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NOTATIONS

The following symbols are used in this report:

Symbols and Abbreviations

Ac

2max

Be

2 I

Dig

€t

ES

€1985

€1971

area of triaxial test specimen after consolidation

maximum base rock acceleration

Skempton's pore pressure coefficient after con-
solidation

cone penetration test sounding prefix

cohesion intercept of a strength envelope

iD - CE

clearance ratio of sampling tube = CE

where ID = inside diameter of tube
and CE = inside diameter of cutting edge

consolidated undrained cyclic load triaxial test

SR test followed by an R phase

diameter at which 10% of the soil is finer by weight
east

void ratio in sampling tube

void ratio

void ratio after consolidation

exploration shaft

in situ void ratio at time of sampling in 1985

in situ void ratio immediately prior to 1971
San Fernando earthquake

force

maximum cvyclic load applied in CR test




k(t)

kmax

LV

NGVD

ol

qa

NOTATIONS
(continued)
field density test

factor ot safety against liquefaction susceptibility
(equal to ratio of S,g/ty)

maximum load above anisotr%pic load felt by sample
during cyclic loading in CR test

feet

specific gravity of solids

shear modulus

acceleration due to gravity (32.2 feet per second)
shear modulus at very low strains

consolidation stress ratio = 01./03¢

goegficient of lateral earth pressure, equal fo
o
h/%y

time history of zverage acceleration of sliding mass
maximum value of k(t)

yield acceleration

laboratory vane shear test; undrained

north

standard penetration tect bhlowcount, blows/foot
National Geodetic Vertic... ‘atum; elevation

mean of minor and major effective principal stvesscs

or vertical effective stress when used in the form c¢/p

one half of difference between major and minor
principal stress; shear stress on plane inclined at
45° to major principal plane;

maximum applied q during CR test; summation of
qe and Fy/Ae




qc

qr

ds

Qus

ol

secC

Sds
SSL

tsf

TS

NOTATIONS
(continued)
q at completion of consolidation

q when peak shear stress is reached during triaxial
test

maximum soil stress felt by sample during CR test;
summation of q., and F,./Ac

q during steady state deformation

q during steady state deformation; undrained
conditions

consolidated undrained, monotonically loaded triaxial
test

south
uegree of saturation
split-spoon sample bLoring number prefix

consolidated drained, monotonically loaded triaxial
test

seconds

drained steady state shear strength
steady state line

peak undrained shear strength
undrained steady state shear strength
yield strength

time

tons

tons per square foot

tripod tube sample number prefix

undisturbed sample boring number prefix




NOTATIONS
(continued)

U = undisturbed sample number prefix for fixed piston
samples from borings
ues = backpressure in triaxial test
V = volume
W = west
W = weight of sliding mass

ag = slope of line through points representing steady _
state of deformation on stress path plot (q versus p)

AV = change in volume

Ae = change in void ratio

6 = shear deformation
a = axial strain
eg = axial strain when steady state deformation is reached

during triaxial test

€p = axial strain when peak shear stress is reached during
triaxial test

€ac = axial strain at end of cyclic loading in CR test
(see Fig. F105)

€erf = axial strain at start of rapid failure in CR test
(see Fig. 105)

err = triggering axial strain; axial strain required to
trigger liquefaction failure

Y = shear strain
Y¢ = total unit weight
Y4 = dry unit weight
Yde = dry unit weight at end of consolidation

Yer = triggering shear strain; shear strain required to
trigger liquefaction failure
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NOTATIONS
(concluded)
Poisson's ratio

friction angle at steady state of deformation in
terms of effective stress

maximum effective stress friction angle computed from
a Mohr diagram

horizontal effective stress
major principal effective stress
major principal effective stress after consolidation

minor principal effective stress at end of cyclic
loading in CR test (see Fig. F105)

minor principal effective stress during steady state
of deformation

minor principal effective stress at start of rapid
failure in CR test (see Fig. F105)

minor principal effective stress
minor principal effective stress after consolidation
effective normal stress on failure plane

effective normal stress on failure plane during
steady state of deformation

vertical effective stress

octahedral effective stress; also contact stress
between soil particles

shear stress on failure plare

driving shear stress on failure plane
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APPENDIX A

SUBSURFACE EXPIORATION _ PROGRAM

A.1 Purpose and Scope

The purpose of the exploration program was to characterize
and obtain undisturbed samples of tho sections of the dam which
did not fail in 1971. Sanmpling was concentrated in the intact
hydraulic fill shell on the downstream side of the dam.

The exploration program consisted of the following:

a. Six standard penetration test (SPT) borings performed
by the Corps of Engineers waterways Experiment
Station (WES) between September 9 and 24, 1985.

b. Twelve cone penetration test soundings (CPT) per-
formed by the Earth Technology Corporation (ERTEC) on
September 18 and 19, 19Y85.

c. Six undisturbed sample borings performed by WES
between September 25 and October 12, 1985.

d. Two groundwater nbservation wells installed by WES
on September 25 and October 4, 1985.

e. One deep exploration shaft advanced by Zamborelli
Drilling to obtain undisturbed samples, perform in situ
density tests, and map sidewalls of the excavation.

An engineer from GEI was at the site during the investi-
gati~n to coordinate and observe borings and soundings. Two
engineers from GEI performed all geotechnical work 1in the
exploration shaft.

The locations of all borings, soundings observation

wells, and exploration shaft are shown 1in Fiy. 3 ol Zhe main
text. Their stations and elevations are presented in

Table Al. Explorations were performed at 12 locations,

Nos. 101 to 112, shown in Fig. 5. Corings and soundings are
referenced to their location number. A description of the

exploration shaft is presented in Appendix B.

The main purpose of the SPT borings and CPT soundings was
to identify the various layers comprising the dam. The SDT
and CPT data was used to identify locations and depths tor
undisturbed sampling from borings and exploration shaf




A.2 Split-Spoon Sample (SPT) Borings

Th. SPT borings were performed to: 1) recover split-
spoc.: samples to classify soils comprising the dam and foun-
dar~ un and 2) obtain standard penetration resistance values
(N-values) of the various layers encountered. Six SPT borings
(S101 through S105 and S111) were performed at the dam site.
Detailed logs of these borings prepared by GEl are included at
the end of this appendix.

Split-spoon samples were obtained every 5 feet in
Boring S104. Intense stratification was observed in the
split-spoon samples of the nhydraulic fill in Boring S104, and
it became evident that continuous sampling of the hydraulic
fill in future borings would be necessary to define zonation
within the hydraulic fill. Therefore, split-spoon samples in
the remaining five SPT borings were obtained every 5 feet 1in
the upper compacted fill, continuously in the hydraulic fill,
and either continuously or at 5-foot intervals in the foun-
dation soils. Each boring was advanced at least S feet into
foundation material.

The SPT borings were drilled with a Failing 1500 truck-
mounted drill rig using standard rotary wash boring tech-
niques. Each borehole was advanced without casing, using
N-rods and a 4-inch fishtail bit with deflectors which
discharged the drilling mud upward. A bentonite drilling mud,
maintained at the top of the borehole during the sampling and
drilling operation, was used to stabilize the borehole.
Split-spoon samples were taken using a 1-3/8-inch-I1.D.
sampling shoe attached to a 1!f2-inch-1.D. by 2.0-inch-0.D.
split-berrel sampler. The split barrel had room feor liners,
but liners were not used. A 140-1b automatic trip hammer
designed for a 30-inch free fall was used to drive the split-
spoon sampler. The standard penetration test N-value used was
taken from the second and third 6-inch interval of a 24-inch
drive. The rate at which the blowcounts were delivered was
approximately 30 to 40 blows per minute.

Stress wave energy measurements of the 140-1b trip hammer
system were made by the U.S. Bureau of Reclamation (Farrar,
1986)!. The energy ratio of the hammer was found to be 72%.

TList of Refererces is presented at the end of the main text.




A.3 Cone Penetration Test (CPT) Soundings

Twelve CPT soundings (C101 to €C112) were performed at the
locations shown in Fig. 5. CPT ecounding procedures and
results are presented by the Earth Technology Corporation
(1985).

The CPT soundings were conducted in general accordance with
ASTM Specification D3441-79 using an electronic cone penetrom-
eter. The cone tip and friction sleeve had outside diameters
of 4.37 cm and a cross-sectional area of 15 sq cm.

A.4 Undisturbed Cample Borings

Unc’isturbed sample borings were performed to obtain
undisturbed samples suitable for laboratory triaxial testing
and void ratio measurements. Six undisturbed sample borings
were performed at the site. Five undisturbed sample borines
(U102 through U105 and Ul111) were located 5 feet east ©f the
SPT borings with the same location numbers. 0One boring,
U111A, was located 5 feet south of Boring S111. Logs of each
of the undisturbed borings are presented at the end of this
appendix.

Eighty fixed-piston tube samples were obtained in the six
undisturbed sample borings. Data for each undisturbed fixed-
piston sample is presented in Table A2.

The tube sample borings were advanced using the same
equipment and drilling techniques as described in Section A.2.
Each tube sample was obtained using a Hvorslev-type stationary
fixed-piston sampler. Sampling tubes were 3.0-inch-0.D.,
36-inch-long thin-walled galvanized coated steel tubes with a
wall thickness of 1/16 inch. The cutting edge of each tube
was machined and the clearance ratio, CR, of each tube was
measured. Clearance ratio is defined and the values for each
tube are presented ‘n Table A.2. <C(Clearance ratios of tubes
ranged from 0.08 to 1.28% and averaged 0.6%.

The tube sampling procedure consisted of lowering the
sampler to the bottom of the borehole with the actuating rods
fattached to the fixed piston) inside the drill rods. The
actuating rods were fixed to an independent frame that was set
up over the borehole. The frame was supported on steel rods
driven 2 feet into the ground. The sampler was pushed
hydraulically in a smooth continuous motion until a pressure

of 550 psi or 24 inches of penetration was reached. The
penetration and any movemencts of the actuating rods and frame
were caretfully measured before and after each push. The rube

was withdrawn from the bottom «f the borehole in a smooth
constant motion using hvdraulic pressure to pull the rube at a




rate of 1 incli per second or less for the first 2 feet. After
the sampler was pulled free from the bottom of the borehole,
withdrawal continved to the ground surface at a slow uniform
rate no greater than 1 foot per second.

Special care was taken to avoid jarring or disturting
the tube samples during sampiing, storage, and "ransportatic..
Each tube wes held in a vertical pos’'%ion at all times from
sampling in the field to arrival at GEIl's laboratcrv in
Winchester, Massachusetts. Precise measurements were made of
sample penetration, sample recovery length, and any change in
sample length during storage and transportation. Soil volume
changes which occurred during the sampling operation,
expressea as AV/V, are summariced in Table A2. A large numter
of samples had very little "»lume change during sampling. Mo
changes in sample length were recorded after storage 4nd
transportation to GEI's laboratory.

All undisturbed tube samples vere brought to Futura
Engineering Laboratories Inc., Sante Fee Springs, Zalifornia
for x-raving. A GEI engineer was present during x-raving to
assist in handling the tubes,.

A.S5 Groundwater Observation Wells

Grouniwater observation wells were installed at
Locations 134 anu 111 showr in I'ig. 5. Groundwater obser-
vation well reports are presentea at the end of this appendix.
The following stabilized groundwater levels were recorded in
each well:

Well No. Date Groundwater
Elevation,
. NGVD, frt
CW104 10/17/85 1016.4
oW1l1l1 10/17/85 1011.3

Grecundwater elevaiion in the exploraticn shaft, located
14 feet from OW111, was 1012.4 in December 1985.
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TABLE Al - SUMMARY OF BORING AND EXPLORATION SHAFT
LOCATIONS AND ELEVATIONS

Lower San Fernando Dam - California
Number (1) Station Offset from Dam Ground
Centerline, ft Elevation
(NGVD)
C101 16+45 68.8 S 1115.5
C102 16+50 54.0 N “114.6
c103 9+40 132.0 S 1093.9
C104 9+40 73.1 § 1114.5
C105 9+40 23.4 S 11141
C106 5+90 73.1 S 1114.8
€107 16+45 23.4 S 1115.2
c108 12+85 132.0 § 1094.4
C109 12+85 73.1 S 1114.9
C110 12+85 23.4 S 1114.3
Ci111 5+90 132.0 S 1095.1
C112 5+90 23.4 S 1114.4
S101 16+40 68.8 S 1115.5
S102 16+40 54.0 N 1114.6
S103 9+35 132.0 S 1093.9
5104 9+35 73.1 8§ 1114.5
S105 9+35 23.4 S 111401
S111 5+85 132.0 S 1095.1
oW104 9+55 73.1 S 1114.5
OW1l11 5+95 132.0 S 1095.1
U102 16+35 54.0 N 1114.6
U103 9+30 132.0 S 1093.9
U104 9+30 73.1 S 1114.5
U105 9+30 23.4 S 1114.1
U111 5+80 132.0 S 1095.1
Ul111A 5+85 137.0 § 1095.1
ES111 5+85 120.0 S 1097.5
Note:
(1 C - Cone penetration test sounding
S - Split-spoon sample boring
OW - Observation well
U - Undisturbed sample boring
ES - Exploration shaft
Project 85669
Geotechnical Engineers Inc. Septcmber 2, 1987




TABLE A2 - UNDISTURBED FIXED-PISTON SAMPLE DATA
Lower San Fernando Dam - California

Geotechnical Engineers Inc.

Page 1 of 3
Boring Sample Elevation(l) Clearance(z) Penetration Gross AN/V(3)
No. No. Top of Sample Ratio of Sampler Recovery During
CR P R Sampling
ft A cm ___¢cm 7
U102 UF-1 1054.6 0.549 6l.5 61.2 0.60
UF-2 1052.6 0.509 61.0 60.6 0.36
UF-3 1050.6 0.169 60.3 59.5 -1.00
UF—-4 1048.6 0.568 61.1 60.6 0.31
UF=5 1046.6 0.494 60.3 59.9 0.32
U103  UF-1 1017.9 0.568 44.7 35.2 -20.36
UF-2 1015.9 1.219 36.9 36.1 0.23
UF-3 1013.9 0.925 59.6 58.4 -0.11
UF-4 1011.9 0.941 60.1 59.5 0.87
UF=-5 1009.9 1.004 60.8 60.2 1.01
U104  UF-1 1046.8 0.596 61.3 60.7 0.20
UF-2 1044.4 0.930 60.7 60.1 0.36
UF-3 1042.5 0. 642 60.7 59.6 -0.55
UF-4 1040.5 0.665 61.0 60.0 -0.33
UF-5 1033.5 0.766 60. 2 57.4 -3.18
UF-6 1031.5 0.797 60.2 58.7 -0.93
UF-7 1024.5 0.660 55.8 53.4 -3.13
UF-8 1022.5 0.582 59.8 58.8 -0.53
UF-9 1020.5 0.741 55.8 55.7 1.31
UF-10 1009.5 0.527 59.8 59.6 0.71
UF-11 1007.5 0.288 43.4 41.2 -4.74
UF-12 1005.5 0.247 24.6 23.9 -2.,42
UF-13 1003.5 0.743 57.6 56.0 -1.33
UF-14 1001.5 0.623 60.5 60.1 0.58
U105 UF-1 1064.4 0.187 61.7 60.8 -1.09
UF-2 1062.1 0.270 60.6 59.9 -0.62
UF-3 1051.1 0.700 60.5 59.7 0.06
UF-4 1049.1 0.656 61.2 60.5 0.16
UF-5 1047.1 0.522 60.6 59.9 -0.12
UF-6 1045.1 0.288 61.3 60.4 -0.90
UF-7 1038.1 0.224 62.4 62.1 -0.03
UF-8 1C36.1 0.564 60.8 59.9 -0.37
UF-9 1027.1 0.594 59.6 58.4 -0.85
Notes: See page 3

Project 85669
September 2, 1987




TABLE A2 - UNDISTURBED FIXED~PISTON SAMPLE DATA
Lower San Fernando Dam - California

Page 2 of 3

Boring Sample Elevation{l) cClearance(2) Penetration Gross av/v(3)

No. No. Top of Sample Ratio of Sampler Recovery During
CR P R Sampling
ft % cm cm %

Ulos UF-10 1025.1 1.054 62.1 60.8 -0.02
UF-11 1022.1 0.196 59.6 59.0 -0.62

UF-12 1020.1 0.439 61.0 59.8 -1.10

UF-13 1018.1 0.564 60.9 59.8 -0.70

UF-14 1016.1 0.169 60.4 59.7 -0.82

Ulll UF-1 1071.1 0.425 60.8 53.3 -11.59
UF-2 1069.1 0.330 6l.4 52.0 -14.75

UF-3 1047.1 0.320 63.1 63.3 0.96

UF=-4 1045.1 0.459 61.6 60.1 -1.54

UF-5 1043.1 0.215 60.6 59.8 -0.90

UF=-6 1041.1 0.215 53.4 50.3 -5.40

UF-7 1039.1 0.219 34.4 32.5 -5.11

UF-8 1037.1 0.329 35.5 35.2 -0.19

UF-9 1035.1 0.229 60.6 59.2 -1.86

UF-10 1033.1 0.293 53.3 51.2 -3.38

UF-11 1031.1 0.311 50.2 48.9 -1.98

UF-12 1029.1 0.215 56.4 54,2 -3.49

Ur-13 1027.1 0.499 42,3 41.3 -1.39

UF-14 1025.1 0.518 14.0 13.6 -1.85

UF-15 1024.1 0.462 52.4 51.8 -0.13

UF-16 1022.1 1.286 60.5 59.8 1.40

UF-17 1020. 1 0.082 51.0 50.0 -1.80

UF-18 1018.1 0.408 60.6 60.1 ~0.01

UF-19 1016.1 1.183 61.3 60.3 0.71

UF-20 1014.1 0.160 6l.4 60.6 -0.99

UF-21 1012.1 0.717 60.5 59.2 -0.74

UF=-22 1010.1 0. 504 61.7 61.0 -0.14

UF-23 1008.1 0.462 53.5 53.0 -0.02

Ullla UF-1 1047.1 0.490 60.8 61.1 1.48
UF=-2 1045.1 0.444 59.8 55.9 -5.69

UF=3 1043.1 0.431 59.7 59.0 -0.32

UF-4 1041.1 0.541 60.2 57.3 -3.78

UF=5 1039.1 0.536 54.5 53.7 -C.41

Notes: See page 3

Project 85669
Geotechnical Engineers Inc, September 2, 1987




TABLE A2 - UNDISTURBED FIXED-PISTON SAMPLE

DATA

Lower San Fernando Dam — California

Geotechnical Engineers Inc.

