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Electric Tower
PQ Box 700
Heuston Texas 77001

January 10, 1979
AC-HL-AE-274

Mr. Roger S. Boyd, Director
Division of Project Management
Nuclear Regulatory Commission
Weshington, D. C. 20555

Dear Mr. Boyd:

Allens Creek Nuclear Generating Station
Unit 1
vo.“at No. 50-466
Question 361.4

Please find attached a report concerning question 361l.4
of the Allens Creek PSAR. A copy of the report has been
sent directly to Mr. Cunny of the Corps of Engineers for
his review. Based on telephone conversations with Mr.
Cunny this report should resolve his concerns and allow the
NRC to resolve this open issue. To fully document this issue,
HLEP plans to file an amendment to the PSAR next week which
will contain this report.

Very truly yours,

2ty ~ P

E. A. Turner

Vice President

Power Plant Construction
&8 Technical Services
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APPENDIX M TO
SECTION 2.5 ACNGS~PSAR
DESIGN OF ULTIMATE HEAT SINK SLOPES
USING SPECIAL RESIDUAL CLAY STRENGTHS

w INTRODUCTION

In order to completely respond to the NRC question concerning slickensided
clays at the UHS and to obtain additional data for design of the UHS a
subsurface investigation was performed in April and May, 1978,

M2 FIELD INVESTIGATION

Subsurface soil conditions at the site were investigated by 7 borings
drilled to depths ranging from 8 to 150 ft. at locations illustrared on
Fig. No. MI. A cross section through the borings is shown in Fig. No. M2,
Detailed descriptions >f the soils encountered are givem on the boring logs
presented on Figures M3 through Figures M9. A key to the symbols and terms
appearing on the logs is included on Figure M10.

Bor‘ngs were drilled with truck-mounted drilling equipment. In the ulti=-
mate heat sink area, samples were obtained continuously to 20 ft or com—
pletion depth, whichever was the lesser, 5-ft intervals to 100 ft and at
l0-ft intervals below 00 ft. Samples of cohesive soils were generally
obtained by altern :ting a 3~in. thin-walled tube and a 2-in. split-barrel.
Most granula- sampies were obtained with a 2-in. splxt-batrel Driving
resistances for the split~barrel sampler are recorded in the "Blows Per
Foot" column on the boring logs. Each of these samples was removed from
the sampler in the field and examined and classified by a soil technician.
Representative portions of each sample were sealed and packaged for trans-
portation to the laboratory.

A Hvorslev-type stationary piston sampler, with a 3-in. thin-walled tube
was used to obtain undisturbed granular samples from Borings H-42A, H=43A
and H-44A. The tubes and soil were weighed immediately after sampling

to determine the undrained density of the soil. The samples were retained
in the tube by using porous caps (to allow drainage) and transported to the
laboratory for further testing. Density results :“*ained from the pistor
samples are presented on Table MI.

The depth to water in most boreholes was measured at least 24 hours af'er
calpletion The depths to water and the dates of observations are recorded
in the lower-right corner of the individual boring logs. In addition, four
pxlzo-etcrs were installed to monitor groundwater level; two were installed
in Boring H-44 to 10 and 25-ft depth and a similar installacion was done in
Boring H-48.

Test Pits
A test pit was excavated near each of the ultimate heat sink borings for
the purpose of visually examining the surface clays and in-place density

testing and bulk sampling of the near surface sands. In-place density
tests vere nerformed at several depthr with a rubber balloon-densometer

2.5-M1 Am. nNo. 50, 1/15/79
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in accordance with ASTM Précodura D 2167-66. Results of these tests are
presented on Table M2. Bulk samples were sealed for transoortation to
the laboratory.

0 LABORATORY INVESTIGATION

The laboratory program was directed towards evaluation of strength, com-
pressibility and classification properties of the foundation soils, pri=-
marily of the slickensided clays.

Strou‘th Tests

In order to estimate the undrained residual shear strength parameters of
the foundation soils, several repeated direct shear tests were performed
on two typical samples of the clay. These tests were conducted as con-
solidated-undrained multiple~specimen type tests at incremental normal
stresses. The samples were strained forward and woved back manually in
the shear box several times until the minimum shear stress (residual
strength) was obtained for each load. Results are presented as Monhr's
diagram. Stress-strain curves are presented for the respective tests.
Figures No. MIl through Ml6 present the results.

Consolidated drained repeated direct shear tests were performed in accordance
wvith Appendix IXA of EM 1110-2-190 Engineering and Design, Laboratory Soils
Testing, Drained Repeated Direct Shear Test. This procedure includes pre-
splitting sacples and the repeatad strainimg of them to simulate the drained
strength along slickensided surfaces. Resuits are presented as Mohr's dia-
grams. Stress-strain curves are presented for the respective tests on Figure
No. ML7 through Ml9 prese.t the results.

The shear strength properties of the near surface sands were estimated by
performing consolidated-drained triaxial tests. These tests were con-
ducted on undisturbed sand samples obtained from a Hvorslev piston-type
sampler. The results of these tests are presented as a Mohr's diagram on
Figure No. M20.

Density Tests

Modified Proctor (ASTM D 1557-70) and Maximum-Minimum Density
(AST™ D 2049-69) tests were performed on ea.: bulk sample of granular
material. Maximum-Minimum density tests weis performed by the dry method.

- Results of these tests are presented on Figure Nos. M2l through M25, and

Table M3,

Consolidation and Classification Tests

The compressibility characteristics of the foundation materials were
investigated by consolidation tests conducted on undisturbed cohesive
samples. Results are presentad on Figure Nos. M26 through M30.

Atterbe:g limit tests were performed for several samples to evaluate soil
plasticity and aid in soil identification. Grain-size analyses were per-
formed on all Hvorslev and bulk samples and on several other selected
granular samples to aid in soil identification.

2.5-M2 Am. No. S0. 1/15/79
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Laboratory Classification Test Results

The results of the soil classification tests performed for this study are
plotted or tabulated on the boring logs presented on Fig. Nos. M3 through
13 or on the following figures and tabler.

Grain size analyses are presented on Figure Nos. M3l through M33. Table
No. M4 presents additional classification tests on the samples tested in
accordance with the WES procedure for drained repeated direct shear tests
shown on Figure Nos. M17 through MI19.

Me GROUNDWATER LEVEL

Observations in open bcreholes and all piezometers indicated that the
groundwater level in the ultimate heat sink area was about EL +94 at the
time of the investigation during the month of May 1978. Measurements in
the piezometers on July 24, 1978 indicate that Lne groundwater level was
also about EL +94. Groundwater levels can be e pected to fluctuate with
seasonal and climatic conditionms.

