

sent to un for examination. The d.'scription''of' those sampice,

togethc.c.uith other portincut infos. aation and the results o?

some clc.ss.1fication touts arc recorded in Tdbles 1 anC 2.
.

.

t

$

g.

i

. .. !

.

.

e
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IV. DESCit PTION OF UlmIGTUltnED _SARly.US FROM DORT.NG _14. AliD

'

CLASSIFICATION TBfTS

Gv ,'
Nine undistr.Jabed 3 in, diamotor camplou were obtained from

boring 14 betwoon the dolaths of 80 and 102 f t. In our labora -

tory thace samplec were cut into noctiona averaging 6 in. long,-
4

and cach ocction was extruded and c::amined. All clay laycrs

were recovered with great carc and were used for various touts.

Savoral layers of sand that appeared to be quito undistus:1>cd

and which nhowed no significant variations in gradation, were

uned for relativo density tenta.

A nummary.of all portinent inforn.ation on these camples,

including the resul.ts of the clannificatic>n tent.s, in conta.ined

in Tahic 3.

The in situ dry unit weights and corresponding relative

donnity tests on four nand specit.:cns, cut from nand layern which

ucrc of nufficient thicknens to permJ t nubh Octorminations, are

listed in Tabic 4. The relativo doncAtibs ranged between 87

and 103%. The grain cize curves ~r. the name and also neveral

other sand npocimens arc plotted in Fig. 1 and 2.

Table 5 containn a listing of .4.hc thichncsc of all. clay

-Jayern which ucre found .in the undic:Lurbed samples,, together ,

with the.ir: natural unter contentn end the Atterberg Limit. ;.

.
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(- In tha plasticity chart in . Fig. 3 are plotted, in-the co.-
i

. . ;

vontional mannor, the results of the Atterberg Limit tests '

,

.

dotorinined on "undried" upecimons. As can bo soon, a host a.11

points fall slightly- to considerably balow tho .A lino. This is

-typical for organic clays. On this plot.aro also shown the

results of tests performed on oven-dried material. These

points arc connected to the posi.tions of the "undriod" matorial

by dashod linos. As can be noon, the plasticity index is ro-

duced by more than 50% by ovendrying, which is a.lso typical for
.

organic clays.
.

(
-

ColTRsSSIVM DT:tm.wTHS OF UHb1STUf01bD CL.A.Y SPECli:r;i::SV.

The results of unconfined compression testa arc list.cd in
l

Tabic 6, and throc rcprosentativo stress-strain curvas arc plot-

ted in Fig. 4. As indicated in Tabic G, foui of the test sp0ci-
i

mons broke pmr.aturoly by splitting and gave the lowost strength
'

I

values. Thoso specimons which failed with well-developed shchr

planos gavo cornprossivo strengths betwoon 5 and 0 kg/sq c)r. hsf).

It was observed that the moct brittle clay layers had r at-

ural water contento below the plastic limit. A specimon of such

a layer uns kcyt under unter for a period of four wocks and

h .

.,

1*

|
'

*
.

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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nhcued no sJ.g ts of swc111ng. 13y comparison, other clay layers

worc found to havo~ water contents subatantially higher than the

plastic limit. It 'in believed that such clay laycra had auf-

fored oncessivo strainn during stunpling which broho the struc-

tural bondn, rolcasing the nwciling potential and causing water

to be absorbed from the adjacon't unnd layers,. Therefore,-the

compresnivo strength results reported below arc probably_~on an
,

average nubstantially umaller than the in situ strcingth of theno

clay layern.

-

.

VI. RQ319ffgyg,IfdL$yn'E.,9E,FIDISTUF032D CIAY SPI:CE:.::;S

The resulta of six consolidation tosifs on npociuana cut
.

fro;n thoac clay layern which appeared to bc least dicttu: bod,

are shown in Tabic 7 and in Fign. S to 10. As can be acen, the

void ratio-prencuro curvas disclo 6 a ucil-developed preconnali-

dation proccuro, which arc indicated in the figurca by a heavy

horizontal bar, and which are curmnarizc& in , Tabla 7. They in-

dicato a 1-r.':onnolidation prcncure ranging botucen 10 and 10 tuf.

From ticsc few consolidation touts, it in not possible to

conc tudo uhother the preconsolidation was produced by drying or

.by a nubatt ntic'. thichncun of additional overburden which was ]

>

0

*e

t

b

>
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Intor croded. It viould be of interont to chtnin tho' opinion *,f
,.

a geologint who hno_ opccialized in tho coil deposits of .the
.

'

oust coast. ,

In the consolidation test shown in Fig. 9, the swol ing

' and recomproanion characteristica tore determined within the*

lond range of 9.0 and 0.75 taf. The slope of this rebound loop

yicida the recompression indc:: C = 0.022.

VII. ESTIMW.L' ION OF DETTLE!*Ci1TS

The most reliablo banis for an estimation of the nottle-

|(
monta of Unit No. 2 nro the obnorved ccttlements of Unit Po. 1,

provided it is proven that the cuba,oi1 conditiona at 'both unitu
,

are nimilar. In addition, our mencurt acnts of the thickner:s
'

and comprenuihility of the c)ny layers permit un analysis of

the contribution to the settlen.cnts fro [ consolidation of thus:o,

.

clay layers. Theco two avenues of ann' lysis arc presented under
4

the following nub-hendings.
s.

e.

1. C,o:pj2nrition of Subnoil. Conditic,nc nt Unite No. 1_nnd ik . '
,

When. co:aparing, the description of the c >il strata iuid tl o

"N" valuon which are contained in the boring logo for Unit !!o. 1

. j e
*

,
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acts of borings ware carried out by different boring contrac- )-

torn ucing different equipment. The soil names which are unu.J

by boring foremen are " highly individualistic". Such men have

no training in noll inochanics. Particularly the clucr boring

foremen are accustomed to using the term "nilt" for all organic

fine grained soils which in soil racchanics are classified nu

organic clayn and organic silt-cinya.

The boringa for Unit No. 1 were reade by grague & IIcn'.cood,

and in their logn the term "si.l t " is used both for the upper

organic clay otratum as well au for: the clay layers which we

found betucen ihn depthn of 00 and 105 f t at cite- f e.' IMit Fe.
I

2, i.e. in Stratum D ac donignated in this report Thin Stra tui.a h

D can be identified clearly also in all those borings for Uait

No. 1 which c;; tend to sufficient depths when keeping in Trind

what is meant by the term " silt" in those boring logs.

From nuch a comparinon, the. conclusion is justified that

all subsoil utrata extend essentially hor 3pontally bcncath both

unita and have nitailar propertico. Ilov;cycr, thq "U" values c an-

not be used to di:monstrate this sin 1.tarity beenunc the standard

penotra tion resistances valuen "N" .'opend grea tly on t1 o (c.tuip-

tr.cnt and techniqueo uoed for dcLorrt,'.ntng the blowcount. For

,
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cxamplo, we have mado comparative investigations betwcon tir

"N" va' lues obtained at another ijito by Sprague & Honwood and

other boring contractors, and we havo bbacrved that (1) the

"N" values obtainco by +Spr..aguo & Ucnwood are consistently and
... ... .. .... _ ....... ..,

_ . _ , . _ _ . . .
- .

very cubntantially greater than thoco obtained by the other.

. . ~ . . .. .. ... ...._. . . .. . . . .

. _ . . .

contractora, and (2) that ' oven the came contractor us.!ng two
. . . . ..

different typco of equipment will obtain quito diffcrenti "N"
.

valuca at the same location and within the name stratum.

2. Settlementn of Reacto'r UnLt Mo. 2 Estimated fro,p Obnorved
1

Sutt.l.nments of heautor Unit Ho. 1
I

According to the data contained in the Burns and noc lottor i

of August 16, addressed to the uriters, the acttlements of
.

Reactor Unit No. 1 from start of construction until t'ay 1960

havo ranged botucon 0.055 and 0.062 ft. By compar.iuon, we havo
..

cutinuated actticmenic of "1cun than onc inch" in our letter to !
** !
7

.w
Durno and Roc dated July 3, 1964. Uc agrbo withfyour conclucion

)|L.-
|that the notticmonts of Unit No.1 have vipproached thc.4.r ult.i-

wito value .- Certainly any addition 11 total and differential

actticinonto will be negligibl.c.

Since nenct'or Unit No. 2 will be founded at an clovat. ion

. nbout 11 f t highcr than Unit No.1, an6 alno, becauce it ulil

apply a clightly greator unit 1o10 at foundatj on grade El. -20,

the acttle acuto of Unit Mcs. 2 uould bc corroupondingly greater.
.

.

m r - -- -
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O,n_the basis of-these considerations, we conclude that t.c

setticmento of Reactor Unit No. 2 will probably rango well belcw

'l.S-in., and that they will be very uniform.
'

.

.

Contribution _to the Settlements from Consolidation of Clav Ltyyjgri

The combined thickness of all clay' layers listed in Tabic

5--in 40 in. Dy increasing this thickness in the ratio of the

total thickness of Stra Ltuu D to the total length of the undic-

ivcs.at an estimato forturbed samplou from W .:.i.s 14, w

the total thickneau o.t. all clay layers of 5.5 f t.

The bottcrn of the mat for Ibnctor Unit No. 2 will ba at

El. -20, i.c.11 f t higher than the bott.om of thc. ma t for

* 'Reactor Unit No. 1.

After excavation to El. -20 in completed, the effective

otrous in the middle of Stratum D will b pn 1.67 tuf. A n num--

ing that Unit No. 2 will upply a loading of Ap e 4.0 tuf, wo

.obtain an effectivo stress of 5.67 tsf in,the middic of stratum

D. This inercase in offectivo strecs Udal caucc.a decrease oh

in the total thicknoco !! = 5.5 f t :>f the clay layers which 3.,

computed as follows:
i
i

C
611 = II log E- b)d = 0.39 in. )

#

1+c p

.. .

|

.
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Daced 'on thi. result, it is concluded that only abou.t 0.3 in.
.

'

of the total nottlements of Unit No.1 uus caused by colnproc~
- .

r.lon of the highly corapact cand strata, and the reinaindor una .

canned by concolidation of the organic clay laycrs in St.intum D.
.

.

.

VIII. SUiM31tY 7.nD COHCLUSIOMS

'

Comparison of the boringa and coil tcot data for Unitn

No. 1 and No. 2 shous' that both arcas aro nderinin by the unme

sequence of horizontal . strata.

Below the proponed foundation grado for the Reactor Unit

( No . 2, 1.c . El . -20,- to approxiraatoly Ei . -60, there is a con-
I

pact stratum of sand. This cand stratum is underlain by ntrati-
.

'

ficd compact cand and thin laycrn of clay, c:: tending to an

average El. -05. Below that stratum thera arc very compact

unnds and occasional very hard c1cy laycis extending to great

depth.
'o

Prom tl.c. standpoint: of the performance of the structuren,

,*

the signif.irant subsoil strata are the canda and the thin clay

layern whien c:: tend from the betto;n of the mat for the ncactor

Unit !!o. 2 at El. -20 down to El. ~05.

From 111 a'/nilabic' informa tion and test results, we con -

clude that the relativo density .of the stu.<b: halovs El . -20 arc

on an avera ;c nelictani.ia.1
. ~- _ .__ _,, ___,, . . . .

- 1y.. g r en t a r th a n 7 01.'. .
-
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'
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'

.

The comprensibility of the thin ciny layeru will contri.. -

-bute only about 0.4 in, to the settlemento of the 11cactor Unit ,.
,

-

No. 2.

'tho total actticiaent of the reactor Unit Ha 2 will prcib-

ably rango ucll below 1.5 in., and'they tiill be very uniform.

For practical purpocan, these not:ticaontu wiill occur during the

conntruction period, and post-construction acttlemants will be

of negligible magnitudo. ,

.

.

4

e
g
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auuw*

Exploratory Doring Ho,4 *

Grotuid El. '+20
Dcpth to Unter Lcycl 11.0 f t Projcet I!o. 631)

,

_

Humber *
-

Sampic Depth of

No. ft Dlo'.m Description

por frP
.

6"-

-

. ___
. . _ _ . - -. .

-

.

1 S-6.5 15-27-36 Light broen cubungular and subrounced sli-
phtly silty . fine to.madiura sand containing,

numcrour., aubangular and pubrounc.ed conrco
nand and gravel particles up to 0.7" cize.

2 10-11.!. 10.'-2S-26 Yellow subangular and cubrounded uilty
fine sand.

3 15-16.5 /. -5. 3 * Dark gray clay contujning ocencional lny ):.,

of darh gray cinycy silt up to 0.1" thich.-
nesc. The clny is firm as rocoiva. .t.wl 60 3
when roraoldO6.. ,

.

.

Darh gray ot rantico clny noo nihj 2. N.:e 70 21.5 o .> - i

sand. Scha ciny is firm an racuive 6 DM no.'
when rc.uolded. Semplo contail.c o.ii" o.ic

coupleta .10yar o!. cach i:.utorial - ciry la ye
[ 1.2" thie:!:, r.nn0 layer 0.0 " t'iich . (Lb 6'! . ',

.

Pl.a 32.3; unter contco'cn 8:/) ...

5 25 25.5 5 .7 -3 Sivi$nr tp s'nu:.la uo. /. C l n y l n yc.7.u .1 .' .A

2 ", nand loyam 0.2 ".

6 30-31.5 12.-10-34 Brown ciratified'cilty fino canc and nub.
angular cilty f.'.na to n::diuin snnd.-

.4-26-39 Light brc.'.. nukanguJnr slightly ci)ty fine17 %-36.5
to hiodium cand.

8 1041 L3-210 Similar to Cnmplo No. 7.

9 15.46 79-100 Ligh bro'.v.. subangular ulightly t,tity fine
to uc(. inh. nand.

I

10 10-51.5 3(,-49-54 Light bro m n$ 1.ty fino sand .
.

11 ab-56.5 33-44.51 Sitailar f:o Sample 1:o.10. ,

.

,........;,.. . . . . . . . _ , . . . , _ . . , _ , , . , , , , , , , , , , . , , _ _ ,
. . . . . .. . . . . . . . . . .

.

e

_



Exploratory Boring No. 4
Grounti 13 1 +20 .

.

Depth to Unter Level 11.0 ft Project IM. 6H13
.

.- - . . . ,

*
*

Number - '
' ,

Sntnplc Depth of '
No. f t' Bloun Doucription -

por f:tt .

,

6".

.

- ._ ,

12 60-61.5 31-43-6#. Orny bro.m nilty fine smnd.
.

13 65-66.5 32-45-67 Sirailar to Saraplo No.12.

14 70 71.5 26 /.9-04 Dark gray cilty fihe sand.

15 75-76.5 29 36-79 Dnrh gray very silty fino cand
.

16 30.31.5 11-12-14 Darh ' gray strati.Eico cicycy fine to la:dium
rmnd and oi]ty clay.

,

.17 05 -d'G . 5 11-13-14 Siiailar to Sa'rc)10 ic:> . 10.

10 90-9.1. 5 11 12 14 Drh gray very r;ilt.y fina cand
.

i .

19 95 96.b 2G-2'-33 .Simila r to Sn?aplo tio. 10.
.

.
''

20 10 % S 'J -14 Dark gri.y very cilty fine rand coatniuln';
101.5 1" Inyer of 69th cra .a org,a nic c.1 r. i,, i:ltn

und brittle at; roccived, ve):y soli, an6
,

ntichy uhan rh.:.ol6ca.
-

IJar hma- Dark gray r,c.bangular 1,ilty flue to 1.cdiu a21 105-
106.5 3.1.c f rou cand.

_
.i

i undisturb T ~~.

,(undir;turbed nemplo not receivod) ,( umnplo tub ,

x .

22 L l' - 10 19-G4 Si:r.tlar to Sample Ho. 21.

11.' S

23 llh- 4 0 G9-07 Dark gray very niity* fine r;and,

116 S
,

24 120 "d -22/ -200 Gray niity fino unnd.
.

.1 '; 1. . S

25 12!, -UG 00-23:. G :ay culantaint nil.ty fina to racc.f.i ni.i r:nnc',.
,

-

,

. _ , _ , _ . , , _ _ _,,,,. _ ,,,,,_ ,,. . - . . . . . . . . . . . . . . . . . . . . . . . _ . . . . . . . . . _ _ . . . .

,.

Y

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



_

um u .c w .. .. o ,- >-

Explo'ratory Doring Ho. 4 -

.

Oround 131. +20
Depth to Unt' c Level 11.0 ie Project No. G.' 13

s

Hwn*:. cr -

3ttniple Dopi.h of .

No. ft Dloun Description

por f:u .
.

.

6".

'

. - _ . . _ _

26 130. 74-200/3" Similar to Saraplo Ho. 25.

130.7 ,
,

27 135.. 93-235/3" Si>ailar to Sarapic Ho. 25.
-

135.7

20 140-141 102.197 Similar to Saniplo No. 25.
.

| 29 14 5 74-152-170 Gray very cilty fir $e nan 0.'

+LAG.5

1 30 150- 50/4" Gray nubangular nilt.y fine to iacdiutit snud.
150.3

| 31 155.- 50/3" Similar to Sarapic 11o. 30.

155.3'

;f *$2 160. 50/2" Siinilar to Snr::ple lio. 30.
.

* 160.2 -

33 165- CO/2" Similar to Stu.ple Ho. 30.

165.2 ,.

34 170- 50/3" Similar to Sniaple No. 30.
i17Q.3 .

g

35 175- 50/2" Similar to ; nnglo Mo. 30.,

175.2
,

36 t 0 0.- 50/3" Gray rube.nylar silty. fino to ta0dium nand,
100.3 containins nuucrous culxingul.n: and cub-

roun0cd r <.'x ner part;.icles up t o 0.3" ninc.
,

'0/3.b" Gray nub:uigelar very cilty fine tr. laediuta537 Ulb -
105.4 nand .,

.

30 t 10- 50/4" Similar to Sairplo Ho. 37.

130.4

. . _ . . . . . . . . . . . . . . . _ . . . . . . . . _ . . . _ _ _ _ . _ _ . . . . . . , , .

[
.

b

4
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*

Exploratory 13cring Ho. 4*
'

Ground El. +20
Depth to-Unten L vel 11.0 ft Project No. GJ13

THumbcr -

3ninplc Depth of f
,

No. It' Dlown . Description

por f2 . ,

6".
*

.

. ..

39 195- 50/l" Similar to Screpic No. 37. .

195.1 ,
. ,

L

40 200- 30-50/5" Gray cubangul.ar si}ty fine to 1..co.tum shnd,
200.9 containing nur.iorous nubanguinr und sub.-

rounded coarsor partician up tc. 0.3" sixo,-

and few pockets of gray e3ny up to 0.5"
thicknens. .

41 205- 50 Gray subangular very silty fine to raediusa
205.5 cand. .

'

42 210.- S-/3" Similar to SEple 1 o. 41.
21u.3

i

43 215.. 50/2" Si;nilar to Sa;aple No. 41.
I-

210.2 .

44 220.- 29-30.43 Darh cjrny an6 licht gray nottled cle.y, hnrd. -*

221.5 hnd brittic as receivd', f. i rtu t: hen r.+:;celf;:t.

Compi:caciva ctr:d.cth tjrcater than 4.5 taf
*

CupHCit'r 'of PP.UUtr(VdCter .

/. S 225- 31-41-52 Sinailar to Samplo I;o. 44 - hnra (gren ter
220.5 than 4.5 tsf car:acity of ponntroacto.):;

ble 33.S;. PLal7.0; w : 17X)
,, ,,

,

1

4G 230 Jar sainpl Gray angular"cilty fine to medina sand. ;
from undip

turbcd can. (Undinturbed campic not receivodi.
, .

i plo tube .... ..
- - - )

_

y ;s-* 4

47 235.- 50/2" Similar to Sawplc No. 46. |

239.2

40 140- S0/2" Sirailar to Sinople Do 4G. ,

'M D . 2
.

.
t

....a-. . ~ - . . . . . . . _ _ -- = . m . ~ .. ..........-...e

.

4

W . , -



, . _ .

E):ploratory lloring Ho. 5 -

.

Ground El. +20
Depth <to Unter Lovel Project No. Gi;11

Humber -

3ainplc Depth of . .

No. f t. Blown. . Description*
,

por fh: .

**

6" -
.

- _ . .
. .

'

1 5-5.5 G-9-11 Stratified licht bro.m very oilty fino nand
and gray.fino unndy clay.,

2 1'0-11.5 13-17-10 Light brown very silty fino nund...

3 15-16.5 6.2-3 Light brown stratific-0 very silty fine snr,6
and voiy coft clay. Tne clay Jayer ic 1.5"
thick, han light and darh brown ntratifiers-
tionn, is firm as roccived and soft when re-
molded. .

Dark gray clay, firm an roccived and soft'

4 20.21 5 3-4-7.

when re.nolded. (Yao cha.cacteristics o.; the

:.nteriel' appear to bc .niuilar to tho:':0 c .C

the clay in boring 14o. 4, Sai.plc Ko. /.) .

5 25.26.5 4-7 12 Stratified dark gray clny end lic,;ht err;y
nilty fino ennd. The c)ny . layers are frou

'

,

i 0.2-1" thich, a re s tif f .n u roccived tilrl ro.O
when renolded. 'Che nund layerr arc. app :on..

0.1" 'thic): . ,
,

.

'

6 30-31.5 5-6-0 Similcr to Sat 61o Ho. 5.

,7 35-36.S '5 10-16 Light bro.,n angul.nr and cubangular ality
fino to medium dand.

O 10-41.S 21-43-55 Similar to Unra)10 No. 7.

9 15-46.5 21-3G-49 Gitailar to Sniap1.o No. 7. I

'

l

10 10 51.5 23-41-50 Hiuilnr'to Sanplo Po. 7.
.

11 15-S6.5 10-10-12 Light brcwn angular I.nd subang,nin . cilty
fina to medium cand containing numcrous ijar-
ticles of nuhnugular coarco cand. ,. ,

.

12 .A. 60.4 b O/4 " Light begun enenlar und subangu.ini- ni3ty
*

.-~ .- .-..-.. . ...._ ..f.i_ne t.o tredlu.n. n.and.. . . .... . .._ _ . _ _ _ _ _ _ _ _ , , _ . , , ,

S

.

.

_ _ _ _ _ _ . _ _ _



'

1;xpicratory uus..my .v. .,

Grotma El. +20
Proj ect. No. Gul3Depth to Unter Lcvol-

.. _ . .-
_

~

Number
- ).

3tuuplo Depth of-
Ho. ft Blown Description _/

por ht: ,
,

,

.

G"-
.