[}

AV/IV

2
[Q* ?§O> X %--I] x 100 (in percent)

Where: CR = clearance ratio of sample tube, defined above.

gross recoverv
P = penetration length

Positive values indicate sample expansion; negative va
indicate sample compression.

lues

Page 3 of 3
Boring Sample Elevation{l) Clearance(2) Penetration Gross AV/V(3)
No. No. Top of Sample Ratio of Sampler Recovery During
CR P R Sampling
ft A cm cm %
Ulll1A UF-6 1037.1 0.508 58.9 57.9 -0.7¢C
UF-7 1035.1 0.568 59.1 57.7 -1.26
UF-8 1033.1 0.559 40.0 38.5 -2 67
UF-9 1031.1 0.828 48.1 47.2 -0.24
UF-10 1029. 1 0.855 59.6 58.5 —0.16
UF-11 1027.1 1.145 27.2 27.2 2.30
UF-12 1025.1 1.116 24,7 24,1 -0.24
UF-13 1024.1 0.800 49,2 48.6 0.37
UF-14 1022.1 0.91 60.0 59.2 0.47
UF-15 1020.1 0.550 56.1 53.5 -2.86
UF-16 1018.1 1. 186 60.2 59.7 1.54
UF-18 1014.1 1.005 60. 4 59.5 0.50
UF-19 1012.1 0.824 60.6 59.5 -0.19
UF-20 1010.1 0.620 59.3 58. 4 -0.29
UF-21 1008.1 0.710 6l.1 60.6 0.60
Nntes:
(1) Elevation Datum is NGVD.
(2) Clearance Ratio (CR) is defined as:
1D-CE 0
CR = cE * 100%
Where: 1ID = inside diameter of sampling tube
CE = diameter of cutting edge of sampling tube
(3) Change in volume during sampling (AV/V) is computed as:

Project 85669

September

2, 1987
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7 Jcc. pockets of very dry gray clayey sana.
o 9 -
. 4
s 1
L .. i
o -
- 4
o -4
- 23 j
F -
- 4
- -
- -
pb— 24 —
- 4
r A
- P
L 4
b 25 —
1 4 !
I~ 56 ‘9 wls S6 - SAND, narrowiv grade! ed, to tire sand. ﬁ
- Th ‘ .irht hrown o590 4 L. contalned 4 3 famed 4
N on 1 anhoe.
e
B.OWS SIT 6 40 8 HAMMIN AL (ING 30 M AV A20m 00| MNOTES J
TPt P TN SAMPLER
PN LW TRATON LENGTH OF SAMPLER DR COME BARREL
SEC - MECOVERY LENGTH OF SAMPLE
RGO LENGT™ OF SOUMO CORES > 4+x / LENGTH CORED. %, tee page AR
3§ IRUT SPOON SAMMLE
G UM S TURSED SauMm L3
-1 LBy TURE 20 0LNISON
«f S Hago MITON PLAS M 17 )
40" OSTENSENS 0L
7 GROUNOWATTR OBITECMNK AL ENGINERAS DOC sarg o /R
¥ et ¢ el seonCr IRAT




BORING LOCATION Ste 16-40. ¢8.8'SGROUND ELEVATION (NGVD). . il3,3 (5 _ DATE START/FINISH _S.i0/as  A:20/m

S10!

INCURATION VYerticel BEARING Na TOTAL DEPTN (FT) 23S ORILLED 8Y ¥, Stewart. wFS/COL
CASING ID_Not used CORE SIZE_NA GROUNDWATER EL. sl DATE ___- LOGGED 8Y___.R, Pecrirs DATE13-17/%3 | PG. 3 OF 7
EL OEPTH SAMPLE REMARKS
i
TYPE |BLOWS | PEN] REC SOIL AND ROCK DESCRIPTIONS
and PER
FY FT NQ 6 IN. IN. | IN
o B
[ 16
s6 ;Z 1S S6 - See previous page. ]
- 0 4
b 27 -
- -
~ ]
o 4
|- 28 -
-~ -
! ]
= -
- <
29 -
3 4
! 1
ST
- 0
™ $? 12 61 1s $7 - SAND, narrowly graced mea. to fine sand. mostly med.., JT coarse
- 3 16 sand, 8% nonplascic fines, light brown (5P)
- 20 j
- 32 -
: j
- 1
= 33 -
-
- 34
-
L
L 15
N 9
F s8 15 2117 58 - SAND, narrowly graded mec. to fine sand. mostly “inc, “10% non-
= 36 16 plastic fines, light brown (SP-SH) Sampie concalned two cthin sandy
o 17 silt lenaas,
-
— 17 —_
- -
I ]
= 28 ':
[ ]

BLOWS PUR & 140 MAMMER FALLING 3O TODAVE 4 20m oo NOTES
SPUIT SPOON SAMPLEA

PN PEME TRANON (EHGTH OF SAMMUER R CORE BARATL

BEC SECRLERY LENGTR O SAmAL

A00 LENGT™ OF SIAMD COREY > 4.8/ LiNGTH Cuned. Y,

3°9PUT 100N SaMALE

U UNDIBTURSED SAMA[3

43 T SMELAY TLeF 2N GENISON
JfFiaED PiytON PP TCMER
VO OIrInsLmg R 1 4

'J AROUNGWATER

ee Page 1

FoRVALLNTT T To6 IR THE

g
1\0

OSUTECHNICAL E33UNE RN DeC
Ararmaa  amma e

ST
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BORING LOCATION _ita ihs40. 68.8'S  GROUND ELEVATION (NGVDL__Liis.3 (s DATE START/FINISH _3019/8s J:20/85 SIO]

INCLINATION __Yertical BEARING __%A___TOTAL DEPTH (FT) __d7.9 ORILLED BY F. Scewsrt, “ES/COE
CASING 10 __3a¢ uscd CORE SIZE _ya ___GROUNDWATER EL._:k'/ ___ DATE . LOGGED BY _i,R. Parxina DATE 3/33:205 PG 4 oF 7
EL OEPTH SAMPLE REMARKS
TYPE |BLOWS| PEN] REC SOIL AND ROCK DESCRIPTIONS
and PER
T FT M0 1618 J NN
- - —
1 39 .*
o e
- p
r-AO -
- -
- 12 ]
- $9 7 26 19 59 SAND, narrowly graded fine mand, “~'0T nonplastic ftnes,
b~ 41 19 ~15% med. sand, brown (S5P-SM) Saampie contained chree chin
L- 22 lenses of sanay stlt. .
- 4
o -
b &2 —
I 4
[ ]
-
- d
43 ~
- -
- p
=
L
-
9
[‘ Approximste [nterface - Rolled F{ll J
45
E Hydraulte Fill 4
I P
s S E
$10 15 2| 20 si0 SAND, narrowly graded me., to fine sana, ~10% nonpiastic
- 46 13 fines, brown (SP-SM) Saaple contained three i- to ~3
r 12 2"-thick layers of stratified sandy clay to sangy silt. -{
- 4
o7 ~
N +
- 3 -
o 5 S11-Top 3": SAND, w dely rraded coarve to fine sand, <3% fine gravei, -
-y s 14 119 5% nonpiastic fines, brown (SW) -
s 20 Next "- SANDY SILT, non to sl. plastic fine¢, “45%X fine sand, ,
g szcatifies, dark olive brown (ML) ]
Next 3": SILTY CL\Y, moa. plastic fines, (5% fine aana, stratifled,
o dark oli ‘e brown (CL) hr
o Bot B8": SAND, nairowiy graded med. to fine sand, “10% coarse sand, -
M-69 S% nonplastic fines, light brown (S$P) ﬂ
L
4
: 1 i S12-Top 8&": SILTY SAND, narrowly graded fine eand, “15% ncnplascic
$12 S 124 |19 fines, scratified (SM) Top 2 of section was orown and h
=50 15 bottom i/ wvas gray. The above sections were separsced by a
L 16 R"-thick layer of stratified sandy siit, e
L Next $”: SAND, narrowlv rraded mea. to fine sand, (5% nonplascic p
- fines, .1ght brown (5PF) 4
C Bot 2": SANDY SILT, sl. plascic, scractfied (ML) d
b 51 S13-Top S": SAND, narrowly praded fine aand, “'0% nonplasttic fines, .
13 ~1 0% med. sand, olive grav (5P-5M) »
C A Yext 2"+ SILIY CLAY +mn SANUY >{LT, scracifled (CL-HL)
LRE1 NS FLN IRE Next 6": SAND, wide.v radea coarse to tine sand, <5% ronplascic ]
.') fines, o.1ve gcay :5W)
52 “ coanCLinues NN neéxc page -1
BOWS PR G 40 g RAMWER fa. %G 30 TOOMVE A 2O 00) NOTES
SFL T SPUUN SaMP (R . N . '
PENC PENE TRATION L £GTH OF SAMM LR OR CORL BARREL i See Page .
BECALCOVERY LINCTN OF SAMAL RE-EVALUATICN OF THE SLIDE IN THE
OO LENGTI OF SOUND CORES D @ik / LENGTH CORED. % LOWER SAN FERNANUO DaAM
3°3AUT 3P00% SAMAL
U UNOISTUARLD uA O
43 c 3mtLpY Tust PR L1l
JFEELD MITON e mTEMLA
40" OSTLARLAS e
AN GBUTECHNICAL ENOINEEAS DNC sarg 3/10:86

2 GROUNOWATIR

ST ¢ e Y seaqcr 85669 ]




BORING LOCATION 824 16,40 88 A'S _ GROUND ELEVATION(NGVOL._ 11188 {1 _ DATE START/FINISK M19(A% _ /3/20/88

S10|

INCL . ON_Yertical BEARING _MA TOTAL DEPTH (FT) A3.3 ORILLED BY ___T. Stewvarc, WES/COZ
1}
CASING 1D ot used CORE SIZENA___GROUNOWATER EL.__ % DATE _-__ LOGGED BY_i, R Perejne _DATEVS:20/83 | PG D of 7
(1% DEPTH SAMPLE ! REMARKS
TYPE [BLOWS | PEN| REC SOIL AND ROCK DESCRIPTIONS
ond PER
(A4 [as NQ LAL] IN IN.
34
e 13 -4
b $13 10 26 ] 16 S13-Bot 3": SILTY SAND, narrowly graded fine sand, ~20% nonplascic 4
L 13 fines, stratified, olive gray (SM)
-
- 53 —
- -t
- e
|- 4
L 8 .
L 54 1% 13 16 S14 SAND, nartrowly grraded fine sana, ~'0% nonplastic fines, A
S 12 % “10% med. sand, oiive brown (SP-SM) Saaple contained a 4"
[~ 10 thick layer of scracified silcy clay.
-
- 4
g :
~ 5§ —
- 2 Si5-Top 10": SANDY SILT, sl. plastic fines, ~35% fine sand, dark oitve B
- xray (M) 4
Y'Y $1S 'Z 26 | 16 8ot 6" SAND, wideiv graced coavse to fine sand, “!'0% nonpiastic -
1‘2 fines, ~10% gravel up to 2", brown (SW-SM)
- 1
= 57 -
o -
o -
B 6 S16-Top 2": SAND, widely graced coarse to fine sand, moscly med., 5% -
o 11 nonplastic fines, brown (SW) -
58 $16 16 26] 14 Next 4": SILTY CLAY to SILTY SAND. Top of seccion consisced or -
- 13 scrscifled milty clay with fines content decressing with E
L depth ¢to a stlty fine sand containing ~ 25% nonplastic b
| fines, o0ark olive gray (CL-SM)
Zot 8" SAND, narrowly miaded med. co fine sanc, mostly mec., <5% T
o nonplastic fines, ~10% coarse sand, light gray (SP) b
’; 59 -
- -
- ~
- 10 . b
517 s l24 20 S17-Top 3": SILTY SAND, narrowly graded fine sand. “13% nonplastic |
= 60 10 fines, 0% med. sand, olive gray (SM)
t 14 Next &4": SANDY CLAY, el. to mod. plascic fines, “15% fi{ne mana, -
scracifleo, dack olive gray (CL) -
I Bot 13": SILTY SAND, narrow'y graded fine sana, &8% non co sl. .
8 plascic Ii{aes, dar olive (SM) -
L S18-Top 4": SILTY SAND, narrowly graded fine sand, “'%1 nonplastic B
- 3 fines, dark clive (oM
3 Next 5": SILTY CLAY, mod. plastic fines, ~10% fine sano, stra-
~ 62 @s8 7| tifled, dark olive (CL)
2 10 Jn o= 1.6, V.7, 1LY rsf
o vext 5°  <ANDY SILT, sl. plastic fines, “w0% fine sand, dark olive
L pray (M)
| Bot 9": SILTY SAND, narrowliv graded fine sand, “15% non to si.
- 63 plastic fines, 10X wmed. sandg, cacrk gray (SH)
-
o 519-Top 127 31LTY SAND, narrowly graaea fine sand, “)0X nonpiastic j
- 3 fines, o.lve gray (3M) Sample contalned lavers of acra- 4
- 519 8 26 | 18 citied stity clay up t~ ~12" thicx. __{
64 i Next i SAND, narrowly qradea med. to fine sana, mostly med., <5%
" 12 nonplastic fines, Light brown 3P
= 3ot 5" SiLTY CLAY, moa. plastic ti-eca, ~1JY fine sanoc, st:ra-
o citled, darx olive nrown (Lo
L -
[ 41
BLOWS FER & *140LA WAMMER Fai (nG 30 TOOAVEAZOMOC] NOTES ] |
SPUIT SPOON SAMDy ¢m
PTN - PINE RATON . [NGTH OF SAMPLLA OR CORE BARREYL e Faze e - -
REC SECOVEMY LING™™ OF SAMPLE b crebvaAL v T ToUIITE DN THE
Q0 LEWG ™ OF S Rn0 COREY D4 n /LINGTH CONCD. Y, l TOWER SA L b rSANDU AW
S SAUT 900N LAMALE
G TIRAFN QAN PR
-3 T SHELBY TusE ST DL 0% '
JE - FINED MYTON LR PYTaER
40" DSTIAGLAG W
2 gmouUNDwATER UBRITECHNICAL ENOINERAR INC a2 ke
4 l arae e+ saaios oy [




BORING LOCATION __iia i8:30. 6.8°5 GROUND ELEVATION (NGVD)___uit.3 (5 DATE START/FINISH 2013m  Zezoies | G
INCUNATION _yeccical BEARING __ 3o TOTAL DEPTH (FT) 3%.5 ORILLED BY . Stewart -ES/COE
)
CASING ID_Nog uses CORE SIZE_na  GROUNOWATER EL el DATE LOGGED BY _L2_ fersios DATE2. 28c (PG 6 OF 7
EL DEPTH SAMPLE REMARKS
t
TYPE |BLOWS] PEN] REC SOLL AND ROCK DESCRIPTIONS
one¢ | PER
FT [ad NQ € IN LY EL)
[ <5 1
- 2 S2v SILTY CLAY, moa. plasttc fines, ~1UX fine sana. stra- ]
5 tified, very dark olive brown (CL} uUcc. irregular b
t_ 66 ; )19 pockets and lenses of silcy fine sand. —
10 Q. = 1.3, 1.3, 1.5 taf, botcom to top J
- 1 v
- j
}-
- 67
L
[ 5 Wl 22 S21-Tap 16 SANDY SILT, si. plasctc fines, ~u5% fine sanad., o..ve Lrown b
- 68 9 ISM-ML) "'1
L il ot 6" SANDY CLAY, sl. to mod. plastic flnes, ~20% fine sang, B
L scratitied, dark olive orown (CL) Occ. irreguiarc <
| pockets snd lensee of silty fine sana. 4
N 4
- 69 -
L_ - ) B . i -4
? wl 2 S22 SANDY 5ILT, si. plascic fines, “~30L fine sana, stratified, 4
o w0 dark olive (ML) Occ. irregular pocxecs and lenses ot _J
- 70 1) sticty fine sand. B
L r
[ -
s
- 71 4
: B _
[ i
I f S23-Top 7": SANDY CLAY, mod. plascic fines, <5% fine sana, scracitied,
- 72 very dark brown (CL)
| 523 ?: LAY Sy = 0.5, 0.69 cof
1 - 1,
| a Qp = 1.0. 1.0 usf
-
— 73 'j
-
" . i
- 826 b %l 1e sS4 SILTY CL/Y, mog. plastic fines, <5% fine sana, sccacCified,
7% ] dark olive (CL)
N 0 Qp = 21, 2.2, 2.2 taf
- 75
-
r—
- 6
- L IR Bl 525 Stmtlar to §24 (CL)
= 76 12 Qp = 1.8, 2.2, 2.2 tat, batcom co cop
-
- 77- $26-Top 6": SILTY SAND, narrowly zraded fine sana, “~25% nonpiastic
}_ 9 fines., oiive brown (SM}
L NA Nexp 127 SILTY CLAY, moo. plastic tines, <51 fine sana, sacratified,
s26) 12 Wl 2 datk o.i1ve prown (L,
™ 22 p = PeBL 100, 2.0 rst -
BLOWS SES § 60N AMWES 14 ~G %0 TOOMW a20mop] NOTES
IM 1T SPOOR JawPLLA .
PN PEE TRATION LENGT OF SAMAIA O CORE SAAREL See Pape 1,
MLCRECOVENY LENGTH OF aawnd SE-EVALUATION OF THE SUILE IN THE
RO0-LENGTH OF SOUMO COMES > 1M/ LLNETH CORED. % LOWER SAN FERNANDC -AM
3 3PUT SPO0N MMAE
U UNOISTURBED SANMPLES
us - BT TUBL 3~ 0RNI 90N
wl - FINL0 MITOR ]
0 - OSTLARLAS . S 0/86
ISOTRCH®ICAL ENGULESAR DIC SATL o b
§ rOumouATIR (D ° . ¢t seomct 85669