2.5-M3 Am., No. 59, 1/15/79
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1) M5 ADDITIONAL INVES'IGATIONS

02

03 Section 2.5.6.7 of the PSAR presents all of the field and laboratory test

(8 results performed in the Ultimate Heat Sink area. Borings H-37 through H-4l

05 drilled in May 1977 provide additional data in the area of the causeway,

06 intake and basin area of the UHS. Figure No. 2.5.4-5C indicates the location

07 of all the borings in the UHS with the exception of the wost recent borings.

08

09 Mo DESIGN PARAMETERS - SHEAR STRENGTH

10 .

i1 Several shear strength values are needed to completely define the strength

12 of the clay in the UHS under drained and undrained conditions. The pur-

13 pose of this section is to discuss the different types of strength and

14 when each value is applicable.

15

16 Figure 2.5.6~26" of the PSAR indicates the indrained shear strength of the

17 recent flood plain clays with depth. The undrained shear strength ranges

18 from 0.5 kef to 3.0 ksf with a lower bound average of 1.0 ksf for all depths.

19

20 Figure 2.5.6-27AA of the PSAR presents the Mohr circle results of triaxial

21 unconsolidated undrained tests on near surface samples of clay in the area

22 of the UHS. The undisturbed shear strength varies from 0.8 ksf to 1.9 ksf

23 with a lower bound average of approximately 1.0 ksf.

24

25 Figure 2.5.6-27AA also presents the Mohr circle results of the remolded un-

26 consolidated undrained shear strength. The remolded strength was obtained

27, from samples kneaded, reshaped and retested. The values range from 0.4 ksf

28 to 3.8 ksf with an average value of 1.0 ksf. Based on this result the

29 undrained strength of the clay could be assigned a value of 1.0 ksf. This

30 includes in some way the effect of slickensided surfaces since the samples

31 were remolded.

32

13 Figures 2.5.6-27G, 271 and 27J of the PSAR present the Mohr circle results of

% triaxial consolidated undrained triaxial tests with pore pressure measure-

35 ments on undisturbed and remolded samples from the area of the "HS. The

36 total strength or undrained results from undisturbed samples shown on Figure

37 2.5.6-27G varies from 0.7 kef to 1.2 kef with an average of approximately 0.8

38 ksf. The remolded undrained strength shown on Figure 2.5.6-27G varies from

39 0.4 ksf to 2.4 ksf with an average of 1.0 ksf.

40

41 The effective strength or drained results from undisturbed sample shown on

42 . Figure 2.5.6-271 varies from ¢= 28° to ¢= 21% and C = 0 using the

43 maximum deviator stress as the peak and varies from ¢= 33° to ¢= 25°

[ and C = 0.3 ksf using the maximum effective stress ratio as the peak. From

45 this data a conservative effective or drained strength would be ¢ = 21°

46 and C = 0.3 ksf. The samples presented on Figure 2.5.6-271 were recom~

47 pacted to 90 pcf which is approximately 95% of the maximum density ob-

s tained using AST™M D 698 as the base standard. The drained strength as

49 shown on Figure 2.5.6-27J vavies from ¢= 30° to ¢= 43° using the

50 maximum deviator stress as the peak and varies from 9= 30° to #= 47°

51 using the maximum effective stress ratio as the peak. Both of these

52 drained strengths are considerably greater than those shown on the

53 undisturbed samples in Figure 2.5.6-271 suggesting that the samples in

“ .

2.5-M4 Am. No. 50, 1/15/79
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the undisturbed state failed along some weak plane, which can be assumed to
be along the slickensides. Therefore it would not be unreasonable to use
the drained strength from Figure 2.5.6~271 as the drained residual shear
strength of the UHS clays.

rigure Nos. M34 through M36 presents the results of uncoasclidated undrained
triaxial tests on samples recently obtained in Boring H44. The stress

strain curves were carried out to 25% strain to develop the ordinary

residual undrained shear strength of the clays. The undisturbed strength

of the peak is approximately 1.5 ksf cimilar to that shown on Figure 2.5,6-26,
2.5.6-27A and 2.5.6-27G. The residual shear strength is 0.5 to 0.8 ksf

shown on the lower portion of Figure M34. This compares favorable with

the values from 2.5.6-27AA (remolded).

The lower bound average of shear strength for all the undrained undisturbed
shear strength samples is therefore 1.0 ksf for undisturbed samples and C =
C.5 kef for a remolded sample. The lower bound of shear strength for all
the drained shear strength sangles is therefore ¢= 21°, C = 0.3 ksf for
undisturbed samples and 9= 30" for a remolded sample.

At the NRC's consultants (WES) request tests were performed on presplit and
repeated direct shear samples. This dated is summarized on Figures Ml &
M2 for undrained condition and Figure Ml7 for drained conditions. The
lowest undrained residual strength is ¢= 8.5°, C = 0.1 ksf shown on Figure
Ml2. The lowest drained residual strength is ¢ = 9° As is the normal
case for this type of shear test there is practically no difference in
strength in drained or undrained conditions suggesting that both tests
measure drained parameters. Therefore the absolutely lowest drained shear
strength is ¢= 9° using the most critical test procedures, of Appendix

IX A, EM 110~2-1906 of the Corps of Engineers. This value is extremely
conservative for use at Allens Creek since the clays at the site are
slickensided as a result of drying and shrinkage, not large scale move-
ments. There are no large scale slickensided surfaces in the Allens Creek
clays, slickensides are approximately 1/4" in size, irregular and nonplanar.
Only large scale movements could result in the reduction to residual shear
strength values. At Allens Creek, as discussed in the following sectionm,
large scale slope movements will not occur.

1wo articles presented in the ASCE publication, Research Conference on
Shear Strength of Cohesive Soils, University of Colorado June, 1960
discuss the use of residual strength of saturated clay, Artizle l. The
Physical Components of the Shear Strength of Saturated Clays by M Juul
Hvorslev indicates that the residual strength of some clays is attained
only after very large deformations and that the decrease in shear strength
after failure is primarily caused by a transient increase in pore water
pressure and a thixotropic loss in strength, which is regained in time upon
cessation of the deformations. This artical supports the statements
previously noted and indicates that the strength can be regained. Article
2, The Relevance of the Triaxial Test to the Solution of the Stability
Problems by Alan W. Bishop and Lauritus Bjerrum states that the presence
of fissures is reflected in the factors of safety cbtained using the
effective stress analysis. Article 2 recommends that a factor of safety
of at least (.0 be ensured. Table M5 attached presents the recommended

50
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safety factors from the Corps of Engineers publication EMI110-2-1902,
April 1, 1970. Discussions with WES indicated that they would like to see
a safety factor of 1.25 for Class I slopes using the residual strength.
While we believe that the design shear strength of ¢= 9° and a safety
factor of 1.25 for effective stress conditions is very unrealistic as
discussed above we will use i. in appropriate places in our analyses.