-

- . _

* ,

13 GS-GG. 42'-S2 Light brcun cilty fino nand.

14. 70 71.5 22-23-35 Light brchm cilty fine sand.

15 75-76.5 17-26-39 Light brown silty fino cand.
- .*

16 30 01.5 6-12-14 Dark gray very silty fine onnd.
. -

17 95-87 Undit,turb :d cronole. Sampin not rchbiv D ''

*

.

.<

10 90.90.7 1G-50/3" Dark gray nili / fino nand containing two 1"
layers of dark gray orgt.nte clay, firm at6
brittle an received, very nott and stichy
when ranno.l.ded .

19 95 .97 lind nturb d nampic. Sanplo not rocc. iv.ad .

20 110.1DL 5 7-12-16 Dark grca nilty fina cand.~

,

21- 100- 50/3" Gray silty fine to medium nand cont.vinini
105.3 few pockets of Gark (; ray clay of thicknenn,

up to 0.4 ".

22 110- 50/2" Gray nilty fine to medium cand.
-

110.2 -

.

t

23 t15- S0/2" Gray nilty fino to medium nand containing
115.2 0.5" layer of J trh cfray clay.

.

24 l 'h - 50/3" Gray oilty fine to medium cand.
.

124,3

25 1.2t - 50/4" Gray allt y fino nand ccmtnining ntuacroun
125.4 coaruct subrounded and cubangular particles*

up to 0.3" cize.
.

2G l.30 39-46-54 Gray niltf fine to medivut sand.
.i '.;) . 5

, , , , , , , , _ _ , _ , , .
- =......_. . __. __....__ .- . - . _ . . . . _ _ . . _ . - -

4

.

4



_. .

.u.fL '.... .. ..
-

E>:ploratory Doring No. 5 . ,

Grottnd 111. l20

Depth to Unter LOvr1 Project Ho. 6U13.-

...
.. . . .

Htimber
,

-

Stuopla Depth of'

No. It 1310wn Description

por f:lc .
,,

6".

*
.

__ L

27 - 135- 50/3" Similar to Campic No. 26.

135.3 ,
,

.

23 14 0- 50/5" Sinailar to Sample llo. 26.
*

140.4
*

29 14S- S 0/4 " Sinailar to Campic No. 26.

145.4 ,

30 150- 50/4" Sinallar to Sampic Mo. 26.
*

150.4 ,

*

I

.
,

9

( -

- .

$

4.e,

.

O .

'

.
.

6
P

4

*

Y

a e

.

4

4

. ..- ... ........ . - .. ... ....._ . . . , _ _ ,,, _ _ _ , , , , , , _ , , , , , ,

.

e
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TA3LE 3 (Sheet 2)
Cre==d El. ~ + 2 0 1 ndisturbed S. ple Oorin;; o. -14*

Project Ko. 6813 *

s te 5. ter Level m. ,.e_ a _r_.v..i. 3_: a . ; . . T r -. nept. c
._ ._.

,
.

bi t

iSc--le e | Yater i*;'o . Consistency 'faturcl Plas - ?lasti- .I
''cad Section Lent,th - ,- ._ - Ucter Liquid Plcstic ticity city

T !
! ured

;F. -In.
.| Depth .

Description Centent Licit Licit Inder Ectic..

m.cc ue- orce .3
. .a .

|
,, .,

. *,
F

i :.0 A S .7 Z::.ctv + wc::
-

! li -

N
.| I

'

i
| 35 'S 4.3 Dcr% g.m. y fine'to medium '

| to - g - cand and one 2.0 in. Icycr i

g | cf dark broen city (ccc hard & F4 m 52.7 81.5 51.2 30.3 2j 03

|
' I Tchle 5 for strength data) i brittic !.

I ~

i i C .. ;6.2 D rk gray fine to mcGiu nI | e a

t t ;t:5 with sc zer:1 city laycr hard a firn 45.5 73.3- 35.3 |38.0 27. . ,

*

y,g"'rangin- frem 0.4 to 1.0 in. brittle 40.0 63.2 37.3 ~.C 35

in thi,cincas. 50.6 72.3 41.7 30.6 23 ii a

I :

.. Ocimon'for
.

Kote: 5
.. . 59.9 79.5 40.2 39.3 49

concolic.ccion cast cut from
1.0 in. layer

-.. .

!

{ 12.S
f
'

ZeptyD
I

-

i

* i

i I
,

: . i

i
.
4

. . ,1

;

.

!

|
,

&

f

_ _ - - - ---- - -- . - -..
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TABLE 3 (Sheet 5)
Greund El.~ +20 t;ndisturbed S=tple Boring Ko.14

| Project Ko. 6313
:epth to *1cter Lerel Threc-Inch Dic. Srrples -

1 i '

57c 1cter

::o. Consistency Weturcl Ple- . Plcsti

cnd Section Length . I'ater Liquid Plastic ticity city
"_

iDepth ;;c. In. Description 7 Content Limit Lit:it != der Entic
. 1_veo. Oe ,.elded,_.

.,
..,

4.

-
1
a

l iE A 14.1 1 c:: and badly disturbed

[
dark gray fine scnd -

''

3 C4
to 3 ' 7.7 Dark gray fine sand -

*C5 badly disturbed

| 16 3 '

I C S.2 Dark c rev - fine scnd with
.e e

i '( .ard & firm 34.3 54.1 30.3 23.8 17
! c.-

verci la ecrs of dark brwn*

'* ? lay - c.nging fror. O.2 to brittle to

! , M.
G.5 in. in thickness 43.7

. .
- -

- . ,

.

t

J

I
t

.

.

t |

| 1
-

i i 1
-

t

e

_ _ _ _ _ _ . _ _ _ _ _ _ _
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TABLE 3 (Sheet 6)
C ound E1. ~ +20 Undictu-bed Senple Borin;; no. 14

Ocpth' to *Jeter Level T'-cc-Inch Dia . Sa-'ples -
Project Ko. 6813

.

. .

.
*

5 - ple l ' ! | I Este
a

| Consistency. *stur:1 Plss- jPlesti
gSection'Let.,th| g :I!:ter' .-3

Liquid Plastic c. city city
*' :d

Depth ;;.* . In. ' Description ., E,veo. !
g

Content Limit Lielt Index Retic
- Ocmolc.eu.,.

-

_2 3_ A 7.6 E- pty + i:ax
.

. e

95 I, 3 P 8.6 Gray and dark gray fine cand
to L t:ith seven dark brcr.-:n cicy Scrd & firm 42.3 71. B. 38.3 33.0 12

|
l b (31.7-! ayers -anging frc G.2 to ! rittic93
1.5 in. in thickness 52.9)

I l
-I C P ~F . 8 , Dark gray fine cand with*

! e

i g .4 >l'
4 .

.

hard & fim 34.7 72.2 40.4 31.3 neg.i scrcral dark brown city

,f layers ranging frc= G.1 to brittic 30.9 71.6 33.0 33.0 neg.

t 3/s 1.G j.n. in thic:cncos (sec
,

Tcbic G*Zor strength dcta)
| |a)A -

4 D G.0 Dcrh gray fine cand *.rith .-

-
:severcl icycro of dark brot n hard c. firm 30.9 70.2 37.0 33.2 neg.

k clay ranging frcat 0.4 to britric 40.G - 57.1 30.7 26.4 37I

1.1 in. in thickness. Nete: 32.6
.,

Concolidatien and strength 33.5
. tent perferned on clay

- Inycrs.

|'
:: .

.

,-
e

.

e
a

_ . _ _ __ _.-___________________.___________.s' _ _ _ _ _ _ . _ _ _ . _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ - _ _ . _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ __-
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TAOLE 3 (Sheet 3)
G o==d El. ~+20 Undisturbed St.rple Eorin; No. 14

Ecpth to *.!cter Level Threc-Inch Dia. Sa e >les
-Project Ko. 6813

-

Se.ple ' | Water
'

No. Consistency Natural Plas- I?lesti-
~

ced Section Length Unter Liquid Plastic ticity city.g
* 2 = th ne. I=. Description L. ecc.ived 10cntent Limit Linit Index Ratio

. Oe=olded'

| Z .,,,u
,

t
-

25_ A 15.4 2 mtv + :cx
.

100 3 [ 5.7 Gray fine sand (dicturbcd)
to s:ith one 1.C in. thic't icycr hard & firm 37.5 71.6 38.0 33.6 neg.

102 e of Gerk brcre:n city. Icto: brittley

f8 h COncO'idatiCn tcSt peric =Cd *
'

-

!. C T* ^ClOV cO cc i*r.cn .
I g * Q" g) t -

,

r
i s

k
.9 | Dark '.- :r.:n clav t:ith severali C E

' hard & firm 30.8 71.0 t,0.5 ; ~).5 neo.~' thin layers cnd n-h.crouc brittic 35.1u.' p rti$g of find cand (ccc 31.3
Tchic G for ctrongth 6ctc)

~

| 1

.

.

l
,

i !
-j.

.

9e

I -
. .

.

e

_____-_.___m_._____.--______m.._m_.u____.__________________.._____._-__m_ _ _ _ _ _ _ _ _ __a_-____- _ _ _ _ ____ _______m__-_m--_m_ _ _ _ _ - _ __m -- -_. _ _ _ _ - _ _ m --_______.____--______a__
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TADLE 4

RELhTIVE DENDITY TESTS ON UHb1STURDED
'

SAP $ SPECIMENS
i

DORING NO.14 (El . ~ ~ +20)
.

(
.

Sainplc 6 .Dopth Dry Unit' V.cight . Rolativo Dannity

Ih/cuft %Section No. ft.

16D 01.2 119.6 '103
,

.

1GD 81.6 119.6 102

17B 85.0 97.3 80 ,.

'

8724B1 98.9 94.5 -

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

a

k

.

* *

-

" ---"' e- - ,.-%
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TADLU S ,

CLASSIFICATION TMSTS OF CLAY IAYBl!S ..
,

'
*

BORING NO. 14 (El . ~ +20)

-
_

Samplo & Dclith* Layer 11ator Liquid Plastic Planticity

Section No. ft Thichnans Contont Limit Limit Index

in. %
-

_

17B 84,9 0.3 43.4

17C 85.0 0.5 42.0

05.1 0.6 46.5 71.1 44.7 26.4170 -

J. / D 05.2 0.2 41.1
( .

17D 85.3 0.3 43.1
.

17D 85.5 0.3 42.0

17D 85.0 1.2 50.9 69.5 /6.6 22.9

1011 06.0 2.0 52.7 . 01.5 51.2 30.3
%

18C 07.1 1.0 40.0 63.2 37.2 31.0

i*

100 37.5 0.5 45.5 73.3 35.3 30.0

s

100 07.6 0.4 50.6 72.3 41.7 30.6

10r 87.0 1.0 59.9 79.5 40.2 19.3 ;

'19H- 08.2 1.0 50.7 85.0 '41.1 44.7

' ~

19C 09.3 1.2 51.7 76.8 37.0 30.0 !

T .

4

s

|

A
,

<
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..
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TABLE 5 (Shoot 2)* *

'

.

Sampic[ Depth Laycr Water itiquid Plastic Placticity

Section No. ft Thickness Content Limit . Limit Inde::

in . . %
.

__

.

19D 09.5 0.7 51.7 07.0 42.3 44.7

~

v 19D 09.6 0.7 52.2 74.6 40.3 34.3
~

19D 09.7 0.5 54.9 04.1 41.0 43.1
,

2.8 41.0 56.1 30.4 25.7
'

20C 91.7
'['osiendried] u (35.3] (25.5] (.0 . 0 ]

22C 95.5 0.4 40.9

- 22c 95.6 0.3 34.3 S4.1 30.3 23.0

22C' 95.7 0.2 43.3
*

.

22C 95.3 0.3 44.1

22C 95.9 0.5 43.7

23B 96.0 0.0 31.7;32.1

23B 96.9 0.4 36.0

'
23B 97.0 0.3 46.2

'

23B 97.1 0.6 52.5 .

'. |

] 42.8;44.9 71.0 33.8 33.0 |

'23B 47.2 1.5 i

(overdried] * [46.5] ( 33.1]' ( 13.4 ] I
|

23D 97.3 0.2 43.3

~%
~)*

.

4

4

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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*

TABLE 5 (Shoot 3) *

i

|
-

_

Samplo & Depth Layor Wutor Liquid Plastic P1nnticity
Section No. ft Thichnoss Content Limit Limit Index

in . . */, j
.

'

23D 97.3 0.6 49.9

'

23C 97.2 0.1 50.0 .

.

23C 97.2 0.4 45.3

23C 97.3 1.0 34.7 72.2 40.4 31.0
,

23C 97.3 0.1 60.5 .

.

23C ' 97.4 1.6 30.9 71.0 30.0 33.8

1.0 30.'s 70.2 37.0 33.2 |{ g
23D 97.5 i-

. [ovendric0.) n [49.7) [36.1] [13.6) I

23D 97.7 0.0 30.0 |
|

v 23D 97.0 1.1 ,0.6 57.1 30.7 26.4 Id

23D 97.9 0.4 3') . 5 .

|
23D 90.0 0.5 32.6

~.
24D 90.7 0.5 30.6 61.3 35.8 25.5

i - 24D 90.0 1.7 23 . 9 t o'; 1, 3 50.0 35.0 15.0

\- 24D- 99.0 0.0 34.2 66.5 3G.0 30.5-

240 99.1 1.5 33.2 46.4 25.7 20.7.

24 C 99.2 0.1 34.7

( |.

|
|

.
,

.

.

t

. - - - -.- .
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*

TADL'E S (Shcot ? .

.
.-

- - . - - .

Sampic & Depth Layor Water Liquid Plantic- Plauticity,

Scotion No, ft Thicknosa Content Limit Limit Indcx
*

in. %
_..

24C 99.3 0.9 41.0;43.9 61.0 34.1 26.9
,

24C 99.5 3.3 44.0 60.,5 38.4 30.1'

v 25D 100.7 1.3 37.5 71.6 33.0 33.6
- ,

,

25C 101.1 5.4 '.30 0;35.1 71.0 40.5 30.5
.

250 101.5 3.1 31.3
.

-

. . . . ..-
---.... =

J

.

l.

?
.

.

I

|
-

|

'

.

.

L( .

.
.

I

.
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TABLE 6 *

.

UNOONPINED COMPRESSION TESTS

BOLTING HQ. 14 (El . ~ +20) .

. .

.

.

__... _ _ _ . ...

Sumplo & Depth Compre'esivo Failuro Mater Content

Section No. ft Strength Strain %
kg/sq cm(tsf) % -

. .

*-

. .

10n 07.2 4.2 ~8.2 52.7
.

23D 96.9 6.1 6.7 44.9

23C 97.4 5.0 15.0 30.9 3

.) }

23C 97.6 8.0 9.0 45.3

* -

23D 97.3 4.7 5.9 39.1

*
24 0 99.0 3.1 7.5 44.0

,

*,

2SC 101.5 4.0 12.0 30.8
.

.

. - . - = _ _ _ . _. .

,

ge

Pailed prematurely with vertical cracke.

' '
.

.

4

e

$

4 . _ . . _ . _ -
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TABL5 7
-). ,

.

SUMPJnRY DATA O,P CONSOLIDhTION TESTS

DOlNNGNO.. 14 . (21. ~ +20)
.

.

,

i
*

.

_ _

Stirnple 6 Depth Proconcolid. .Wator Liquid Plautic
Section Ho. ft Pressure p9 Content Limit Limit

kg/uq cr.1(trif) %*
-

,

._. -_.- - _ _ _ _ _ _ _ _ _ . _ _
,

.

'

100 (17 . 0 15-10 59.9 79.5 40.2

1

f 19B 80.2 14-10 50.7 OS .is 41.3. |

)(
'

~41.0 56.1 30.4 ;20C 91.7 11-17
1.

23D 97.3 14-10- 40.6 57.1 30.7 l

I
,

24B 99.0 14 -17 34.2 66.5 35.0

2511 101.6 10-14 ,37.5 71.6 30.0

1

l

7_

!

l

|
,

e

|
1

|

.

-

' h

I

.

O

d

1

j*
.

I
i



M i J to 'I'[. g r t ,3 G . e * iae o s _st e r . -
. . ,

'

JOEt.v0'flON: SNEET 1 0F 9
'

WARREN GEORGE, INC. t0 CATION _roruee niver si .Forked River
500 Pall 5ADE AVENUE N0LE No. B1

New Jersey
JERSEY CITY, N.J. 07307 1.INE & SM.

FOR: Burns and Roe 3: */ OFFSET

CEPTH F T. FT. CAllNG OUT DATE: DATE, START: 5-1/ -0* GROUND ELEVATION

CEPTH FT. ALL CAllNG OUT DATE: DATE. FINISN: 5-l' A' GROUND WATER ELEVATION

CA31NG 0. 0. /" 1. 0. WE10NT OF MANNEn 1/.0 # Leg. NAW ER FALL ,

,

$AWLER 0. D. 1. 0.
IN31DE LENGTH OF SAMPLER IN. CASIN G SAWLER 31"

Ol AMOND 81T SIZE

'" eLons rta s.. DE NS I T Y PR OF ILE FIELO 10(NTIFICATloN
samets espras ,g

0" CHANGE OF. , , .

' ~' W W SwLERgj {I stav. / iget
PE" .! k@ CONS tsT. OtPfH solLS

S. = Pe 6-12 12.is uois Tunt at4 Anus* F f_,,0 0"-f broxn case.-ic r,3 |Lna
.

-

Sand
-/

f' |
- s _

v -

1 58 A'A 16 22 2!.

-i 1

l"

I 9'-17 6" bro'N 'flh'E 7 N ['d'5ISt~
-10

2 138.11'6' 23 93 99 -; i
__

--

'-j--

i
3 M'-16'6' 12 19 32

-

17'6"-33' de.rk gray silty O' ," -

3
4-20

4 20'-21'6" 5 6 7 _i
,

_

_

_

_

$ 2 5 ' - 2 6 ' 6'' 6 IL 1R _

_

_

_

._. _ . . _ . . . . - _ . ~ . - . . . - ,.g
6 30'-J1'6" 12 12 20 30'-34' gray fine si'.ty sand tr. ]

clay.
_

_

34'-39' brom silty elay n/ sand ]
7 15'.16'a' 11 1A la layers. '

a
ie o' .>.t'6' 21 yi n y . . f. c we .;.,ce t ---2 .

_,0

PMil :.!!tchell |tell e Englaeer p,313,,,
,

. .. . s. w . . [
.

-a
; oritilas ia...et.r .s i ,,,, .,

l
'

I

i



SNEET 2 0F 2 .

dJOB LOCATION: WARREN GEORGE, INC. t0 cation rorked atver
Forksd River

h"~ R w Jersey 500 Pall 5ADE AVENUE NOLE No. R1

JERSEY CITY, N.J. 07307 LINE A SIA. [
E

FOR: Burns and Roe 0FFsET

CEPTH F T. FT. CA$ LNG 007 DATE: DATE, START: 5-14-68-- GROUND ELEVATION .

DEPTH FT. ALL CASING OUT DATE: DATE. FINISN: 5-I4-68- GROUND WATER ELEVATION

''
14C# -l.IR. NAle4ER FALL

CA31NG 0. 0. 4" 1. 0. WE10NT OF HANNER
- P

SAWLER 0. D. l . 0.
INSIDE LENGTH OF SAMPLER IN. CASIN0_ SAMPLER

Of AMOND sit $lZg

*'"' sLowsetas.. otNs t TY PnOFILE FitLD lOtNTIFICATION .

lih! *s*t ws saarte acerns .g
08 CHANGt or.

fl
't cN smetta{g atav. / rreraj
$$

sortsCons is T. m!E. ''" atwnus" ' ~ * * * " * ' "0 's Tuar
7 '

0 39'-46' bronn fine send w/ silt __

__.J.

'
_

'

_

l'
9 15 ' - L 6 ' 6" 1R ?? ??

_ . ,

48'-51'6" brown coarse to fine ser -

' silt -

(tp 10 I$3'-51'6" 16 22 9 _

_

50' of 4' pipe _.

( _

<

Ground Water ,
j _

10'6" 8 M $-15-68 4
8.0' 3 PM 5-17-58 :

f

89 _;
i_

7
2
_J

-

-

i
_,,,,

- 30
-!
-J
_

2
__

-

~~

I

f - 40
,

P. Mitchell i
seite Engineer: D'l l l *'8

d. m ac e r.e u i

Drilling laspector: IIst pers E Ml" !

s

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



I JOB LOCATION: $NEET 1 0F T._
ror<edatver W A R R E N G E O R G E ,'I N C. tocm0N w ee at.,er '

'48" JU N i 500 Pall 5ADE AVENUE N0LE NO. 32 T'

JERSEY CITY, N.J. 07307 LINE a STA. ./
M: Burns end Roe OFFSET

~

CEPTH F T. FT. CA31NG OUT DATE: DATE, 3 TART: 5.>i.** GROUND ELEVATION

DEPTH FT. ALL CAllNG OUT DATE: DATE. FIN 13N: 'M' - <o GROUND WATER ELEVATION-

CAllNG 0. 0. ---- 1. 0. WElGMT OF NAMMER IAN LIS. NAW ER FALL
''

SAMPLER 0. 0. 1. 0.

DI AMOND BIT SlIE IN31DE LENGTH OF SAMPLER IN. CA31N Q SAMPLER ?7"
.-

C''''' etas ern e- ot NS I M enoFILE FIELD toENTirlCATloN
h5 s w tt sieras ., g..

oN ssetta on cHANot nr''**gj {y stav. / rier {rPE " . ,8 cons is t. otpfw solLs >

S

,,E
'3 0-8 8-12 te se uoisTunt a t uA nks_ _ _ _

*
r oo f_.