BORING LOCATION __Sia 1oaid 4 4's GROUND ELEVATION (NGVO) 1l (s 0aTE sTART/Amisn anuss soaum | S 10|
INCUNATION _yerzical BEARING _xa TOTAL DEPTH (FT) 258 DRILLED BY L. Sicwaci. sfS/COP
CASING 1D _tos_ueed CORE SIZE A GROUNDWATER EL.__a'' _DATE _. _ LOGGED BY_: s reraica OATE 2:3a/88| PG 7 OF 7
EL OEPTH SAMPLE ' REMARKS
TYPE [BLOWS| PEN] REC SOIL AND ROCK OESCAIPTIONS
snd PER
T FT NQ 6 IN iN N
L 78 d
g 26 ‘° Approximace Incerface - rvdraulic Fill 4
o s .2 Wwope TRiinving '—i
r. 79 70 $26-Bot 6": SILTY SAND, narrowly graded fine sandg, )01 nonplascic
:_- flnes, 10 aed. sand, blackisn olive SM) -
~ j
¢ (Y30 LN DI S
g 39 $27-Top 127: SILTY SAND, narrowly graced fine sandg, ~2%% nonplascic p
- i fines, ~10% med. sand, black (5M) B
- 80 Boe 17: Cravel _j
- <
1 4
. <
e 81 - —
- 328 == ) b S28 SAND, narrowly graded fine sand. ~5% nonp.astic fines, A
L yellow-brown and rray (SP) p
o 4
— 82 -1
[ ]
- -
L 4
- A3 -
- p
b 4
F B
F -
= 84 -
- 4
. 4
-
-
M- 85
[ 329 60 |6 ¢
- -
)
o Bottom of Borehole - 85.5 ft b
C 86
[— 87
-
-
L
|- 28
-
-
-
— 89
-
-
= -
+ ~
- 90 —
- 1
- -
o , -
Lo ' -
. L
BLOWS SR & 40 0 nAMWER Fa, NG IO TOOMVE 420w cof NOTES
Lo T SPTOM JAMPLES
PYH ST TRATN (W TR OF CAMM ER MR CORE BARRE . “ee Fage |
REC RICOVENT LB TR OF SAMPLE CioBEVAL AT v P TOF IR N TuE
#00 LING ™ OF SOUND COMES D> 417 / LENGTN CORED % L WER SAN FESNANDO CAM
97 3PUT $P00N Saum ¢
VOUNOIITURRID Sawm DY
RS LY L4 LT 0ENION
P T uID PaTOM o TTHA
<0 OITAGLAS v o0
™ SROUNOWATER ! OMITECHNICAL BNOINEEAS I0C care 0 “" i
4 l rar TR ¢ esdmacemm e omamct RONAI |
—_—




BORING LOCATION Siaova . "l si_ . GROUND ELEVATION({NGVOL ____._ . & DATE START/FINISH .+ 30 /L - SIOZ ]

INCUNATION _yezrica; BEARING ;g TOTAL DEPTH (FT) _.. . SRILLED BY eyt
CASING 1D ko2 useq CORE SIZE _nsa _ GROUNDWATER EL N CATE _, LDGGED BY i ircaiza OATE = o -] PG
[ 18 DEPTH SAMPLE REMARKS
TYPE |BLOWS| PEN{ REC SOiIL aND ROCKN DESCRIPTIONS
and PER
FT FT NQ 6 IN L] N
es | 7 Borencle B
advancea R
using
. . a ) ) 4
\‘ ::::::r S - SILTY SAND, wiyeiv graded <oarse o flne sand. =ost .y tine, oL B
[-_ ) st ZT Wl roring nonplastic tines, ~iJ% gravei up Lo 27, brown ]
+ rechnigues _
t e “ieh & i
bentonite
o acilling b
o ~ud. R
— 2 iesaneqd out —
[ Sorenoie 4
L | sith e s B
H Tiantat
+ Sie wirh b
u ipwara 4
— 3 . Lecting. —_
o I
\
L I

50 - L1LTY

5 - . ~.oleLy iTAles S Aarse o llre #3011, T et v e, 5%
IS S S “orpiLay

toes, - MU graver Lp 1o 3 T, tiown g

: aiar .
[t Y I Tolew, LVars. e ., o RS

'*v‘*"?_r'T"T-T_T"Y_T"Tﬁ“r_T"T_T"Y_fl [ TYT T T T T T T T TrrroTr 7
.
v
kY
»
-
Y
-
a
»
-

R S S BTN WA I ST W T U T 1. ..

|
J 4 ' ———— - —
L T wm N TEY
T N e
SEN PRl TRE L fNLTR s AR A TR Ay ganwy ‘ cear . . .
LU TRV £ o BRI S YT '] 2 A N A
BT TG S TG COMEY >4 M gt T RED N, i . . . ) )
AR e N Same T 4 * - . -
A LR I TR E | A rare ceal oun
LR ELY ML} e )
Torarn =t romraln |
KLY ] ) P
! + -~ -
€ TumomATEn ) W NN AL R=NNEAR DR At
¢ e A, et -~
i

L




BORING LOCATION _iia 10:40, 340'8 GROUND ELEVATION (NGVOI__Liie¢  0ATE START/FNisM auxer 2o | GlO2
INCUNATION _vercycal BEARING __xa  TOTAL DEPTH (FT) 20,8 ORILLED BY L. Siavery, -63/63€C
CASING 10 __Not_sses CORE SIZE _*A__GROUNDWATER EL. 2"’ DATE _ LOGGED BY &, rizaica CATE 2 6= " | p6 2 oF B
(48 oErm™ SAMPLE REMARKS
TYPE |BLOWwS| PEN| REC SOtL AND ROCK DESCRIPTIONS
and PER
Y FY NQ 6 IN IN N
L i3 ]
s 1
- 1
14 —
L E
- .
- B
b -
b= 15 -
: ]
- 0 Se - GRAVELLY SAND, wigelv graued ccarse to fine sand, ~ (0% artavel up to -
L 1 S4 REF N 3/47, ~101 nonpiastic finem, xrav ang brown SW-5M; 3>ctom of —_
! LI e sample containea 2" of fresnly broxen gravei. ]
3 16
o -
o 4
- 4
= 17 I —.“
|
- { .
- ! ~
- 16 -
E -
F “
b 4
L 4
. h
L r
I <
- 3 P
~ 21 7 S$5 - GRAVELLY SAND, widely grsced coarse to tine sand, Y101 gravei up to —
ss | 27125
- 33 ' 3/8", ~10% nonplastic fines, vrown and mray (Sw-SM} p
}. 42 ~
[ 1
o .
- 22 -~
L
b
L
= 23 -
L 1
- !
— 24 -
L
-
E
— 25
F s6 L ol g N SAVELLY SAND, widev o ated Arae Lo fine sacy, 0 L ograves D Lo
r~ . * TN noenplastie CLnes, xXidy o+ 5 brown “
. N |
BLOWE PUR & 4N B “AMMIA FA. | 4G 30 TCOMW A2Cm 00| NOTES
ST SPI0w SaMPL(R . |
SE- ST TRATION L ENLTH O SAMM LA OR CORT BANRE ne rage {
DF P ef WY g Th GF SAMMT S bNAL e Ln : . , N i
PO LLNGT DS WAIND CORES D 4N/ LENGTM (CRED % . C_wi R OSAN brsNANCS AM
R L, EVOLY] i -
U mOITUNBED SaMAL LT ,
S AmrLBY TLBE R ]
St e yThN KRR Il
LG GITEASEM Ke |
“1 ganmowsTER | ( P TECHNITAL ENGINEERAS (NG a2 ks
* J + P R v ) SeORTT Mk




BORING LOCATION _sta i++0, 34D'N  GROUNO ELEVATION (NGVDI___:114-6 DATE START/FINISH ___ 2 16/83/ 2i11i08 Sl 02
INCLINATION _ vertical BEARING _ NA TOTAL DEPTH (FT) 36,0 DRILLED BY r. Stewart, wiS/COE
CASING 1D__ot uses CORE SIZE_MA__GROUNOWATER EL.___*! _DATE __- _ LOGGED BY .3 rccpuns DATE 92w | PG 3 oF 8
&L DEPTH SAMPLE REMARXS
TYPE |8LOWS | PEN] REC SOIL ANO ROCK DESCRIPTIONS
and PER
FY [AS NQ | 618 IN | N
|
L 3 -4
L s6 ,3 ]9 S6 - See previous page. B
2
H 22 :
L 27 _
o -
= e
- 28 —
o E
o -
o 4
— 29
A B
L -
- ]
= 30 —
- 4
" b
o 4
? -{
L 31 s7 Jla| s S$7 - SILTY SAND, narrowly araded fine sand. “~20% nonpiastic fines. ~10%
' 20 med. o coaree sand, brown (5M) Saaple contained one i” piece of -
§ 22 Rravel. ~
o ~
o e
M= 32 -
- -
-~ 33 -
o e
o -
o -
ST :.
- -y
I i 4
o -
- 35 -
F 4
F .
- 4
a -y
36 58 PRI T IRT S8 - GRAVELLY SAND, wigelv zraged coarse to fine sand, ~'5% grave. up to
3 2", ~10% nonp.astic fines, gray and brown Sw-SM: h
25 B
4
4
.
37 ‘ -
| )
! —
35 | ]
1 N
i e
| P

B PIRE 4" B SAMMEY 4 NG X0 MOV ArTeoc| NOTES
C TR o Sawe e

CUN LN TRAT T NI OF SAMMLA OR CORE Bapat ) ve rade
BT REOOVEAY L INGTR OF SAMS L SE-EvA ATLN LIS
SOC ANGTH W WOUNO COMER >4 R/ LETH CCALD % : . [‘i‘ g;\’,'-\»A\'
§ SALT $PO0m LMA( SRR FrnAne
4 UMOIBTURBLD BAWALEY

PR LI LA ] g LT R SOm

L ragh METOM LR et Y

-0 oITUREY PN 1
_2. owaren q) CBITECNNKCAL KIS LAR DR

O P e

cargy T RA
reomct 85669




BORING LOCATION __sia l6e40. 340'% GROUND ELEVATION (NGVOL____1}1¢,8 _ DATE START/FINISH _4/18/8%

JALIE )

S102

INCUNATION __Vertical BEARING NA__TOTAL DEPTM (FT) 2.9 DRILLED BY F. Stewart, <£3/COL
g . 8]
CASING 10 __Kot_ysed CORE SIZE__5a__GROUNDWATER EL. i DATE _- LOGGED BY_J.R. Perviny  DATEY:%-i 85 | pG & OF 8
[18 DEPTH SAMPLE t REMARKS
TYPE [sLows| PEN| REC SOIL AND ROCK DESCRIPTIONS
onde PER
FT FT NQ SIN. | IN | IN
-39
o -
3 p
1 ¥
8 Approximate Interface - Rolled Fill b
— 40
S Hydrauiic Fill
o 59-Top 3": SILTY SAND, narrowly graded fine sanag, ~201 nonpiastic -4
- finea, olive brown (SM) Gradusl transtition to next .
- 2 laver. ]
5 Next 8": SANOY SILT, al. plastic fines, v45% fine sang, olive
r_ 4 $9 5 %119 brown (ML) I
s 6 8ot 67: SILTY CLAY, mod., plastic fines, ~10% fine sand., scra- -
- tified, dark olive (CL) 4
- Sy = 0.66 tef p
9 Qp = 1.2 taf 4
= 42 —
> -4
L <
- 5 510-Top «":  SILTY CLAY, mod. plaatic flnes, ~)0% fine sana., stra- 7
o 1 tifiled, otive brown (CL) {
- 43 $10 12 26 119 Next ! SAND, widely praded coarse to fine sand. <31 nonplaatic —
- 1"‘ finea, bLrown (SW) 4
R Bot 14": SANDY CLAY. el. plastic fines, V491 fine sana, mortles
| black, brown und olive (CL) Portions ot saapie were ory B
and randomly mixed by color ana clay content, 4
- -4
— 44 —
- <
- 4
- S11-Top 6": SARDY CLAY, sl. plastic fines, ~ 351 fine sana, mottled p
L 8 black, olive and brown (CL) Portions of sampie were dary J
11 6 and randomly mixed vy color and clsvy content,
45 S 26 {19 " —
F 10 Next 3": SILTY CLAY, mod. plastic fines, ~!0% very tine sana,
1" stratified, olive brown (CL) h
- Sy = 0.46 caf 4
- Qo ~ 0.8 tef -
- 8ot ™ Slutgu to tap 6" (CL) J
b p
- «
- -
- 5 p
~ 47 12 9 % |2 512 SANDY CLAY, sl. plastic finea, ~20% fine sang, motCled _
L 5 14 4 black brown and ollve (CL) Sample vas randcmiy @ixeg by i
13 color and clay content. Sampie contained pocxets of dry
o clay. -
r— -
b~ 48 —-]
- p
o p
r 6 .
s13 ] 2 |19 St3 SANDY CLAY, sl. plastic finc,, %0% fine sang, motCleg -
= 49 1 black, brown anc olive (CL) Sawmpie was ra~comivy mixed by -
o 13 color and clay content. Sasple contained pocxets ot dry
r. clav. 1
-
= 50
-
-
- St'a-Top SILTY SAND, narrowly graded fine sang. 2%t nonplastic
- - tines, .i1xNT niive brawn >M) ). Laver® of $1ilV Ciav
- 51 CRTY R PR IS 1p to /B thick. j
o '; Next 1i" SILTY CLAY, moa. plastic fines, MOU fine sany, srra-
- nified, oiive hrown (UL} Ucc. irregu.ar .ensem ot siigy 3
fine mana. -
r Bot SILTY SAND, ~arrow.v gradea ti~e sdn, - %1 nonpiastac B
|l f17em, vark oitive brown M «
(&, JN{I R ;a"‘ni\,’j‘mt: 'l:r"u'n.c)o TOOMmvE A 20m op| NOTES
SN ST TRATION  INGT OF LAMM f R A CORT LI LIS .
o RECOVERT 1 ENGTH OF SAMPUL Ve rdae P 5 s
Q0 LINGT™ OF SORMD CORES D4 N/ UNGTH CORED % Nr e AL A,z -A\ !
LA

3 MUT SPOON SAMM [
v AMOSTURGID SAMM (3

1 Sne By TUBL
TR0 MBtON
FCRR ML )

'2 SPOUNMOwATIR

0 0ENIYON

moranies -

UMITECHNICAL ENGINTEAS DOC

o

ST 1S

eACT Bihe




BORING LOCATION _3té i6<-0. S0'N_ GROUND ELEVATION (NGV DL e pare sariANsn s 0 2 L S0 2
INCUNATION vorcical BEARING _sa _ TOTAL DEPTH (FT) 3.0 DRILLED BY Stevert, -7 CCE
CASING 10 __soc used CORE SIZE 4 GROUNDWATER EL sR°’ DATE LOGGED BY__*_Perrinpareii- 4 (6 5 oF 8
EL DEPTH SAMPLE REMARXS
TYPE |8LOWS ] PEN | REC SOIL AND ROCK DESCRIPTIONS
and PER
FT FT NO [ 6N | IN|IN
b2
$15-Top $°: SANDY CLAY, moo. plastic fines ~20% fine sang, scra- b
i cified, olive brown (LL) Uce. lenses of siity fine E
o sand. 4
N - Next 6": SILTY SAND, narrowly araded fine sann, ~3J0L nonplastic y
k. 53 515 “laf fines, scracified, darx olive brown (>M) ]
] 8 Next 11": SILTY CLAY. moa. plastic fines, ~'0% fine sana, stra-

8 tified, oiive brown (CL) Section contained a . -thick 9
~ layer of silcty fine sand at nmicdle. -
o Bot 2": SILTY SAND, narrowlv gradeda fine sanag, 30 nonplasclc .
- fines, dark olive brown (SM) d
L. 54 -
= -
o P
o 2 $16-Tap 4": SANDY CLAY, moa. p:astic fines, ~i°% very I.~e¢ sang, <

< scracifled, viive brown (CL) Section contained one P
L 55 S1e kAl KA cocket ot siltv Jine sand. —
L S Nexc §°. SIL[Y SAND, narrowly gracded f:ine sangd, “~JJ%1 nonplastic
L fines, stracitied, oilve brown (SM) 'f

Bot 3': SANDY CLAY, nonplastic fines, ~20% very fine sana, stra- 1
- cified, olive orowa (CL) ]
I
L < .
I S17-Top 1G":  SANDY CLAY, 4i. to moa. »lastic rines, “Zul ooy fine -
o 3 sandg, stratifiea, oiive nrown (UL Unce. iavers ot stlcy -
o s17 3126 |2¢ fine sang up co 7" thick. .
- 57 10 Next 1!": SILTY SAND, narrowly graded fine sana, “25% nonplascic _
L 16 fines, blacxish gray :SM)
Bot 3“:  SILTY CLAY, moo. piastic fines, ~10% very fine sand, b
r stratified, blackisn gray (CL) b
! ]
L‘ S8 -~
L -
o 3 S18 Top . SILTY SAND, narrowiv rradec fine sand, ~20% nonpiascic <
+ s18 S 1aa 20 ilnea, dark Oiive 2rown (M) p
b= 59 10 Next }0": [LTY GLAY, moo. piastlc fines, V10X very fine sand.
L 73 stratifiea, darx oilive dbrown (CL) -]
| Bot 3": SAND, narrowlv gracea fine sano, ~i0% nonpiascic flnes,
olive brown (SP-SM) "
%’ -
t— 60 -1
- -
- -
o 519-Top P SAND * SILT, si. piastic fines, ~wut fine sana, cark -
b R I I ~luve grav oML 4
— 62 519 SRR Next - SILTY ULAY, mod. oiastic fines, 0% fine suand, scré- —
- 12 r1fied, dark o ive prown (L) J
Bor 13", SAND, narrowlv graded med. TS Iine sand, “~%1 nonpiastic
r fines. brown (4P} b
| od -
- ]
L. 62 -
i 1
- s B
- N $20-Top T Si-i1lar to bottom 37 i Sty SP -
53 s20| .4 faa s wext 1 B.  IMATIFIED SILIY TLAY (CL .
\ A dot 11" SILTY SAND, natrow.v graced fise tani, ~ 9% nonp.astic d
| - fines, 1UY mea. sand, o.ive gray (3™} 4
- -4
- -
tb“ S2 row.y RTaced f,-e sana, % —
RO WL -
H 52 RS av. 4
}_ i el B
S s
B ws PIRG 4T B mavwrm e %G W TImw a2 0ol NOTES
st TN YAMD 1A
2y w e A [ W M S AF ARar : ee Fae

d OF SAM g

BT EML T S0 COREY D4 N /UURGTR CTAED Y,
1 IR T PO UuAl

4 JNOISTURBED SAWM (Y

REESIN LTS ERE]
P orefp msTon o+ Taln
L5 OSTIRGLAS PR 1 4]
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BORING LOCATION 3re 16-¢0, S)'N _ GROUND ELEVATION(NGVDL_____*}%:¢  DATE START/FINISH _*_~s /311" % S IOZ
s, 0 ORI £0 8Y f. Stewart wFE/72E
LOGGED BY R ferxine  OATE S *- " *|pG & of B

INCUNATION _verricai BEARING _ 3 TOTAL DEPTH (FT)
CASING 1D _Xot used CORE SIZE _NA GROUNDWATER EL it DATE _-

€L DEPTH SAMPLE R EMARKS
TYPE {BLOWS | PEN| REC SOIL AND ROCK DESCRIPTIONS
and PER
FT FT NQ 6 IN IN iN
| 65 3 P
| s21 g 26 |24 s21 See previous page. )
< 8 4
|- 66 -
' ]
L a j
B s22 5 26 {21 §$22-Top 14" SILTY SAND, narrowlv graded fine sand, ~50% nonpliascic

b 67 5 fines. dark olive gray (SM-ML) -
- 7 ot 1" SANDY CLAY, si. plastic fines, ~40L fine sanc. scracified, J
R dark olive gray (CL) B
o p
o -
= 68 —
o -4
- 3 $23}-Top 38" SANUY SILT, sl. plastic filnes, “4J% fine sana, stratified, 1
t 23 6 tau | dark olive gray (ML) ) A
69 ? 3at 16": SILTY CLAY, mod. plascic fines, ~iyX fine sana, stra- .