M7 STABILITY ANALYSES

Two representative cross—sections covering the various soil strata were
analyzed to determine the slope stability characteristics under different
conditions. Figure M2 indicates the cross-sections, designated E-E, UHS
Causeway and F-F, UHS Basin. Section D-D on Figure M2 indicates the dif-
ferent soil strata, standard penetration test results and field descriptions.

The range of soil parameters used in the analyses are indicated in tables

for each cross-section. The parameters considered for the various cases are
consistent with the recommendations of Table M5 and developed as the result
of laboratory tests as noted in Section M3. Drained and undrained parameters
are used for static conditions including the consolidated drained repeated
direct shear test results from Figure No. ML7. Undrained parameters are

used for rapid drawdown and dynamic analyses. At Allens Creek rapid draw-
down can only occur from E1.118 to 100 as a result of loss of the Main Dam.
Below E1.100 the water is contained within the UHS basin and is recirculated.
A drained state of soil properties would be characteristic of a long term
static condition in which any buildup of pore pressures in the soil due to
construction is considered to be dissipated. The laboratory tests yielding
drained soil streagth properties were therefore established to simulate this
field condition of normal water level pore pressures. An undrained scil
condition is one whereby the pore pressure in the soil has been built up as a
result of a quick load application as characterized by the water level rapid
drawdown or design seismic event.

Two methods of analysis, the simplified Bishop slip circle method and the
U.S. Army Corps of Engineers sliding wedge method were usad to investigate
the stability of all the slopes.

In performing the slip circle method of stability analysis the Ebasco
computer program was used. Th2 method employed by the program, the sim—
plified Bishop approach, is one in which a circular failure surface is
assumed to form about its center of rotation. The circle through the
slope is then divided into vertical slices and the tangential resisting
and driving forces along the circular surface are computed for each
slice. The factor of safety against sliding is computed as the ratio

of the sum of the resisting moments taken about the center of rotation
to the sum of the driving moments about the same center of rotation.

To use the program the slope geometry must be fully defined on a coordi-
nate grid system along with changes in soil layers. The soil encountered
on the slope being analyzed must be fully defined with respect to its
saturated unit weight and shear strength. Water levels along the slope
must aleso be defined, whether it be in the form of freestanding water,
groundwater, or pore pressure built up within the soil. Finally, if

2.5-M6 Am. No. 50, 1/15/79
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applicable, the horizontal (0.1g) and vertical (0.067g) components of
the design basis earthquake are input.

To find the worst possible radius and center of rotation yielding the
circle with the lowest factor of safety, a search routine is built into
che preogram by which a trial center of rotation is selecced. The program
will iuvestigate different radii from that center of rotation computing
and recording the safety factor for each radius. It then moves the cen-
ter of rotation at a prescribed increment to a different trial location
and the above process is repeated until the lowest safety factor is
reached.

The simplified Sishop solution yields results that are conservative in
that shear resistance between slices, which would tend to raise the fac—
tor of safety against sliding, is neglected. When the simplified Bishop
solution is used to compute a factor of safety under dynamic loading ad-
ditional conservatism is built into the program in that the computed
safety factor is calculated assuming the components of the design earth-
quake acceleration act only in one direction, neglecting any back and
forth motion, and the magnitude of the acceleration of the design earth-
quake is taken to be a constant over the entire slope for an infinite
length of time.

In performing the sliding wedge method the Ebasco computer program was also
used. The sliding wedge method consists of an active wedge being mobilized
against a neutral horizontal block and a passive resisting wedge. The
factor of safety is calculated as the ratio of the sum of the resisting
forces in the horizontal direction tc the sum of the driving forces in the
horizontal direction. In applying the sliding wedge method to the two cross=—
sections the input data and search routine is similar to that of the slip
circle analysis previously discussed. This method also includes a seismic
loading in the analyses. This was done by including the product of the
weights of the wedges and the neutral block with the horizontal acceleration
faccor of 0.1g. This force was then considered to act in the direction of
the postulated slide as a driving force. The vertical component of the
seismic loading is also incorporated into the solution tending to reduce
frictional resistance between the sliding wedges. This vertical seismic
force is computed as the product of the weights of the neutral block and

the wedges with the vertical acceleration factor of 0.067g.

The results of each of these analyses are presented on the tables on Figure
M2. In all cases the actual safety factor exceeds the recommended minimum
safety factor from Table M5, indicating that the slopes are safe.

M8 SUMMARY AND CONCLUSIONS

The above described detailed investigation has accurately established the
soil conditions in the area of the ultimate heat sink at Allens Creek. The
continuous sampling in the upper soils and careful undisturbed sampling of
clays and sand establishes a sound basis for the selection of lower bound
strength samples. Selection of design strength parameters incorporated

the use of lower bound strength parameters from the test results, using
very conservative test procedures. Results of the analyses indicated

2,5-M7 Am, No. 50, 1/15/79
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satisfactory safety factors. Reflected in the analyses are the changes
required to obtain the required safety factors. In order tc maintain
the | vertical to 3 horizontal slope of the causeway it was necessary to
excavate the surface clays from beneath the causeway. Additionally the
slopes of the ultimate heat sink basin have been flattened to | vertical
to 8 horizontal from the original | vertical to 3 horizontal. These
changes are the result of us'ng the ¢= 9° from the consolidated drained
repeated direct shear tests.

2,5-M8 Am, No. 50, 1/15/79
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- TABLE Ml

UNIT WEIGHTS OF SAND SAMPLED WITH
HVORSLEV PISTON SAMPLER

Boring Penetration Wet Unit Weight, pcl Dry Unit
Fe - Undrained Drained Weight, pcf 50

B-42A 7-9 101 101 96 361
: 10-12 110 none none L
13-15 116 109 98

H-43A 114 113 97

FOURCES8S88RER8E
&

4-%
15 HB-44A 4=6 111 109 a5
6-8 117 116 96

21 Note: Drained wet unit weights were determined by
2 allowing the tubes to drain through porous caps for
23 48 hours, inverting the tube at the end of 24 hours.