0'-13'6" gray tan raed to rine
-

sand, trace cilt, dry
___

_f

1 5'-6'6" 11 15 | 19 ]
.-

I
-

-10 _

p 10'_11'6" 11 121 12 10'6"k8' ~ ten, : red to fine silty -

sand, wet - '

~

4.-

_l .
1 15'-16'6" 5 7 17 , _

_

. - - - - - - __. _

18'-34' 6" dark gray silty ciny J

-20 w-sand leyers, _I
4 23'-21'6" 3 3 5

_

_

-

-

~

1
-|15 25'-26'6" 6_ 16 11

,
'

_

-'

._t -l30 _..
J_ '_ 13'-11'6' .9 10 11 -|

~~~

,
.

- ---|
_ __ _

- .

7 15'-16'6' 25 16 18 34'6"-40' trn course to fine cond, ,;

trace silt. trace fine -j
grwel ]

6 4 l ' -41 ' 6'' !6 13 38
-

'

,go .,

seile casiaeer: Drili.r: P. Mitche1.1 i

Orilling inspector leelpers ., ' .. a a . u a
.

\

l

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



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

JOB LOCATION: 8NEET 6 0F E_
Forhd River WARREN GEORGE, INC. toufia vm. w m . ur

'

| New Jersey 500 pal.15ADE AVENUE N0LE NO. B2
!/ JER$EY CITY, N.J. 07307 LINE A 8TA.

IFOR: Burns and Roe OFF8ET

CEPTH F T. FT. CAllNG OUT SATE: DATE, START: 5-91 Ast GROUND ELEVATION I

CEPTH FT. ALL CASING OUT DATE: 04TE.* FIN 18N' 4400ND IfATEN ELEVATION< a- '' '

_

CASING 0. 0. l . 9. trElellT OF NAMetER ILM L88. NAlelER FALL [
8489L E R 0. 0. 1. 0, '-

)DI AMOND BIT SIZE INSIDE LENGTN OF 8 AMPLER IN. CAslNS SA6FLER '0"

._

BLoss eta s.. Otas siv raorlLE FitLD IDENTIFICATIONsaserte esprus ,, g
f, y 3

g| (Liv. / pt f GN 888eLER OR CMANGE OF

g3 ,,, C N$ ' S * Eb tt! solts $**
II I o-a 6. g r g ,. g. esTuar atm ans

'

-

roof
0_

40'-47' red . brn, med. to fine _

sand. trace silt -i
1

o /5' zA'A" 18 32 16 j |
!,.

,

47'-59'6" trn. coarse to cine sene- '

trace silt -|
hl0 ].:in sne si'An 16 19 97

_l'

(-
_;
_ . .

t
' ~

11 55'-55'6" 50/6" ,,)
1

~E
'

-

_<g
12 6u .60',5a 50/5" 59'6" -69' red brn. ced to fine -

"""''sand.
'l

:
-- -

~

~
!11 658-66'6" 21 16 12

~!
-

9|
% 69'-82' broan med. to fine sand.
[- 11 70' 71'A" 25 12 LO _j

,_.

i

i-

1-

-!
~

15 75'-7(i'A" 7 19 17
~

:
'-

_
'

16 ?1' 91'6" 10 15 19

{ i.
... ..... ,, , , , , , , , ,

Drilline in.eect.r an.jpers | ,

|

l'

___. __ . _ _ _



.___

JOB LOCATION: $NEET 3 0F 8
s

WARREN GEORGE, INC. LOCATION For'<ed hiver 'MForked River
300 Pall 5ADE AVENUE #0LE NO. D2 gNew Jersey

,

JERSEY CITY, N.J. 07307 LINE & STA. 'f'

I
FOR: Barns and Roe 0FFSET -

CEPTH FT._ FT. CAllNG OUT DATE: DATE, START: 5 - 71 - M GROU110 ELEVATION
'

DEPTH FT. ALL CASING OUT DATE! DATE. FINISN: " 9542 GROUND WATER ELEVATION

CAllNG 0. 0. 1. 0. WEfQNT OF liANNER ILN LIB. NAWER FALL

SAlfL ER 0. D. 1. D.
IN810E LENGTH OF SAMPLER IN. CASING SAMPLER D ..

DI AM0Hte 81T 11ZE

sLoss eta s o otussTy FnoFILE FIELD IDENTIFICATION
swt escras ,,, g

- ~< - :.., , <, n - - E-
.u. 33 cons is t. m so Lsg cn ,

!+
= 0-6 6 12 | te-se uo t s tuar at'4A nu sg *.

'007
,

69'-82' (;cnt.inaec/
-

.
1

I brown med. to l'ine send
82'-107' Alt layers darx grs/

silty clay and fine sand. N
1

17 85' '36'6' 12 18- 22 <

_!
! I

i I | -|
0{:

-.
;

in on'_ot' Tube Send. Jer Se 12}e
i
1 1

l i
-

;,

_I )
1

.

! _

to 49 ' _; A ' Aa 21 32 34 | l, _

_

_

-
s

g)o -

n23 100'-102 Tube 21" Reco erv _

_

_

_

-

21 10$'.L06'6" 5 11 14 _

107'-;00'1" Dark med, fine sand, _1
trace silt

-

??. 1118 .11 P 1" 50/a .,
(\M -

1-
,

_

_

'
-

- -

-

91 1168.1151E' 5216"
_

_

_ .

'
-

21 121'-120'6" SOf$" .
O _

Seile tagleeer Dellters P. Mitchell
b. DL3CKneLL -

| |Drilling laepestors leelpers ' n -

wc t e ,

t

.



. _ . ._ _ -. - .-

4

Ji. t.OCATION: $NEET / OF s _ . '.

WARREN GEORGE, INC. LOCATION rm.v.4 n 4,,.. nrn,.v.a n 4,.,.

500 Pall 5ADE AVENUE n0LE NO. a> '
New Jersey

'

IJERSEY CITY, N.J. 07307 LINE a 3TA.
IPOR: Burns and Roe. OFF8ET

CEPTH F T. FT. CA8ING OUT DATE: DATE, START: 5 91 A# GROUND CLEVAfl0N

DEPTH FT. ALL CA8ING OUT DATE: DATE, FINISN: 5 01 FA GN0UND WATER ELEVATION '

CAllNG 0. 0. 1. 0. wileNT OF NANNER 120# LII, llAttlER FALL j 8

!SAWLER 0. 0. l . 0. '

DIAMOND s17 size IN8IDE LENGTN OF 8ANPLtt IN. CAllut SAw LER 30'

hh
C'''"' NLows ern e.. om an enor itt F8tLo lothviricatsoN '

s w s: oget.: ,,, g.
'' "' g as smetta .0* C*Not 0F

j y stav. / rest 3g
! ;

E Pt a :jE.9_NE.LLT M so|Ls.88 a e-o e-: 2,. t. wois tunt arm ans_ root
'

^ 107'-203'1" (continued)
i

Dark med. fine sand,

trace silt i

25 195'.195'5" 53/5' 7
.

I
,

l,'
~

:

!D
26 130'-111' 4 01 52 ]

I

27 135'-135'4" 50f4"
-

;

|~

& SA 1/O'.1/ntz" sn/Lu tj

-

.

N
""*

SQ 1/s'_115'z" so/zu
-

7
l-

& -!
10 150'-150'6" 64/6" _"""!, .

-
-

'
_,

l_

; 31 155'-155'1" $0/]" -

! |-

;-

q~
..To 32 163'-163'2" 50/ ?"
u :

* '-!

Nelle tagineer: Driller: P. Mitchell |,

O. D L Bonae L L ~

Drilllaf la8Pectors nelper R_ Eecies
__

j

s

. . _ , -



- - - - - -|-+J . - - -- a - . _ - _ - .a

JOB LOCATION: SNEET * OF a !!

WARREN GEORGE, INC. tecATia rne n4w. v1 !!'

rorwea River
'! .300 PALL 8ADE AVENUE n0Lt ac. B2

Now Jersey
JERSEY CITY, NJ 07307 LINE A STA. !

*

M)R: Burns and Ros- 0FFsti ! --

+
n

i DEPTH FT._FT. CAllNG HT 84Til NTE, START: 5 91 FA GRO N D ELEVATl u t
DEPTH FT. EL CAllut OUT 84 Tit MTE. FIRilus 9.91 /A ta0UNO WAftt ELEVATION k

CAllite 9. B. 1. p. utitilf 0F NANelER ILY LIB. Il##IER FALL

SA8ettA 0. 0. 1. 8,
IN81DE LENGTU 4F WLER 15. CAllNS WLER M ,' '

Ol AMOND Sif SIZE
,

__

C'''"" stans pen en otessTv Peoritt FitLo lotNTIFICATeoN
hI

_

swatwr: .g
'''' m' stav. / egg, gy a saNetta en CE Net OF..

~| '*<a 5). 58 m. m soils

'

.

I3 8 es * * * te sa isois tume new nnsroof

f(/ 107'-200'1" (continuec)'

Dark med fine sand. -f.
trace silt

-

,
-

,

-!

11 165'-165'2a so/2a 4

;-

_

- :
'

-

Ground Water i

34 170'-170'1" 50/1" 8'-2" ]
!<

_

I )_

_f ,/
~

15 175' 175'2" 50/2''
_

_

-
,

~
'

fd
_

u inne 1Rn'1a sn/in ,
_

-

;

_

j
-

17 insi 1As'9i sn/92 _

_

-
,

M
-

""
F yn ion'_lo,'on .snf3n

-

_

_

.
4 -

_

_

tose 1osela sn/ to un num ,ry _

_

_

-
' 39 2L'-200'1" 50/1"

seile t.,i r g,i n ,, P. Witchell

'}i Vl! m *11er n n .. i. .... . ,,.i,,,,
; ,

i

!

.



*
.

JOS LOCATION: 8 MEET 1 0F- 4

rorked Riv., WARREN GEORGE, INC. t0cATia Forked River. na F
Nea Jeraey 500 PALL 5ADE AVENUE . - N0LE No. R 1 l,!

(-
JERSEY CITY, N.J. OTJ07 LINE a 3TA.- f

O Burns and Ro, 0FFSET 4

DEPTH F T. FT. CA8ING OUT NTE N TE, START 5 21-68 gA00ND ELEVATION

DEPTH FT, ALL CAglyt OUT NTE! NTE. FIN 13N: 5-23-69 480UND WATER ELEVATieu
*

,

CA$lN8 0. 0. 2" 1. 9. wileNT OF NAMMga 140# Lag, NAsetER FALL ||
SAWL ER 0. 0. 9" 1. 0. }
OlAMOND elf SIZE INS LD6TNOF M ER 15. CAllN G NR

hf ', '[," slows eta s" Ot m lTY PaorlLt FitLo lotNTiricAfiow'
3sws, up,,, ,,, g3

- s t. - c~t e, ,q gg,,... , ,,,,n
4 t87 m solLs |

,,,

II I e e | 6.,a spa uots ruar etw ans t-

* .

toor
"O

O'-8'6" broun fine silty sand, _.

tr. fine gravel

-I
-,

~
1 s8-686" 11 18 21 r

_.J:

M
. 10 8'6"-18' brn. fine silty cand. 7

|
2 ins 11 san A o 1/ tr. clay ]: i

-- |

- !
.

-

1 1s'_1A'A" o is 1z *

-!

J-8'-33 '6" drk. gray silty clay,
! 20 fine sand j

-
z ons.33'An f f g

-

:!
_

"~~
s ose.9A'A" a o in,

i-
:

1

-

. s0 'i
6 in i .11 ' A" I g 13 Ig

~

_

_

I
~~-

33'6"-39'. gray-brn :carse to fine -

.

7 ~! S ' -16 ' 6" 10 11 11 sand, silt and tr. clay ]-
_

_

j8 40'-41'6" 19 33 16 q :, s . f 7' (y o ,, a 3 -., 3.g

In . E.. i a .. .,i i i . ,, r namn
.rillias lase u .., noi,,,, p glackwell j

n. ..iv



JOS LOCATlON:
' $NEET 2 0F L

<

WARREN GEORGE, INC; LOCAfl0N Forked River NJrork:4 Riv:r
New Jersey 33 PRISADE AVENUE 1:0LE No. B 3

JERSEY CITY, N.J. 07307 LINE A 8TA. | }
FOR: Burns and Roe OFFSET r

DEPTH F T. FT. CASING OUT DATE: DATE, BTAR7: 5-23 68 GROUNO ELEVATION .I

DEPTH FT. ALL' CAllNG OUT DATE: BATE. FIN 18N: 5.91 AR SA0UNO WATER ELEVATION

CAlllIG 0. 0. L" i . 9. WElellT OF NAMi4ER llM - LM. IIA 888ER FALL i

!
.

S&WLER 0. 0. 2" 1. 0.
IN81DE LBOTN 0F SAMPLER IN. CAllNG SAleLER

DIAMOND SIT SIZE

aLow$ Ptn e'. DENSITY Pn0 FILE FIELO BOENTIFICATION_ _

SamPLt 8(Pras og
On CMANGE Of ,

..
.,,

g| ff ILte. / pigt CN SApeLgg
*

'-.

I 9-4 6 13 sp.ge "OlsTunt neuanasE 7007
"O 3 9 ' -4" brown coarse to fine'

sand, silt. [
_.

,

.f
o zs' 16'A" 56/s" g

47'-60 gray brn, med. to fine -

sand, trace silt I
'

h0 ]-1") 50'-51'6" 12 17 32
_s

e

-- . 3

11 55'-55'3}" 50/33" _f I
~

j
.4

i

-!
_i

_I'

'
Ih

12 60'-61' 32 54 60-65' gray fine sand _.

_

_ i

_I
11 A48 /98A" 59/A"

' 65'-73' brn silty fine sand tr. ,
-

clay
_

.

_i
N3 ~~~

r IL 70'.71'6" 15 32 40 _

l

73'-84' 6" drk. gray silty fine a
sand..tr. clay ,,,

I

is es' 9A'A" is 17 31 _

_

_

4_k 1A Rn'.ol'6" in 11 12

k'
selle taelmeers peiller: P. Mitchell

hS. Black 4 ell
Drilllas lasee<ters m.tser:

se=
.

= -

9

.

4

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



~ ". enj.
~'

f ~{
V'

,JQB LOCATION: BNttT i 0F 1 _.

rorwee atver WARREN GEORGE, INC, LOCAt Da r e -a e-- or ,
h a Jersey 300 Pall 8ADE AVENUE N0LE 20. B 1 :. 1

a$
JEftSEY CITY, N.J. 07307 Llut a 8TA.

.

FOR: Burns end Roe OFrett
,

~'

1

DEPTH F T. FT. CallNG OUT Daft: Daft, ITART: $.21.&B gA0VNp ELEVAfl0N E
,'

DEPiH FT. ALL CAllut DUT Daft! DATE. Filll4Nt 4 9'' ra 430UND WAffe ELEVATION )
gt

|
i

CallNG 0. 0. 4" 1. 0. WE10NT OF NAMNik iW LM. EU8838 IALL .I''
|Nellt LENGIN OF SAMPLIR lN. CAllNG larLit 5

ONo SIT IIE
_

d''''' etwsnns- M l" N 0'lkt '88 0 'Sth W W loa
hi |', , , . sament sterne ,a
. stie. i rii, r onswta a emwe er
0| ''*a

' -

|Pt B m, m se Le
* ' " ' ' "' ! '~ '' ' " ' ' 'ao 's tuar at*aan
,

L*0> 7J' 84' 6" (continueo) .
drk. gray silty fine sand. _,

tr. clay a

2
<_

17 8$'.86'6" 8 is it 64'6".47' drk. gray eed, to fine !_

sand, tr. Pilt {, , , , ,

87' 10||' dek. gray silty eley and 1-

I med to fine sand layers J )
i

) U3 I c3'.09' Tuha 17'Ir nni e ru '

}| , ~ ~ *
|

-
:

,
1-

,
-

19 95'.97' Tubo $9" ro egery
-

I

~_l,
i

' '
jt0 ===

2

23 103'.131'6" 5 A o , , , , . ,

-

-

i -

ll 10$'.137' Tiv m 2 'l '' PE Mwar/
.

, ,

108' 19032" erk, tray mea. to fine M
ik sand. tr. silt, tr. elay - ~ -

22 110'.110't" W/(" - ,

"'""
.

: i-

\ _

I-
23 115'.115'I" sn // n ,

_

_ _

-cg x , ,1, . 1, m .. m .'
-.

l
. . ..... ,,

- 0,, l i .,, - e. u11es.11

+ ey2 -g . . . . . . . . . . . . . , , ....
.

:



_. - ,

; '

$NEET /. OF 4
.

JOS LOCATION:
|WARREN GEORGE, INC. t0 CATI 0.

rork,a aiver na i
'

rorwea aiver
New Jersey 500 Pall 5ADE AVENUE NOLE NO. B 1 I |

JER5EY CITY, NJ. 07307 LINE A 3TA. ]
'

'

FOR: Burns and Roe OFFSET
'
L

EEPTH F T. FT. CallNG OUT DATE: DATE, START: 5-23-68 _ 3R00ND ELEVATION |

DEPTH FT. ALL CAllNG OUT DATE: DATE. FINISN: A S' -. ( o SROUND WATEN ELEVATION i

CA31NG 0. 0. l . 9. WEleNT OF NANNER LIB. NU84EI FALL

SANPLER 0. 0. l . 0.
l#8IDE LENSTN OF SAMPLER IN. CA$ LNG SAMPLER

Ol AMOND BIT SIZE

slows eta s ~ otNseTT enor:Lt retto sotNTerication ;_

hh ' ' ' ' " ' on CHA %t or jsmerar etern, ,,, g.

{{v
ON s w Lgg{| stav. / rear soitsgg go! s Ls.y. p.gfJ,_w ,o= s, '

g*. 3 o-s e: is-se pois tuar
. atMAnusroor

', , , 108-l! 0'2" dark gray reed, to fine _

W sand. tr. cilt, tr. clay
_J-
_l:
_

2$ 12$'-12$'3" $0/.i" _

.J |

_

_

h6
-

26 133'-133'6" 52/6" _.
-

_

-

_| ~'y

| |-

27 1158.115'9a Sn/94 ,
,,,1 - .d

_.
_

_,

-

,,!L
'.

i

4 20
28 140'-140'2" $0/ 2" _

i

_

- .

-

29 1158.115'1" 50/'in _

-

-
i

Jk -

30 1$0'-1$0'2" 59/ 2" ~

Notes? _

'

150' of 4" flush casing .

_i

;-

. ,

' - - -! l

Ground Water -

10'-5" -

"i
l'40

* I

bP. Mit:: hell _,

seile Eneine r: Driller:
!

R. uts-caell - '
.

r.,ca f e e jcrilline inee.cter: ' m.jper.

. 1

.

I

|

1

l

|
|



_ _ _

| .

JOB LOCATION: SNEET I 0F 7 j

rorked atver WARREN GEORGE, INC. LOCAfi:a vn,.v.4 n4.,c, na n

':
| y,,y,,,,y 300 Pall 5ADi AVENUE - n0LE NO. az

!JEftSEY CITY, N.J. 07307 LINE a STA.

POR: Burns and Roe OFFSET i
!

f.DEPTH F T. FT. CAllNG 007 DATE: DATE, START: 5 8 68 GROUND ELEVAfl0ll

DEPTH FT. ALL CAllN8 OUT DATE: DATE. F'lNISN: * 19 u 4A00ND WATER ELEVATION !!-

CASING 0. D. 1. O, wElellT OF NAl#4ER 1W LII. IIAlelER FALL !'
ESAWL ER 0. 0. 2" 1. 0.

DiMoND SIT SIZE IN81DE LENGTN OF SAMPLER IN. CA81p t SANPLER in" E

h5
C'''" stors ernsa Otwin PaorlLt MELo IDENTIN CATION jsws: our.: .g..

g| ' ' " "Q stav. / rei,
' g oN saetta 88 CHASE OF

3g't 12 5.112 M so Lsgg
..E oa +- 12 | to-ts wo rstuar neuanas

.
t t

*0
0"-14 grsy brn. :ceo, to fine" '

_,,

sand. w-trace fine gravel _;
;

!

""~l
1 5'-6'6" 15 27 36

_

'
-

i

>-

.ie ~
9 in'.11'A" 19 95 96

I
-

-
; ;

;-

14'-29 dark silty clay and
_j'I )

'

' ' '6' 1A'Aa L 5 g cly-silt w-sand lenses
'

.

1

|
-

-

i,

- '

30 j

".".".''
( 23'-21'6" L 5 7

.

-

_

~
s 9s'.9A'Aa s 7 9 l

-

-

29'-50' brn coarse to fine sand. -
A , n i . , i . A., 33 3a ,,

trace silt -

_

_

-

~
7 1se.1A'A" 11 96 14

-

_

_

a me .f 3 e og 23g
-

.g

*

s ile t.eI. r: ersti,r P. Mitehell

( .,,,,4.s........ , , , p. n.meu i
.

|

___ - _ . _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



- . . . . .

8 MEET 2 0F 7
JOS LOCATION: Forked Riv:r 10

rorked alier.
WARREN GEORGE, INC. LOCATies

500 PALISADE AVENUE N0LE No. 3 L ';New Jersey
JERSEY CITY, NJ. 07307 LINE 4 STA. I

FOR: Burns and Roe Ort:ET
'

CEPTH F T. FT. CAllNG OUT DATE! DATE, START *_5-8 69 ga0UNp ELEVAfl0N

DEPTH FT. ALL CAllNG OUT DATE: DATE. FINi$N: 5*17*69- 440UND WATER ELEVATION

CASING 0. 0. 1. 0. WElellT OF NAM 64ER ILM -- LIB. NAleIER FALL |
i:

IN81DE LENGTM 0F SAMPLER IN. CA31N8 SAMPLER 39nSAMPL ER 0. 0. 9" i . e.

DIMOND BIT SIZE

stows eta s" otNasty enor itt ritto tocatirication,. _ . .

, ' " , 'h,! Or jsws ourns ,g
OR CHANGC.

ea g| stav. / at:y
CN sawLgg

, , , , ' ' ' 'I * '''

$5 -g o.e ' e- u se- a w e s tunt
* * * atuanas

root

29'- 0' (continued) _j
brn coarse to fine sand. ____'s ,

!tr. sitt
-

!

9 45'-46' 79 180 _

:

,

-!
_i

$0 m 5')' .51 ' 6'' 36 49 54 50'-68' brn-gray-med. to fine'

sand, trace silt "|
-i

l
-

._

11 5 5 ' -5 6 ' 6'' 33 44 51 [_, ,

--

""""

,

|-

0
.

' 19 m ' . 61 ' 6" 11 43 61 ,_,,j

l i-

_

_

4 -

13 65'-66'6" 32 45 67 ,,,,,,,,

I l_

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

dark gray si'ty med, to69'-98 ' --

fine sand -

14 70'-71'6" 26 49 84
_

' _

_

_

26 36 79u n$ , _ngi g.. _

_

_

"""

i 16 8 3 ' -31 ' 6'' 11 12 14
,,

Selle Engineer Driller: P, litt@*11 . . .

O*
'

Drilline Inoposters eselpers _ _

- _ qn acu.ua

l

j

I

|

|
'

1

_ _ _



}

SNEET 1 0F 7 l'
JO85 LOCATION: WARREN GEORGE, INC. LouTi0, rorwsd aivar wa_i

Forked R'iv r
300 PAllSADE AVENUE N0LE No. B 4

New Jersey
JERSEY CITY, NJ. 07307 g,,g g gyg,

POR: Burns and Roe OFFSET

DEPTH FT._FT. CASING OUT DATE: DATE, START: 5-8-68_ eROUNO ELEVATION

DEPTH FT. All. CAllNG 007 BATE! MTE. FIN 1'8N: 4 1 "'- 9 SA0UND WATER ELEVATION '
t,

d

CallNG 0. 0. l . 9. WgtgelT OF NAMMER_ 14M LII. NAledER FALL
|;

IFilDE LENGTM OF SAMPLER IN. CAllN G SAw LER 30"SAWLER 0. 0. 9" 1. 0. ;'

EI AMOND SIT SIZE

iLor8 PER S.. DE8417Y PROFILL FIELD 10ENTIFICAfl0N .

OR CHANGE OF |SassPLg NPlag wg..
CN SApeLgg

23 g # Liv. / rigt gpg, *

RtMARMSNE I be 6- 13 13. g3 6401S TURFFOOT
=$ 68'-93' (continued) ..__|-

dark grey af1ty med. to
'fine sand

17 8 5 ' .R M 6" 11 11 11 ,

,
_!

|

'n on' _ot ' An 11 to 1/
I |

, -

-

-

A'.
10 os'.cA'A" 26 28 33 ;_

. ji

'98'-105' dark gray silt w-clay "

'
and fine gray send layers :

on inni.ini A" s g if

|-

1-

91 i n s ' . i n'7 ' ti . s.
__

.

..

105'-21B' gray med. to fine send. -| .>

-

trace silt
l

-

: |-

da I
"""

P 99 11n' 111'A" 10 19 64 \-

_

*
-

-

-

21 115'-116'6" 40 69 87 .

-

-

-

' ?I 19n' 191 ' A" 94 224 206

- sella tagineers gritiers P. Mitchell

S. Blackwell 'j j

trilitas ine, ester: melper:
M LCC.63

I

|
1



JOB LOCATlON: $NEET L OF 7

WARREN GEORGE, INC. LOCATION rorkea niver ea-Torked River
500 Pall 5ADE AVENUE NOLE NO. B4 3

)|New Jersey JER$EY CITY, N.J. 0W LINE A STA. I

)sFOR: Burns and Roe OFFSET |

DEPTH FT. - FT. CAllNG OUT DATE: DATE, START: 5-8 64 3ROUND ELEVAfl0N ! |

DEPTH FT. ALL CAllN4 OUT DATE: DATE. FIN'18N! 8- M /0- GROUND WATER ELEVAfl0N

CallNG 0. 0, 1. 0. WEleNT OF NANNEg 14C# Lag. NAltdER FALL i
! :SANPLER 0. 0. 7" 1. 0.

IN$lDE LENGTN OF SAMPLER IN. CAllN G SAMPLER
3 0,,

DI AMOND SIT SIZE
_ ,

b5 #I'" BLm pgn g . DM I M PROF M WO QMWMN
sasipts egetag og ,

,,

,fIlly. / tttt {{ f.
W SMLER'

g
CON 5 is t . 91.P,,7,,t! solLsFIRa

I *, 5 04 6- It 19 10 e40tstung Rtn4A RKS
'

F007

II 10$'-218'(continuec), _

grey med t6 fine sand. ---
-

trace silt

_t,

95 195' 196' 90 232 :
_

26 130'-130'9" 74 233/3"
1,

.

.

:-

/);
-

p

27 13$'-13$'9" 93 231/3" C '

-l
j_- . .

g -;-

~
2d 140'-141' 102 19' '

l-

i_

-

,-

I-

29 145'-146'6" 74 152 170 _

_

_

th ~ 150' isn'z" 50h" [10
_

* -

_

-

31 1$$'-1M'3" $0/3" --

_