- 1 tifiled, dark olive gray (CL) JUcec. irreguiac pockecs ang
lenaes ot silty fine sand. h
B Sy = 1.0 tst b
3 Qp = 1.7, 1.8, 2.0 taf 4
- -
r 0 —
L 5 S24-Top 4" SANDY CLAY, sl. plastic fines, ~40% fine sana, dark olive 7
. s2¢f 8 daa o Rray (CL) ]
9 Bot 207. SILTY SAND, narrowiv rraded fine sand, ~20% nenplastic ~
r‘ 9 fines, dark olive gray (SM) E
F r
- ]
- 72 —
P~ -4
o $29-Tap " S{milar to top 4" of S24 (CL) 4
- Z 3o0c 20" SILTY CLAY, moo, plastic fines, ~10% fine sang, scra- N

L 73 $25 2128 )2 ti1fi1ed, vervy dark olive (CL) Ucc. 1creguiar pocxets ang
L s ienses of silty fine sand. j

e Sy * >1.0 tef
- Qp = 1.5, 1.7, 1.5 caf -
.. -
o 2 -
I « | $26 SILTY CLAY., mod. plascic fines, ~1U% verv fine sand, scra- .

75 526 e tifted, vervy dark olive (JLl) -

8 Sy = 0.76, 0.86, 0.90 tat B

L Qp = 1.2, 1.2, 1.3 cef _*

- -

- -4

— 76 -
-

WOR R
 od ‘:"’ -
- . s27 SANDY CLAY, s.. to mod. plasctc fines, 151 fine sang, 4
- 527 - {26 §iu stratified. Jdarx olive ndrown ol 1

. N PN U I TV NN I X 32
t‘" - P R N T Y -
| .
! B
- .
BLIWS PEM & 14D B rAMMPA Fu . ;30 'O ORVE A20m oc] NOTES
SPUT SPOON SamP (N
PN PEE TRANGN LENGTH OF SAMA LR ON CONE BARRE L ‘
RED BETTNORY L INGTH OF SAMSS wPorade .

RGO LENSTH 4 M) COREY > 4w < thhulh CORED. Y
3 IMLT $PONM taumE
VOUMOISTURBED SAWML IS

<5 T SmILAY TURE
BRI RS0 ]
40 OSTEMENG

2 IRouNOwATER

*

5001

o mircHER

sl

. LBUTECMNICAL SNGINSRRR OVC _ax TRk
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BORING LOCATION __Sts 16+40, 540°N

GROUND ELEVATION { NGVD1 1116.6 DATE START/FINISH 3/16/85

uws_frve | §102

—2t8 10.00, JWON
INCUNATION _vertigal BEARING __.a_ TOTAL DEPTH (FT) 35.0 ORILLED BY __F. ttewart. -rS/COE
1)
CASING 10Nt ured CORE §iZE GROUNOWATER EL._M* DATE LOGGED BY i, forsins DATE %201 PG 7 oF 8
EL DEPTH SAMPLE REMARKS
TYPE [BLOWS| PEN| REC SOIL AND ROCK DESCRIPTIONS
and PER
FT FY NO. 6 (N IN. N
| 78 g
B WOR 528 SILTY CLAY, mod. plascic fines, ~10% fine send, stra- 4
- tified, dark ollve brown (L) 4
1 2 | 2¢ S, = 0.8, 0.85, 0.9) za(. top to potton y
F_ 79 7'6' Qp - 1.5, 1.3, 1.3 tst, top to dbottoam _
" 7
[ ¥ ]
o 4
o .
~ 80 -
o -
o #?. J
o 1 529 SILTY CLAY, mod. plascic fines, ~10% very fine sana, stra- 4
- Tobaa |24 tifted, gark olive brown iL) 4
- 81 5 Sy ~ 0.85, 0.93, 0.93 taf ]
7 Qp = 1.4, 1.4, 1.4 (14 .
: 0 ]
ol -
b 82 —
- ~-4
}- -
[ “OR ]
L &3 7 Yau oa 530 SILTY CLAY, mod. plascic fines, ~10% fine sang, stratified 1
6 dark olive brown (CL) 1
r 9 Sy = 0.92, 0.98, 1.0 taf, tap to bottom .
Qp = 1.3, 1.6, 1.5 taf, Cop Co bortom -
- -~y
. 84 -
o -4
- ~4
L WOR 4
- 85 6 S3t SANDY CLAY, modg. plasctic f{nes, ~!5% very fine sand, stfra- _
}_ 8 1246|24 tified, dark olive brown (CL) B
10
—~ 86
X B
- B
- S P
B 7 S32 SANDY CLA, si. plastic fines, ~J/0% verv tine sand, «cra- ~
b= 87 9 26 | 20 tifiesd, dark olive ptown (CL) Sample contatnes several -
L 13 lenses of vilty fine sand., Samplie contsinec two I"-thick .
layers of ‘ilcy fine sana. 4
[ ]
- -
- 88 -
- -~
o 4
- 5 $33-Top 17": SILTY SAND, narrowly graded fine sang,>3}5% non to sl. ﬁ
}_. 89 ® plastic .ines, dark oiive brown (>M) Section containeag -
g 26 4 24 Teversl stratified silty ciay layers up to i'w" thick.
I Boe 7" SILTY CLAY, mod. plastic tines, ~10T fine sans, stra- b
- tifled, dark olive brown (CL) .
o g
—~ 90 —
o 3 . N -4
- A PP P Sl4-Top B": Similar to bottom i of 533 .CU) -
o S - APProXimate interrdce - ~¢drdui < 7iil !
oo " A luvius
Snticen St e _
B.3WS PEAG - 401 wAMMIR FA NG 30 TODMVE A20m o) NOTES
U TSP SAMPL(R
PENPENE TRATON LENCTH OF u-unuﬂ CONE Sanaf, see Fage ! I
R RECOVERT LENGTH OF SAMPLE 2 re 1. FESEVALUATION 0F THE S1ITE IN THE
*00 LENMGTH OF SOUNOD COREY D4in /1LNGT™ CORLD %, CWER SAN FERNANDO 0AM !
3 VAT $P00N WAL .
U UNDISTURBED Saum €S
s SrELEY TUSE V0 DENI SON
5RINED PeTON JP A TCHER
Ja- asTeAmeAe R
GAOUNOWATER . ONTTECMMICAL < NONERAS DU sarg 370786
] J () oI romtans A eees




BORING LOCATION _Sta 16240, So0'N  GROUND ELEVATION (NGVDL 21164 DATE START/FINISM _9..Am_/.u...u_ Sloz
INCUNATION _yercical  BEARING __na _ TOTAL DEPTH (FT)

340 ORILLED BY f_Siewart. KFSICOL

CASING 10 __Snr usea CORE SIZE__5a  GROUNOWATER EL.__uo*'

DATE _.___ LOGGED BY _ta._pccxina OATER_ .. uss lpg B oF 8

EL OEPTH SAMPLE ' REMARKS
TYPe [BLOWS] PEN|REC SOIL AND ROCX DESCRIPYIONS
ang PER
FY FY. NO J6IN | INJIN
- s )
14 S34-Next 2": SILTY SAND, videly graded coarse to fine sand, ~20% non- )
83al s 26 |20 plascic fines, ~1U% gravel up to ‘7", oitve blue (SM)
16 Bot 10": CRAVELLY SILTY SANU, widely gracdeu coarse o fine sand, )
+20% gravel up to ", ~15% nonplastic fines, brownish L
92 black (SW-SM) —
.
.
.
o h
o -4
= 4
" L
C 1 ]
94 -
M~
r -
r 4
- 95 -
r~ 16 1
- sasi 90 o fa0 3
- 50 ¢ S35 GRAVELLY SAND, widely araced coarse to fine sand, “~40T ..
t S gravel up to } 1/8", ~10% nonplastic fines, drowm (SW-3M) _J
EL] -4
-
- Bottom of Borehole - 96.0 ft B
I
[ 1
- 97 -~
o -
o g
r -
- 98 ~
o -
r -4
o -4
99
T 1
- -y
i ]
r -
o -y
| guad ‘00 o
ol -y
. ]
r -
r— 01 -
r -
s 4
F i
r 9
= 102 -
E 3 -
B
HB) ]
’ ]
R -
nows pea e 508 MR FaLLING 30 TO OAVE A 20 00 NOTES
SN PN TRATICN LENG T OF SAMMLEA OR CONE BARRE Y “ee Page

e R T
913 LLNLTH OF SCUMD CORES D4 w /LENGTN CORED %,

SUAMLT SPOON SamALE
v NORITURAED SAMMm IS

S SHELBY Tuse
LE Tatp msToN
L3 03TEmmEm

7 GROUNOWATEN

0 DEMISON
LB PTTHER
PR

SULEVALUVATION 0F OTeE e
UWER SAN FIINAN

JRITRCHNICAL ENODNRLAS OIC sarg ) 'Cr8%
- araSen  masamairm TS oeoeY  ~Sh09




BORING LOCATION __Sta 9:35. !32.0°S GROUND ELEVATION{NGVD) 10939 DATE START/FINISH 3717785 /73018085 Sl 03
INCUNATION _Vercttcal BEARING _Na TOTAL OEPTH (FT) o' 0 ORILLED BY f. Stevart, wES/COE
1}
CASING 1D __ior_usesCORE SIZE %1 GROUNOWATER EL.___ % CATE - LOGGED BY_ IR, Perxine OATE/1Z:225{pG | oF 8
EL OEPTH SAMPLE REMARXS
TYPE [BLOWS | PEN|REC SOIL AND ROCK DESCRI!IPTIONS
ond PER
FY [as NO 6 N IN IN
LA TR N Barenole g
advanced
3 4
using
t & standerd
3 rotary St-Top 1": Bituminous Favement.
S st I 26 1 17 { wash bortng SANDY CLAY, sl. piaatic fines, ~20% fine sang, brown (CL) —_
- 12 techniques ‘
L with s
bentontce -
o 1ritling B
- mud . ]
2 Clesned out -
E Lorehole h
{ with a &
*tahtati h
B N1t with 1
o .pwara -
— 3 etting, —
- -
- 4
. p
Lo 4
. < —
— 4
- -4
- P
-5 o
- -
- g
o é R
~ 6 s2 b5 e f2r s2 Similar to S1 (CL) 7]
r g .
4
-
7 —
E 4
’ .
.
p
.
| b |
9 —
p
-
»
0 ~
.
s . ]
1 $3-Top & Stmilar to St ‘CL)
— 1 S3 oy 26175 4o 117 SAND, narrowlv graded med. o fine sang, ~' .1 coarse sand
r ‘0 and tine gravei, <% nonplastic fines. hrown 5P
-
- e
12
| =1
L i 1
B | 4
T O R R L T T UL LN SO LIRARS-Y
LT S N LAMP N
Ofy PPNt TRATION (b, ™M OF SAMM ER OR CORE BARNG, ~ . PR I
967 MEEAEAY L(NaTm F SAwei g Vo e-Larie oo < TyoThE
©30 LENG T OF SOUND CORES > 4w / LINGTH CCRED ¥, TRty % e erLNas o~
S LT 3e00N MAMAL ror e - -
SNO.STURSED SAMALLY
L3 ImtLeY Tust <0 OCw 30N
Lf o FE(D meTON P MTCR{N
L0 CITLRRLAG P14
7 0%oumowares ORITROINIC AL ENOOTERRS DNC sarg 1710786
B ot 556469




BORING LOCATION Sta 323, '12.0'¢ GROUND ELEVATION(NGVOL______ 10918 DATE START/FINISH Syes L enamy

S103

INCUNATION _vecrcicatl BEARING __Na___ TOTAL DEPTH (FT) 7.0 ORILLED BY r _Stewars, HES/COE
CASING 1D _Not usad CORE SIZE_¥a__ GROUNDWATER EL.__#t''  DATE _- __ LOGGED BY__LA. Perxios OATE wr-u(asl pe. 2 orf 8
EL DEPTH SAMPLE ! R EMARKS
TYPE |BLOWS] PEN| REC SOiL AND ROCK OESCRIPTIONS
one PER
FT Y NQ 5 IN. IN | IN
T4 ' -
i
4
p
4
14 —
-
-
is o
.
- B
r 6 )
[_ 16 sS4 11 fas |16 e SAND, narrowly graded fine sand, ~5% nonplastic fines,
™5 brown (3P) j
d 18
— 17 —
- g
r h
|- 18 -
9 E
r- -
+ B
L -
= 19 -
- o
> 4
- 4
3 Approximate Interface - Rolled F{l1l b
- 20 et
L Hydraulic Fill J
- b
r 14 ]
r 17 SS-Top 8": SAND, narrowly graded fine sand, “~10X nonplastic fines, h
[‘ 13 S5 w0 | 24118 olive brown (SM-SP) -
12 Next 8": SANDY SILT, non to sl. plastic fines, ~651 fina sand, olive -
L brown (ML) A
n 80t 2": SAND, narrowly graded med. to fine sand, moscly fine, <5% ]
8 nonplastic fines, brown (SP) B
— 22 -
r R
- 1
s -
r —
- 23 —
L 4
L .
- -
| -
= 24 -
- B
E B
$6-Top 6": SAND, narrowly graded med. to fine sand, moscly med. ~10% 1
- 25 coarse sand and fine gravel, ¢5% nonplastic fines, brown —
I~ 10 (SP) -1
- 6 f 2 | 20 Next 6”: SILTY SAND TO SILTY CLAY, fines contenct fincreases with .
b 12 adepth (SM to CL) .
ey e .
BowS rER ¢ ';;&L)’L'l ,rr’;:‘:(:‘r:;tac 0 ToomvE A 20m 00f NOTES
PN PE TRATION LENGT OF SAMPLER OR CORE BARRE| . -~
ACC - MECOVERY LLAG TN OF SAmPLL cee Page 1. CE-EVALUATION OF TWE SLIDE IN THE

R0 LENGTH OF SOUND COREY > 410/ LENGTH CORED ¥,
$-3MUT 9200% MM L
¢ UNDIITURBED SAMM 03

48 T SmELBY TuBE u0 - OENIS0M
2ENED MYTON Lo BT MER
0 OSTERBERD vt el

v QROL pwaATLR

LOWER SAN FERNANDO DaAM

oate J/10/86
PrOLCT 85669

OBOTECIONCAL ENOINEEAS DIC

R R ]

¢




BORING LOCATION _sta 923, 132,0'3 GROUND ELEVATION (NGVD) 10939 DATE START/PNisH su11ss  Zones | S ()

INCLINATION _Vcrcical  BEARING __NA _ TOTAL DEPTH (FT) 31.0 DRILLED BY . _Stewerc, WE3/COE
CASING 10 _Mat used CORE SIZE_*A___GROUNOWATER EL._sn'’ _ DATE . _ LOGGED BY.LR. Peruins _ DATE 9017-18/8(pG 3 oF 8
€L OEPTH SAMPLE REMARKS
TYPE 1BLOWS | PEN] REC $01L AND ROCK DESCRIPTIONS
ane PER
(Al FT NO 6 IN IN LB
- ¢ rm 7
- s |24]20 S6-Boc 8": Similar ro top 6" (SP) 4
o 12
[ : ]
- 27 ——
g ]
! 6 ]
- 28 n s7 SAND, narrowly grsded sed. to fine sand, moscly med.,
S as] 1S +20% cosrse sand and fine gravel, <5% nonplascic fines, =
I 3 brown (SP) 9
X ]
b
s .
29 ..1
o -4
: 7 S8-Toy 5": SAND, narrowly graded fine sand, 5% nonplastic fines, 1
1" brown ($°P) 7
- 30 1 24|18 Next 7": SAND, narrowlv mraded sed. to fine, moscCly med., ~10% g
o 13 coscse aand, <5% nonplasttic fines, brown (SP) a
o Next 2": SANUDY SILT, sl. plascic fines, ~wUY fine mand, olive gray 1
(ML)
o Bot $": Similar co top 5" (SP) ]
. N
r -
- -
- -
- s $9-Top 7": SAND, narrowly sraded med. to fine sand, mostly med. ~10% |
- 32 ;’ 2% |18 coarse sand, <5% nonplascic fines, browm (SP) ___
L o Nexc 4": SAND, nacrowly graded fine sand, ~10% med. sand, ¢5%
5 nonplascic fines, brown (5P) h
- 8ot 7" Stmilar to top 7" (SP) h
r b
- -
- 33 g
L ]
~ -
- g S10-Tup 3":  SILTY CLAY, sl. to mod. plastic fines, ~10% fine sand, »
- 14 3 J2e a0 stractfied, olive (CL) -~
. Next 10": SAND, widely grades coarse to fine sand, 0% fine gravel,
r 2 <5% nonpiastic fines, brown (SW) <
r Sot SAND, nartowlv graded med. to fine sand, <5 nonplestic -4
[: fines, can (5P) b
— 35 -
o ~
-
A0ReH h
N X St1-Top  8": Wash h
Next 3": SAND, widely graded cosrse to fine eand, moscly med., 5% =~
— 16 14 | 8 nonplascic f{nes, drown (SW) -~
o 2 Next 2". SILTY SAND, narrowly graded fine sand, ~20% nonplaectc 4
- {ines, stcratitted, olive brown (5M) J
0 8ot ha 3AND, narrowly graded med. to f{ine sand, mostly med., (5%
-
nonplascic tines, can (5P) b
= ~4
bk ~
r -~
- 1
p
t ! $12-Top 3. SAND, narrowly graded med. to filne sand, ~'0% coarse
8 V3 IR sand, (5% nonplascic fines, light brown 359 j
) 3 Bor 1C” SAND, narrowly graded fine sand, ‘.0% nonpiasctc fines,
L: olive gray (54) R
.
i .
19 .