2.5'“9 h. No. 50, 1/15/79
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01 TABLE M2

e3 suuuagzﬁor IN-PLACE DENSITIES
0b Balloon Densometer
05 Allens Creek

08 Test Pit Penetration Wet Density Moisutre Dry Demsity
1] No. Feet Material pe £ Content, 2 pc f

11 6 5.5 Fine sand 95.5 5.1 90.9
12 50
13 6 5.5 Fine sand 104.9 4.8 100.1 361

15 6 10.5 Fine sand with 85.0 11.3 76.4
16 clay pockets

18 6 10.6 Fine sand 97.7 11.8 87.4
20 7 4.5 Fine sand 119.8 15.3 103.°
22 7 4.6 Fine sand 118.5 18.5 100.0
2% 8 4.0 Fine sand 121.0 21.7 99.4
26 8 4.0 Fine sand 120.9 21.7 99.3
28 9 4.0 Fine sand 122.8 22.1 100.6

30 9 3.9 Fine sand 120.8 25.2 96.5

2.5-M10 Am, No, 50, 1/15/79
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i TABLE M3

RELATIVE DENSITY TEST RESULTS

Test Pit Penetration

No. Feet Material

6 5 Fine sand

10 Fine sand
7 5 Fine sand
8 5 Fine sand

Silty fine sand

Note: Relative densities determined by dry method

: 01/09/79

PAGE 3

Densities, pcf

Minimum
86
89
85
83

79

Maximum

107
107
104
100

96

50
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03
05
07
10
11
12
1o
16
18
19
20
22
23
r 2
5

26
27

29
30
3l
32
i3
35

37

41
42
43
45
47
49

51
52

Allens Creek DATE PRINTED : 01/08/79

FrEEg

Page? m  DISKETTE NO. : SD-31 PAGE 4

TABLE M4

CLASSIFICATION AND DENSITY TEST RESULTS

Sample W Y
Depth (ft) (2) LL PL G (pcf)
14 - 82 29 2.73
16 35 - - - 87
17.5 36 85 27 - -
20 39 - - - 81

2,5-M12 Am. No, 50, 1/15/79
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Minimum Factors of Safety (Reproduced frow Esm 1110-2-1902 April 1, 1970)

£ 8

(] Minioum

ut Lase Factor of

G? No. ___Desiga Condition Safety Shear Strength ____kemarks

08

vy i End of coastruction 1t Q or Si Upstreaa and downstream slopes

19

" 1 Sudden drawdown from l.On R, § Upstream slope only. Use com-

12 maxiwum ool posite eavelope. See Fig. 4

B

14 111 Sudden drawdown from I.Zn R, § Upstream slope only. Use com~

15 spillway crest or top posite eaveloje. See Fig. & 50

16 of gates 351.4 |
1 |
s 1 Partial! pool with 1.3 Re+S for R <3 Upstream slope only. Use in- |
19 stealy seepage 2 termediate envelope. See |
v Fig. S |
¥y | S for K> 3 1
L S v steady seepage witn 1.5 |
e e wasimua storvage ol K +5 S &% 3 bownstream slope only. LUse ! !
45 2 2 . interaediate enveldpe. see H |
i 5 Fig. S ' |
27 vi steady seepate witn 1.4 S for R > 5 :

b surcharge pool ‘
Il

W Vil Eartuguake (Cases 1, .0 ¢ Lpstrean and downstrean

i IV and with 1.15% slopes l
32 seismic lradiag) : |
i

¥ Y Thot applicable to embankments on clay shale toundations. i i e A T

15 4 POF embankaent ¥ wer 50 ft high on relatively weak toundations use miniaua ‘

o tactor f satety »f 1.4,

g 4 in zones dere nd excess pore water pressures are aaticipated, use ]
R + 5 strength.
2] & n fne satety factor should not be less than 1.5 when drawdown rate and pore water 1
a . pressures developed trw flow nets (Appendix [I1) are used ian stability analyses.
41 « # Use shear streagth for case analyzed without earthquake except that it is not ‘
& aecessary ty analyze sudden Jdrawdown for earthquake «ffects |
43 ¢ Tae mininum safety factor o1 1.15 is suggested in NAVFAC LM.7, sioce this is |
by wore conservative it will be utilized in design. J
45 ~
4% 2 { 2 (
47
@ |
49 :
50 : |
51 |
52
53
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LOG OF BORING NO. H-42
ALLENS CREEK NUCLEAR GENERATING STATION
ULTIMATE HEAT SINK

WALLIS, TEXAS
LOCATION: See Plate |

TYPE: 3" thin-walled tube & 2" split-barrel

t|w I UNDRAINED SHEAR STRENGTH. TONS/SQ FT
N [ c | *- A ——" &
o b : w P .2 C4 06 08 1.0 1.2 L4 4
ElElz DESCRIPTION OF MATERIAL | & |&3f—u o 8
a | 5 |3 s S| PLasTic WATER L!GUID by
w | @ |3 e LimIT CONTENT. % LIMIT *
= 3|2 O L - '
: ) SURF. EL: 104,1' e 0 20 30 40 S0 &~ 70
‘ Very stiff dark gray & brown '
silty clay l
| -with roots to 1' g
-with very stiff gray sandy ’ :
r S clay layer below 3.5' 13 B TR .
Tan fine sand 17 ‘
- 10§ 9 T I !
s 15 @ | i { 12
28 g |
b 18 1 -with clay seams below 15' 22 1( L 2 —pt 5
= -with clay layers below 17' 18 i i
20 ¢ 24 — 1
| | |
st 50 l '
28 oy ! 5 ]
| ! L]
| L]
5 50 _— |
Sk -coarse to fine with gravel | ’ i ‘
below 31' | |
: |
38 fi . : ! — P
: | |
I | l ! I i
P | | !
Che™S l ! | |
40 { " [ 2 — ’
Tan silty clay with cloy seams | ] ' ; ‘
e -with calcareous nodules to 48" P _&__‘____;
-with sandy clay seams & 1 | { l 4N
N coorse sand pockets below o A ! '
' | H ! |
. i | I |
(Continued on Plate 2b) E 4 l A e
|

FIG NO. M3a
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LOG OF BORING NO. H-42 (Cont'd)
ALLENS CREEK NUCLEAR GENERATING STATION
ULTIMATE HEAT SINK
WALLIS, TEXAS
b |, | UNORAINED SHEAR STRENGTH, TONS/SC FT
(" » : e |*. P L
. s - w P .2 04 86 OC0 ‘0 1.2 L4 $
|2 |Z oEscRIPTION OF MATERIAL & |3t 8
a | > |3 % |-a| PLAsTIC WATER LiQuin | N
- v |a e |3 LIMIT CONTENT, % LiMIT 3
® . 3|5 -~ --e e '
) - 10 20 30 40 S0 €0 70
Tan silty clay with clay, sandy e |
Y clay seams & coarse sand
pockets
55 T&va4l Tan coarse fo fine sand 33 L
"" -gravelly with clay pockets
b to 72
B 50/9" . ¢
I %
-_ﬁ':’
e
Soble
.hg 35
50/11"
-medium to fine below 72" '
50/3n
50/ it ' i 6
Very stiff light gray clay with 1
calcareous nodules & deposits S Pt T S T,
F 85 r | o
P Very stiff light gray sandy clay J
! ®—=
f 90 114 e
-with clayey sand seams
| below 92'
95 T - '
w8 Light gray fine sand 50/8" | l |
1001 Baastes ‘
[ | -
COMPLETION DEPTH: 99,5
DATE: April 29, 1978 ?uv;gn;rv?cﬁ&%' Ca\;eod.;'? DATE: May 1, 1973