~~~
?

- k -'
J2 lbJ'-lw/2" av/ir

. . ......e,, ,II.,, - We. uitche11
a. UsuGA cAA di

Drilling leseesters se.1,er: R. Eccles ||
.



1
.

*

,_ e
'

$NEET 5 0F 7 '
i A s LOCATION: WARREN GEORGE, INC. LOCAT m rorked aiv2r us _!'

rorkea atver
500 Pall $ADE AVENUE lioLE No. B 4 I-

Hew Jersey
JERSEY CITY, NJ. 07307 LINE A $TA.

OFFSETE Burns and Roe

DEPTH F T. FT. CAllNG OUT DATE! DATE, START: 9RM GROUND ELEVAfl0N

CEPTH FT. ALL CAllNG OUT SATE: DATE. Flul'8N: 0*17*b8 SROUND WATER ELEVAfl0N

CAllNG 0. 0. 1. 9. wgleNT OF NANNER IW Laf. N488ER FALL

INSIDE LENGTil 0F 3DIFLER lu. CAllNG 3DFLgg 30"thPLER 0. 0. S" 1. B. ,

DiMOND BIT SIZE
man. _

DE N5 0 M PROFILE f f ELO (0(NTIFICAfl0N
SE C^S'"G mL0nsPenau 'swt u ,,,, ,

OR CHANGE OF, , ,
,

{ ttiv. / pgg, ON sateLER
soils ;

3 m, et Pra . , ,
I oa e- s e g o.18 uoistunt #tMARKs '

II Foof

h 10$'-118' (continued) _;

"gray mad. to fine sand.
trace silt __i

-

r

33 16$'-165'2" 50/2" -

__
,

~

i
-

h -

11 170'-170'3" $0/1" -

-

_

-

] '

, ~

35 175'-175'2" $0/ 2" -

:-

j_,

,

f ~""

36 180'-180'3" $0/)" -:
; !

-

|
-

i

|-

17 185'-185'1)" 50/3s"
.

_

-,i
llh
IF 38 190'-190'4" $0/d'

-i
j- -

i-

-

39 195'.195'1" $0/l" -

I-

40 20 '-200'11" 3] >>/S '

o

| |ii. c.. . , 0,, i l ,,, p. uite3 11

[
s 81..+.u i. . . . . . . . . . , , , , , , ,

.. . . ~
i

|

_ _ __



I.

I

3NEgf 6 or 7
'

"

JOB LOCATION: WARREN GEORGE, INC. L0catl0N Forktd River NJ ,

,

rorked River '

y[|
500 Pall 5ADE AVENUE notg ;o. st j,

New Jersey
0

'

JER$EY CITY, N.J. 07307 LINE A STA. ~

NN Burns and Roe 0FFSET

DEPTH F T. FT. CAllNG OUT DATE: DATE, START: 5-8-68 $N00ND ELEVAfl0N
"

k' |DEPTH ry. ALL CASING OUT DATE: NTE. FINISN: 5-17-68 GMD WR mm
'

CASING 0. D. 1. 0, WEIGNT OF NAlelER 1/M - lab. NAlt4ER FALL
I

SAWL ER 0. 0. 2" 8. 0.
INSIDE LDOTH OF SAMPLER lit. CA31NO SAMPLER 30" *

|

|Dl AMOND BIT SIZg '

_ .

#LCms PER s** Of' NS IT Y PROF ILE FIELD IDENTIFICATION
SW48 OgPr#$ ,, g
I48V. / Figt { CN sMLgg OR CHA NGE OF ;==

,

.f f CONS tsT. e solts |*g ,p g '
ig*. e 0- 6 4. ;r g r. g REMAngs

F 00f_ .M.,o l S tua r
,0 _ -- was

1,00 __
105'-;'18' (continued) y

. grey med. to fine sand. _,

trace silt -

_

',
- ,-

_AL 205'-205' 6" $0/6" _;
_ - .

-!
_.

i.

*10 )-
e

42 210'-210'3" 50/9" _; :

-

i
_. - ,

II-i
-/-

*

i 43 -215'-215'2" $0/2f' ;

1
-

-

)
-

;,

218'-230' grey silty clay.
~

j
_

b' 20 very stiff. -

44 220'-221'6" 29 30 48
-

'"'~l

-

-

45 225'-226'b' 31 41 $p

_1 i
l

_

_

_
'

4 30 i

I 46 230'-232' Tube Jar from t.uoe
230'-243' grey med. to fine sand. _,

trace sitt 1-

_

_

~~ -

L7 235'-235'2" $0/2"
_

_

_

a uv. -av. c e j_

,3 ,
P. Mitchell -

Selle tagineer: .rillers

s egg 11 .

3or i i n . , . . .. .. . . ,, - , , , , , , , ,

. __ .__ ___ _. _



.

.

JOB LOCATION: SNEET ? 0F 7
,

WARREN GEORGE, INC. t0eATin verw e atver tor n,..,, a ni,,,.

Non Jersey 500 PALISADE AVENUE N0LE NO. B 4
IJER$EY CITY, N.J. 07307 LINE a 37A".

E Eurns and Rw 0FFSET

5 9 6ADEPTH FT._FT. CallNG OUT SATEI DATE, STA87 _ M OUND ELEVATION
'

DEPTH FT. ALL CAllN8 OUT 84TEI DATE. FINISN! * 1 'F * * SN0UND WATER ELEVATION

Id@ LM. NAetlER FALL |CAllNS 0. 0. T' l . 9. vt10lli 0F NANNER '

l'
SAlfLER 0. 0. 1. B.

IN81DE LDl87W 0F SAMPLER IN. CA8ING SANPLER M'
DIAMOND RIT SIZE

eLors eta g e. Ot NS ITY PROFILE FitLo IDENTIFICAfloN__ _

hk ' , ' " ' " saarts surns .3 on cHANGC 0F, ~ , , .gj tl stav. / rear gy om sanetta
gi!T! solLs'8" 33 5a m,,y,,.

,

g i, 5 o-e a- se : to on, ,gg,,,,
t 7007

k 230-243 (continuec) .

grav med to fine sand. ~.
' trice slit m

243'-251' grey silty clay, -

very stiff 1/c e/si_of n w. ton v.. , ev . ,.v

.m o

2
-.

_

yt 5, osni _es1 e. 3o ,, in _

l

251'-25186" grey fine send, some '

silt -

k
-

t'
;

_

-

-

h Y
-:
-

i

l_

-

-

|
j-

! Notes, ] ,

I i
Ground Water Readings .

;

1-g 11.0' 8 AM 5-9-68 |
'

_

11.0' 3 PM 5-17-68 j
-

mm ye

f
||

}"'"'"

-,

4

- ,

-i
4

-N

| r

sell e E.ela.ori. gri g g ,, p. Mitnheti#

s. simau j-

n n . , . .. .. . . ,, , , , , , , , ,
n LICLOS

9

i

!



JOB LOCATION: SMEET '1 0F 4

rork:d aivir WARREN GEORGE, INC. LOCATION Forked Rivir NJ
'

500 Pall 5ADE AVENUE
'

n0LE NO. B 5 !;'

New Jersey
N }

.

JER5EY CITY, N.J. 07307 1.lNE A STA.

FOR: Burns and Roe OFFSET _f'

CEPTH F T. FT. Callite OUT DATE: DATE, START: 5 17 M 4200ND ELEVATION

DEPTH FT. ALL CAllNG OUT DATE: DATE. FIE18N: 5 17 M GROUND WATER ELEVATION

,

CASING 0. 0. l . 0. WEleHT OF liANNER ILM - LIB. Nape 4ER FALL
,

SAWL ER 0. 0. 2" 1. 0.
IN310E LDISTN OF $ AMPLER IN. CA3f NG SANPLEa 30

DIMOND SlT SIZE
- ..

stas ern en DE NS ITY PROFILE FIELD ID(NTIFICATION
N ''''"',"''y strv. I ass, yW ON sasaten

,,

smeats ourns .g
08 CMA NGE OF J

..

g "y '

" 58 cons tst . m sorts
'. .a
* ' ' ** * * " 1618 wo rs tuer ariemus
,,0 - ---

U"~ld' browT1 med. to-fine sand. ,_,
*

silt ._._

3
a

1 5'_6'6a 6 9 11
3 ..

7
~It
*

.

-10 ~.2 10'-11'6" 13 17 | 18 ,-

ii

i
, 3,

>|
-

3 15'-16'6" 6 | 2 3

3.

> :
-

4
,

18'-34
' dark silty ciny w-fine -

-20
4 20'-21'6" 3 4 7 grey sand .

I
_4

!

~|
~'

5 25'-26'6" 4 7 12

_!
-,

!-

- 30 -

6 30'-31'6" l $ 6 8 _j
-,

i
' -:

gray bro.>.n coarse to34'-40 '
7 35'-36'6" $ 10 16

fine sand. -
i

-.

I

7,
R 40'-41'6" 21 45 35 - - ,.go

P. Mitchell |Solle t.gl.eer: DrHler
g. 8 m n_eil 4.; n n .. . .. .. . ,, , , , , , , , ,

,

.



__ _

JOB LOC'ATION: $NEET ? 0F I I'

WARREN GEORGE, INC. LOCATION _ Forktd Rivtr NJ l
'

rerk.d niver

500 Pall 5ADE AVENUE N0LE NO. B 5 [tNew Jersey
JER$EY CITY, N.J. 07307 g,,g g 374, [,

IPOR: Burns and Roe SFFSET

IDEPTH FT. _ FT. CAllNG OUT DATE! 04TE, START! 5-17-68. SA0UND ELEVATION !

iDEPTH FT. ALL CAllNG OUT DATE DATE. Flul8N *-le-se 8A00ND WATER ELEVATION
|

CAllNG 0. 0. l . 0. WE10NT OF NAMNER ILC# LIB. NAtelER FALL E

SAwt ER 0. D. 2" 1. 0. p ., ! ;

DI AMOND 81T SIZE IN$lM LEN8TN OF M LER I N. CAllN G WLER
]

N #^ 8 '" eLows eta s'. Otf6ffY PROFILE FitLO IDcNflFICA710N
s mets m ers , , ,,.

''"'
gi {| nav. / ran, gg ou smeten on cNawt or |

'8" Au CONE lS T. M so Ls !"g ..
'007 8 ** *-28 18-1s uois tunt atm ans

40'-70' brown coarse to fine sand _,

,

-'