AT PER G 40LE MR 4L NG 30 TOCAIVE 420 00f NOTES
ST 3P OTR sameLrm

OFN STV TRATION ((N.™ OF SANP {8 OR COM gaRAL, . R .

HFT OMCIIVERY LENGTR OF Sawimf - ‘ee Page . IP.EVALUATION OF THE SLIDE IN THE

RGO LENGTH OF SORMO CORES > 4% / LENGTH CONLO ¥, PR CENANDO T

3 SRLT $P00M LK * LIWER SAN FIENANDO CAM

I uNOISTURSLD SAwm I3

-1 seeLeY Tust ~O OENt 30N
LE B EID MYt On LB MITaEN
20 OSTIRSENY et

g SrouNDwaTen TRTTENCAL DRONEIS =0 sare )/ N/B86
arcreETen < cemmsram e reaget 85669




BORING LOCATION Sia 2,35, 32.0-5 GROUND ELEVATION (NGVDL__ 1091,9  DATE START/FINISH 3.17/8%  / /17785

INCUNATION

Vertt

cal

BEARING

YA TOTAL DEPTH (FT) 2,0 NRILLED 8Y f, Stewsrt, WES/COL
“ASING (D og_ussd_ CORE SIZE__ 1A __GROUNIWw:icr EL _¥R

SI03

DATE LOGGED BY_L.2, Pecvine DATE 8.1-:8/85] PG 4 OF 8

EL DEPTH

r

SAMP L

€

[ REMARKS

TYPE
and
NO

8LOWS
PER
6 iIN

PEN

N

REC

IN

SOIL AND ROCK DESCRIPTIONS

&0

Y3

63

Lb

45

48

48

€9

s$13

@~y ®n

26

S14

24

20

S1s

24

20

516

2

20

s17

S18

s on

1
13
13

18

26

22

$19

"0
Ty
9
]

26

S13-Top

Next

Next
Next
8ot

Slée

$15-Top
Next
Next

Next
Next
ot

S1e

s17

S18-Top

Next

Next

Bot

S19-Top

Next

Fa
5"

3

[

1"

3"
9":

o

PN

AN

—

5"

SAND, widely graded coarse to fi{ne sand, ~'0% gravel up to
2%, ~5% nonplastic fines, olive brown (SW)

SILTY SAND, narrowly graded fine sana, “25% nonplastic
fines, dark olive brown (SM) Lower " of section con-
tained a layer ot stratified silcy clay.

Simtlar to top 2" (35W)

Similar to SILTY SAND sbove (SM)

Simtlar to top <" (3W)

Four 3"-thick lavers of SILTY SAND gradually changing to
SILTY CLAY. These four }"-thick lavers above are
separated by chree 2"-thick lavers of SAND, Descripttons
of each laver are as follows:

SILTY SAND, narrowly graded fine sand, “2%% nonplastic
fines, uarx olive brown (3M)

SILTY CLAY, sl. to mod. plastic fines, ~10X fine sand,
stractfied, ovark ollve brown (LL)

SAND, widely graded coarse to fine sand, ~'0% fine gravel,
<352 nonplastic fines, olive brown (SW)

SAND, widely graded coarse to fine sand, ~10% fine gravel,
<5% nonplascic fines, brown (SW)

SILTY SAND, narrowly graded fine sanc, ~25% nonplastic
fines, dark olive gray

SANDY SILT, si. plastic fines, ~40% flne sand, stracified,
derk oitve black (ML)

Similar to top 1" (SW)

Stratifled SILTY SAND and SANDY SILT.

SAND, narrowly graded med. to fine sand, moastly med., <5%
nonplastic fines, Light brown (5P)

LAYERED: SILTY SAND and SANDY SILT: SILTY SAND, narrowly
Rraded fine sand, “251 nonplastic fines, ollve brown,
layers up to 2" thick (SM)

SANDY SILT, si. plastic fines, ~40% fine sana, scracified
dark olive brown, lavers up to 2" thick (ML)

Sample ccntained a 3"-thick layer of widely graded coarse
to fine sand, locared in middle of sawple.

SAND, narrowly graded fine sana, ~'5% wmed. sand, ~5%
nonplascic fines, light brown (5P) Saople concained two
f"-thick layers of strscified silty clav, located at top
and bottom of sample. Sample also contained one 1”-thick
layer of sandy silt, located ac micdle ot sample,

SILTY SAND, narrowly graded fine sana, ~15% nonplastic
fines, brown (5™} Section concatlned one )1,;8"-thick lense
of silty clay.

SAND, widely graded coarse to fine sand, moscly med., to
fine, <5% nonplastic fines, brown (SW)

SILTY SAND, narrowly graved fine sano, “~52% nonplastic
fines, vark olive (5M) Lower |7 of section constscted of
scracitied silty clav.

SAND, narraowly gRraded med. to fine sand, <5% nonplastic
fines, brown (SP)

SULTY SAND, narrowlv graded flne sand, ~3CX non to sl.
plascic tines, dark olive (5M)

SAND, widely praded coarse to fine sand, <% nonplascic
fines, "rown SWY

U A I AT 'l AT O I AR N AN W AT S AT A | T U WA IR A AN Y l A3 2 4 l a2 baa 1 l A
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InELBY TUBE
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SORING LOCATION

Sta 9

225, 132.0'S GROUND ELEVATION(NGVDL 19939 DATE START/FINISKLII® _ //8/181%

S103

INCUNATION verqical BEARING _4a  TOTAL DEPTH {(FT) 31.0 DRILLED BY _F Stevarc, WES/COE
3 =
CASING (D_Not vsed CORE SIZE_MA___GROUNDWATER Ei.xa'’ OATE - LOGGED 8Y_.z. 2eqxtns DATE ui7-innipg 5 ofF B
EL OEPTH SAMPLE REMAR (S -
TYPE | aLOWS] PEN ] REC SOIL AND ROCK DESCRIPTIONS
ond | PER
T FT. NO. { 6N | IN§IN
Erd ] -
t 10 S19-Next 2”: SANDY SILT, al. plascic tines, ~40% fine sand, stratified
$19 IR FYAN RF dark olive brown (ML)
r 19 8ot 6": SAND, widely graded coarse to fine sand, <5% nonplastic
L 19 fines, brown (SW) 4
o -
of -
t 3 $20-Top 4": SILTY SAND, narrowly graded fine sand, ~20% nonplastic b
20 fines, olive brown (3M) e
— S4 s20| 12 126 |20 Next 2 SANDY SILT, al. plascic fines, ~40X fine sand, scra
- ttfled, olive brown (ML)
3 Next 9" SAND, widely grsoed coarse to finc sand, ~10% fine gravel, ]
<5% nonplascic fines, Lrown (SW)
r Next 3": Similar to top «" /SM) b
r %ot 2": Sumilar co SANDY SILT above (ML) b
— 55
i .
- 21-Top 3": SAND, widely graded coarse to fine sand, ~5% nonplasctic J
L 18 fines, brown (5W) )
s211 4 fza {18 Next 7": SAND, narrowly sgraded med. to fine sana, <5% nonplastic
= 56 Y] €L ™ -
; 3} nes, brown (5°f)
o | 6 Next 4" SILTY SAND, narrowly graded fine sand, ~25% nonplascic 1
- ' fines, stratitled, darx olive brown (3M) -
. : Yot " Similar to top 3" (SW) E
- -
= 57 -
L p
o S22-Top 15": SAND, widely graded coarse to fine ssanu, woatly med., 5% -
F §22 22 26 |20 fine gravel, (5% nonplascic fines, brown (SW) .
— sy 8 Next 4": SILTY SAND, rarrowly fRraded fine sand, “~40% non to sl. -
- 18 plastic tines, olive brown (5M) ‘
13 80c '": SILTY CLAY, mod. plastic fines, 10X f{ne sand, scra-
- cifted, dark olive brown (CL) b
B -
r~ -
— 59 —
i ]
o B
ol -
r Ii ©23-Top &§": SAND, widely graded coarse to fine sand, moacly med. To ~
- 60 $21 “6 6 21 fine, <5% nonplastic fines, brown (3W) -
. 24 Next 7": SAND, narrowly graded tine sand,™!0% nonplascic fines, B
b olive gray (SP-SM) ]
80t 8": SAND, widely graded cosrse to fine sand, <5% nonplastie
8 fines, ollve xray (SW) :
L o _
[ 1
o -
- 8 J
;_ 524 13 S26-Top 7": SILTY SAND to SANDY SILT: SILTY SAND, narrowly graded -4
62 % ) n fine sand, ~20% nonplastic fines, olive brown (S¥) -
r ‘9 Gradually changes to SANDY SILT, sl. plascic fines, 0% -
’.— fine sand, scraclff{ed, olive brown (ML) 4
- Next 7": SAND, widely graded coarse to fine sand, <5% nonplastic
fines, brown (3W) 1
L 80c 7": SAND, narrowly graded fine sand, ~5% nonplascic fines,
63 brown (5P) ]
o -4
C -4
L 17 $25-Top 3". SAND, narrowly graded fine sand, 0% nonplastic fines, b
s 26 ) brown (SP-SM) h
[~ 64 s2 N w12 Next 8. 3AND, widely graded coarse to fine sand, ~'J% nonplastic —1
- 23 fines, brown (SW-35M) -1
=3 30t 10": Similar to top 3" (SP-SM) -
o -
[ «¢ e
ALOWS SER L 140 (E RAMWER FALL NG 30 TOOMWVE A 20 00 NOTES
SPLIT $9°08 Saum (a
PN PENE TRATION LEN. ™ OF SAMALEIN OR CUME DA + o
afC - mEcOvEmY u:ev... of u...:; parne See Page 1.
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BORING LOCATION Sis 9:33. 132.0°8  GROUND ELEVATION (NGVDl_____'993.%  DATF START/FINISH L017/%8  /Jorie a1

S103

INCUNATION __ verticel BEARING _NA TOTAL DEPTH (FT) a1 0 ORILLED BY Y. Stewarc, WES/COE
v
CASING 10 _Hot waeg CORE SIZE _xa GROUNDWATER EL. “F‘) DATE _- LOGGED BY _i.n, Perkins DATE S/ ':1A #| PG © OF 8
€L DEPTH SAMPLE REMaRKS
TYPE {BLOWS] PEN] REC SOIL AND ROCKX DESCRIPYTIONS
ana | PER
FY Y NO 6 IN IN N
I $26-Top 8": _AND, narrowly fraded fine sand, ~10X nonpisscic fines, )
L Srown (SP-SM) T
11 Next 6": SILTY SAND, narrowly graded fine sand, ~2%% non to sl. h
r AR 24 |22 plascic fines, dark olive brown (sM) S8occtom i” ot section 1
— 10 containec & layec of stracified stlty clav, -
28 Qo= 1.09, 1.10 st
Boc 8": SAND, widelvy zraded coarse to fine sand,“!'%% gravel up to
L 1.0" max., 10X nonplascic fines, brown (sM)
r
of E
- 4
| 20 $27-Top 10”: SILTY SAND, widely graded coarse to fine aand., “'0X gravel B
- 2 26 |20 up to 3/a", 0% nonplastic fines, brown 3%}
26 Bor 10": SAND, narrowlvy graded fine sand, ~'0% med. sand, *5% -1
I 22 nonplastic tinea, hrown (3P) -4
r -
o -
3 13 528-Top 2": SILTY CLAY, mod. plastic fines, 0% fine sand, scra- h
I 9 222 cifled, dark olive brown (UL} h
2 Next 6": SAND, videly graded coarse to fine sand, nostly aed., -1
r 6 15% g L up to 3/4", <5% nonpliastic fines, drown (SW) <
- Next 9": SILTY .. iU, narcowiv graded fine sand, ~31 nonpiastic .
- fines, ~10% med. sand, stratified, o.ive brown (>4} J
L 80t S': Similar to 6" sang laver above (SW)
e
= —
o E
i 1
$29-Top 13": SAND, widely graded coarse to fine send, ~'0% fine ﬁ
b 13
15 {24 | 1 gcavel, ~10% nonplastic fines, bdrown :>W-SHM) section con- h
~ 14 o tained a 2”-thick laver ot silty fine sang. —
2 11 Bot 3": SILTY SAND, narrowly graded fine sand. ~i5% nonplasctic -
o fines, brown (5M) N
- -
- 3
s <
- -{
- 8 $30-Top 4" SILTY SAND, narrowly graded fine sana. *~I%1 nonplascic :
- 18 fines, dark brown (SM) Hottom !~ =} secticn cansisced of
20 e |8 s stratitied sandv silc. =
B i) Next 13" SAND, widely graded coarse to fine sang, “~'°% sravel up
o L A T own 3w 4
- 8ot 1" SAND, narrowly rraded fine sand, ~'JT nonplescic tines, ]
- ollve gray (>F-5M) A
— —
o -
o -
- 7 $31-Top 3" SILTY CLAY, 8l. to mod. piastic f{nes, 1 fine sana, 4
o ‘n stratifliea, aark oltve brown (IL? d
- Lo 2¢ |18 Next 97 3AND, widely wrdded, coarse to fine sand, +'2% nonplastic -
| ; fines, <51 fine gravel, bdrown (3W.5M)
dot 6" SANDY SILT, nonplascic fo si. plastic fines, ~°3% fine h
B gand, mottled olive erav and hrawn ML Vesrglon ecpears to ~
r he dry. .
r -
~ —t
- . -
-
| R I $32-Too ' 27 SANDY SILT, non to ei. plastic fi-es, "= T fi-e sand, Jark B
N aLlve henwn, stratifled M. b
Arte at e cexl TaAQe
.iws PER G :f\'as:ﬁ\;:v:‘r:;{l:am Totevea2amoo| NOTES
OEN BINT TRATI NN pNL,TH OF AU LA DR COME RARAF . p rage
362 RICOVINY LG Te TF GAueig : R B e
L0 LEMGTR O SUND COREY 54N/ A NGTH CORED %, ERR ] AT - £ -
S SRT $200M SAMM € wEROTAN VNANT A
L MIIITURALD SAmPLEY
S ImELBY T AL G DENTIW
foaen #gtce PR TmarN
L 25TLRBERG Y
AL LTI (1) OBITBCHNNCAL ENOINERRE O9C care 3086
+ Crarmeian  aeamecromm e canmct HERED