FIG NO. M3b
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LOG OF BORING NO. H-42A

ALLENS CREEK NUCLEAR GENERATING STATION

3" thin-walled tube &

TYPE: Hvorsiev Piston Sampler

ULTIMATE HEAT SINK
WALLIS, TEXAS

LOCATION: See Plate 1

—

UNDRAINED SHEAR STRENGTH. TONS/SQ FT

~ 3 _—
-3 Is :’.: 02 04 08 08 LO 12 L4 *
E|le |z DESCRIPTION OF MAJERIAL Hr— g
.| > 2 s | PLASTIC WATER LiQuID ~
w | & (3 =S u:r‘r CONTENT, % _:._:w *
") Surr. eL: 104,1' g 10 20 s50__e0 70 |
Very stiff aark gro{&bmn silty clay 101 ° ® D‘.'.s‘
~with roof? to1' e +Heo
-very sti sandy clo er il or
g s il
Tan fine sand
9| @ 5
© 7
98 e 5

+25 1

30 1

- 35

40

+ 501

COMPLETION DEPTH: 15'
DATE: April 26, 1978

DEPTH TO WATER
IN BORING: grouted

DATE: April 26, 1978

FIGC NO. M&4
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LOG OF BORING NO. H-43
ALLENS CREEK NUCLEAR GENERATING STATION
ULTIMATE HEAT SINK
WALLIS, TEXAS
TYPE: 3" thin-walled tube & 2" split-barrel LOCATION: See Plate 1
£ | | UNORAINED sEAR STRENGTH. TONS/SG FT
“13 18 - :E 02 04 fE CB 'L L2 L4 LA
| @ |Z| DESCRIPTION OF MATERIAL | & [&3—i — 8
a | 2|3 o |93 prLasTic WATER Liquo | N
w | =» |3 S |53 viwr CONTENT® LT | %
surf. gL: 100.7° @ |® ';r 20 30 40 SO 60 70
Very stiff brown silty cl
R
T b BRan
Gray fine sand 13 r |
-with gray sandy clay layers, 15 l
.50 7,5
-with clay pockets below 7.5'| 15 |
-coarse fo g:: below 8.5' ‘ | |
-tan below 12' 20 ¥
Ten cloy with fine sand seams 15
L 1% & pockets 20
-with gravel pockets, 14' to
18' 12
i1l Red coarse to fine sand with 22 | ’
20 fns
X gravel seams & pockets
ith clay layers, 24' to 25'
b=t -with clay layers 14 50
g -light gray with clay pockets
below 24' |
, l
30§ 17
35 §: =
é
- 40 ‘8 e | ; | |
Light gray sandy clay ;
l |
p ‘5 NN 9 T ! . =
= ||
Light gray & tan coarse to fine ' i |
(Continued on Plate 4b) '
1 | |

FIG NO. MSa
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LOG OF BORING NO. H-43 (Cont'd)
ALLEN. CREEK NUCLEAR GENERATING STATION
ULTIMATE HEAT SINK
WALLIS, TEXAS
| ) UNDRAINED SHEAR STRENGTH. TONS/SQ FT
: " @ ’,, e o e *
! 3 | W | »e 0.2 04 ¢2 08 1O L2 Lé 'y
2|2 |z| OESCRIPTION OF MATERIAL |& |Eaf—io—— . {3
e s |3 g o | PLASTIC WATER LiQuid ~N
: w |3 e |37 LiMIT CONTENT, % LIMIT *
215 + -® —_— '
/ et 10 20 30 40 S0 80 70
it | Light gray & ton coarse to fine
i sand with gravel
] -with gravel seams & pockets | 4o . 5
= :..: > 'o w.
resis -with gravel layer at 57
3 o
S ~lignt gray below 61'
: -with clay seams, 61' to 67°
25
-with clay layers, 66' to 67"
50/11" + 7
50/5"
Very stiff light gray & brov ~ clay
80 i
g
L 85 110 e e R el
Light gray fine rand with clay
pockets 30
50/7" |
m Tan & light gray sandy clay 24 | | |
COMPLETION DEPTH: 100 pEPTH To water Caved at
or.TE: April 28, 1978 IN BORING: 7 2! 40' DATE: May 1, 1978

FIG NO. M5b
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LCG OF BORING NO. A-43A

ALLENS CREEK NUCLEAR GENERATING STATION

3" thin-wailed tube &
TYPE Hvorslev Piston Sempler

ULTIMATE HEAT SINK
WALLIS, TEXAS

LOCATION: See Plate |

UNDRAINED SHEAR STRENGTH, TONS/SQ FT

:
:

L 10 £

3

+ 15 -

Gray fine sand
-with sandy clay layers, 6.5' to
-with clay pockets below 7.5

9 -coarse to fine below 8.5'

: - il ;i- *
P o g > . 0.2 04 0e 0.8 1.0 L2 L4 -
zle|s DESCRIPTION OF MATERIAL 3 — : 8
a | 5 |3 —a | PLASTIC WATER LiQuio ~N
w | » |2 =9 LIMIT CONTENT.% LIMIT %
= g + -@ ——p '
) Surr. eL: 100.7" 10 20 30 40 %0 60 70
Very stiff brown silty clay 108 - ' 3 -
-with roofs to 1,5’ » “d
-with sl}ell frogmnt's at 'l '5' 76 R
¥ -with clay seams ow |, 103 ol ( | | 15

>z°i

L 25 -

30 1

»351

»404

h‘Sq

b 504

COMPLETION DEPTH: 10'
DATE: April 26, 1978

DEPTH TO WATER

DATE: Aoril 26, 1978

FIC NO. M6
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LOG OF BORING NO. H-44
ALLENS CREEK NUCLEAR GENERATING STATION
ULTIMATE HEAT SINK
WALLIS, TEXAS

Type: 3" thin-walled tube & 2" split-barrel LocaTion: See Plate |

DEPTH,  FT

SYMBOL
SAMPLES

DESCRIPTION OF MATERIAL

SURF, EL: 98.9"

BLOWS PER FT

UNIT DRY WT
LB/cu FrY

UNDRAINED SHEAR STRENGTH, TONS/SQ FT
c———
0.2 04 0O0€Ff 98 .9 .2 1.4

PLASTIC
LiMiT

WATER LiQuid
CONTENT % LIMIT

+.