-!
|

~~~

9 45'-46'6" 21 36 49 -;
,

_-.
,

l-

60 5
10 50' 5186" 28 ! 411 53 _I

I
-i

I |
_ _ - _,,

|
I !:

i i ,
""" t

6 11 55' 56'/" 'i loi 10 12
I

-,

- '

19 (a'. q' z" soft"
_ [

_

_

7 -
1

""

13 65'-66' 42 52
_

:.'
-

t, -
e

, . . , _.

f 1/ ?n'_71'A" 99 91 16 70'-77'6" bro.vn med to fine sand.-'
trace silt -

-
_

_

~~
15 75'-76'6" 17 26 38

_

_

~7'6"-135' gray med. to fine sand.
'1 A gn'.91 A" 6 17 it j tr. silt. occ silt & Cicy Laye-:

,,

P. Mitchell |Nelle Engla.or grig ger:.,

S. blac, atwell
||
i

erilllas inee.csers met,.c n p,y

,

.



'|JOB LOCATION: .

SNEET 't 0F z

WARREN GEORGE, INC. toutta rorked aiver nJ hrorked niver
!,!500 Pall 1ADE AVENUE N0LE NO. B 5

New Jersey
IlJER$EY CITY, N.J. 07307 LINE a sTA.
kFOR: Burns and Roe OFrsET

I
DEPTH F T. FT. CAllN8 OUT DATEe DATE, START: 5 17 FA GROUND ELEVATION

h
DEPTH FT. ALL ullNG OUT A R pm 9.M.M mg e gg

CASING 0. 0. l . D. WElGNT OF'NANNER IIM LRB. NA66tER FALL |
|

SAWLER 0. 0. 2" 8. 0.
INSIN LENGTH OF SAMPLER lit. CA31NG SAW LER in" :'

Ot AMOND Bli SIZE

stows etas.. otse lTV PR OF ILE FitLO f 0ENflFICATION
g ,E,. swt earrns ,, g

08 CHANGE OF-..( cM smette
g 7: {| stav. I rest g * ' ",,, '"' E
$3 E o.a 6. i g ,. g. WolSTV#f ALMA nas""

root

77'6"< 105' (continued) J
gray med, to fine sand. _f.
trace sitt. occ. silt and

'

-

jclay layers -

17 85'-87' Tu'oe _

-

_,

tf0 _

j 1 st cn'.cn'Ga 16 50/3"
'

_

-

_

| )._

~|_

10- 458.97' Tube _

_

< _

_

20 100'-101'6" ? 12 16 [
_

_

_

-|21 10$'-105'3" $0/3" 105'-l'O'4" Eray medium fine sand. ,

some silt, trace clay -

_

_

~
""

22 1108-110'2' 50/ 2" _

~

.

_

_

_

23 115'-110'2' 50/2" _

_

_

or 190'.193'1" 53/3" l
-

sett e tagin r: ersiser: P. Mitchell -

S * @ * *'d +
erilline snee eter elet,.r

n z.c c i c s

,



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

JOB LOCATION: 8 MEET I 0F 1 L i

WARREN GEORGE, INC. Leu m a rea a m . utForked Riv r -,

300 PAUSADE AVENIJE N0LE NO. B 5 -i

New Jersey
JERSEY CITY, N.J. 07307 g;gg g 374,

N Burns and Roe 8FF8ET .

DEPTH F T. FT. E llN8 OUT DATE: BATE, START: 5-17 M M OUND ELEVAfl0N
'

DEPTH FT. ALL G81N8 OUT DATE: DATE. Flul8N: 5 -17-M GA0UND WATER ELEVATION

GSING 0. 0. l . D. WEltilf 0F NAlelER 14M LII. EA188ER FALL '

SAMPLEa 0.8. 2" i . s.
lullet LEN875 0F SANFLElt IN. M81'N 4 SANPLER 3 0,, |

DimoNo air size |

CAssNG etws Pta s.. OtNSITY Pn0FlLE FitLD IDENTIFICATION
hg 8aa'tf of7Fas 3

ow sasetta on 'CNANot 0F
g! ' ' ' " " 'j. stav. / paar g

G.21.1.H . m eofts
tgg I P8 '" 88 18-18 na01stuer asunnus |FOOT

,,

N 105' '.50'4" (continued) f
gray med. fine sand. some

|silt. trace cisy ;
-

l

25 125'-12$'4" $0/4 [i"

1

|-

_,
'

26 110'-111'6" 19 46 $4 _

l-

l-

_

~

27 135'-13$'3" 50/3"
_

~_~~a

Jh
IT 28 143' 140'5" $0/5" ,,

-

-

-

-

29 143'-143'4" 50/4" _

_

_

g -

10 150'.150'1" 50/L" _-.sw

Notes: -

150 ' tiush joint casing --

l-set.
~~

: _
_

_

l
-

i
~

P. Mitchell
seit tasin : erses.c

'[
' "*

orittias inne. ster: not,.c
,

..



- . .

! JOB t.0 CAT 10N: $NEET 1 0F /

iWARREN GEORGE, INC. LocAf a vn w n4 .. mrorked atver -

i New Jersey 300 PAL.15ADE AVENUE N0Lg No, B 6 ,

. AJERSEY CITY, N.J. 07307 Lint a sTA.
|POR: Burns and Roe OFriti -

|

# IDEPTH F T, FT. CAg|pg ggy pygg ggyg, gyggyg g 15,gg OROUND ELEVAfl0N
'

OfPTH FT. ALL CAllN8 OUT Daft: DAff. FIN 14N! 9 17 /R- GROUNO WATER ELEVAfl0N
'

CAstNG 0. 6. ~ 1. 8. wgleNT OF NAMMER I4@ L88. NAl#lER FALL

SW LER 0. 0. 9" i . e.
DIM 40ND Blf SIZE IN810E LENGTN OF SAMPLER 18. CAllR $ $ AMPLER

N,, '

h5
''''"' stows pon ee. DENSITY en0 FILE FIELO IO(NilFIC4710N i

psamets earnes ., g, , .

stav. / rear cN swtan on cNam org| ' ' " " k'{s I C21.LA.T. E112! softs |;

' * ,

'

"gg 8 H * :: se.se . ,,,y., ,,,,,, o
r007

,,
0"-9' bronn ned, fine sand, dry -

i
-

-

1 3'-6'6" 12 18 16 :

,
i

-

-10 9'-17'6" brown fine sand, some -

'_2 10'.1186'' 10 12 12 silt, wet -

_

_

_

~

1 15'-16'6" 6 3 2 :
-

_

17'6"O4' dark gray silty clay,
""-"

-sand layers
20 -

4 20 ' - 21 ' 6'' 3 3 4 _

m '

-

'
_

-

S 25'-26'6" 9 8 10 ~
,

_

I_

-
:

-C "'"

6 30'-31'6" L 6 6 j
_

_!
'

_

_.

F'Y' " " '#8' *'7 35' 36'6" 7 6 9 isand, very wet -
,

_|
8 zo'.z1'Aa o a o

-I
,. go

P. Mitchell i

seile tael cori N,i g i,,, e .. ,

Drilllas inoposters- helpers R. Eccles i
,

!



_.

,

. .,

e

JOS LOCATION: $NEET 2 0F 4 ;I

rorked aiver WARREN GEORGE, INC. t0 EAT m vm w m ,,. u. P

f,!|300 PALISADE AVENUE n0LE no. B 6New Jersey
JERSEY CITY, N.J. 07307 LINE a 8TA.

EPOR: Burns and Roe OFF8tf
v'

DEPTH F T. FT. CAllN8 NIT DATE: SATE,.8 TART: 515M GROUND ELEVATieu '

DEPTH FT. ALL CAllNG OUT DATE: Daft. FIN 18N! 5 17 M $400NO WATER ELEVAfl0N ' b

CAllNG 0. 0. 1. 0, Wtlelli 0F NAMiett 1W LM. NAIGIER FALL i
'

SAWLtt 0. 0. 2" g , g,

DlMOND BIT SIZE IN819E LDitTN OF SAMPLER 15. CASING 8AwLtt 30" '

C'''" etws pen s~ osselTY PnW IL: FitLO l0(NTIFICATION
hk

,

sawt upt.: ,,, g, , , ,

on smette on CHA N88 0F*
*j '' *a -j sis,. / rier

-'

I m, e seits
.

Pt
I Foof I 8-8 I &lt 19-1s naoistuma stunnus i

40'-5 2' red-brn coarse to fine a

sand, very wet. _

|.
_

Y9 45'-45'1" 50/3"
_

-

_

|
$0 10 50'-51'6" 10 35 50 _~!

52'-70 ' gray med to fine sand. _| !,
'-

|j[ 11 55'-55'5" 50/5"
!_

_- o
_

h0
~

I
i - '

i.
12 60'-60'9" 42 50/5 "

_

-
.

_

_

"""'

13 65'-66'6' 25 41 42
-

-

-

-

lla
[' 14 70'-71'6" 21 26 47 '

70'-W ' % hn W 4 h W _

-,

-

-

15 75'-75'6" 54/t ''
75'-80' brown med. to fine sand -

-*** |

-

"""
16 Ro'.A186" 1L st 10

4elle Englaeers gegig ,, P Mite!. ell
{

,

S. Blackwe 1 |
t Drillias laae w ters n 3,,r

:
1

- __-___- - - _ _ - _ _ _ _ _ _ _ _ _ _ _



_ _ _ . _ _

i

$NEET 1 0F L
' JOS LOCATION: -

.

rorked nivar na
.

WARREN GEORGE, INC. t0 Cation .

-

Forked Rivir
500 Pall 5ADE AYENUE N0LE No. B6 8

1
New Jersey IJER$EY CITY, N.J. 07307 LINE A STA. }

POR: Burns and Roe OrFsET /-

DEPTH FT. FT. CAllNG OUT DATE: DATE, START: 5 15 68 GROUNO ELEVATION

DEPTH FT. ALL CA8ING OUT DATE: Daft. FIN 18N: 5 17 AA 440UND WATER ELEVATION

CallNG 0. D. 1. D. WElellT OF MANNER ILM -- L88. NAledER FALL !

I.

INSIDE LENGTN OF SAMPLER IN. CA8ING SANFLER 30,,SAWLER 0. 0. 2" 1. 0. '

Of AMOND Sif $1Zg

,.._C"''"" slows PER S.. DE N5 t TY PA0FILg FitLD IDENTIFICAfl0N
jI

'
suerte n,rns og

on cNaNot or,. ,

a etows an su , ten
.g {g ,,,,, j ,,,,

I 15 eo ,isT. et,_f.t! .o,ts ,

E *ta '

atuaansE ** 8- 12 12-1s eac ts fumeEI toot
80'-88' grey med. to fine sand.

s

-1
,

_.

17 85'-86'4" 2" 37 50/4'' g
:.
5

88'-1C3' gray and brown silty cley _

j
w-gray sand layers -

18 90'-92' Tube 22'' Recovery

7_:.

|

_-l s:
j'~

19 95'-96'4" 21 39 $0/4" .J'
,

_I ~

_

* _

_'|
_

$ 20 10s'-102' Tube 22' Recavery

_I
.

'103'-l! 0' grey med. f. sand -

I-

21 10$'-10$'3" So/3n -

-

-

-

"""

)
99 1108.11n'99 50/ sn -

_

_

_

_

23 115'-115'5" 50 /$" _

_

_

-

} 24 1201- 120'11" 29 50/5"

P. Mitchellselle taela.e , ,,i t s .,,

%Bj;;g;11 |., n n .. i o .. .. . ,, , , , , , , , ,

.

!

_ - - _ _ __-- ___ - _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ -



|
_

JOB LOCATlott 8 MEET L OF L ~|
WARREN GEORGE, INC 0 tocAfiON rorked aiver naForked River

500 Pall 5ADE AVENUE N0LE NO. nA.

New Jersey
JER5EY CITY, NJ. 07307 LINC A 8TA. f

M Burns and Roe OFF3ET ____f
*

DEPTH F T. FT. CAllNG OUT DATE: DATE, START: 5-15 AA GROUND ELEVAfl0N N

DEPTH FT. ALL CAllNG OUT DATE: DATE. FIN 14N: * l M A8 SN0UND WATER ELEVATION |

CASING 0. 0. l . D. . WEl8NT OF NAMMER 1/M Las. NA641ER FALL |
8AWLER 0. 0. 9" 1. 0.
DI AMOND BlT SIZE IN810E LD10TN OF SAMPLER I N. CAllNG 8ANPLEg 30" l

_

hh ' ' ' ' " ' " stows eta s.. DENelTY PROFILt FitLO totNTIFICAYjQN
samets etern ,,, g.

cN smette OR CHA NGE OF=j jj stre. / est, (g
5 ,,, Co*g tsT. 91PIM so Ls i

t. .
|** Foor = 08 I 6 12 t s-se wois tuer atuaans <

%. 103'-190' (continued) _j)
gray med, to fine sand. ;

~I
_l

|
--96 19se_19sez" 50/z" l

.. _

|
- _

:-

._ _

I~

m6 130'-130'6" l 55/6" l
-

i
.

i
!-

!
_i l

_I
'

>? 115'.115'5" 50/5a
l I

-

_

y _.

PR iine iLO'L" 50h "
-

l
-

|
- 1

~

29 145'-145'4" 50/L "
-

-

at -

'
"

30 150'-150'6" 6d/6"
Notes: 150' of 4" flush joir.t._ |

pipe set. - !
'

150 ft. pipe.

|Ground water readings -

9.0' 8 am 5-16-68 -

9.0' 8 am 5-17-68 1-

|11' 3 pm 5-17-68 -

1-

I """"
;

P. Mitchell )seile Ensin r: , , , , , , , ,
- S. Blackwell

--(-
Drilllas inspectors helpers o ren t e

e

|

1

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



_ _

,

_

JM LCCATION; $NttT 1 0F 2

WARREN GEORGE, INC. LOCATION re,+, a 9 4 - m

'

m,.w, a n , ,,,,.
'

500 PAllSADE AVENUE IICLE NO. B ?
Hew Jersey . iJER$EY CITY, N.J. 07307 ging g 374,

FOR: Burns and Roe OFF$ti
'

DEPTH F T. FT. CAllNG OUT Daft! Daft, START: 5 1 *J AA 4ROUND ELEVATION

DEPTH FT. ALL CAllPS OUT Daft! DATE. FINf8N: 6 17 M GROUND WAftR ELEVATION

CAllNG 0. 0. 1. D. WtleNT OF NAmitt 1W LIS. NAlettR FALL |
SAMPLER ' 0.0. 2" i . 0. a

.

INSIDE LIN8fil 0F SAMPLtt I N. CASIN8 $AWLtg 30,,
DIAMOND BIT $12E

_.

DE NS I T Y PROFILE FatLD IDENTIFICATION
SLOWS PER e**SamP&f OlPFs3 ,g

CA CNANGE orwe ,

g[ 8 Liv. / rsst {
CN SwLgg

gg pg, CON 5 is t D(PTH SolLS

58 *g p. 3, , p 3, poisTuar atuaans"* -

"O -
--rooy

0"-9' gray brom meo. to fine y
sand. dry _

-
,
'

_'
_-

1 s' A'A" 18 10 29 _:
__

_

~' 9'-15 '3" brom med, to N sand. ---

9 I in' 11'A" 16 22 29 wet i
-

"t{ 9_

~~

15'3"-20' dark grey fine silty sana-
~'s3 1st- w 6" 3 7 12

sorne clay -'

-
,

,l
-20

4 n' 21'6" 10 9 12 20'- 25 dark gray silty clay, -'

fine sand -

-

-l
-

$ 25'-26'6' 22 29 w
25'-30' gray fine send. -

-

-

' -

i
- 30

6 33'-31'6" 14 13 IT gray silty sand J;30'-35 '

-l
_t
_!

7 3$'-36'6" 15 19 28
35'-44' bro,m fine sand. ]

_I
!-

8 40'-41'6" 14 us a-40

|Seite fasia r e, s i g ,,, P. Mitchell
S Blacky. ell

|Delttias inee.sters. ,,i,,,,
n. um -

e

d



.

JOB LOCATION: SMEET e SF , i

Forked River WARREN GEORGE, INC. LeeATiON rork,d Riv;r c >
I-New Jersey 500 Pall 5ADE AVENUE NOLE NO. B ?
'

JERSEY CITY, N.J. 07307 LINE A 3TA.

N Burns and Roe OFFSET |

|DEPTH F T. FT. CAtlNG OUT DATE: DATE, START:.5-13-68 eROUND ELEVAfl0N 8

DEPTH FT. ALL CASING OUT DATE: DATE. FINISN: 4 M /A SA0UND WATER ELEVATION
'

14 Leg. NMER FAl.L fCAllNG 0. 0. i . e. WElGNT OF NANNER
'

SAWL ER 0. 0. 9" 1. 0, 30* '.'

DI AMOND SIT SIZE INSIDE LENGTil 0F SAMPLER IN. CASIN8 SAWLER

_ _

W PER S.. 0(4th PRW M Fm WHFc% ,,b5 .. swtg stPfus 3
E ELit. / 9ttf CN S W ER |$h

~~

E, Pta ! || cons est, etprw solts |
|= root = H *- 18 iss mistuar atwens

35'-4 4' (continued)
brown fine send a I

h |

r

9 45.-46'6" 24 28 33 44'-51'6" brown coarse to fine " I

sand
-'

|

_.l
.

-

10 50'.51'6" 21 21 it

f_',

;.

^( :
Notes: -}

i
-

Ground Water Reading _'
,

8 8' 3 PM 5-17-68
_

-

-l
.

b -

_g
l _

_

. -

_

_

_

_,

_

.h -|
v

P. Mitchellseile taelneer: pri n g.,,
b. D L B C at ..e L L

Drillias lase cters not, r: e r ., %



*

4.''
SNEET I 0F 2

Nd t.0CATlON: -

rork.aniv,nIWARREN GEORGE, INC. LOCAfiarorked niv r ~~

300 Pall 5ADE AVENUE n0Lt NO. B 8 W
New Jersey

!JERSEY CITY, NJ. 07307 LINE A STA. .

fFOR: Burns and Roe OFF8tf

b
DEPTH F T. FT. CAllNG OUT DATEt 0 ATE, START: 5-15-68 3300N0 ELEVATION

f
DEPTH FT. ALL CASING OUT DATil Daft. FIN 18N: 5-15-68 SNOUND WATER ELEVATION

'
CASING 0. 0. 1. 0. Wrigilf 0F NANtitt 1108 LGB. NAl#8th FALL

8AWLEN 0. 0. 2" 1. 0.
IN810E LENGTil 0F SAMPLEN IN. CAllN G 8AWLER 30" '

DI AMOND alt llZE

' ' ' ' " eLows eta s o OENs t TY PROFILE FIELO fDENTIFICAtloN
fE s w a, ou ,ns ,., a - c--s -, , .

a'ai.i p . ... , ,,,, g
*-*.Is - ta|* m. e solts

g ria ,, 3

,,,8
+ is a s- se on, stunt atm ansroot

0" 10' gray med, to fine sand.
dry _f

l_

-l
i_

1 5'-6'6" 19 23 22 |_

-

-

-

-10
--

:

10'-17'6" gray brosn fine sand. _'l2 10'-11'6" 10 14 18
I

silt, net. -

_

_

~

1 15'.1A'An 11 8 t.
.. ,-

~!.

17'6"-28' dark brosn silty cisy _j
-20 w-fine. sand layers

I 99'.91'6" s a 9 _

___

_

_

_

5 25'-26'6" 4 10 12 _

.
- ,,

28'-31' brown silty fine cand.
-c w-clay -

A 3m _31 ' Aa s a 17 _

_

33'-51 4" brcrsn coarse to fine -

-

7 35'-36'6" 23 32 30 sand.
-

-

-

-

R 108.21'6'' 15 JJ 25,. g

P. Mitchell
seil e s ,i. r pi t i ,,

'a. DiscK.',ett
killing laep.eter Italp.r t- ..--e

--- . ,, .

9

6



r #

| s LOCATION: $NEET > 0F 2 ,

Forkrd Rivrr WARREN GEORGE, INC. toufl0N rerved niver NJ _ ',
500 PALISADE AVENUE NOLE NO. B8 :Nea Jersey
JERSEY CITY, N.J. 07307 LINE & STA.

FOR: Burns and Roe OFFSET -

.bDEPTH FT. FT. CASING OUT DATE: DATE, START: 9 19 /A GROUND ELEVATION
I"

DEPTH py. ALL USING OUT DATE: NTE. FIN 18M: 9 15 FA - 4ROUND WATER RENTMN

CASING 0. 0. l . 0. WEleNT OF NAMMER 1IM LM. NAl44ER FALL

SAMPLER 0. D. 2" g , g,
INSIDE LENSTM 0F $ AMPLER I N. CA$lN G SAMPLER 33" I

DI AMOND BIT SIZE
. - _ _

stows etas.. DENstTY PROFILE FitLD IDENTIFICAfl0N
h! ' ' ' ' " * " samets string ,,, g

,,, j,, 08 CHANGE OFj stav. / rest gg cN smettagj
coNstsf. eterw solts,e, . g

= >6 6-12 sp gs Mo lS Tts#f Atn4A RKs** FOOT
I33'-51'4'' (continued) ,-

brown coarse to fine send --

-i
~~

i
I

'

_" < |
9 45'-46'6" ig 11 26 -1 -

j l
; \

- . .!_

_!
Ab ~

d 10 50'-51'4" 17 30 50/4'
_

. mass. "

_'

Ground ?|ater Reading """~'

I

- 7'10" 3 PM 5-17-68
_ .

_

- -l/,

430 _.

_

_

_

'

_l_

,
_

I

_

!$A
~

-r
_

_

_

_

_

_

~

1
_

I

,-

j.. . .... ,. , , , , , , , , . .4. - ,,

S. B1eek.vell j0,i1IIas lane.ct.,: n.1, . ,,
n s - , ,, n

,

|
|

|

|



,
-

~ JOB LOCATION:' entti 1 0F 2 _ i;
'

' Forked Riv?.r . WARREN GEORGE. INC. LocAfic Forktd Rivtr NJ
.Wew Jersey 500PAllSADE AVENUE nots no. B 9 i-' '

!

! . ;JERSEY CITY, N.J. 0P30F gigg g 374,
'

POR: Burns and Roe GFFsti /0 6# 6D ,

.

h
'

DEPTH FT. FT. CASING GWT NTE! ' MTE, START: 5-11-68 N00189 ELEVAflen

DEPTH FT. ALL CAslue OUT NTE: BATE. FI'N10N: 5-14-68- 000080 WATER ELEVAflou E

Cellut 0. D. l . D. wileNT OF NAleIER 11M LB. N4000ER FALL - 3
t'

.

u.,u. 0. 0. r .. --

IRSIDE LElitTN OF SAMPLER 15. CASING SAIFLER 33"
DIA440ND SlT SIZg

._

casiw eLoss pen s.. pr es ity Peoritt FIELO lotNf ersc47 son
hg

_

swi g ,,,,, ,,
ou . mPLan on cMness or,,

'''8"'gj i| 11
' ster. / ragg

o.a. um . 8L.,in
,I 3 8-8 *- 18 se as anois tu.e stunnus

.

, cot

. 0"-9i 6" bro.vn f,ine sano r

N
'

-

-

-

1 5' 6'6" 25 33 24 l
__

,

l
-

.

,

2 O'-11'6" 10 14 13 9'6"-1.5 ' brown silty fine send-10 - --
.

i-

!_

'
-i

. . .

t5,-17' brown fine sand, tr. silt
'

1 15' 16'6" 11 16 17 :

17'-28 ' dark gray silty cisy. _:

|
'

fine sand -

-20 |
~

1 93''-21'6" 4 4 5 _

-

-

-

!
> 22'-2b'b' 7 7 7

"

.

'

!' ;

; 28'-34' 5" dark gray silty fine send .
_

-t3 f
~

6 3]'-31'6" 6 10 13 ,,,,

.

i
*

4

,,,,,,

_

7 3$'-36'6" 12 13 14 34'6"-40' brown layers of silty elsT'

and coarse to fine sand. M
l-

l
-

j e # -w 6 - s a a ,
..

=1. ... ,, ., , 0 ...

I
_r . , . . . . . . . . . . . I, . .m

.

|'
i

.
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JOB LOCATION: SNEET 2 0F 2

Forked Rih r WARREN GEORGE, INC. LOCAri7,a Forked River NJ

Ntw Jersey 500 Pall 5ADE AVENUE N0LE NO. B 9 h

JERSEY CITY, NJ. 07307 LINE A STA. [
' O Burns and Roe OFFSET // 6 ' 6/MT

DEPTH F T. FT. CA8ING OUT DATE: DATE, START: 5-14-68 gA00NO ELEVAfl0N I

IDEPTH FT. ALL CallNG OUT SATE: DATE. Flul'8N: 6 1/ E GROUND WATER ELEVATION ;

CASING 0. 0. 1. 0. WEl8NT OF NANNER ILGE LN. NAlelER FALL E

SAWLER 0. 0. 2" 1. 0. 30'' N

DIAMOND SIT SIZE 111310E LENGTN OF SAMPLER 15. CAllN8 SAMPLER
"

.. _

etss pra g *. DENslTY Pa0F8LE FIELD IDENTIF ICATION
hh '"#8'"" samete spins ,, g, , , ,

"* CN sasetta On CHA NGE OF"I=j {I stav, / pag
I h8 c ose is T . DtPTH SOILSE PE"

E =, I o-a 6- 18 1s-te uois tunt atuAnasF0er

40'-45| bro.m grey cot.rse to _._t
fine sand. some silt .

- _

_:

45. 47. bro.m silty fine send d9 Is'-z6'6a 12 22 20

.__!'

47'-51'6" gray cocrse to fine sancq
trace silt 7:qo

7 10 53'-51'6" 10 18 20 ].
_I
_

! !(
-

-

]
'

Notes:

Ground Water Resding<

I
40 13e 3 PM 5 17-68 _

_

_

_

_

_

_

_

_

-n
Mf _

_

_

_

_

_

_

_

_

V. _

s00 ,

P. Mitchells.ile Ensi. r: e,i s s .,,

( S. B1ackne11
oralli., e. .cter: n,i , ,,, h E .: e ie i

e

.

-_



_

$

$ NEE 7 1 0F 3
JOS LOCAIlON:

Forked Rivir- WARREN GEORGE, INC. L0cm0N Forksd Rivsr !!J [
B 10 0

500 Pall 5ADE AVENUE N0LE NO.New Jersey
JER5EY CITY, N.J. 07307 LINE 4 5TA. ,

7/. O ' E/%T4 / &, ! -

FOR: Burns and Roe 0FFsET
.

DEPTH FT.-.--, FT. CAllNG OUT DATE DATE, START: 5 - 13 - 68 --- GA0UNO ELEVATION

DEPTH FT. ALL CAllNG OUT DATE: DATE FIN 18M: 5 M /A SA0UND WATER ELEVATION

CAlllio 0. 0. l . 0. WElGMT OF MAMMER Id LIB. NA888ER FALL

lalfLER 0. 0. 9" 1. 0.
INSIDE LENGTN OF SAMPLER IN. CAllN 8 SAleLER 37,

DI ApoNo alt SIZE

SLOWS PER g u OENSITY PROFILE FIELO 10ENilFICAT10N_._

SamPLI OfPfsg .g
OR CMA NGE OF.

g? g ff ILiv. / pggg {g CN SMgn
CONS 157. OfPTH SOILS j

, .g '$, am REuaans" "" '"18 18-1' uo s s tuer* ' T
<

,0
-

0"-9' brown med, to fine sand _,

dry _

_i__

-
4

1 5'-6'6" 31 31 29 ,_t

_i

-10 9'-18'6" brown fine sand w-grace -

2 10'-11'6" 21 228 21 silt, trace fine gravel ';
F~'

wet
%

; "*)
1 15' 16'6" 16 91 96 _{

_

* -

18'6"-33' dark gray clay w fine j4

~

L poi-pi'6" 3 3 6 sand layers
{

-i
-i

-

-

$ 25'-26'6" 6 7 9 -

-

_

-

e
_6 30'-31'6" 6 8 16

-l
_:

33'-60' brown coarse to fine sand. d
*** "* F '**1

? 35'-36'6" 10 16 16 -

-

-

8 L0'-21'6" 23 33 27 .

40

)I -

selle casi. r: 3,i n g ,,, r> *n o.3 3 3

S. Bicekc. ell j
,J ) .,

Drillias laepector n1,4,
.. .....

.
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JOB LOCATION: SMEET 2 0F 3
|

rorked Rivsr WARREN GEORGE, INC. LOCATION rorkee niver n.t
,

New Jersey 500 Pall 5ADE AVENUE NOLE NO. B 10 I
'

JERSEY CITY, N.J. 07307 LINE 4 STA. N

FOR: OFFSET '21. 0 ' E n e t '.*! ire r
.

"DEPTH F T. FT. CallNG OUT DATE: DATE, START: 5-1'l-68 GROUND ELEVAfl0N
*

DEPTH FT. ALL CAllNG OUT DATE: DATE. Fill |3M: - ie f GROUND WATER ELEVATION

CAllNG 0. 0. 1. 0. WElGNT OF NAMMER 14M Lgg, NetlER FALL
^

i. . 1. u. 0. 0. >- 1. 0. 30" !

DI AMOND BIT SIZE INSIDE LENGTN OF SAMPLER I N. CallN 8 $ W LER |

_

8 Lows pen s*. DE NS IT Y Fn0 FILE FitLD 10t N T I F I C A t l0N
.. SmePLt etPrus og ,

aj ff ILev. / Figy {g CN SAMPLEn OR CHA NGE OF,

3g CONS IS 7. DEPTM SOILS,
t. . * .

m 0-4 6- 12 $ 3- 13 MotSTU.E ntMARKS** FOOT _

f 33'-63- t:rown coarse to fine
sand, trace Cine gravel

,_

i
-.

-

"""

9 45'-46'64 30 29 33 i
, - - -

_

- :

-J(O
-,

i~

1J 53'-51'6" I 26 27 31
-;
-'
_1 ;

--

11 55'-56'6" 13 16 13 [ '

-|
|

-

|,

b, -.

12 60'-60'3" 50/3" .

60'-78 ' brown med. to fine sand. -

trace silt
-i
-

-!
~""

13 65'-66'6" la pz la
_

-

_

Sa
-

..

[ 14 70'-71'6" 31 37 48
_

~

_

. _

_

-

14 75'-76'6" 1 32 38 47
_

_

78'-90' dark grcy fine silty sandi1A om a1 An 5 g, g

P. Mitchellsello t.el. r, trijg.,

e ame
7

l , l . . . . .. . . f . ,, , . . , , .

- - - - - -



_

8 LOCATION: $NLET 3 0F 3
WARREN GEORGE, INC. t0C4 TION rerwea inver atFrrk-d River ;

New Jersey 300 Pall 5ADE AVENUE MOLE No. B 10 |
,}JER$EY CITY, NJ. 07307 LINE A STA. !

FOR: Burns and noe OFFSET ?!i'# *S1 '* / A '" l J/

'

DEPTH FT. FT. CASING OUT DATE: DATE, START: 5114: GR00ND ELEVATION

DEPTH' FT. ALL CASING OUT DATE: DATE. FINISN: < - '? M 4400ND WATER ELEVATION

f..CASille 0. 0. f . 0. WElelli 0F llANNER ILM LSI. MA14 DER FALL

SAirL ER 0. 0. 2" 8. 0.
INSIDE LR8TM OF SAMPLER IN. CASING SAirLER 30"

CIAMONDBIT&lZE
._.

stowsetas~ otNstry enor its ritto sogniericarron

h,f, ',($",' samets n ,rns ., a
oR cHANGC or3 .,

gj stav. / tair jg cN s W Ltg
ya ,,, sorts

''"''8!. e
*i*" -

::8 roof e4 .. , 333, Wo lS T Ut t' AEMARN5
F 78'-90' (continued) -

v
dark grey fine silty send --.

_ _ , .

4

'--

17 85'-86'6" 9 19 1A

-l.__

-

4

(0
18 90'-91'6" 18 26 L1 '

90'-95 gray med to rine sand ---
'

-i
l

.._;
19 95'-96'6" 19 28 41 ,

'
_.

95'-93' gray fine sand. very wet !

'

_!
'

98'-101'6" derk gray silty clay -'

@ 20 100'-101'6" 3 7 9 "~ fin' 88Dd-
_i
~

Notes;
_

Ground Water Reading ,_

11' 3 pm 5-17-68 -

_

-..

f
-

-

-

.
*

-

_

_

-

_

_

_

~

seile tagineers oriller: P. Mitchell
^

.S. Bitek:. ellDrilline laepectors, neiper:
n. LC:isS

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



_

# .

JOB LOCATION: SNEET 1 0F 9 '

Forked River WARREN GEORGE, INC. LOCATE r ne w .a m ,,. m __
New Jersey 500 Pall 5ADE AVENUE N0LE NO. B 11 j~

g
JERSEY CITY, N.J. 07307 I

'|{'
LINE a aT4

( E '
Burns and Roe OFFSET

IDEPTH F T. FT. CA31NG OUT DATE: DATE, START: 5 1E /4 6AOUND ELEVAfl0N

CEPTH FT. ALL CA31NG OUT DATE: DATE. FINISN. 5-14-68.- GROUND WATER ELEVAfl0N 3

CA$ LNG 0. 0. l . 0. WElollT OF NANNER 174 LIB. NAWER FALL .

|SAMPL ER 0. 0. 2' l . 0.
'

DI AMOND BIT SIZE IN810E LENGTN OF SAMPLER lu. CA31N8 34WLEg 30" |
_ _

,

hy ' ' ' ' " ' " eL=s pen e . DE NS I M PAONLE M ELD IDENU N CA H ON +

sawt eng : ,, g
f

.
I

'' *' _( *!
#y QN sAW Lgg 04 CM NGE OF

j stav. / rief
$3 c0Nsist. DEetw sorts | iE, 'E

' T E ~* '" 1 11 l' uorstver aswans *

70
0"-3' broni sand fill -

J
'

_

31-16' brown cied. fine sand.
1 5'-6'6" 12 16 21 trace silt 7

-.1
_ ,

_I
-10

72 10'-11'6" 33 jf 9,
-

-!
)

i~

3 15 ' - 16 ' 6'' 19 4 6 r
- -

.- Ji
,6'-; 7' dark gray silty clay

-|
1

E-20
!

-

4 20' 21'6" 3 2 3
-

_

_

_

-

5 95'.9A'6" 6 4 9
_

_

_

_
'

- 30 -
6 30'-31'6" i 10 19 12

-

0

-

-

"""
'7 16'-3A'A" 12 14 17

-

37'-45 brown coarse to fine sand -

8 43'-40'9" 32 50/3 silt -
. .go

Selle tasineer priiter: P. Mitchell
S * Blackwell'

Scilline laepector: n.1,,r:

8
'

.



- .

SNEET ? 0F 2
JOB LOCATION: ,

WARREN GEORGE, INC. LOCATION rerxea atver nafork:d River
$00 Pall 5ADE AYENUE N0LE No. B 11

New Jersey
JERSEY CITY, N.J. 07307 LINE A STA.

'

i
'

N Burns and Roe OFFSET
_

fDEPTH F T. FT. CA8ING OUT DATE: DATE,STARTi 5 1I /d GROUND ELEVAfl0N

DEPTH FT. ALL CAllNG OUT DATE: DATE. FINisN: 5 1/ FA GROUND WATER ELEVATION

CAllNG 0. 0. l . 0. VEleNT OF NAletER IIM lab. NAletER FALL 1. '

|.~

SA69L ER 0. 0. 2" 8. 0.
|N810E LE110TN OF SAMPLER IN. CAllNG SA8FLER

30,, *

Ol AMOND SIT SIZE -
._ _

DE NS I TY Pn0 FILE flELO |DENTIF SCATION*

hh ' * ' ' ' " ' - stows eta s'-saarti strias g
04 CHA NGE OF.

jg CN sAMPLgggj {j stav. / rest
C ONS IS T . DEPTH solts,

.. . '-* I e- u sea uoistuer nEwans. -
__3 007*

37'-45' (continued) [,

brown coarse to fine sand. -

silt
-

,

9

9 4 5 ' -4 6 ' 6'' 16 17 21 45'-48' brown coarse to fine sand. -

silt, with fine gravel 7
_

48'-51 '6" red brown coarse to fine_ - ' '$
11 508 51'6" 14 15 17 88nd j

.i.

_I
_

i_

)-'
-

Notes: _

' Ground Weter Reading ,
,

11.0' 3 pm 5-17-68 -

-

-

1
-

-

-

.: _
-

-

,,,,,,

_

v. .

|
~

. -

1

r

_

-
.

'
-

$ - |
~%0 |

P MitchellSeite tasineers geg g i,,,
S. Blackwell iDelllias laseetters m.t per:

J [',

.

'

,



.o - ,s

$NEET 1 0F 9 !;
JO6 LOCATION:

WARREN GEORGE, INC. . LOCATION pg q..e y "
rorked aiver

500 PALISADE AVENUE / NOLE No. n 19 il
'

New Jersey sER$EY CITY, N.J. 073M LINE & STA.- f

2I# ME-!C/MO b.0FFSETM Burns and Roe _
I'

DEPTH F T. FT. CAllNO OUT DATE: DATE, START: 5-10-68_ sA0UND ELEVATION
*

DEPTH FT. ALL CASINS OUT DATE: DATE. FINISN: 5-10-68 sa00ND WATER ELEVAfl0N

CASING 0. 0. 1. 0. WE18117 0F NANNER 1/ M LGB. NAlelER FALL [ .
d--

SAWLER 0. 0. 2" 1. 0.
lil810E LEllGTN OF $ AMPLER lit. CA$lMG SAWLER 30"

Diamond SIT $1ZE

E *'"" 8'0*S Pen e - DEN 887Y Pa0 FILE 'stto sotariricatioN
,_._h!'*# 5 sairts oserns a on Cm NGt or.

{8 stev. / nur 't oN sAwLEngj ! $3 poss ist. e soits
PE"

- M en *" vois mat armaxs i3,
** roor

, , , ,

0"-10' yellow med, to fine sand -

dry -j
-

i

-:
- -- t

1 5'-6'6" 10 10 14 _

3
__

-'

-

.

-10
2 10'-11'6" 18 26 24 10'-14' yellow med to fine sand, sc+e-

silt wet - m''
_ _!'

_Il
14'-33' 6" dark gray silty clay

_ '.,-3 15'-16'6" 2 2 L

l
-

. _

1-

'

-''
-

1 !z ,,' >i's, , , , _

! :_
.

;
_

_

_

5 25*_>A'A" 11 1/ is

-_ j
~

|
_

- 30 i |
"""

6 10'-11'6" 5 6 Q _

_

'

-

I
:

_

' 33'6"- 40' yellon bro m coarse to '

'7 36'-36'6" 11 15 16 fine sand. tr. silt _

_

8 40'-41'6" 33 21 30
-,r-

_go

8*ile tasineer: p,ggier P. Mitchell
.

S Blackaell |Drilline inspectors gi.1,,r:
p v . m ,, -

a

e

1

I

i



__

,

JOB LOCAT;ON: SNCET 9 0F 9

WARREN GEORGE, INC. t0Cm0N ve,.v.a n 4 - a
Forked River

New Jersey 500 PAllSADE AVENUE N0LE No. B 12

h:JER$EY CITY, NJ. 07307 LINE a STA.
,

!

FOR: Burn:; and Roe OFFSET 21.O' E<2rt wirea ~

DEPTH FT.. FT. CASING OUT DATE: DATE, START: *-10 ?? GROUND ELEVATION

DEPTH FT. ALL CASING OUT DATE: CATE. FlulSN: 5-10-68| GROUND WATER ELEVATION

CA$ LNG 0. 0. l . 0, WE10NT OF MANNER 1/N LBS. HAMER FALL

| SAlfL ER 0. D. 2" 1. 0.
IN31DE LENGTN OF SAMPLER IN. CA$ LNG SAMPLEg 30"

'

Ol AMOND BIT SIZE
._.

stows Pen s.. Ot N517Y PROFILE FIELD IDENilFICATION

hf ' ' , , , " , " {
samets sterns ,g

CN SAMLgn OR CHANGE OF3
gj titv. / resi jggg
* * * u C ON$ t S T , OtPfH SOILS [

we E es ' 6-12 g g. gg MolSTunt RtuARKS
[f _ FOOT _

$ 40'-49' yellow brocen fine sand _

~1
-

H

'
-

9 15'-46'6" 19 25 17 r
7_;

i
_

'To 49'-51 '6" grey very wet loose -

10 l 59'-51'6" 3 3 3 coerse to fine sand -

_

j - s
'

_

#

7
_

D.

Notes: i
j~

ft0 Ground %oter Reading
:

1-

-

10.0' 3 PM 5-17-68
_

_

_.

_i
'

_,

_

|

_.
i_

,. e
:

l' _:

-! |
. _.

_i
l

._ _

_ '

_e,

h
P. Mitchell l

seite Easiaeert prati.,,

, y
t. 9_aeM. ell

-
,

or n i i., io.... .,1 , , , , , , , , ig-



._. . . .. . _~ - . - - -- - . - - - . - -

*
I

| JOB LOCATION: SutET 1 0F z -

; rorked aiv,r WARREN GEORGE, INC. t0CATit3 rocksd aivor wJ
' !' ~New Jersey 300 Pall 5ADE AVENUE NOLE no. B 11

JERSEY CITY, N.J. 07307 Llut 4 STA. [
FOR. Burns and Roe OFF8ET I

DEPTH F T. FT. CASING OUT DATE: DATE, START: 5-15-68 OROUND ELEVAfl0N I
DEPTH FI. ALL CAllN8 OUT DATE: DATE. FluiSN: neb-6A 0A0020 WATER ELEVATION

'
,

CAllNG 0. 0. 2" & 4" l. 0. WElGNT OF NAsetER 140# Lu, unselER FALL
i SateLER 0. 0. l . 0. f
] DI AMOND SIT SIZE IN810E LEllGTil 0F SAMPLER I N. CA8150 sal #LER

rpen'4I_

E:E C'''"G sLowsesRe- D N 87Y PROF 8LE - F8 ELD IDE"T8F' CAT 104swa n,, ,, g
ON SerLEg OR CHANGE OF |

, , ,

{I Etty. / aggy
,) "| "$' cong es t. gite.TH solts |0, Ptn

r e. i en i n.a ,,,,,,, ,,,,,,, _* roo,,,e
0"-9' brown medium fine sand. _.

(dry) _

_:
-

~

t 1 5' 6'6" 21 32 38 J: ,

-N.

!

-10 9'- 5' " r un s y Nne sand. -

2 10 ' - 11 '-6" 16 22 24
lsome gravel, (wet) 1' :

_-
;,

;( -

!
3 15'-16'6" 1 1 2 15'2"-30'6" dark gray silty clay, H

w-fine sand leyers -''

:: - -

-80
4 20'-21'6" 3 3 7

- ,

;

-;.

l
~

: :-

$ 25'-26'6" 7 4 11*

, -

4 ,
80 * -

6 30'-31'6" 5 8 7
-

30'6"-36' brown silty fine sand.,

trace clay' -'~j
i

!-

~'7 35'-36'6" $ 6 12
_

i

36'-40' brown coarse to fine sand _

.

4 i
8 40'-41'6"

' 14 t 18 17 "-~J_g ,

Solla tagineer Driller: P Michell
_ |

[ .5' Blac'Aell ' -r
, g Drilling Inspector: Italper: D Fea1oe l'| . -
1

e



$NEET 2 0 F _4.JOB LOCATION:
'

WARREN GEORGE, INC. t0cATl0a Forked atver rti
'

rorked atver-
New Jersey $00 Pall 5ADE AVENUE N0LE No. B 13| -

}JERSEY CITY, N.J. 07307 LINE a sTA.
-

I fFOR: Burns and Roe CFFSET
J-ib-oo u .

"

DEPTH F T. FT. CAllN8 OUT DATE: DATE, START: 6 10-68_ GROUND ELEVAfl0N

CEPTH FT. ALL CASING OUT DATE: DATE. FINISN: GROUNO WATER ELEVATION

i
CA31NG 0. 0. l . 0. WE10NT OF NAMMER LIS. NAlelER FALL j

SAWLER 0. 0. l . 0.
INSIDE LENGTN OF SAMPLER IN. CA$lN G SAWLER

DI AMOND SIT $1ZE
.~

stows etas" otus Tv raoritt retto sotNitr4 CATION
h;E ,' $", sawte sterns ,g

q[.oa CHANot or
t n ig cN s w Ltn

)[ (Lev. / statpa ,g, 3, cous ssT. pretN solts
'e. ==

= ** +- u seis pois tuar atuaansg* NT

40-49' gray brown medium to fine _,

sand, silt ,_

'
. _

-

$
9 4 '> ' -4 6 ' 6" 12 18 20 t

)
50

49'-50i'10" red brown medium to finc-10 ,_

10 50'-50'10" 32 50/C' I nand.
50'10"-31' grey cedium to fine sand.

trace silt _.

. .

-

,

,
-

60 --

-20 -

~

l

~~''!
- '

-,

!-

-I
_ -|

70 -I
-

.

-D
-

-

-i
-!
-

-

-

-

M (continued) -'
I

P. Mitchell I
seite tasin.ori pr a ti.r:

|Drillinginspectors Nelp rt -- , ., ||
*

n. rccius . o ;i. c s. .'. e l t
|.

|

|

|

l



.

$NEET 1 0F Z
JOB LOCATION: WARREN GEORGE, INC. LOCATie rorkea niver eti ':

rorked niver-
New Jersey 500 Pall 5ADE AVENUE N0LE NO. B 13' __.."

JER$EY CITY, NJ. 07307 LINE & STA.

OFFSET
-

E Burns and Roe
5-15-68

DEPTH F T. FT. CAllN8 OUT DATE: DATE, START: A in_m - GROUND ELEVAfl0N

DEPTH FT. ALL CAllNG OUT NTE: DATE. FINISN: GROUND WATER ELEVATION

CASING 0. 0. 1. D. WE14NT OF NMNER LIB. NA444ER FALL [
'

SAWLER 0. 0. l . 0.
lilllDE LENGTH OF SAMPLER IN. CA$lN8 $AW L'ER

DI AMOND BIT SIZE l
_ _

DE NS I TY. PR0 rile F IELD IDENTIF ICATION

h C'''" slows etase. W,saartt ou rns ., 3
oa caaact or.

"5
3 ''P t n ju un.iun : on swtc. (continued)cows ist , etetw solLs 's,, } }$E. *

atuamus* H 6-12 at-te uois tuntfa roof _.
d N ' iv' oo l' grey a.ecium to 1~1ne sano

I-

trace silt

81'-98'6" dark gray silty clay [
w-layers of sand and silt _,

-

_[
_-

-
.

|
_

-lY -

_

4

_

_

.
_

.
.

-

iluumalue
P

98 ' 6"- 153' Gray raedium to fine
-

,

tag
-m sand trace silt -