BORING LOCATION

T
see 9o 11.0'5 GROUNO ELEVATION(NGVDL 12919 DATE START/ANISH L. = /Zioase | QY 03

INCUNATION yerzical BEARING ___5a  TOTAL DEPMH (FT) 81 ORILLED BY T Stewary, i5iCCE
CASING 10__tiot used CORE SIZE _ %4 GROUNOWATER EL __rs' UATE _- LOGGED BY 7. Pereins DATES':'- 5 85 pG 7 of B
EL OEPTH SAMPLE REMARKS
TYee {sLows | Pen|rec SOIL AND ROCK DESCRIPTIONS
and PER
FT FT. NO. 6 IN iN IN
| 78 4
9 2 A
b $32 W 24} 20 $32-Bot 8": SAND, wigelv eragec coarse Co fine sand, ~10% nonplascic 4
N I fines, hrown (SW-SM) 4
— 79 —
- ]
- 8 $33 SAND, narrovlv zraded med. to fine sand. ~'O% nonpiamtic b
- $33 13 . fines. brown (SP-SM) Sample contained & i-ln. thick layer 4
- 80 w6 |24 177 of stratifled stity clay iCL) .
- 19 -4
- 4
- 4
d 4
81 —
- -
o 4
" 10 1
1 P
L sie| 3l _ )
82 S §34 3AND, narrowiv graceg fine sana, ViUl nonp.astic Iines, —
% 15 brown (3PS E
r -
<
-
83 —
- 1
= 4
o s -1
T s35 SN PR I $3% SILTY SAND, narrowly greged fine sana., ~'5% nonpiastic h
[~ 84 15 ! f{nes, brown (5K} -~
L 19 4
- 4
- P
o <4
—~ 85
! p
L
- o . : ]
L 5 $36-Top 9 S1LTY SAND. narrowivy graced fine sana., ~i5% nonpiastic
S$36 [N FTR BT fines, brown >M) -
I~ 86 g Next 9": SILTY CLAY, 200. piascic fines, ~'0% fine sand, brown -
F " (cL 4
L Qp = 1.3, 1.5 taf A
- Sy = 0D.80 tst
L Next 67 SLmt\(nr o too 9 S b
Boc i Stmtlar o 3iLTY CLAY above (CL; B
- g7 —~
-
- $37-Top 5" SILTY SANL ~arrowly graved fine sand. ~'S% nonp.aszic -
I3 fines, browm -5M) -4
6 Next 137: SILTY CLAY, mod., piasiic fines, ~'ul very tine sand. .
88 s$y7 g f2e |24 stratified, sarx brown ..i; d
e Qp- I L ¥ 4
Sy = .o tet
-
: Approximate [ntertace - nvdrau.lc Fiii
L’—B‘) Alluvium
b Next 3"- SANDY Si{LT, s.. piastic fines, 2 35% fine wana, H.dck
- ML)
I~ B Bot 2" SILTY SAND, wiceiv graced coarse [u fine gana. “JU%
~ 22 nonplastic tines, biack (5M}
= 90 538 ) iey 20
L ! 518 SILTY SAND, wicelv gratea ¢oarse -3 .-, <angd. e lavY I
| fine, ~ /9% nonpiast.c N B T S ‘ -
- -
9
BLIWS PUB & 405 NAMWEN 4. . %G 30 TN OMVE A2 0m 00| NOTES
SPUT SROON SamAy (A
Pt PUNETRATION (ENGTH OF SAMM IR OR COME BARRE L ~
#ECRECOVERY LINGTH OF SAmmy 1. Lee Page o - L -
CE-EVALLATD N T N R 13

Q0 LENGT OF JOUND CORFS > 4.d / LENTTI CORED Y

3 3PUT 1P00M famM [
U UNOIETURMED  SAMM £3

S gmELEY TUusL ~0
wf - #1180 MITON 4
v0 " OSTY AEINS ue
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BORING LOCATION s 9:38. [12,0'5 GROUND ELEVATION (NGVD)_——_ ‘7939 DATE START/ANISH _° L1 %% 21883 S |O3

INCUNATION __yerricel BEARING NA _ TOTAL OEPTH (FT} 7.0 ORILLED BY €. Stewart =-ES/COE
CASING 10 _Not _uesd CORE SIZE __“A__GROUNOWATER €L __ " DATE __- _ LOGGED BY___' % Pern:inwpaTE * 108 p6 8 of 8
EL SEPTH SAMPLE REMARKS
TYPE [BLOWS ] PEN] REC S$O1L AND ROCK DESTRIPTIONS
ang | PER
FY . FT vO Jew | NN
H y
r <
L 4
o -
- ~
- 1
\ 4
94 -
i )
I ]
P 4
a8 —
-4
ak 539 ol )22 $39 - SILTY SAND, nartowly graced med. to flne sand, tostly fi-e, ~35% —
RPN “on To si. piastic tines, oiive and brown J5MY A

Q7
Bottom of Borehole - 37.0 ft

IR D ST

AT#'T-T'_l—'I—T_T-‘I"_T_Vﬁ_Y'T‘ [—Y_T_—T‘T_]'TT"Y" Y—I_T T 'TW-ﬁ’T—T—I'—I’T 1 "] "|—[—1‘T"I

WIS W U I S AN e

ATB MAMMER FA Ny M TA ey Azt e NOYES

LR L IR T T LA
TUN LN DF tawt £R SR COMy BaRRE : e rac.
B AN L AL L YL ]

. - Tut
SEVAL AT %
O SAND TORMTS D4 L MGTH COREY %, b .,
R M LR VLY] -t
N OYTLMACY Sawe Y
“F v ToAe TSN 8w !
ERTENC IR PR
57 eaLRG i1
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BORING LQOCATION _ses 9-3%, "3.1 S GROUND CLEVATION{NGVD)

w3 DATE START/FINISH _wiini#s /2 %%

S104

INCUNATION _yocical BEARING _ Na TOTAL DEPTH (FT) 211 ORILLED BY __©_ Stewart ~ES/COE
CASING 1D _Not \ses CORE SIZE_“A___GROUNOWATER EL __ "~ DATE _ . _ LOGGED BY 1 #. Pereins DATES/!N-1Z " [pg | oF 9
EL DEPTH SAMPLE REMARKS
TYee |BLOWS| PENTREC SOIL AND ROCK DESCRIPTIONS
ang PER
FY (ad NO 6 IN N (L]
ita> Y forehuie ]
using -
F 25 standsrd E
o §1 237 2 rotary S1 - SILTY SAND, widely graded coarse to fine sand, moaetly fine, ~30% b
- 18 ‘ wash boring nonplascic fines, ~10% gravel up to ‘7" max,, subdbangu.ar, trown (SM)
- 18 tectiniques 1
vith &
~ bentonice -
- drilling 4
- mud . b
- 2 “leaned out _
B borehole 4
with & &
r ftaheatl -4
o Sit with
- puars ]
~ 3 rerting . —
- E
= —
b= -4
o -4
r— E
L. 5 -
- o B
- a .
— ¢ sZ v § 264 19 §2 - SILTY SAND, widsly graded coarse co f{ne sand, moetly fine, ~)0% —
- 22 nonplastic fines, ~10% gravel up to 3/4", subangular, dark brown 4
L £SM) i
- ]
L, 3
L
i ,
ol -
L 4 ]
- 3 —
L | ]
- ! _l
- i
| -
Y —
ol -
F i
— 0 -t
p
8 $3 - SILTY SA.‘f[J, widely graded coarss to fine sang, ~20% siightlv -1
v s3] 0 2620 plascic flnes, V19T gravel up to 2", subrounaed to sudbangu.ar, dark -—f
- Deown (M)
8 B
B
<
12 j
| -
! B
| ~4
A} I -{
8. 0m5 PLA G AGLE mAMMEN Fai o N, SO MOV a2 0 e MOTES
P ERTYULET)
OrN Pl TRAT N LN BEATOLULE RO N ICITN
RECCRECOVERY (ENGTR 0F SAuOE Aeew TuE
RGO (LG T OF SOUNC ML 4 / [NGTH 7CR(D % J L
1 IMLT SPOON AN L - A
. NOIITUNBED SAMM £
REE LI AN L oW som
SN0 PYTON P11 ]
40 031NN P g
zcmonvu DBOTEONICAL KNOINERAS DIC. care 1770786
T sndmacre Y wmoxqer BS669




BORING LOCATION _Sta 91 ") 'S GROUND ELEVATION{ —Ued  DATE START/FINISH 31008 L tiues | Q 104
INCUNATION _vertica! BEARING A TOTAL DEPTH (FT) 1170 DRILLED BY C Stewart =ES/COC
CASING ID_Na¢ used CORE SIZE _“4__GROUNDWATER EL __ s’ __ DATE __. _ LOGGED BY___*. Persineparez -. i 0v)p6 2 of 9
£L ctpml SAMPLE ] RCMARKS]
"TYPE JBLOWS ] PEN]REC 5 SOIL AND ROCK DESCRIPTIONS
ond | PER
FY FY NO | BN | N | IN '
Lo 4
L 4
- 4
b 4
- 14 -
- P
- -
- P
- 15 -
r 3
F s ;
| Ta S« - SILTY SAND, wtdely graded coarse to fine sang, <wostlv =ed. to fine, —
6 54 ;| f 19 A~3U% slightly pidstic fines, 10X grave:. up to '..”, sudrounded o
{ 19 subangular, datrk brown (>K) b
b 4
- 4
r 1
- 17 —
- i .
> -
= 18 -
]
F )
o B
- 19 -
| of -
- <
= 20 1
- p
- .y e
- S ' ol 1y 59 - SILTY SAND, widely gracded coarse to fine sand, mostly med. to fine, I
— 21 N ¢ ~10% slightly plastic ftnes, ~10% gravel up fo 7', sudanpuiar, tcp —
0 »" dark brown, bottom 1" brown (SM) .
[ ]
ot -
+ 4
r 22 -
o3 4
-
23 —
i -1
; -
24 -
| -
; 4
: -
5 =
- -t
56 : RO A SAh - SAND, narrowlv graded med., to fine sand, .5% nonoiasclc §
o sunrounced sivangular, !i{ght hrown 5P} 4 LT plece 4
# 19 wedeel camyler tn top Ot samp.e.
BOWS S8 6 - a0LS HAMWES Fau: NG 30 TS AV A2 SN 0G| NOTES

3BT SPOTN SamPLLR
PIN ST TRAT Cy  ENG MR SIuPER A CORE BARGE
RETSVERY LENGTH CF SAmbL

220 LENGTM OF S0UND CORES 54w/ LENGT™ CORED %
3 ST §POOM SAwi €

L ONOVSTURSED Same ey
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-3 Int ey Tusg
LF - FrED meTon
<2 OSTLRBLAD

'2 AROUNOWATCR

BECRECOVERT LENGTR OF SAMPLE

0 LENG T OF SOUND CORES > @ n/ LENGTH CORED %,

S SBLT SPOOM SAMALE
INTURALD SAuA (Y

-0 0EN 0N
LB e TEMIR

Mg 4]

SE.EVALUATION CF THE SLIZE IN THE
. WER SAN FERNANDC DaM

q) CROTSCIONCAL ENCIIERRS (IC oare  3/10/86
s TV ¢ e 7 ool 85669

BORING LOCATION _Sza_9:0v. "\,!'" GROUND ELEVATION (NGVD) H1e.5  DATE START/PNISH 2L0/%  Zanuiss | Q14
INCUNATION _vereicel BEARING __ 4 TOTAL DEPTH (FT) 117.0 DRILLED BY F. Stewart, WES/COEL
CASING 1D _Not used CORE SIZE_NA__ GROUNOWATER EL.___“*'' _DATE __- _ LOGGED BY__.t, persins DATES00:12850pG 3 OF 9
€L DEPTH SAMPLE REMARKS
TYPE |BLOWS{ PEN|REC SOIL AND ROCK OESCRIPTIONS
ond PER
FT FY NO 6 IN IN IN
)
L -0 . -
r S6 13 26 |6 S6 See previous page. k
- 20 -
- 27 ~
A p
- .
- e
- 28 -{
: }
y
[—_ 29 ~
b -4
- 4
- 1
30 "-1
: 5 ]
1 y s7? 8 |24 |12 S7 SAND, narrowly graded med. to fine sana, mostly med., ~15%
=3 T coarse sand and fine aravel up to 'Z", <3% nonplastic n
o la fines, subroundec to subangular, liznt tan (§5?) -1
+ 4
t_ 4
32 -~
I | ]
L 4
i 1
33 -
F -
= -
- -4
— 34 —
L J
- ; _{
o -
- 4
B 10 $8-Top 8": SAND, widely graded cosrse to fine sand, ~10% gravel up to b
- S8 12 26 |10 3/87, <JX nonplaatic fines, subrounaed, brown |5W) -
— 16 13 LTI SAND, widelv graded coarse to tine sand, <3% nonplastic —
= .7 fines, subanguldc, readtsh »Hrown Sat Yample contatined 4
two pieces of !'" gravel.
F -
r b
}.. 37 —
r e
— 18 ! —
- ’ d
[: 20 ) ]
LWL PER G ACLA AMMER FALL NG WG TOSRW A2 00 NOTES
JPL TSP Cw SAMPEA
PEN PENE THATION (E5. M OF SAMPLLR DA CORE BaRRE jee Page




BORING LOCATION _sta 9:3%, 71.1'S GROUND ELEVATION (NGVDL__ _ '1lc,3 OATE START/FINISH 5/10/88 /7 9712/83

S104

INCUNATION _Vertical BEARING _NA TOTAL DEPTH (FT) 1o DRILLED BY F_ Stewart, WES/COE
CASING 10 WMot used CORE SIZE_ ¥4 GROUNOWATER EL. CATE __ (OGGED BY e, perniny DATEX12-12:85 | PG 4 oF 9
€L OEPTH SAMPLE [ R EMARKS
TYPE |BLOWS] PEN] REC $OTL AND ROCK DESCRIPTIONS
and PER
FY T NQ 6 IN iN 1N
1 Ha
’ $9-Top 3~ SILTY CLAY, mod. plascic fines, ~10% fine sand, lamtnaced, h
dark gray (CL) Oce. lrregular layery ot silty fine sang b
to 4" thick. 4
%0 Approximate Interface - Rolled Fill ]
- —
Hydraulitc F(Ll .
! 3 S9-Next 8": SILTY SAND, narrowly graded fine saud, “JUX nonplastic :
C R §9 6 124 tines, laminated dark brownish gray (5™}
“ S Next «": Similar to top 3" n
6 Next «“: S{milar to SILTY SAND above (5M) b
d0C 5. (Top 37) SANDY SILT, slighcly plastic fines, ~35% fine
sand, dark gray (ML)
(Yotrom ¢°) SILTY CLAY, mod. plastic fines, <5 fine sand, B
ltaminaced, dark gray (CL)
42 | ' —
s 1
o E
i 4
| r
r 43 i —
Eo ]
LY ’ -
i -
FoL _
L_ a5 L -1
- -4
: Tt $10-Top 5": SAND, narrowly graded med. to fine sand, “~'0% nonplascic 1
510 ‘0 |24 |20 fines, dark olive gray (SP) ]
= 46 10 Next 9": (Top 2") SANDY SILT, sl. plastic fines, ~40% very fine -
o 16 sand, dark olive gray(ML) b
- ‘M{ddle 6") SLLTY SAND, narrowly graded fine sand, ~2U% +
- nonplastic fines, dark olive rray (SM) 4
.8ottom 1") SILTY CLAY, mod. pliascic tines, <5% fine sang, J
F dark olfive sray (CL)
= a7 30t 6 Simtlar to top 5" (SP) =
-
= =
- p
o 1
- -
b -
- .
- —
L «9 -
= ~
- B
o -
- -
) —
- -
- p
L <
L b S11-Top 57 SILTY SAND, narrowly graced flne sana, “I7% nonplastic 4
s11 9 2 | s f{nes, Jark ollve gray (SM)
= 51 9 Mext 7 CAND, widely graved coarse to fine sandg, <$% nonplascic -
- B fines, darx alive gray (>w) =1
b~ st 1" SANDY CLAY, sl. plastic fines, ~30% fire sana, carx olfive ~
b zray (CL) -
©o<o 7
BLOWS PER & A0S RAMMER FALLING 0 TODMVE A2 O Do| NOTES
$PLIT SPCOON SAMPLEN
SLNSENETRATION LENGTH OF SAMPLIN QR CONE QaRREL
RECRECOVERY LENGTH OF SawPLE ‘ee page SELEVALLATION UF THT SLIDE IV THE
;og:'-q\;v.-;c(: :\::lcolu D 4N/ LINGTH CORED, %, CWER SAN SETNANDO DAM
Y UNDSTURBED SaWmLES
-5 SwL8Y TUBE w0 DN SO
LE O RIED #YTON PBTCHER
vt OSTLRBERG L6 0L
CROUNDWATER OROTECMMICAL RNGINEKAS DIC. ocary J,'0/86
s P ) smomer BSK6K9




BORING LOCATION _sSta 3.25, 73.}'S GROUND ELEVATION (NGVD) 1114.5 DATE START/FINISH _3/10/85 7 a/12/83

S104

INCUNATION _ vercical BEARING __ YA TOTAL DEPTH (FT) 1o ORWLED B8Y __ £ Stewert. WES/COE
CASING 1D _Not st CORE SIZE__iA GROUNOWATER €L.__ '’  DATE __._ LOGGED BY_.k. reruins DATE v/ 10-1insdpg. 5 of 9
EL 0EPTH SAMPLE REMARXS
TYee |BLOWS| PEN] REC SO1L AND ROCK OESCRIPTIONS
end PER
[AS FY. NO. {6 IN | IN|IN
[ 34
- <
=53 -
[ ]
L ]
- 54 ~
o b
-4
=55 -
r 4 $12-Top 6”: SILTY SAND, narrowly graded fine sand, ~201 nonplastic 'J
r s12f o |2 |17 fines, dark olive brown ($M) 4
- 56 14 8ot 11" SAND, widely grade: :carse co fine sand, <S5% nonplastic o
o 16 fines, subanguldar, light olive brown (SW) e
L -
- B
=57 -
L <
4
L g
- 58 -j
-
L <4
-
5 ]
59 -
- B
- .
- 2 St3-Top 7":  SILTY CLAY, mod. plastic fines, <5% fine sand, blackish 4
L. 14 brown, lartnaced (CL)
$13{ 10 6| 24 Next 12": SILTY SAND, narrowly graded fine sand, ~20% nonplascic hn
r 1 fines, fine content decreases wich depth, blackish brown 1
o {SM to 5P} -
- %ot 5": Similar to top 7" (CL) B
o -4
—~ 42 -
- -
r- -
L ]
F—b] -
- b
- -
= 64
C B
}- -
L | ]
65
BLCWS PIR G 140D MAMMES FaLLiNG 30 TOOMVE 4 20w 00f NOTES
SPUT 38008 SAaus (R
PL%PUIt TRATON LENG ™ OF SAMPLIA O CORT amng, See Page