10 20 30 40 30 80 70

. ——

v

Very stiff brown cla
erz\m:'t\ roo'snfo VY

Gray fine sand
-with silty clay seams to &'
-with clayey silt seams below
7!

- 10 4

+ 15 1

-204

25 4

Stiff tan & light gray clay,
slickensided with calcareous
nodules

-light gray & brown below 14'

N 3

87

S T 0 g

- 30 1

Stiff light gray & brown sandy
clay with shell fragments

39 1

Stiff gray clay

-slickensided to 36’

-with organic matter & shell
fragments, 34' to 41.5'

-with fine sand seams below
39

-wifh2 'sandy clay layers below
4

7

> 80

OO
.I ..0.0
. S

-

Tan fine to medium sand 50/8"

-with gravel seams, 44' to 56'
-with sandstone layer,
44.5' to 47"

—————————————— — -

(Continued on Plate éb)

FIG NO.

M7a
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LOG OF BORING NO. H-44 (Cont'd)
ALLENS CREEK NUCLEAR GENERATING STATION
ULTIMATE HEAT SINK
WALLIS, TEXAS

| t |- UNDRAINED SHEAR STRENGTH. TONS/SQ FT
- *
-« 13I8 ] :: 02 04 06 08 10 L2 L4 A
Zle | DESCRIPTION OF MA/ERIAL | & |&3 b — . 18
e | 3|3 @ |°S| pLasmic WATER LiQuio | ™
w|® |3 § 3 u:-r CONTENT, % LMt |
s e !
. ® [ | o 20 3% 4 so e 70
4] Tan fine to medium sand ]
: -coarse to fine, 53.5' to 55' '
55 4 " . 6
~with sandy clay seams below
2 56'
": -fine, 59' to 67" 50/10"
- 60 §- /
| g5 Fii 0
-tan & light gray below 67"
@ )
9 70 4'::' 35
: -with clay layers, 72" to 73"
75 1 Brown and light grey clay 77 -
-with fine sand seams, 77' to
81
80 30
-with sandy clay seams below
81’
85 -
Light gray fine sand 50/11"
-with sandy clay seams to
w/ "
Light gray sandy clay with 50 s { y
1 ca?careous nodules & deposits|

COMPLETION DEPTH: 100’
DATE: April 26, 1978

pEPTH TO waTEr Caved at
IN BORING: 4 2

24,1 DATE: May 1, 1978

FIG NO.

M7b
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TYPE: Hyorslev Piston Sampler

LOG OF BORING NO. H-44A
ALLENS CREEK NUCLEAR GENERATING STATION
ULTIMATE HEAT SINK

3" thin-walled tube & WALLIS, TEXAS
LOCATION: See Plate 1

= UNDRAINED SHEAR STRENGTH, TONS/SQ FT
“ | s |e = S ®
.13 | o 02 04 Cé 08 10 12 14
1@l DESCRIPTION OF MATERIAL 7Y T e B g
a | 2 (3 os | PLasTic WATER Liauip | N
- » - LIMIT CONTENT, % LIMIT R
" ’ R 35 o -@ —— '
') SURF. EL: 98.9 lo_20 30 40 o 60 70
Very stiff brown clay
~with roofs to 2'
3l Gray clayey fine sand
- \ -with silty clay seams to &' 86 L] 18
.'._'_-' -with clayey silt seams below 7° 9% ® 66
10 » '
L18 4
b e d
+20
- 25 4
30 A
P38
- 40 -
L 45 . l
a 501 ‘ ‘
COMPLETION EPTH: 8' DEPTH TO WATER
DATE: April 26, 1978 IN BORING: grouted DATE: April 26, 19783

FIG NO. M8
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LOG OF BORING NO.H-45
ALLENS CREEK NUCLEAR GENERATING STATION
ULTIMATE HEAT SINK
WALLIS, TEXAS

TYPeE: 3" thin-walled tube & 2" split-barrel LOCATION: See Plate |

e UNDRAINED SHEAR STRENGTH. TONS/SQ FT
- ® Fa R e *
“ 18 |w S |.B .2 04 On 08 10 L2 14
£ |8 |2 oescrieTion OF MATERIAL | & | &3 it g
§ o |3 2 ;3 y - nt:sn’c co&?:'r.% t&“f'ro b

. J ——
SURF, EL: 98.5' ® |° "0 20 30 40 S0 €0 70
Y tiff tan clay
| -with roofs to 1'
-with sond secms below 1' 2
+ S -%r;g" ra]/ below 4' 4 ‘
-wndy%e 4,5 T1 l
Light gray & tan silty sand with 3
sandy clay seams 4 ‘
10 Brown & light gray clay, with -
calcareous & ferrous nodules | 1° +-0- ‘t -t
n
18 "
~brown below 18' 12 5
+20 -
Brown silty clay 6 |
:_25 -with sandy silt layers & clay
seams below 26'
| -with sand partings beiow 28' 95 & H--4 , ,
30 ' ‘ '
Gray clay with shell fragments
& calcareous nodules
| 3% | 10
a
el 11213 | Tan coarse to fine sand ,
-with clay seams to 47.5' i
-with gravel seams & pnckets, 9

45 - 47.5" to 59" 23 A ‘

:':":.‘: 5

DI o i i i i i v s P b &

(Continued on Plate 8b)

FIG NO. M9a
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LOG OF BORING NO. H-45 (Cont'd)
ALLENS CREEK NUCLEAR GENERATING STATION
ULTIMATE HEAT SINK

WALLIS , TEXAS
. UNDRAINED SHEAR STRENGTH, TONS/SQ FT
~ " e |3 e p
- G [»5| o2 oe 26 08 10 12 e :
Z | ® || DESCRIPTION OF MATERIAL | & |&3 |—i— . §
a | X |3 » | °S | pLasTic WATER uauio | N
w | » | S |53 v CONTENT, % LIMIT £
e -.J =) + -® —_— '
¥ 10 20 30 40 50 80 T0
‘4| Tan coarse to fine sand
47
50/5"
50/11" ® 10
~fine beiow 66'
50/5"
. . '7 |
L 75 1 Brown & light gray clay with
calcareous nodules
® —
S 80 E
-with sandy cloy seams below
v 50/10
F 85 1
R
Light gray fine sand 50/7"
-with clayey sand seams to
o
50/7" |
~with sandstone seams at 97"
oo SN Very stiff light gray ton sandyclay [ _ &
(Continued on Plate 8¢)