~~~"i
_

_'
-.

- .

|
~

,

_

!-

-

L10
,

- 30 ;-

-i
-l

- ;_

l-

_

-

-1
- !

I )(continued) -

,

P. Mitchell I
sett e Ensi r: Driller::

' /- -U. Van Glahn 1

!1 Deilllas lase.cters cielper n g.



;

. . . ... . . ... .

$NEET 4 0F 4
. ;os LocATIOHi '

.'rdrkea ht(te ri 'W ARR EN' 'G EORG E, ; i NC. t0 CAT n Forktd Rivar MJm: '8 '13
. New Jersey '' W $00 Pall 5ADE AVENUE N0LE 50.

'

' JERSEY CITY, NJ. 07307 LINE a STA.
' '' '

OFFSET
- -

FOR: Burns and Roe .

c

' - '

''
, 2- o-oo e "

DEPTH " ' ' ' 'F T. ' FT. CAllut 007 DATE: DATE, START: 6-10-68 eA0UND ELEVATION

- DE P TH ' C ' ' ' ' '' FT. ALL' CA$ LNG OUT DATE: DATE. FINISN: 8800NO WATER ELEVATION

# . 0. - l . D. WEleNT OF liANI4ER LII. NANNER FALL !'

0 t-CA$ LNG

SAlf L ER 0.0. 1. 0.
INSW LDSM OF SMER IN- MH WW

Ol AMOND Blf SIZE
'

retto rotaterscarion_ ocastry PRor s tr' slows rcas.. .
OF lN ''''''""5 s w t: onevns ,,, g .

OR CmvGE, , , .

stav../ fit, "T oN S M LER=j j:h SOILS
P(R 8 CONSIST, OfPTHj, -

, * H +-:: i n. a. uois fuer
etw Rus

root,,g (continueo) ,

~

120 98'6"< 153' grey medium to fine
sand trace silt '- 1,

.

_

-

i

--
* f _

_,

.h ' -

_

_

_.

_. 3

I
: ..)6

-

,
- -

,
-

:
~ -!

No
v .-

- .

-;

-i
-:

;
-

.

-i
_'

'
i~

-
,

-;
- h__

.

t_'

_|
4

;
_

-- 155 Notes: 50'4" pipe :_

for Ground Water Reading _

8.5' 3 pm 5-17-68 .

_

-

Set 153' of 4" pipe Qg,,

|P. Mitchell'

telle Easia >: Drigi,r: n v ,, m t . ,

I Eccleh |
,

|' Brilling laseester: siel,.r

' .)

.-- _ _ . - - -_-____________ _ - ___-_ - ____- _____ - - ___ _ -_ _ _



!

?

,

1

JOS LOCATlON: $NEET 1 0F .e

WARREN GEORGE, INC. toufiON rork.a niv., it.
rork.a niv r

jNew Jersey 300 PAUSADE AVENUE n0LE no. n i,
,

'JER$EY CITY, N.J. 07307 Llut a STA.
!N Burns and Roe 0FF8ET
.

'

S.--

DEPTH FT._ FT. CAllut OUT DATE: BATE, START: 5-27 63 4a00N0 ELEVATION

DEPTH FT. ALL CAllut OUT DATE: DATE. FluisN 5-27-69 4A00NO WATER ELEVAfl0E N

CallNG 0. 0. 4" 8. 0. WElGMT OF ND#8ER iMh LM. #Al#8ER FALL |
$AleLER 0. 0. 2 '' l . 0. i

INS W L D 43 0F M ER 15. M4 M ER
Ol AMOND SIT SIZE

" ' ' ' " etwsrcas~ Mas Tv enortLt FIELO IN NTIFICATioM
bE

+

s w s: ,ses.: .g
on sanetta 88 CHA*t 0F, , , .* '**gj

''' t "
gggj iiev. / ens,

A m. e soltsg, .
I * ~8 I i 18 nac t s vust attenus7

''O O'-8'6'' gray fine sand, (dry)
e

-,
-!
-i
-1

1 5'-6'6" 9 12 16 9

_ _1
--

I
8'6"-17'6" brn fine silty sand ,;,

-10 r-clay (net) ]'2 1 '-11'6" 12 ! 19 29

~

l

( ~| .

1
-

-

i1 I15' 16'6" 1 16 M _

, -

-

17'6"-36' drk. grey silty clay a ,-
-20 w-fine sand f

L :>3'. P '6" 1 's o
_

_

4 -

-

|
' -

5 ps ' . x,i i ; 7 13
-

_

l
-

80 - _

6 | 11 i .1 ! ' . ' r, ,,
- _

;
_

_

_

~

? 15'.16'6" A o 11
_

36'-47' brn. coarse to fine sand. -|
tr. silt -

~

8 10'-LO'10" 18 6Oh "
go

Selle taelaeor priller: 'P. *14 + r.h 11

m i n., ... e.ne,, , , , , , , , , s. 31.cr.eu {
M_ EC21ec

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



- _ .-

I

l

SNEET 2 0F 4
'

]. JOB LOCATION:
.

WARREN GEORGE, INC. LOCAvici Forked niver N3 ; ;rerk:d Riv:r
new Jersey 500 PALL 5ADE AVENUE N0LE NO. n u ! |

)/'
JER$EY CITY, N.J. 07307 LINE a STA. I i

FOR: Burns and Roe OFFSET

N
DEPTH F T. FT. CA$ LNG OUT DATE: DATE, START: 5 27-68 GROUND ELEVATION

DEPTH gy. ALL CAllNG OUT DATE! DATE. FINf8N: 5-27-68 GROUND WATER ELEVATION

CA$1NG 020. >" 1. 0. WEIGNT OF NANNER IIM -L88. NAne4ER FALL !!

iSA6FLER 0. 0. 2" 1. 0.
INSIDE LENGTN OF SAMPLER I N. CA3|N G SAMPLER

Dl AMOND 81T SIZE

BLO.s PER $*. DE NS IT Y PROFILE FIELD IDENTIFICATION |

SamP44 Stprus ,, g
3 04 CNA NGt of

gj ILiv. / Fggt ON sAwLgn
softs

{ Jl pg, CON 5 ist. E '* * * g . 3, gg, uois tunt ntuAnus25 roor
=0 36'-4'" (continuec)I brn coarse to fine sand,

trace s;it ]
i

-.

,

9 L5'-45'L" 50/L" 1

47'-60'3" red.-brn coarse to
''

fine sand. tr. silt _

f.f
10 50'-51'6" 29 30 40 [!,

|_

-l
-

,|-

11 558 55'6" 52 /Ab _| j

!-

,

;-
,

,;4 -

12 W ' - 60 ' 6" 68/6" 60'3"-70' grey med. to fine sand. -

tr. silt |
-

-!

-i
_.

11 658 65'L" 50/P' !
;

_

_I
t

-l
'-

.fla
brn. grey fine sand, tr. _f' 14 70'-71'6" 26 39 50 70'-79'
silt _,

!