REC T RECOVERY LENGTH OF SAMPLE

OO LENGTH OF SOUND CORES D 4N/ LENGTH CORED %,
3-3MT SPOON UNAL

U UNGISTURBED SAMM £3

+3 T InELr TUM VO DENISON
uf - Eagp MeTON Malaal?]
VO - OsTEMILAG v e

v SROUNIWATER

LCWER SAN FERNANDO

OBOTECIONCAL DNOIEERE FC
APCraaTEn | cnamaOeam T Te

RE-EVALUATION COF THE SLIDE IN THE

oarx 3/10/86
reoutcy 85669




BORING LOCATION _s1q "' _ "1 .1's GROUND ELEVATION {NGVD) 1165 DATE START/FINISH L1078 /7n/i7:a8 SiI04
INCUNATION _verticat BEARING _ %Na TOTAL DEPTH (FT) BER DRILLED 8Y F. Stevert, WES/COE
CASING 10 _Not used CORE SIZE _YA __GROUNDWATER EL. st DATE - LOGGED BY _1.B. Perkins DATE 3. °-i2/8{ PG & OF S
[18 DERTH SAMPLE REMARKS
TYPE {BLOWS] PEN|REC SOIL AND ROCK OESCRIPTIONS
and PER
FY [ad NO Jein f NN
ER)
L 4
L 4
o 2 Sl4 SANDY CLAY, mod. plastic fines, ~20% very fine sand, .aai- b
r 5 nated, very dack brown {(CL) Sample contatnea two 1" B |
= 66 Sl 8 26|22 layecs ot siley fine sand locaceu at the nmidale ana top of
8 sanple, .
£ Qp = 1.3, 1.5, 1.8 caf
Sy = 0.86, 0.90 tsf i‘
- .
[ ]
s ]
|- 68 —
I 4
- 4
Y _
o . B
L i
| 4
- -
1
- } -
= 70 . —
o -4
L 4 S15-Tep 6”: SILTY CLAY, mod. plascic fines, +!0% very fine sand, lamt- |
7 naced, very dark olive brown (CL)
71 $15 7 24 ]2 Qp “ 1.50, 1.60 taf -
I 0 Sy = 0.93, 0.93% tsf b
F Nexz 12": SILTY SAND, narrowly praded fine sand, ~15X nonplastic p
- fines, very dark olive brown ($4) 4
L Bot 6": SILTY CLAY, mod. plascic fines, ~'0% very fine sand, lsal- 4
- nated, very dark olive brown (CL) Occ. ienses ot siity
2 fine sand. =
r Qp = 1.30 ctaf 8
o Sy = 0.92 cof ~
o -
= 4
r' 73 —
e
- 4
r -4
o E
= 74 -
r -
ol -
o -4
- )
= 75 -9
L 4
I 7 S16-Tap 2" SILTY SAND, narrowly graded fine sand, “~20X nonplastic -
8 6 fines, very dark olive trown (54} B
=~ 76 St6 2126 19 Next &" SILTY CLAY, mod. plascic fines, (5% fine sand, lasinaced, —
- 14 very dark oltve brown (CL) _J
- Next 7": SI{LTY SAND, narrowlv graded fine eand, (¥ non to si. 1
olastic ftnes, very dark olive brown (5M)
o Next «": Simtlar to 5>ILTY CLAY above (CL) b
‘)p - 2.0 tat b
1y R S;o= 1.0 tat —
. i %0t 2" Stmilar to too &7 (SM) .
|
-0 l t 7
8:CW3 PLE G 4718 rAMMER FAL NG 30 TOGAE 420w 00 NOTES
CUT SRTON SAMPLER
FENC P TRATION LN T OF TaWRER R CORE BARREL
QT REIDVERY LENGTH DT Samef re fage ) Lo
20 LEYLTH OF SOUND CORTY 54 N /LENGTM CORED %, SESEVALUATION OF THE N [

3 IRt $PO0N SAaMALL
. uNISTUABED SAMALES

4 AnFr@Y TuBE D 0ENISOM
CofaeD meton eimain
i3 ERBERG La B0

',Z GROUMOwATER

TWER SAN FEENANG

OBOTRCHNICAL ENGINKEAS DOC
e arme A cimmad e Y

oare 3.°C.86
PaOLCT Birn3

®




BORING LOCATION _Sta 935, 13.1'S GROUNO ELEVATION(NGVDL ____ ''14,5  DATE START/FINISH L“iL/M S |O4
INCUNATION _vercical BEARING __ ia  TOTAL DEPTM (FT) 111.0 DRILLED BY F. Stewarc. WES/COL
CASING 10 ___ar usedCORE SIZE__¥A_GROUNOWATER EL.__ '’ DATE

LOGGED BY__i:R. Perxine DATE/10-12'81pg 7 of O

EL OEPTH SAMPLE R EMARKS
TYPE [BLOWS] PEN| REC SOIL AND ROCK DESCRIPTIONS
ang PER
FT FT. RO 6 IN IN IN.
78 4
- 79 —
r -
- s
r -
| o -
I~ 80 -1
= 5 p
_-_ 81 s17 19 240 17 $17-Top 7": SILTY CLAY, mod. plasctic fines, <% very flne sand, lami- _.:
< naced, very dark olive bdbrown (L)
L 2 Qp = 1., 1.7 tsf b
['. Sy = 0.82, >1.0 caf L
Bot 10": SAND, narrowly graded med. to fine sand, mostly fine, (5% r
b nonplascic fines, brown (SP} 4
- 82 -
r -
- 4
= -
~ 83 -1
ol -
- -
- -
r -
= 84
g ]
- -
o e
o -
- .
™ -
~ 1 S18-Top t6": SILTY SAND, narrowly graded fine sana, 45% nonplastic -1
= 18 fines, dark olive brown (SM) -4
- s18 26419 8ot S": SILTY SANDY CLAY, mod. plascic fines, ~15% very fine sand, —
86 17 e
[ 15 scracified, several lenses and thin layvers of siley fine .
L sand, dark ollve brown (CL) 4
t -
.
— 87 -1
g 4
o -
I -
~ 88
d ]
F -
-
- ]
I~ 89 -
-
- ]
- .
= -
I~ 90 S19-Top 16" SILTY SAND, narrowly graded fine sang, ~3OX nonplastic -
- 4 tines, cark olive brown (5M) Saspie contginea Ihree -1
- 6 ""-chick layers ot stracttied si.iv c.av. -
o S191 .y [2e |26 P
o @ 7 :oncinued on next page -
1

SLOWS #ER ¢ 140D MAMWER FALLING 30 TO ORIVE 4 2 OIN 00
SPLIT SROON SAMPLER

Py PENETRATION LENGTH OF SauMER OR COME SANREL

REC - MECOVERY LENGTH OF SANMPLE

RQO-LENGTH OF SOUNG COREY > 410/ LENGTH CORELD . %,

9 3PUT SEOON SANM L

U UM TGO SAMALES

43 - LBy TUBL u0 - DN ION
uf - FINED MITON uP-MTERER
vQ - OITCMENG ve- a0

v SAOUNDWATLR

NOTES

See P :
ee Page RE-EVALUATION OF THE SLIDE IN THE

LOWER SAN FESNANDO Dam

¢ ABOTIIONCAL SHOBEERS B care 1/10/86
et Ten * e T T8 moxct 85669




BORING LOCATION ta_9:%, 3.1'S GROUND ELEVATION(NGYDL __ '1l¢, DATE START/FINISH 5/10783 /7 9/12/8

S104

3 SALT SPOOM A
< JmPYTURAELD S

LS tmE
P

.2 GSTE

'Z 0MDUNDwSTER

AL
vy

Ay "UAC
0 e 5TOm
RBLRG

BIC E750EMY (I8 Te OF SAwpg
OB LEMGTH A SO CONEY > o w/LENGTH CORED %,

DN SON
[t}
iy

INCUNATION _vertical REARING _NA TOTAL DEPTH (FT) 117.0 ORILLED 8Y F. Stewart. WES/COE
T
CASING 1D _Nog nsed CORE SIZE YA GROUNDWATER EL. _Nt"~ DATE - LOGGED BY__L,8, Pervine DATEY2-12/031 PG 8 oF 9
eL | oeemn SAMPLE v | memarxs |
Tvee [BLows| PEN|REC SOIL AND ROCK DESCRIPTIONS
and PER
FY L NO F6IN | NN
'
K S19-Next 5": SILIY CLAY, mod. pidscic ftnes, 5% very fine sand, stira- 4
“ ti1fled, Jark oltve brown (CL) 1
siof % f2a]2a Sy < 0.98, 2.0 cst
. Qp = 1.8, 1.9, 2.2 u9f J
t . B0t. 3”: SAuu, NATIOW.s miaded 110 sadC, % _soplastic tfines, -+
92 broa (SP) -
= 93 \ -
S :
| <
— %4 ——
- ' B
- ) 4
- i 4
— 95 —
r B
— -4
r h) $20-Top 11" SILTY SAND, narrowly graded fine sanc, ~20% nonplasctc b
o 6 N fines, dark olive brown (SM) .
— ag 520 s (2420 Next 6": SILTY CLAY, mod. plaatic fines, ~5% fine sand, stracified, ]
L 18 cark olive brown (CL) d
L S¢ 21.0 tat 4
L Qg = 1.75%, 2.0, 2.0 tsf
Bot 1": SAND, narrowly graded med. to fine sand, mostly fine, <5% -1
F nonplascic ftnes, brown (SP) .{
= 97 ' -
- -
F | ]
L ! 4
- ‘ .
- 98 ; -
3 ‘ .
- 1 e
L i ]
i 4
QQ i —
r | -
— —
L -4
b 12 e
o ‘5 o 17 s$2) SILTY SAND, narrowly graded fine sana, ~20% nonplastic i
— 8|2 fines, olive brown (SM) Sample concatned a I”-thick
i o Laver of scratified silty clay. ha
[ -4
- ]
r -
= -4
r -
ol -4
- -y
r L ~
F l .,
i
BOWS PIOE 40 8 RAMMER FaLLING 30 TOOMVE A 20 00f NOTES
G T OSPONON SAMPLER
PN M TRATTIN AL OF SAMPUE R R CORE AARRE L ce Page

YELEVALLATION AF THE STITE TN THE
LIWER SAN FESNANDO DA

CRUTHOMNICAL KNGDMERAS OFC oatL 3/°C/86
POSTUR A croscT B5669




BORING LOCATION _5ca 0209, '.!'S GROUND ELEVATION{AGVD)} 14,5 DATE START/FINISH 3/10/%5 /7 911248 SIO4
INCUNATION _Vercical BEARING __“» _TOTAL DEPTH (FT) __ vy ORIVCED BY __f. Stewart, WES/COE
CASING 1D __xot uaed. CORE SIZE_i4__GROUNDWATER EL.__w2'’ _ DATE LOGGED BY n,  rxies  0ATE¥ 103135 |pg 9 of 9
EL OEPTH SAMPLE REMARKS
TYPE |BLOWS| PEN] REC SOIL AND ROCK DESCRIPTIONS
and PER
FT [ NO. f6IN | IN | IN
t TUs
4
ﬂ
105 L Approximate Interfsce -~ Hydraulic Ftl} 1
Alluvtum -
S §22 - SANDY SILT, non to sl. pitastic fines, ~J5% fine - med sand, 5% gravel 4
106 $22 12 2] 22 up to 4", blackish olive gray (ML) :
20 .

.
- w7 —
I )

p
b <
o 1
108 -1
- -
r -
- 109 -
I g
F E
~ 110 -
r 2 y

sa3) 17 a2 i
L 1y 18 $23 - Stmflar to §22 (ML) I
b 25 e
=112 -
o -4
r .
[- 113 i -
- -
b— 114 -
= -
- -
-

+
=15 -
- -4
r A
- 3 ]

U CFZ3 BN F AL 2e. it ]
b= 11 . S264-  SILTY SAND, narrowlvy graded flne sand, ~10% ronp.astic finea, —
- “q Ji1ive wrayv and hrown (5™ -
- -
¥ B
r . fottom of Borehoie - 17 0 f¢ b

TSPIUN Sawe e
OFN PENETRAT N (NLTHOF Siuim R M TORE BARNY e Dage
A OMECAVERY ENLTH OF qaue f
330 LENGTH OF SOUND CORES >4 4/ LLNGTH CORED &, LEATION oF hES
S OIRUT IP0ON SAWALL LCWER SAN FEFRNANDD TaMm
5 NDSTURBED Saw?Lly

BLSWS PET6 - 4T A MAVMES fa N, W IV AZ Linac) NOTES
Gt g

2% ImE 8Y T _mg LS 2w sOn
_T FIErD #1975 R T
PR R 41 45 Ml 4

70.w~°"'(. OROTEBCNNICAL KON RRIS (WC JaTL 3710/86
-8 Y ¢ aamacr i ' TS smoncr 85669




BORING LOCATION Sta 9:35, 23.¢'S GROUND ELEVATION (NGVD) led  pATE START/PNISH sz Zavems | G O 5
INCUNATION _co-:ca)  SEARING va_ TOTAL DEPTH (FT) ‘1.0 ORILLED BY ©. Stewart  WFS/COE
CASING 2 v wvea CORE SIZE -+ GROUNDWATER EL __ ~e " DATE __. LOGGED BY_.8, screins OATE: .0a/as| PG | ofF 9
— -
€L JEPTH | SAMPLE REMARKS
TYPE |BLOWS | PEN] REC SOIL AND ROCX ODESCRIPTIONS
and PER
FT T NO 6 IN IN | N
(S Rorelioie
advancea
usine
19 standard
3 35 |24 Ot 31 = SILT. 2AND, widely rracea coarse to flne sand, moecly fine, “sua 1
L ' 16 1 23 | vasn norine nonplastic fines, <51 gqravel, brown (3M) —
317 techniques
r - with & 1
}- hentonite -
o detlling 4
- l mud, <
—_2 Tleaned out
- l | norehoie ]
“ith a o n
r ! ALY -
- i hit witn <4
. ipward h
) ! Jetting, —
F i i
! 4
t
i )
- . ‘ =
ool ]
Feoy i
F
L
g 5 ]
-6 s2 | 1t et
L :5 2 S2 - SILTY SAND, widely graded coarse to fine sand, moscly fine, ~30% I
s nonplastic fines, ~5% gravel up to 12", blackish brown (SM) b
- i 4
b . _
) ! 7
i
— 3 , j
r ' .
r | ~
- I -
- | .
— a9 ; -
r ! -
S ]
A >
10 j
r E
b ; 4
L By ) e fy ]
k] $S3 - SANDY CLAY, sl. to mod. plastic fines, ~40% coarse to fine aand, -
- 2 ~15% gravei up to 1.0", brown ang olive gray (LL) 1
r p
h -y
r -
= =
- " -
- :
| —
b \ B
- . { ]
[RSTH IR G vgs?;:(:::;,t(:a 30 "0omvEazCmoof NCTES
PENC-SEME TRAT SN £ T M SAMPLEN OR CORE RARAS : roundawater .evels not recordes
"‘3'“3'-':" BRAMGEAR T V] »lause sentonlte dri.ling mud
aim fnG™ E . ’ PR
S.S’:l'w‘.”- :-.::(cm DA /UIMGTH CORED %, vieo {n ~srehoie woutd produce SE_EVALUATION OF TuE SLIDE IN THE
s WOSTURBED Saum €S decurate readings. LWER SAN FLONANDC CaAM
¢ g gv oAy S0 BENISON
fuED myTon SO R TN
su TSTERBENG M
PALLE ML q> OBOTECHNICAL ENOTWRENS DNC sare 3/10/86
ey cager B5669




BORING LOCATION _sta 9213 2).¢'5 GROUND ELEVATION(NGVDL ‘1141 DATE START/FINISH spzms  Zanwss | S 05

INCUNATION _ Vertical BEARING __NA  TOTAL DEPTM (FT) 4.0 ORILLED BY £, Stevarc, WES/COE
CASING 1D _Not used CORE SIZE__:s GROUNOWATER EL.__ w&'' DATE . LOGGED BY L., Perkins DATE 212:i: 33| PG 2 OF 9
e
EL ; DEPTN SAMPLE REMARXS
TYPE |BLOWS ] PEN] REC SOIL AND ROCK OESCRIPTIONS
and PER
Al FT b0 bean N n
't 13 h
3 1
L -
t. 14 .
F ' §
E 15 -
r .
C 10 ;
| 17 S& - SILTY SAND, videlv graged coarse to fine sand, mostly fine, ~30% h
i~ 16 s 25 220 non to sl. plastic fines, ~10% rRravel up to 2", blackisn gray (SM)} —
27 .
F ]
7 -
Coo :
b~ 18 , -
o .
I
[ ﬂ
1~ —
y
= 20 —
N 10 ]
16
— 21 S5 2 26 |19 -
- 57 89 - Stmilar to S4 (SM) i
-4
22 -
E
E
P
23 —
26 o
-
— -
r AR -4
2 .
s6 22 Al B S8 - SILTY SaAND, wideiv graded coarse to fine sand, ~3}D% nmonpiastic
o< fines, ~'% gravel up to '.J", Slackish Bbrown (3™ q
~4

B.Dws 0Em ¢ A0S MAMMER fai L
ALY $PO0N SamPL
S0y SENE TRATION (ENGT™H CF SAMPLER O COME GARRE
LT MECOVERY LENGTH OF Sawelf
QI3 LENGT™ OF SOUND CONES > &M/ LENGTM CORED %,
3 SRLT SPO0N SAMMLE
2 NS TUSECD SAMMLES
S5 ImELEY Tuse
LA IRED MYTON
PhAN AL, L]

7 GROUROwATLS

:(-;a 30 TOOMVE A 2Oy 0O

U0 OENISON
ur- M TONCR
va- ek

KOTES

See Page

OE.EVALUATIZN OF TWE SLITt IN THE
UOWER SN FERNANDG TaM

OROTRCHMICAL BNODIRENS BIC. sarg 3/10/86
mdraeres : vnamac-am ' Y8 reoger 85669




BORING LOCATION _sxa .9:25, 2).¢'3 GROUND ELEVATION(NGVOL 11,1 _ DATE START/FINISH 3/12/85 /7 9/1c/as s | O 5
INCUNATION vercical BEARING ___Na__ TOTAL DEPTH (FT) 310 DRILLED BY __7. Stewart, <ES/COL
CASING iD_Rot vsed CORE SIZE_NA _ GROUNOWATER EL. u“ DATE ___- LOGGED BY__J.R. Perxins DATEI/12-14.8%1 pG 3 OF 9
[ 18 DEPTH SAMPLE REMARKS
TYPE |BLOWS] PEN| REC $SQIL AND ROCK DESCRIPTIONS
andé PER
(44 FT NQ & IN N (1.}
26
13 h
$6 ;1 2 |19 $6 - See previcus page. p
1 25
27
L