FIG NO. M9%
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LOG OF BORING NO. H-45 (Cont'd)
ALLENS CREEK NUCLEAR GENERATING STATION
ULTIMATE HEAT SINK
WALLIS, TEXAS
E | UNDRAINED SHEAR STRENGTH, TONS/SQ FT
: - x ’h S R
3 - i P 0.2 04 0% 08 '0 L2 Le
= : a DESCRIPTION OF MATERIAL & 133 - - -~ - -
a > z : h: PLASTIC WATER LiQuiD
: [ e |3~ LiIMIT CONTENT, % LIMIT
i = > + -9~ Rmtaten
10 20 30 40 30 L1 70
\ Very stiff light gray & tan
e sandy clay with sandstone
\ nodules & deposifs, sand seams
105 & layers +
: Light gray clayey sand with clay
X seams & sand seams 501"
L1108 -with sandstone nodules to b
;?- 108"
115
. stz
120
il | Light gray fine sand
125
50/3"
L1301
135
-with clay seams below 137"
50/6"
d
- -with cemented sand iayers
below 141’
Dl“q
T iR { — 575 A

COMPLETION DEPTH: 149.,5' DEPTH TO WATER

DATE

‘ May 2, 1978 IN BORING: grouted DATE: May 2, 1978

FIG NO. M9c
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SYMBOLS AND TERMS USZD ON BORING LOGS

SOIL TYPES SAMPLER TYPES
(SHOWN N SYMBOL CO. uMN) (SHMOWN N SAMPLES COLUMN)
AP § o
"'..'"..1
Gravel Sana Silt Clay Sheiby  Piston Solit No
Predominant type shown neawy Tuoe Spaon  Recovery

TYERMS DESCRIBING CONSISTENCY OR CONDITION

COARSE GRAINED SOILS (major portion retained on No. 200 sieve): Inciudes (1) clean gravels ana
sands, and (2) sty or c'wyey gravels and sands. Condition s rated according to relative density, as
determined by laboratory tests.

DESCRIPTIVE TERM RELATIVE DENSITY
Loose QO to 40%
Medium dense 40 to 70 %
Dense 70 to 100%

FINE GRAINED SOILS (major portion passing No. 200 sieve): Includes (1) inorganic and organc
wits anad clays, (2) gravelly, sandy, or mity clays, ana (3) clayey sits. Consistency s rated according
to shearing strengin, &s ndicated Dy penetrometer resd/ngs or Dy unconfned compression tests.

UNCONFINED
DESCRIPTIVE TERM COMPRESSIVE STRENGTH
; TON/SQ FT

Very soft Less than 0.2%
Soft 0.2% to 0.50
Firm 080 te 1.00
Stift 100 te 2.00
Very stiff 200 to 4.00
~ard 400 ana hgher

Note: Slichenndes and fasured clayt may Nave (ower unzonfined comoresmve strengths
han shown apeve. decaust of pianes of weakness or crachs M the a0 The conmstency
ratings of Such $0iis 4re DasEd ON penetrometer readings.

TERMS CHARACTERIZING SOIL STRUCTURE

Slickensiced = having nclined planes of weakness that are siick and glossy M ippearance.

Fissured = containing sarinkage cracks, frequently filled with fine sand or silt;
uwiually more or less vertical.

Laminated - composed of thin layers of var ying color and texture

Interbedded ~ composed of aiternate layers of different soil types

Calcareocus = containing appreciadie quantities of calcium carbonate.

Well "‘l‘.‘ - Raving wide range N grain sizes and substantial amounts of all

mtermediate particle sizes.

Poorly gradea ~ predominantly of one grain size, or having a range of sizes with some
Ntermed ate size Missing.

Terma wsed n s repert for GescrIng 10013 GCCOrENG 10 TAB TRETUTE . TRIA Lile GiTTIDULIOR GFE A GCLOPIGRCE with The
UNIFIED SO/L CLASSIFICATION SYSTEM, as descrided «n Techncal Memorangu Mo 3337 waterways Eipermant Staten March 933

FIG NO. M10
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Boring: H=43A  Depth: 3'
Material: Stiff dark groy sandy clay with
clay pockefs ond colcarecus
deposits
Yd = 102 pef
wi=18
LL=36
PL= 14
S5~
- A
ks o =20
% ° c=0,75 ksf
-
k-3
»
82} B
“w W
|
R
OL 1 1 1 L i k. 1 1 1
0 2 3 4 5 é 7 . e 10
Normal Stress, Kips Per SqFt
UNDISTURBED
Notes: (1) Repeated direct shear test used to
5¢ determine the residual shear strength.
(2) See Plates 31 and 32 for stress=strain
curves,
4
o
w
4 »
a
3
> ¢, = 16°
E 2k ek ¢ = 0.2 ksf
v
L
{ 4 he r's | L 1 A L o |
0 2 3 4 5 é 7 8 9 10
Norma! Stress, Kips Per SqFt
RESIDUAL
DIRECT SHEAR TEST RESULTS
Consolidated-Undrained
Multiple-Stage Type

FIG NO. M1l
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Boring: H-44  Deoth: 11.5'
Matarial: Stiff ten & light gray cley,
slickensided, with calcareous
nodules
T4" 92
wi = 34
5 LL=74
PL=22
w 4
o
(%]
3
3
RS
v
i 2 —4— Q
S — —— } ¢=3J
S ¢ =1.65 ksf
£ :
o. r's 4 A i 2 3 1 1 2 2
0 1 2 3 ¢ 5 é 7 8 9 10
Nommal Stress, Kips Per SqFt
UNDISTURBED
5
Notesz (1) Repeated direct shear tests used to
determine the residual shear strength,
il (2) See Plates 33 and 34 for stress=stroin
- cuUTves .,
o
v
.
2 3
x
I 2
(%]
; ¢, =8.5°
] c=0.1 ksf
° ‘—" A e . A - A e e 2
0 1 2 3 4 5 é 7 8 < 10
Normal Stress, Kips Per SqFt
RESIDUAL
DIRECT SHEAR TEST RESULTS
Consolidated-Undrained
Multiple-Specimen Type
B

FIG NO. M12
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3 3 O CO S A M rmMmeaessesSsscmmssoaoassamss e mmsm ey e

3 Nomal Load = 2,0 ksf

Shear Stress, lof
~N

B @ —0) )

IRENAE T

0 2 4 6 8 10 12 M4 16 18 20 22 24 26 28 30 32 34 36 3B 40 42 M 4 448 5
Cummulative Forward Shear Strain, %

‘ |

3 Nomal Load = 4,0 ksf
X ® ’ |

2 &N ¥
.z HEREEEEEE
§ AT

d [ [

0 2 4 6 8 10 12 M4 16 8 20 22 24 26 28 30 32 34 3% 38 40

Cummulative Forward Shear Strain, %

REPEATED DIRECT SHEAR
Stress-Strain Curves
Boring H-43A, 3-ft Depth
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i EENARREERRR

Y S W wath T s M e S mE BN NG s Mn e ME B ﬁhu %5

Cummulative Forward Shear Straln, %

Shear Sivem, lnf
SN
2§
A
X

.’-""""""—JD
[
3 L .
g 2 /
._! ' / Normal I.Td—-é.o ksf (cont'd) '
!