-:
-!
-

15 ?s*_?A'A" 24 30 47 _

_

. . .

o| 16 80'-82' Tube 15" reccverv 74-10v (on et'eet inree>
,,

|
s.ile E.gi. r sciller, P. Mitchell

,5. S. Blackwell |

>Lee n n.. i .... .r. n.i .r. e = ,

*
,



.

*

SNEET 3 0F 4 F

JOS LOCATION: rorksd aiv::r saWARREN GEORGE, INC. LOCA m u
.

Forked River New Jersey
500 Pall 5ADE AVENUE NOLE No. B 14 k

hJERSEY CITY, NJ. 07307 LINE A 3TA. -
3*POR: Burns and Roe OFF3ET

DEPTH FI. FT. CAllNG OUT DATE: BATE, START: 5-27-68 et0UND ELEVATION

DEPTH FT. ALL CAllNG OUT DATE: DATE.FINiSN: 9 97 /A SNOUNO WATER ELEVATION

'

CA8ING 0. 0. l . 0. WE14NT OF MAMMER Lu. Ilate4ER FALL
E

IN810E LENSTN OF SAMPLES lit. CASING SAWLEiSAwlta 0.0. 1. 0.

DI AmoND BIT SIZE

b5 E' ' ' " stows prn e.. OcNSITY PROF ILc FitLD f otNTIFICATION

)saartt eterms ,,, g ** CHA *8 '', , , .*j
!*!

stows 'g oN smetta~
gig,, f ,gg, $, so Ls ;cons est, ePtn.

3 ., I o-o e-: te ss weis tuei neunansroor
"i) 79'-102' drk. grey clay w-silt _
5

and sand layers -.

1

-'

17 BL'-86' Tube 21" ree nvery
~

L'
18 86'-88' Tute 14" rec overy

l I

JJg 19 i 8?' 60' Ture d' recover" ,_.
i:

I

_!!20 90'-92' Tube 17" recoverv
21 92'-93'6" 11 121 23 ,,,, y

22 94'-96' Tube 24"I recoverv j
ei i

]!23 96'-98'-Tube 18" rec overv
-!,'

-1-
4

,;-24 98'-100' Tube 17" ree very .

25 100'-102' Tube 24" re e'overv _,'

102'-1D'2" gray silty med. to .: I

fine sand -1
26 105'-105'6" 72/6' J

-!
t 1

.

; 1
-

-i ,

27 110'-110'6" 65/6P' _' |p
-,

-I
!e

-!
-i i

28 115'-115'4" 56h" |
-:

-i
'"""i

!
|

i 29 190' 190 ' C' so/s"

P. Mitchell fselle Englaeer: oriller:

-( d. ela; kwell g
Drilitas lane ctor: Netper: # ho m e ..

,

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



i
$NEET 4 0F 4JOB LOCATION:

WARREN GEORGE,.lNC. LOCATION Forksd River IU .|Forked River
New Jersey 500 PALL 5ADE AVENUE h0LE No. B 14 1 1

JERSEY CITY, NJ. 07307 LINE a STA. |

b '

FOR: Burns and Roe OFFSET

5-27-68 GROUND ELEVATIONDEPTH F T. FT. CallNG OUT DATE: DATE, START:
,

DEPTH FT. ALL CAllNG OUT DATE: DATE. FINISN: 5 ?'7 6A GROUND WATER ELEVATION

CASING 0. 0. 4" 1. 0. WEleMT OF NANNER 140# ' Lgg, NAleiER FALL f'
2" bSMLER 0. 0. 8. D.

INSIDE LENGTN OF SAMPLER IN. CAllNG SWLER
DI AMOND sit SIZE

_

DE N5 ITY PROFILE FIELD lotNTIFICAfloN
|

SLNs PER e **$ W il 9877N5 ,,, 3
08 CHA NGE OFwe

g g

g| Ettv. / rest jj cN smetta
C M51sf. EPT!! solts g{g ,g,

"i~" i

KE Foot
"O

-

a m ige Moistuar atkaans

N 102'-150' 2" (continued) s*

gray silty :ned, to fine ,

eand ;.

30 125'-125'4" 50/4" -

-;

_ . -

'-

~

% 31 130'-130'1" 50/1 " i

_ .

- i
'

_

- ;

32 135'-135'2" l 50/2' I-

- _ . s-
|-

'
-

!#

Jk t

-

120 33 140'-1L0'?" 50/2" _

'
_

-

-

34 145'-145'3" 50/3"
-

-

-

-

-i

Jh 35 150'-150'2" 50/2"

Notes:

150 feet of 4" pipe' - -

-

-

Ground Water -

12'-3" -

-

|{C
_

a

-40

selle taela r: oriti.r P. Mitchell
'O' nod*Drilline snee.cter: in.1,,r: ,

n, taciee--

I

.

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



$ NEE 7 1 0F > I .|
JOB LOC,. TION:

WARREN GEORGE, INC. t0CAfi:2 rork,oaiv2rna.jFork:d River
New Jersey 500 Pall 5ADE AVENUE N0LE no. B 15 f'

JER$EY CITY, N.J. 07307 LINE a STA. |
li

FOR: Burns and Roe OFFSET

I'5-31-68
DEPTH FT. FT. CAllNG OUT DATE! Dalt, 8 TART: - sa0gND ELEVAfton

,

DEPTH FT. ALL CA5tNG OUT DATE: DATE. FINISN: 6 11.AR 6A0UND WATER ELEVATION

CAllNG 0. 0. 4" 1. 0. WEleNT OF NMER 110# LIs. N M ER FALL h
E

S M LER 0. 0. 7" 1. 0.
INSIDE LDIGTN OF SMLER IN. CAllllO S W LER ;

DlAMOND Sif SIZE
_

C^S'"O eLows eta s.. otN5877 PR oF I LE FIELO IDENTIFICATION
b5

_

08 CHANGE 0' |s w er eterns ,g, , , ,

|j
!' E kB

8'0*5 -

: ,,. / ,,,, "; oN s w Ltn
softs |! cons ts?. p.g_eyng

t, *ta
E E o-o e- u I in-is uois tume ate nus
,,a r ooT __ __

O'-10' brn med to fine silty . _

sand (wet) working in aster _

_

. d
it

1 5 ' - 6 '_6" 3 2 5 ]
'-: 1

i
- j .

\
-10

2 10'-11'6" 1 11 91 10'-14'6" brn med to fine silty -

sand w-clay i-

! |
-

-- .; j

{
9

3 15'-16'6" 1 1 5 6 14'6"-34' drk. gray silty clay
'

I~""

! w-silt and send '

-
+

0 I

-l
-

- to
4 20' 21'6" z A 7 _

_

_

-l
-

5 25'-26'6" 6 6 5 _

,

_

_

-
- 30

6 30'-11'6" 9 L 1 ~

l

]'

i

brn. coarse to fine sand. _j34'-45 '

7 35'-16'6" 11 1A 1, some silt _-

-

~l
5 4U'-41'6' 9 15 13

"""';
,g

P. Mitchell |
; - Selle Engineer Oriller

.'D U lt*J K .ie l. L
-

Drillin$ l###e8teri llelport R Fa*1** -

.



.

' JOB LOCATION: $NEET 9 0F z

' WARREN GEORGE, INC. t0 CATION rorkea niver nararked atver
Nm J;reey 500 PALL 5ADE AVENUE CILE NO. B 15 'l

h
3|

' JERSEY CITY, N.J. 07307 LINE A 3TA.
E

FOR: Burns and Roe OFF3ET ./.
DEPTH F T. FT. CA8ING OUT DATE: DATE, START: 5-11 AA GROUND ELEVAfl0N l'

DEPTH - FT. ALL CA8ING OUT DATE: DATE. FIN 18M: 0-31-68 GROUND WATER ELEVAfl0N

'

CAllNG 0. 0. 4" 1. 0. WEleNT OF NAN 6tER 1W LIB. NattlER FALL

1AW LER 0. 0. 2" 1. 0. 5
INilK LENGM OF SMER IN. WW MH

DI AMOND BIT SIZE
,_._

DS PER 4 *. 0(N5 TTY PROFILg FIELD 10(NTiffCAT10N ,

8Amett stpfag og
, ON $4eLgn Ost CHA NGC 0F jw.

gj {f Ettv. / titt jj
C ON5 t S T . DtPTH $0iLS j

== agg*. m 0-s e- g p. no Mois tump atunnus t
F007

34'-45' (continued) _

brn. coarse to fine sand
some silt ._:

1

9 zs'.z6'6" in 5 17 45'-52 bra silty fine sand -
''

-.
_I,,
Mf.yto -s

10 50'-51'6" 7 9 14 _j
i

52'-60 '1" red-brn med to fine sand -

-

, k. 3
|'i 11 $5'-55'8" 48 50/2' _^,

_
- d

- -

o
--

~ ~

12 60'-60'6" 56/0"

60'1"h8' gray fine sand. some -p
silt ]

-;

[13 65'-65'4" 50/4"
_'
-;

.h"
~

14 70' 70'6" 17/6" [
_i
_

_ .

~

15 75'-7>'4" 50/4" _;
_;

r

sanN#bc@Y*$IltinhEIfgo
~ ~

&16 80'-81'6" 7 11 12 1
,

8ella taslaeors griller: P. Mitchell

S. Blackaell j '

Drilline laseester ei.1, r:
* n- E 1ler ,

|

|

'

i



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

_

JOB i.0 CAT 10N. SNEET 1 0F I '.

WARREN GEORGE, INC. LecATim Fork 2 driv *rNJfrm.w.a niv. ,

d
'

New Jersey 300 Pall 5ADE AVENUE NOLE No. B 15
JERSEY CITY, N.J. 07307 TINE A STA. II

:

M Burns and Roe 0FFSET f,
*

_

0
DEPTH FT. FT. CAllNG SWT NTE: N TE, START: 5-31-68 tR00NO ELEVAtl0N

"
OtPTH Fy, Att gag |gt OUT N TE: N TE. FINISN: 5 '11-68 ea00NO WATER ELEVATION

CallNG 0. 0. I" 1. 0. WEleNT OF NAMI4ER 1W LE. NA888EE EALL j
''

IN810E LEll4Til 0F SAMPLER IN. CA81NO SA88LI.ECIAMOND SIT SIZE

eLoss eta e a. DE NS I TY PR oF ILt FIELO IDENflFICATloN p
sawar et,res ,, g

On . cHA NGE OF.
,

g| tase. / trer cN $Appg,ge
g3 E solts, , , y.

II 5 eo e.it i,. g. neo tstuat at'enus
*

,oor

678'- N2' (continued)
drk. gray med. to fine
sand. w clay and silt 1

layers ,3

17 85'-86'6" R Q 11 '-

._

;~~~~

-

f0 18 90'-42' Tube iga va weq _ ,

* -|
!-

_,
,

-

19 95'-95'ca Il 50/1" !_

'f. -f
. ,

_

__ _

, _

g .20 100' 1n9' Tnw. ina van w ..y _

1-

_.

-

102'-:.10' drk. gray fine sand
"""

w silt
_

21 los'.inA'An 12 17 23
-

-

.t
_

--

22 110' 110'za Sn /> a 110'-100'4" drk, gray med, to fine -

sand. tr silt, occ traces
"""i

'

,

of clay
-

_

~

23 115'-115'6a 52/6a
_

_

_

.
-'y ,z 1 ,n' ,,,',. St ,

:. 1: =l. ... ,1 0,,11.,1

0,lii i., l. t.,1 I , .,1 m ,

7

.

, . - + y - .. -



- - -.

".id850C4Tl6N: - - ~ " sMitt i 0F ,
. . . .... .

WARREN GEORGE, INC. t0 CAT 0N rn w a n<v,. u ,
vn,3,a n i v.,.

' 500 Pall 5ADE AVENUE NOLE NO. B 1.5 I
New' Jersey

'JER$EY CITY, N.J. 07307 1.INE 4 STA. }
[ fFOR: Burns and Roe CFFsti
'

5-31-68.- tRouMD ELEVAT10N
'

DEPTH FT._FT. CAllNG OUT Daft! OATE, 87 ART:
'# '

j'

DEPTH py, jLL CAllNo OUT DATtt DAf t. FIN 13M* | u14 SMUNO WATER ELEVAfl0N

CAllNG 0. '0. 'I" 1. 0. Wil0NT OF NANNER 1/M ___ L N . NbettR FALL
I,

SAMPLER 0. 0. 2" 1. 0.
luSIDE LENGTH OF SAMPLER IN. CAllN 8 84WLER

Of AMOND BIT SIZE
, _ _ ..

DE Ns t TY PR OF ILE F IELD 80tNf f f f CA710N .

C# ' '" sto.s egn e n

h! |s w er eterns ,,, g
04 CHA M( OF.

gj "fl' y'

I" *5
ON sA6e((A i*

stav. / resy
cowsesr. orptw so#Ls '

* . , . . r e. .- u i r i. oo,s,u , .c....8, reor
,, 110' '.50'4" drk, gray. rned to _

fine sand, tr. silt, oce _,

traces of clay
'

_

2"> 125'-125'S" 52/5" w
T
t

[I
l'

% 11n'.11ne/" 50/4" ]
{j6 1,

)
_ma

f

-i
27 13S'-135'S" $0/5" -

}
-

_
f

-,

i I

h' 28 140 ' - 14'')' 5" 50/S" _,

,

,-
,

-r
'

1

29 145'-145'3" $0/J"
, i-

,

,|~~~
;

J
-

I-
,

I '
-

name= |

h 30 l$0'-150/4" 65/4" .~ i
~,

Notes: .
-

L50' of 4" flush casing

i_

l !-

| |Ground Vater -

9'-7" ,1
-

i, c .

'

to
I

P. Mitchell
hit ca.i. ri

., m .r:
f. 81aebe11o, m i . . i . .. .. , . ,, , , , , , , , .,.
<. . .cm

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



~w m n . im
- __ ~

$NEET- 1 0F 9Fork'd Riv r WARREN GEORGE, INC. tocAfiON Fork &d Riv r NJ~

Na Lesey
500 Pall 5ADE AVENUE f- n0LE NO. B 16
JER$EY CITY, NJ. 07307

LINE A STA.- f

FOR: Burns and Roe '
0FFSET

DEPTH FT. FT. CA3|NB OUT DATE: DATE, START: 5-10-68 GROUND ELEVATIONDEPTH
FT. ALL CASING OUT DATE: DATE. FINf3N: 5-30-68 SROUND WATER ELEVATION

CASING 0. 0. 4 "_ .._. l . 0,
WElollT OF NANNER 1/ M L85 NA*ER FALLSAWLER 0. 0. ._.-. l . 0. !

DI AMOND SIT SIZg IN310E LENGTN OF SAMPLER IN. CASING . $AWLER

,b_ _ _. ,.f##''"" samett sterns ,,, g etws pge s.. DENssiv PaoFILE FitLD IDENTiricATtoN.
''"'gj {E tity. / rear

g Pt* .I k"g {
Y CN SAMPLEg on CHANGC oF

,

, cons tsi DtpTM solLs. '

,=p__ root - o-* 8- a s-se % ,stuer atuanas I

0'-9' brn, med fine sand (dry)
_

,
a

I
-

_'
.J

-10 .

9'-17'5" brn fine sand some silt -

(wet)

--,

J
!

---'1
17'6" 34' dark gray silty clay,

'
-

-20 sand layers ;
~~~

, -

~~~~I
|

-

_

_

_

: _

--

._.

~~~

|
_ .

-

-

34'-40' gray-bronn coarse to fine ---
sand, (very wet) "

-

.

. _

40-
-

!a.ite Easi m r - oriller: P. Mitchell |
i. Drillias laapacters

n.i,.rg g.plackrell
;m. _.s

-

|
|

|
.

W



- JOB LOCAT10N: $NEET 2 0F 7

rc. w :. < v.:r WARREN GEORGE, INC. L0 CATION -.. _ . _ _
we,actres 500 PAllSADE AVENUE NOLE NO. nu

EJERSEY ClTY, N.J. 07307 1INE a sTA. }M: Dur.'m a:m .co 0FFSET /
''DEPTH F T. FT. CASING OUT DATC: DATE, START: 5 -M-6'? ta0UND ELEVATION

DEPTH FT. ALL CAllNG OUT 6 ATE: DATE. FINi$N: 5 M '" 480UND WATER ELEVATION

CAllNo 0. D. E l . D. WEl M T OF NAMMER 1"' LM. NAMdfE FALL .''
SAMPLER 0. 0. 1. 0. I
DI AA40ND SIT &lZE INSIDE LENGTH OF SAMPLER IN. CA$ LNG SAMPLER

L-- eL>s egn e - ot Ns tiv Paor:Lt ritLD totNTir CAfi'ON
"|"

CASING
E w it oserns ,g ,

g{ talv. / #ser oN SA6etta on CHA Nct or i-.ggg,

{3 ,g, cons tsT. Otetw softs ,1
*"33 g pe p g, # " ' " "

'

root

0 40'-52 red-i.ro n coarse to fine ''
----

cand , very wet -

-

'
-

t
_

_

_-

-n -

2|0 ~

52'-70' grey medium to fine sand.

_

_

-,

_.
- - -

- i

, , -

'to -
'

_

i
-

-

_

_

.
. _

--

p -

-13 0 -

70'-75' Grcy brown cedium to M.
fine cend -

.

-

,!
-

J

Ground Water
-

_i@ 18'-5" _

%o -

bseile Engineer: Orit t er: P- tf trv 1

S 51001:'0 1 I!
~

orilline inse.cter: n.1,,r:
c. _ c c -- ,;

.

l.
|~
.

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



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

JOB LOCATION: SNEET 1 0F 2 '

Forktd liiver Hit Jercey WARREN GEORGE, INC. LOCATION re eenivere.7|
500 Pall 5ADE AVENUE

'

N0LE No. M

JERSEY CITY, N.J. 07307 LINE A STA.
y!

,

.,

POR: Burns and Roe OFF8ET i

''9-17-63 GROUND ELEVAfl0N
'

DEPTH FT. FT. Call #4 OUT BATE! DATE, START:
e.

PDEPTH py. ALL CAllNG OUT DATE DATE. FINIfNt' 0-17-63 6000ND WATER ELEVAtl0#

CallNG 0. 0. 5" 1. 0. WEltilf 0F NANNER U- LM. NA000ER FALL !

IS&WLER 0. 0. 2" 1. 0.
DI AMOND BIT SIZE INSIDE LENGTN OF SAMPLEt IN. CAllNG SAWLER " . '

SLOWS PER g *. DEW ITY P=0 FILE FIELD IDENTIFICATION
8asiptg HPfug ,g a c~< - i

..
S S g ,< .. , ,,,, u = =~iay ,, e

* * . 3u C ONS IS T . g{Pl!! S0tLS |
g*
"O -

--' '- -* "' **18 18- 18 hoois tuar ationnus .'

J'-16' tro2n coarse to fir.e send ,

~~~iTrace silt, some clay
I_

1

N
'

-i
_-
_.

-4
-10 ,1

,1
,

t_

( .t
7

16'-33' graysiltyclayUole~ 2.|
fine cend J:

.;<

b.-to
_,

_!
1

-i
i -: 1
1 ,

- _,

_i
i

_ _ :

-i
; 1

]1 |
.,. 30,

'

-_!
_ ..= _ . _ . . _l

33'_75' brown c'edium to fine send. -

-trace silt ano city _I
'_|
i l._,

;

-" 6.. . ...w ; ',;
Seite tagineers triller: P. 'litchell li

hN. PctsonsDrilling lasee<ters leelpr
.-

I

|

|

i



.-
';SNEET > 0F ,

@') CATION: Fmen nser oWARREN GEORGE, INC. t0CAfiON
Enked niver trew Jersev

SCO Pall 5ADE AVENUE N0tt NO. 17'

JERSEY CITY, N.J. 07307 LINE a $7A. -

POR: Burns end Roe OFFIET

fDEPTH FT. FT. CAllNo OUT DATE: Daft, START: 0-17 ## 4ROUNO ELtvAtl0N

DEPTH FT. ALL CASING OUT DATE: DATE. FINISN: 3.17-(.' Da0UNO WATER ELEVAfl0N |

CAllNG 0. 0. 5" 1. 0, WtleNT OF NAMiett l '9 # L88. NA888IR FALL

SAlfL ER 0. 0, 2" 8. 0.
IN810E LEMOTN OF SAMPLta IN. CAllN 8 BAteLit 22"

4OlAMOND BIT SIZE
-_ -

' sLes pgn g.. DENSITY PA0FILt FitLD IDENilFICAfl0N

h tu'Ptt etPful ,,. g

i CN sanetta on CNA NGE OF..'
k. |. 3{848V' / F887

,2 A Pt2 C ONS IS T . 0(P3 $0tLS
.

I 0- 6 6- s * seie .uoistuer atuanasII FOOT

te Ul LO'-21' 12" 12" Duch 3" tubec (continued) n

.
33'-75' brown tredium to fine send __

'

U2 43'-45' 14N drove 36 74 trece silt and clay .__.

_l_

U3 47'-49' 23" 25 G
_I

'
_. ,,__

-

-

18 ) -

U4 $1'-$3' 24" 21 108 ,,,,,,,,

_

_

_

.U5 55' 65'1n" 10" 77 /M" ~
_

_

6 58'-58'2" $0/2 "
_

_

Ig 7 60'6"-61' SR /( " '
_

_

_

R 61' 61'6" st/r9 _

_

o (,s e 6" .4 6 ' 54/A" _

_

_

10 . 63 ' -6A ' 9" 40 50/3 '
_

7a
_

4 _

11 71'-70' I 17 $6 _

_

_

~~

75 I? 7d'-?^' 24 f3 -_ _ _ . __ . _ . ..

_

_

.M
~ ~

P . M,7 - . -itchell
seite tasi. r: ori n g.r: e

;

8'illing lasPettort sielpers F. Incenilli )r

.