52 54 56 58 60 62 64 66 68 70 72 74 76 78 80
Cummulative Forward Shear Strain, %

REPEATED DIRECT SHEAR
Stress-Strain Curves
Boring H-43A, 3-ft Depth




*ON 914

IR

,
b

Form 100 14 Joa e @08 VW

=TT 53 €3 € 3 A MM e ESSrMmMeseeEesmoerm e e,

a—

| Load = 4.0 ksf

Sheor Stress, lof
~
i

748 el ELE

0246li0l2l4|6152022.242620303234363.‘042“464.50
Cummulative Forward Shear Strain, %

Nomal Load = 6.0 kef

—®
1/ 5 J\P 1@ @

I / |

024601012141610202224%2830323436304042“464050
Cummulative Forward Shear Strain, %

Shear Stress, lof

REPEATED DIRECT SHEAR
Stress-Strain Curves
Boring H-44, 11.5-ft Depth
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‘ON 914

9T

i e o

Shear Stress, lof
~

0 2 4 6 8 10 12 W W 18 20 22 24 26 8 30 332 M 3%
Cummulative Forward Shear Strain, %

: ’ [

€ 4
Nomal Load =8.0 ksf (cont'd) o™ /\J

’ - /./

Sheor Stress, ksf

2 " / Note: Specimen experienced _|
/r / substantial loss of materic!
- during the third and fourth

il T T L

3B 40 42 44 4 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78
Cummulative Forward Shear Strain, %

REPEATED DIRECT SHEAR
Stress-Strain Curves
Boring H-44, 11.5-ft Depth
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Residual Shear Stress, Kips Per Sq Ft

N

o

R

. . » PP —
FORM DFT-10 (1978) JobNo. __ 019 - o8

Boring: H-44 Depth: 14' O
18' O
Material: Stiff tan and light gray clay,
slickensided with calcareous

nodules
|
F :
L
——
- 1 8 n § 4 A ]
0 i 3 4 5 é

Normal Stress, Kips Per Sq Ft

CONSOLIDATED-DRAINED REPEATED DIRECT SHEAR TEST RESULTS
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SHEAR STRESS, KIPS PER SQUARE FOOT
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GRADATION OF TEST SPECIMEN
Unit Dry Waeight,
Curve oring Paneraran Material pef
1 © H-42A 7-9 Tan fine sand %
2 H-42A 13-15 Tan fine sand ]
15 g= 3 H-43A ~s Tan silty fine sond 97

Note: Unit Dry Weights are
based on piston sompler.

NORMAL STRESS, KIPS PER SQUARE FOOT

TRIAXIAL COMPRESSION TEST RESULTS
Consolidated-Drained, Multiple-Specimen Type
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Test Pit: &

Depth: §'

TEST METHOD: ASTM 1557

OPTIMUM WATER CONTENT: 12 %

MATERIAL: Ten fine sand

UNIT WEIGHT, LB/CUFT

MAX UNIT DRY WEIGHT: 105 Ls/cuFr
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Test Pit: 6

Depth: 10' OPTIMUM WATER CONTENT: 12 %
TEST METHOD: ASTM 1557 MAX UNIT DRY WEIGHT: 110 LB/CUFT

MATERIAL: Tan fine sand
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Test Pit: 7

Depth: 5' g
TEST METHOD: ASTM 1557
material: Tan fine sond

OPTIMUM WATER ZONTENT: 12

MAX UNIT DRY WEIGHT
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Test Pit: 9
Depth: 5' Y OPTIMUM WATER CONTENT 1] %
TEST METHOD: ASTM-1557 MAX UNIT DRY WEIGHT: 110 Ls/cuFT
maTeriaL: Tan silty fine sand
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PER CENT CHANGE IN HEIGHT

pORING: H-42pepTH: P0' UNIT DRY WEIGHT: 114 LB/CUFT
MATERIAL: Very stiff light groy sandy clay warer content: 17 «
LiQuio LimiT: 39
PLASTIC LiMmiT: 14

| Initial Void Ratio = 0.4722

l
; ! L\‘\smmc Gravity =2,68 (assumed)
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VERTICAL PRESSURE, TON/SQ FT

CONSOLIDATION TEST RESULTS

FIG NO. M26
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PER CENT CHANGE IN HEIGHT

PORING H-424 pEPTH: 3'

MATERIAL: Very stiff dark gray & brown  waTeErR conTewnT: 16 o

silty cley LiQuio Limit: 32
PLASTIC LimiT: 13

UNIT DRY WEIGHT: 114 LB/CUFT

"'T ] Void Ratio = 0,469
Specific Gravity = 2.68 (assu ned)

N

N\

L N

Y
\\

10

1

12

13

14

T

15

04 060810 20 40 60 8010 20 30 0%

VERTICAL PRESSURE, TON/SQ FT

CONSOLIDATION TEST RESULTS

FIG NO. M27
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PER CEN7 CHANGE IN HEIGHT

poming H=43 pepry: B5'

UNIT DRY WEIGHT: 110 LB/curT

MATERIAL: Very stiff light grey sandy claoy wartem content: 18«

LiQuio LimiT: 59
PLASTIC umiT: 17

| Initia’ Voi;i Rdfi? @ 0.5159 ;
Specific Gravity = 2,58 (assumed)
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VERTICAL PRESSURE, TON/SQ FT

CCNSOLIDATION TEST RESULTS

Flu NO. M28
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PORING: H=43A pepTH: 1.5 UNIT DRY WEIGHT: 108 LB/CUFT
MATERIAL: Very stiff brown silty clay WATER CONTENT: 13 %
. LiQuio LimiT: 36
PLASTIC LImiT: 14
T Initial Void Ratio = 0.5647
: l IY\"\Spocific vaf?y =2.70 (assumed)
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CONSOLIDATION TEST RESULTS

FIG NO. M29
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oblmu: H-44pgprn: 25' UNIT DRY WEIGHT: B7 LB curr
maTERIAL: Very stiff light gray & brown  warer content: 36 =
cloy with calcareous nodules [jquip LimiT: 70
PLASTIC LIMIT: 22
Or = I —
Void Ratio: 0.938
[T\‘\Epccific Gravity: 2,70 (assumed)
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Curve No,
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Shear Stress,
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Shear Stress,
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Materlal: Stiff tan and light gray clay,
slickensided with calcareous
: nodules
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RESIDUAL

UNCONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST RESULTS
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