- - - - - -



job LOCATION: $NEET 1. OF ? ',

WARREN GEORGE, INC. t0CATiONr-,.u4 u v. ur (Forktd River Nrw Jarsty ,

500 PALISADE AVENUE / n0LE n0. la

JERSEY CITY, NJ. 07307 Llut 4 8TA.
dFOR: Burns and Roe OFFSET

I
DEPTH FT._FT. CAllNo OUT NTE: NTE, START: 0-13 -M OROUNO ELEVATION

DEPTH FT. ALI. CASING OUT NTE' MTE. FINISN' 0-13-M OA0UNO WATER ELEVATION -

h1. 0. WEl0NT OF NAleMER ICW LII. NAletER FALLCAllNG 0. 0. '"

SAWL E A 0. 0. 2" g , :\ r
, , , ,

INSIN LDem 0F MER 18. WING S M ER > P

Ol AMOND 81T SIZE

BLOWS PER 8'' DE86 f f Y PROFILE FIELD IDENTIFICATION
Sampig ogpts: ,,, g

OR CHA NGE OF..
,

{E gj Elly. / Fitt eN $8WLgg
pg, CONS IS T . EL,,LN soils

== .g= "' * 18 S F l* ueisfuar Rtwans' '
0

O'-14' 6" brown yellow coerse a

to fine send, silt, __,_ !

trace clay |_,,,_

|

j
~

-

|6 _
t

;

-l
i-
l

-10 w
i

_

-

.... . . . .. _. . ._ . . )1,

14'6"-J l' dark grey silty clay, 6

some fine sand -

-

_

- |
,

-20
- 1

;-

- \
_

|
~

- i

-

_

- 30
. _ _ _ _ _ _ _ . _ _ _ . . _I

_

31'-76' 6" light brown tredium to _

fine send, trace silt, _

trace clay _(
-

_

_

_

(continued) 1_g

P. J.!ite'nell |s.it casi. , orini.,
. . . w ., w .

orillias inee.cter ei te.r: e n . ,,
,

,
-- .s -

..

|

|

'

1.

l

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



l
_ _ _ .

$NEET 2 0F 2 ,

JOB LOCATION: .

r~+ce mJis ~ F
'

WARREN GEORGE, INC. t0CATe0NForito River t'v- Jarc>y

300 PALISADE AVENUE N0LE NO. 1=

JERSEY CITY, N.J. 07307 LINE A STA.
'

i

FOR: Burns end Roe OFFSET r

9-13-M OROUND ELEVATIONDEPTH F T. FT. CAllNG OUT DATE: DATE, START:
9-13-f GROUND WATER ELEVATIONDEPTH FT. ALL CASING OUT DATE: PATE. FINf3N:

CAllNG 0. 0. 5" 1. 0. WE10NT OF M4#4ER, l i 2.8 LM. MaledER FALL

IN L OF MH 4- WH MH
AMOND SIT IZE

sLowsetas.. DE NS I T Y PROFILE FitLD 10tNilFICAT10N
i84alett status og

^ ow CHANCc F d=
g ,

"'' $"'' I5 " 8 "'I"
00NSisT. Otetw solts [#ga IIPtn Ju ** * * I 0-8 l 6-12 12-1s uoistuar ata4A musg *o

FOOT
ogU

1 10'.L1'6" pp 37 'l (continucc)- _

li ht brown redium to -31'-76 '6" E
? L3'6"-ts' 16 16 23 - fine s nd, trace silt, -

trace clay -;
I

--|.
'

~~

t

3 L7'-do'6" 16 M 15 -a
I

.
> w se _rn

t .,'c.,,'-f6 ,

I a

i _J
| _J

s s f. ' m i irv i>1 _t
,

| h, , ! ! --.-

6 .v' sn' ,, m' I _'
-

.

-

-

7 [-) ' _ [ I ' k" EE DD -

-' |

-

m ! m

-i

9 AA' 678 r_ 9 119
_

e

in ASI_79'A" S'?
~y -- O. ~.

1
9e - 1

-.u
|-

11 ?>'6" 7z' n 11 1R -
,

-

- - -'

7a 12 7s' ?A'6" 21 32 71 ,,,,_

-

76'6"
-

! )
-

.

I

,

i

P. 'l+ N11

5.';arsoy,
"

Sell s tagineert tr|1|or
- i

-

., n n . . . .. .. . ,. i , .,, ,

,

1

s

4

i



'l

l

SNEET * OF 1 i ,

.K 9 LOCATION:
WARREN GEORGE, INC. LOCATION rnew a<ver va i |

Forked River New.Jerssy : 1

500 Pall 5ADE AVENUE NOLE NO. 1' ;'

JERSEY CITY, NJ. 07307 LINE a STA. !
*

FOR: Durns and Roe OFFSET
,

DEPTH FT._FT. CAllNG OUT DATE: DATE, START: "-13 /A .-. -- OROUND ELEVATION

DEPTH FT. ALL CASING OUT DATE! DATE. FIN 18N: "'s r* 440UND WATER ELEVATION $_

[[CA$ LNG 0. 0. 1. 0, wEleNT OF NANNER 1#*7 LGB. NA604ER FALL'"
il

$16eL ER 0. 0. T' l . 0. '

INSIDE LENGTil 0F SAMPLER IN. CA$lN8 SAIFLER |

DI AMOND BIT SIZE

stows eta s a. DE N5 ITY enoFILE FIELO IDENTIFicAfloN_.

fhh ,*t$", swtr neras . on CHANGt oF..

gj gg stiv. / rier jr cN s w ten so Ls 11 J
,,, .! cons tsf. e T Ia.

" "' " ' ' ' " ' ' "o's tuar nrwusE. ' '
=0 - tro.m cocrse to fine scnd - |0'-14'C ''

|trece silty, some clay ,

l
7! |

_ Ji
l' )

~~il
~l I
-

-10 -j
1-,

1 i-

-|i I
1..

..___ _ _ . _ . _ . . . _ _ .
7; i

14'6"-J 2' dark grey silty cley, _:i

trace fine sand I;

i
7,

7' |l '

-20
s -

|
_

-1

-!
, 1

I 1

_l |

-; |
, ;

_Y |- so t, 1

, |

;- - _- ... -_. .. . . ., ..

32'-49' brown medium to fine send -.

_;!
trace silt, trace cisy

. . _ _ . _ . _ , . -

~

l

""~i
1-

( cer.t irued) I'
,g

fMitchell
selle Engineer Driller: cuww ,

iteilliae inepecter sieteers
, g;-

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



<
l

' | me LOCATION:
P$NEET e OF ,

WARREN GEORGE, INC. t0 CATION r;, ,e4 m,, iu (Ferktd Rivar Nets Jers:y

500 Pall 5ADE AVENUE se0LE NO. D |!
JER$EY CITY, NJ. 07307 LINE & STA.

'
FOR: Burns and Roe OFFSET

DEPTH F T. FT. CAllNG OUT DATE: SATE, START: _ GROUND ELEV4Tielltitt +

DEPTH FT.' ALL CAllNG OUT DATE: DATE. FINISN: 0-1 % A8 4800NO WATER ELEVATION -

'

CAllNG 0. 0. 5" l . D. WEleNT OF NANNER ' ' N/ LEI.' NAselER FALL ii
1

SAWL ER 0. 0. 9" 1. 0.
IN8IDE LENGTN OF 8 AMPLER lit. CAllN G 8AWLER

'

DI AMOND BIT SIZE
,

. . -._

A0WsMR6u OM m Pe0F M F N WW F CN ,b5 sasiett egpgng ,g
M CNE M |

, , ,

' {I EL(v. / pggt "Y ON S M LER

! 8 CON 5 857. DEPTH solLs |j*, ""
I be 6- 12 |12-30 uoistuer REMARKSFOOT

,

l'1 23 ' -L 7 ' 2L" 930 Lr c oner? -ressure J2'-43 ( contir.uco) .

--

rer ::o . Ir.ch brown mediu.? to fine sand. L
_ .,

t ace silt, trace clay - Q
U2 LL'.LA' 24" 600 Lbr tren? ?ressure ,_ _,, :

~r in. ' ch !

!!

_J
U3 LF'-53' ?L" 5T N w een rrecsure

her Q. trA , .__. _., __ _ _ , . . . _ . , _ _;
I I 49'-51' brown coarse to fine send. g$

i ! trece cilt !

U4 52'-54' 2H ' 03d Lts. crur $ 1' -75 %
trown cecium to fine sem'-n

'"
.

Prersure ?er Lg. In. trece silt,'trcce cleyI

9-i
,

]_
)i

U5 56'-588 17" 9 Q Lts recc Oressure
Der .:o . Irch. _j

-:
' i

,Q A AO ' _(m A n sq /r" r_

. s <n| . -|
, 6,, 6.. m . _;

,

_|_ !

e ts._ts.6- 2, 2; 32 : )_
'

_|
l_i

_

9 68'6"-73' 20 20 17 _

C I_

I ! l,__

'
U10 72'-7L' 21" 833 Lt a ? :ecs Pressure _._

Fer So . Ine'r
1

7a 11 74' 7=iAa le 17 /. 4 [
75'6"

-
1_ _ _ . - _ . .--- _ . _ _

_
l

~I

n -| \
>

40 >
1,

P. Mitchell !solle Engineer priller:
... vardo:.a g

- Drilling ineeesters nelpers r * m , '; - -,

1

|

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



- _ _ _

* p or |
*

JOB LOCATION: SNEET 1 ? 0F % /
WARREN GEORGE, INC. t0eATia rs.a o ... .., i;

f orked River Nr:r Jerrty

d||
500 Pall 5ADE AVENUE . N0LE No. M

. ,

JERSEY CITY, N.J. 07307 LINE A STA.r

I |M Born 9 er.d F oL OFFSETs

OEPTH F T. FT. CA8ING OUT NTE: N TE, STati: 18.M N OUNO ELEVAfl0N f
IDEPTH FT. ALL CAllNG OUT NTE: DATE. FINISN: 0 12 M NOUND WATER ELEVAfl0N

|

CAllN3 0. 0. 5" 1. 0. WElGNT OF llat#4ER 1W Lat. NA6elER FALL i |

$ANPLER 0. 0. ?" i . 0.
INSIDE LENGTN OF SalePLER I N. CAllNG SAAFLER .

Os AmoND BIT SIZE

atows erne.. ores e Tv Pnoritt retto notNitricATioN
h!

''[' ' "*"Q stav. / ans, gg on sneLen
swt ou t.: ,,, g

|
.

ca CNANGE or
:j

cows 's v. e soits !

5*-
,

)gg .
N e-se n- te uois tuar neuanasFoot, , -

IO'-14' 6" brom edium to fine sans
'

trace silt, some clay _
,

_

.
_, ;

E |
|_,

_ <

_t 1

-10- .-

I _
I

_

-i
..._ _ _ _ _ . _ _ _ _ _ .. .. i

-

14'6"-: 2' grey silty cisy ]
- _! ;

-
.

;, _

-20 I-

_

_

i
-

-l
_

_

_

_

C -

_

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

'32'-44' brown medium to fine sand. _

trece clay .__

-

_

_

_

(continued) -

_g
P. Mitchell

Selle Enelmeer triller
H ibr0ODS |

,

.

orilline sneeesters cielper: _ r p _ _ ; , ,, , i'

.

-__ __ _ .__ - _ __ _ m ___



- _ - - - _ - - _ _ - _ _ _ -__-

o

JOB LOCATION; $NEET 9 0F 6 '

rnr ca niver na f |Forked Rivsr Nm Jortc.y WARREN GEORGE, INC. t0 cati 0.
' u

e
,

500 Pall 5ADE AVENUE NOLE NO. 90 0
-.

b'JERSEY CITY, NJ. 07307 LINE A STA. 3
IIFOR: Burns and Roe OFFSET

DEPTH F T. FT. CAllNG OUT DATE: DATE, START: 0-18 A' GNOUND ELEVAfl0N !,' f
!

DEPTH FT. ALL CASING OUT DATE: DATE. FINISN: #-13-68 4ROUNO WATER ELEVATION

|

CAllNG 0. 0. 5" 1. 0. WE18NT OF NANNER 1e"/ Lee, NANMER FALL |
*

$AWLER 0. 0. 2" 1. 0. i |

IN$10E LENSTN OF SWPLER IN. CAllN G SANPLER !

DI AMOND SIT SIZE

gg case" stows etaso ot Ns i ty enoritt Fitto sotNtaricatioN_ _

s w tt certas ,g
[

.

ftty. / pggy "' y ON s A44*Lgn OR CHA NGE Or

{E,, ) kB consist. oterw so Ls gE, ria
J

= 0-8 |+-12 is-se po is tunt neuanasaa roof

N 32'-44' (continuca/1 10' 20'1" 5'j /] '

t 9 19'6"-zz'6" 21" 1. ~3 Lb ?rc ss Pret sure brown mediui to fine sand
?er Sa. Inch trace ciny _,)

_-

44'-50*6" red coarse to fine sand _,

U1_l6'6".z?'6" 21" 1. '. r Lt c. 'rc ss Prce sure _ti
?cr Co. I* cn _

--

~

f go .

',3' "- 2' 12"i 1,);l Lir Frer s Prec: ure"<
_

i .'er ca . Ant.
50'6"-71' brown eolur. to fine sant -

trace cloy
-

_.

us 54'-56 2)" 1J]] Lrn ? ret s ?res: ure _'
:)er in. Irc h -

_'
s

6 53'-58'9" _A9 50/2" -;
a _c

b '
_

? 61'-62' 46 51 _

_t

-1

9 64'-65'6" 20 40 40
_1
-

_l
U) 67'6"-67'6" 24' W Lbc. Presc Pressure i

_

'er da Inch
_i

: .

_

r

- A,. -

_ _ . _ _ _ . . . . . .. _ |_llD 71'6"-73'6" 27 M ~>2 Lt; cru ?-n e u"

Per So, Inch 71'-75' Erey fine cand _{_'
11 73'6"-75' 2T $3 % -

-

_l
, , , |v .

~|
_.

pn _'
-40

E meheH |
s.1ie (n.in r 0,s i g.r:

n. .'la r3 OU S
lo, m i .. i..... .n i,.n - - . _.,.. .

. ._

.__-____._--___-_-_ - _



..._. _

JUB LOCATION: $NEET 1 0F- ~2

WARREN GEORGE, INC. LOCATION r~m r,4,,- 1 |:rm w n4v,.,. e m .re,.,,, .

E500 PAllSADE AVENUE NOLE NO. >l,
,

JER$EY CITY, NJ. 07307 LINE a STA. }!r
E*

( N Burns and ' Roe CFFSET

DEPTH F T. FT. CAllNG OUT DATE! DATE, START: 7-18-C8 GROUND ELEVATION

DEPTH FT. ALL CASING OUT DATE: DATE. FIN 13N: 9-l'' M GROUND WATER ELEVATION

CAllNG 0. 0. 1. 0. WEleNT OF NAMMER I!N LIS. NAletER FALL $""

SAMPLER 0. 0. ?" 1. 0. $

DiMOND Bli SIZE IN31DE LENGTN OF $24PLER I N. CAllN G SAMPLER
~

_

W1 PER 6" Otm lTY PROFILE FitLO IDENTIFICAflDN
sampig pgptag ,g,,

CN S M LER OR CHA NGE OFgj ff (Liv. / Fitt {g
g C ONS I S T . OtPTH SOILSP., . v. .

* ' T " '' *~ 18 1 8- 18 weisvoor atMAmas
,0 -

O'-15' brown seM trace silt, __

some cle.y _f
N

J:

_':
Il

.__.

7.-

-10 _

_

-!
:_

_.

----- -. ..... -.-- ... - J
15'-32 gray silty clay, some fine _

'

sand
_- .!

,

1

,
_

-20 !-

-l.
-!
-.
~~

_

-

-!-

1

- 30 !

_!.

_ . . -|32'-39 ' coarse to fine sand
-I(brown) -

-

-

{
) i

-

w _Ui Te t i n.e r e e >T ' ~ ~ ~ ' -!_%

P. Mitchell bseine tagi eer: or n i .,,
Is . PhrSonSDrilling laspectors peelper .

jf

; ~,-1, 4.

-- --- - -- - - - - -- - - - - - - ---- -
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JOB LOCATION: SNECT ? 0F 9

Forktd Rivar NY: Jarey WARREN GEORGE, INC. t0CAtl0N Forked hiver !'J
$00 Pall $ADE AVENUE N0LE NO. 21

JER$EY CITY, N.J. 07307 LINE A 87A.

FOR: Burns and Roe OFF8tT *

DEPTH F T. FT. CAllNG SUT DATE: DATE, START: 9-lE-M GROUNO ELEVATION !'
'l8'0d '

DEPTH FT. ALL CASING OUT D4ft: DATE. FINISN: GA00ND WATER ELEVATION
e

CAllNG 0. 0. 5" 1. 0. WileNT OF NANNER 14 @ LII. N404tR FALL li

SAWL E R 0. 0. 2" 1. 0. h

DI AMOND BlT $1ZE IN8W LIN0N OF MER IN. WM MH *

b5 ''''" stows rta s ~ otNstTV PaoflLt FitLo lotNTIFicAfloN
s w s: oseras .g, , , ,

slows . ,, ,,,gg, on cN4 Not or
[j {g ,,,,, j ,,,,

Pia ,,, ) $8 cons is T. otetN so#Lss,
E * o-*|*-22 t e- te pois tuar attia nus'

root

"4%)i 1 LO'-LO'6" s 7/ P' 39'.$2 (continued).
_,

11 2 /. g e r n _ / / , 16'' 4/12" 94/6' red coarse to fine send
;

~
j

_ ]iU3 L6'-fj' 1 981 1/ /19" l/7/19"

_)|
i_

1

.>- ._ -

h 1,' 't,'t) f_'[ 00f_KII4" ,( *w'

! 4

__._i -I!i

5 $3 ' 6" ._'d '_10"
' ' ' ' 2 's.- 52'-66'6" brorm mediu i to fine E

- 7 san'd. trace clay
- . .

6 56'. %'1" ! 50//:" _'
. 1

-

9 snok"_S,.in y s34 Dj/ '

']I'

.@
, . . . _ _ .

' ' I !

8 61'6"-62' i i 9 / l'' ,_

i ! -

p- a }
-

9 64'-65'6" 3
~

zo 51

i
-

_4

10 62'6".A7' _lL,JJ L5 _!- - - -

66'6"-75' fine gray sand _i

.N
_i

m -

Ull 71'.71' 2r1 61'12" 101/12"
I

__!
m

76 :_ _ _ .: . -_ _ _ _ _ . _ _ , .

75' -l

_i
-

P. uttehell |n . c.. . ,, .,i n .,,

i,... .s rsm ,

e, o n .. . .. ..ri i .,. e 2 . .- = ,
._

,

.
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.l0B LCCATIOct .
sNECT I " 0F ? j'

WARREN GEORGE, INC. LOCATION Fe ed Riva*r N _ l|Forked River New. Jersey
II500 Pall 5ADE AVENUE ' N0LE NO. n

t

!L JER$EY CITY, N.J. 07307 LINE a sTA.

FOR: Burns and Hoe OFFSET -

m

DEPTH F T. FT. CallNG OUT DATE: DATE, START: 0-17 0 4ROUND ELEVATION If

E
DEPTH FT. ALL CAllNG 007 DATE: DATE. F11tl3M: 1-17 ## GROUND WATER ELEVATION

CA3tNG 0. 0. S '' l . 0, Wg:GNT OF NAMMER 1/W Lee. NANNER FALL '| -l

5|
:

S W LER 0. 0. 2' g , g,
IN31DE LEMOTH OF SAMPLER IN. CAllN G S W LER W

DIApoNDBif SIZE
,

_._

''''*" atows etas.. otus in enoritt ritto sotsvaric4 Tion

hE s w s: earrns ,,, g

stav. / east -' ; er; s w tta On CHA NGt Or, , , .

0"8

j*j ''tn j:! $8
.

P comesT. m soits
*,, = n-* *- 12 * *- t * woestuer newnus

r oof__. .__

d ' -l'P U brown medtum to fir.e aand, , , '

-?
trace silt, cote clay

9
dl
_1
_!

!!

-10
-

,

-!
-j

,;
~!
&

15'6"-J l' gray silty clay
_

-

_'
* --

-20 .,,,,,,

""~

_

_

_

_

_

_

_

-

. so -

- - _ . . . _ _ . _

31'-35 ' brown medium to fine cand _

'
_

_

_

_-i

_

t eontiniido cr. eft 27 ~ ~ ~ 9Jl'-44 '

.co
f.Mitchellseite Engineer Dra g i ,3
i . . w o w.o

e Ta w c11 iDrilling inegotters geelper .

.

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

$NEET 2 0F 2
JoalocA sioH:

.

!WARREN GEORGE, INC. LOCATionFer w a wee ni
l Forked F.iver Few Jerrev I!
I 500 PALISADE AVENUE HOLE NO. 79

I!JERSEY CITY, NJ. 07307 LINE a sTA.
O" 3

FOR: surns end rice- _ )j0FF3tT

P

DEPTH FT. FT. CASING OUT DATEt DATE, START:_''- 17 ^* -- 4400nD ELEVATION

"I7~M
DEPTH FT.' ALL CAllNG OUT DATE: DATE. FINISN: -- GROUND WATER ELEVATION

'" 1. 0. Wtl0NT OF NAMMER Il'# LIS. NAi44ER FALL >

CASING 0. 0.
E I . 0.

INSl ( LENGTN OF SAMPLtt IN. CASING SAMPLER ""$AWLit 0. D.
DI AMOND SIT $1ZE

CE NS I T Y PROFILg FitLD IDthTiriCAT10Nh C'Al t hG eLow3 PER S..
O' C H^ "GE #' )eLons 5j ,[,),j,,,, N' "''''

on sawLtn
I I, kB C ON5 t S t . Ot#TM S0ILS :28 Ptn

h5 * e6 At t4 RE S{6-12 t r te wo es fuer
**

pooy

39'-44' (COntinuCd) __ ! j

Ef)it" red CourJee to fine Sand d'1 4.j ' .L.j i / "
'

ef"2 f. 21.6". e p t .19"

-t
!l

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

1 ,p e_e.neta . !? 9 :1 o' 44 ' -4 f7 ' bro?m rediun to fine canr _

l i trace silt .___.;,

I _-
. _ . . . _

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

t zgeep.<,, 16| 1 91 47'-53 red coerse to fine cand'
_,

'
i

I I ' -1
Go ,

i ! ! ! i -

n, i i .< p t t;i | ! 50 '. " i _

'

i .I ! i _ . _ _ . . _ _ _ _ _ .. . _ _.

I6 | g 5tg;i11" i i f 'i A " | 53'-75' broem recium to fine sand __5
| i

-
1 I ! I _ ,

)1
-

7 $7'-S7'~" $6 5]O "

-

c t_ , s , f. , e e. s q /,: n y'

JQ
! ! _;'

|' S 2#" l9 o ' '," J 3 ' -l
1

-,

in Asi_te. 3d t 50 _;
,

~ _,pi

_i
N ~M "

11 62'.!I'11" _

! 7
'.k _ j!

-

12 71'-71't" l 50/ ;"

n 7, i A" .ni 38 $c tP ,__. !

_'
I7' _ _ _ _ _ _ _ .. _ _ _ . _ _ _ _ , _ _ _ _ __

-

'
,

! 75i -

|
__-

.i.
---1'

S3I li

{. itchell ;Driller:sett e taelme: n. .ersons
-

'|

Drilline taspector: 16elper: .-

,
.

to a < , .-
,

,

.

9

9
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