LA S L

]
28 -:
]
-

= 29
~ 30
-
o 19 4
o §71 28 J246} 15 4
— N 22 S7 - GRAVELLY SILTY SAND, vicely graded coarse to fine sand, ~20% -~
o nonplastic finees, ~20% gravei up to 1", dark olive brown (SH) <
8 4
- -
I~ 32 -
o -
B 4
. J

-4
- -
-

.
F 1
u <
- -
— 35 -
! j
- 2 ~
- 16 58 - CRAVELLY SILTY SAND, videly graded coarse to fine sand, ~20% -4
— & s8 20 2 |14 gravel up to 1.0", ~20% nonpisscic fines, dark olive Lrown (SM) —
g 100 E
- -4
o -
[~ B
il —
o -
- »
o -
— -
o -
F o 4

BLOWS SIA S - 1408 MAMMEN FALUNG 30 TDOMIVE 4 20m 00| NOTES
SPLIT SPOOR SauPLEN

PEM - SEME TRANION LINGT™ OF SAMSLEA OR CORE BARREL T, See Page !
:;;i:::om uL:::;u 410/ LLNGTH COR FE-EVALUATION OF THE SLIDE [N THE
> coneo-% _IWER SAN FERNANDC DAM

$°5PUT $POON SAMALL
U UNOIITURABED SAMAL 3

9 - sMELRY TUSE <G DEM ION
ul - ELn MITON v P TORER
VO OSTERBLAS e et

7 gRoUNCWATTR OBOTECHNICAL RNGDNERAS DT sate 5, "0 /86
* N e 1o ] saogct 35669




BORING LOCATION _sta 9,15 2% 'S GROUND ELEVATION (NGVD) ____.ilel  DATE START/FINISH _8u2.8 /G iqres

SI105

INCLINATION _vercical BEARING __xp  TOTAL DEPTH (FT) JA7.0 ORNLED BY _r, Stewart, wES/COE
CASING 10 Rar uacy CORE SIZE_NA__ GROUNDWATER EL _ vt~ DATE __- LOGGED BY__" R. Perxing DATE 82218 p6 4 of 9
€L DEPTH SAMPLE REMARKS
TYPE |8LOWS] PEN] REC SOIL AND RJCX DESCRIPTIONS
ord PER
FY T NO. 6N IN IN,
39
F
- -
r ‘
- .
- -
L 4
&1 59 bb 2| 0 S9 NO RECOVERY, suspecc gravel in front of sampler while -
E 28 driving.
33 b
o ~
Y —
- g
- 4
- -
- -
). ..
- -
b 44 -
I
o
T o Approximare Interface - Rolled Fill =
- Hydraultc Fill J
3 i
i 4 1
310 3 |24 12 $10-Top 5%: SANDY CLAY, sl. to mod. plastic fines, 35X cosrse to fine b
|- 46 11 sand, soscly fine, ~15% gravel up to 2", olive brown (CL) -
S 8 Boc 7": SAND, narrowly graded med. to fine sand, mostly med., ~!10%X 1
- coarse sand, <5% nonplestic fines, brown (SP) 4
- Ti{p of shoe concalned a thin layer of silcy clay.
- 1
= 47 -t
- -
o -
- . 4
: $11 6 f24 |1s S11 SILTY CLAY, mod, plastic fines, ~10% very fine sand, strs- b
48 3 tified, very dark olive brown (CL) -1
o 5 Qp = 1.2, t.1, 1.0 cuf <
L S = 0.66, 0.60, 0.60 taf J
o -
o -
= 49 -
- -
=~ -t
N 2 ]
$12 3 |28 |24 st2 SANDY CLAY, sl. plastic fines, ~20% very fine sand, scra- -
- 50 B tified, blackliah olive -
- v Qp = 1.2 taf -
- Sy = 0.7 cof -
- -y
o -
= 5t st3 SANDY CLAY, mod, plastic fines, ~20% very fine sand, -
o ? blackish clive (CL) uUce. irregular pockecs of silty fine -
= $13 “ e e sand. Sample contained a /4" plece ot grave. at lover ~
o 5 third. .
S
[ 52 3
nows sen e -;w‘?’r&:(::::&? 30 TOOANE A 20m 0of NOTES
SN UM TRATION LLNG T OF SAMMLER O CORE BARWEL . s P ,
NEC AECOVERT LENGTH OF SaMP L ee age |

200 LLNETH OF JRNO CORES > 4.0 / (LNETN CORED, %
3 3AUT 35008 SAMAL
VUMD TURSED SAMA I3

JY - LAY TUBL uo OOw:
JF - PIRED MITOM P TOMER
u0 - NSTIAMLAS ety

v SROUNOWATYR

RE-EVALUATION OF THE SLIDE IN THE
LOWER SAN FERNANDC OaM

sarw 1/10/86
romCt 89669
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BORING LOCATION ite 9-3v, 23.¢'S GROUND ELEVATION(NGVDY____ 1. i DATE START/FINISH 901283  //9/14:85

S105

INCUNATION _verqice| BFARING __Na  TOTAL DEPTH {FT) JBON.| DRILLED 8Y F. SSewerc, wPY/COE
CASING 1D Mot vsed  CORF SIZE_¥A__GROUNOWATER EL.___a'' _ DATE LOGGED BY _:.*, Pervine CATE v12-:«8 pg. 5 o 9
EL DEPTH SAMPLE REMARKS
TYPE |BLOWS | PEN | REC $OIL AND ROCK DESCRIPTIONS
ang PER
FY T NO. 6 IN IN IN
| 24
2 E
I $13 o {24 |14 $13 See previous page 4
3 1 4
o 5 p
- 3 —
o g
L 4
- 3 P
- e P
= 54 sta ; 26 {24 Sta SANDY CLAY, el. plaszic fines, ~25% fin: sand, {rregular —
L 5 stratification, blackish oitve (CL} B
- 1.3 88
I Sy = 0.72 tsf h
.
4
- ss —
o E
2
- S 12416 1
[~ 56 15 8 | 5195 SANDY CLAY, el. plastic fines, ~25% very fine sand, stra- -
o 7 cified, blackish olive (CL) b
r -4
= 57 -~
- -
r .
: S8 SILTY CLAY, mod. plascic fines, ~10% very fine sand, «
- s8 $16 ¢ stratified, blackish olive (<L) -
L ol Qp = 0.8, 1.3, 1.5 caf ]
| Sy = 0.53, 0.73, 0.75 tsf
o -
L -
- sg -
r -
r 4
[~ -4
o § $17-Top 231R": SILTY CLAY, mod. plastic fines, ~10% very fine sand, <4
- 60 §17 5l |26 srracified, blackish olive (CL) -
i 5 12 Qp = 1.3, 1.6 tef -
Sy = 07.8, 0.73 cof B
- 80t 1/2": SAND, narrowly graded fine sand,~!0% nonplastic fines,
r clive brown (SP-SM) ~
- -
— 61 -
r -
- -4
I 3 ]
—
L. 62 s18 ‘:‘ 24 )1 S18-Top 5":  SANDY CLAY, sl. plastic fines, ~251 fine sand, blackish .
| L olive (CL)
- ioc 'OV SAND, narrowly graded fine sang, ~5% nonpisstic, “rown 1
I (sP) h
r el
- -
= 6] S!'9-Top 5 SILTY CLAY, rmod. plastic fines, ~15% fine sand, stra- —
- riefied dark olive brown (CLY ce. pockecs and 4
- Lenses of silty fine sand. B
- Nextr 3 SANDY SILT, ron to sl. plastic fines,~35% fine sand, dark
. vitve brown ML) Ocec. layers of stlty ciay to 1/8" 1
i ‘ chick. b
= K4 s19 M R 8 fot s SILTY SAND, nartowly graded fine sanc, 20T nonplaszic -
I~ N fines, ~ST med. to coarse sang, oiive brown (SM) —
M e B
asws prm g lsf-t.'v‘sw:::itifn TCOMVE A2 om o f NUTES
TEN PTNCTRATION (4T OF SAMB LR O CORE BARNE, re bage
MBIV LN OF Saumg . REY-EVAL TATIIN OF THE S
MO0 LENOTH OF UMD COREY >4 M/ LEMGTH COREE Y, NYR SAN FLENANDC TAM

3 OIMLT RO0N um
S UNOSTURRID Saw £S

] €. 87 AL -3 0ENISON
foTary Mt PoeniA
<2 DT RAING 9

PELIL LT T
*

sarg 370786
seqgcT BoHBY

OEYTECHNECAL ENODVEIAN DO
4> edmbncr - T

¢




BORING LOCATION _3te 933, 23.¢'$ GROUND ELEVATION(NGYD) }ile ! DATE START/FINISH _9/12/8% /Wluu S l O 5
INCUNATION _Vercicsl BEARING __ %A TOTAL DEPTH (FT) 2.9 DRILLED BY * Stewert, MES/COE
CASING (D Mot used CORE SIZE_3a__GROUNOWATER EL._~e'’  DATE . LOGGED §Y__.p. ecxi-s DATEULZ: 3% | PG 6 oF O
EL DEPTR SAMPLE REMARKS
TYPE |BLOWS ] PEN | AEC 301L AND ROCK DESCRIPTIONS
Snd PER
FT FT. NO. {6 IN | N §IN
6>
- 4
T' $20-Top 9$": SLLTY SAND, narrowly sraded fine sand, ~'9% non plascic 1
" 7 fines, ~S% med. to coarse sand, olive brown (5M) 1
L 520 £y WY 20 Bat 15": SANDY SILT~SILTY SAND, ron to sl, plascic fines, ~5uX fine 1
66 s sand, blacklish olive (ML-SM) -
I ’ ]
o -4
t- 4
. 67 -
I S$21-Top 17": SILTY CLAY, mod. plastic fines, ~!0% fine sand, stratifiaed h
B blackish olive (CL) 1
r 1 Sy = 0.90, 0.90 cef 4
- . Qp = 1.50, 1.50 taf 4
l— 68 . 6 Nexz $": SAND§ SILT, non to sl. plastic finea,~45% fine sanc, ]
L 52 3 26} 246 blackish oltive (ML)
8ot 2": Siatlar to rop 17" (L) b
-
F -
L. 69 —
L ) i
- I \ §22 SILTY SAND, narrowly graded fina eand, ~40% non to sl. 4
b= 70 322 .2 24 12 plasctic fines. blackish olive (SM) Encire ilength of -t
17 samplie disturbed. “iece of frava. Irn head o ssmpier. 4
L -
=
[ ]
——A j
b
- )
- 823-Top 5”: SILTY SAND, narrowly graded fine sand ~30% nonplaastic j
d 5 fines, very dark olive (SM) -
- 72 3 P .
+ 323 9 12 13 Next 7": SILTY CLAY, mod. plastic finas, ~10% fine sand, stra- 4
L 19 tifled, very dark olive (CL)
Next 2": SILTY SAND, narrowly graded fine sand, “~20% nonplascic h
k fines, very darx olive (5M) b
r Next 2": SANOY CLAY, sl. plascic fines, ~35% fine sand, scratifiea, 4
- 73 very dack olive (CL) —
- Bot 3": SAND, narrowly graded fine sand, - ST nonplastic fines, tan §
L (sP) J
o Z -
r “ S24-Top >": SILTY CLAY, sl. plestic fines, ~30% fine sand, very dack <
~ 74 s24 T2 olive (CL) =
- 8 Boc 19”: SILTY CLAY, mod., plascic fines, 10X fine eand, stracified ]
very dark olive (CL)
r Sy = 0.86, 0.9', 0.76 csf top to bottom y
" Qp = 1.6, 1.6, 1.3 tsf top <o bottor ~
-
L 5. ]
[ 4
r e
- g 328 SILTY CLAY, mod. plastic fines, ~'0% fine sand, stra- B
L _ 76 tiflied, very dark olive . L
825 g ]2 Sy = 0.%6, 0.7%, taf rop to botcom =1
3 Qp = 0.80, .60, tef ctop to do-tom -4
I -
d 526 SILTY CLAY, mod. plasclc fines, ~i0% very fine sand, stvra- E
77 tifled, dark oltve (CL) —
- . Sy = 0.74, 0.93, 0.93 taf cop to bottoms s
- N Jp - 3,90, V.6, .9 taf top to botton N
- $26 S pa] o2 ]
[ w ) b
BLOWS PER S 0L MAMWES FALL NG X0 TC DMV A 20m 0G| MOTES
SPLIT SPGOM SamM e
PUNCPENETRANION (ENG™ OF SAMMLIR O (O pARSY, Sea Page !
T REAAVERY ([NGTH OF W g TE_EYALIATTLN P SUE €Y tRp Ty Tuw

MO LLNGTH OF SOUND COREY 6 W /i [MGTH CORED %
1 3PUT SPOOM SAMME
4T UNCETURSED SAMA 3

Y SMELEY TuRe 790
A TINED PATON ATy
40" QITLAg E 1]

7 SROUNOwATES

—TETER ¢ tatmaan.

CIWER SAN FEANANDD TrM

carg 3/10/86
moxcy 853669




BORING LOCATION _wta %15 21.4'5 GROUND ELEVATION (NGVD) et oate start/pmsi o Lanun | S 105
INCUNATION __vecicel BEARING _ s  TOTAL DEPTH (FT) 117.0 ORILLED BY L Siewart. WrS/COP
CASING ID _Not used CORE SIZE__No__GROUNDWATER EL.____ v  DATE __-__ LOGGED BY___:.%, PeruinaDATE 922-1c/831pG. 7 OF 9
£L DEPTH SAMPLE R EMARKS
TYPE |BLows] PERT REC SO1L AND ROCK DESCRIPTIONS
end PER
rY Y NO. 1 8IN | IN| IN
4
1 g
3 faa 2 4
o
’ 4
-
i 2
- 2 26 |24 s27 SILTY CLAY, mod. plastic fines, ~10X fine sand, stra-
1 t{fied, very dark olive (CL)
t Sy = 0.93, C.91, 0.93 tsf top to bottonm i
Qp - 1,7, 1.7, 1.7 (£34 top to bottom ]
L ]
b —
- B
- 1
b 3 e
- 5 1
- g 246} S28 SILTY CLAY, mod. plastic fines, ~10% very fine ssnd, stra- =]
o 9 ti{fled, very dark olive (CL) Most of sample disturbed -
e from piece of gravel. o
- -
- -
= —
I P
L 4
! 3 ]
L 6 29 SILTY CLAY, mod. plastic fines, ~10%, very fine sand,
g 14
o 11 {26} 26 scracifisd, very dark ollve (CL) Sample contained several
{rregular pockets and lenses of silty fine sand. h
- Sy = 0.95, 0.95, 0.85 tef top to boctom h
r Qp = t.6, 2.0, .8 (434 top to botcCom 1
+ 4
}_ =
o .
: 4 $30-Top 4": SILTY CLAY, mod. plsstic fines, ~10% very fine sand, stra- ]
9 tified, very dark olive (CL)
i 10 Next 6": SILTY SAND, narrowly graded fine sand, *“15% nonplastic =1
- 11 26| 24 fines, very dark olive (SM) -
b Next 3": SILTY CLAY, stiamtlar to top 4" (CL) E
- Next 2': SILTY SAND, narrowly graded fine sand, “~20X% nonplascic 4
| fines, very dack olive (SM) 4
Bot 9": SILTY CLAY, simtilar to top &" (CL) —
= -
r $31-Top 5": SILTY CLAY, moc. plastic fines, ~10Y very fine sand, stra- 1
o “ tified, very dark olive (CL) b
o 1% Next 1': SILTY SAND, narrowly graded fine sand, “25% nonplastic -
= 1 | 2f 22 fines, very dark olive (SM)
L 15 Next 2": SILTY CLAY, similar to top 5" (CL) j
Next 7" SILTY SAND, narrowly gpraded fine sand, “~30% nonplastic
t fines, very dark olive (SM) T
Nextc 3": SILTY CLAY, stmilacr to cop 5" (CL) ]
o Bot 4”: SILTY SAND, similar to top 7" layer above, except olive
t- brown (SM) -
: 6 ]
- 12 | 24 19 S$32-Top 17": SANDY SILT, non to sl. plastic fines, ~107 /ine sand, olive
14 o Drown (ML) —~—
s 8ot 2": S(LTY TLAY, mod, plastic fines, ~!10%X, very fine sand, .
stratifled, olive brown (CL) B
B
i 7
MOWS PES § 4015 MANMER FALUNG 3O TOOR A A 200 00f NOTES
IPLIT SROON SauPLER
SN PTMETRATON [NIT DF YN LR DR CORE BARRE, ‘ee Paie

RECRECOVERY LLWGTH OF SAMPLE

ROC LEMGTH OF SOUNO CONES > 4in / LLNGTR CORED %
3 SAUT $ROON SAMME

VUMD TUNSED 1AV MY

.S peLEy TAL JO - OENSON
L5 PiIEB MATON Ry
 OSTUAMAG Ty

‘2 ARC M Oms TER

RE~-EVALUATION OF THE SUITE IN THE
LTWER SAN FERNANDO DAM

sary 3/10/86
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—
BORING LOCATION za_9:18. 21,35 GROUND ELEVATION(NGVDL__:tie:i  oaTE sTarT/AmisHacs  Zeaws | §1 (05
INCUNATION __yergica)l BEARING 5A__ TOTAL DEPTH (FT) 1110 DRILLED BY £, Stevart, WFS/COE

3] A
CASING 1D _Nog used CORE SIZE__¥A__GROUNOWATER EL.__ " DATE _._  LOGGED BY_J:R. Peckine paTE v i2:10/85{ PG B of 9
gL OEPTH SAMPLE REMARKS
TYPE |BLOWS ] PEN] REC SOIL AND ROCK DESCRIPYIONS
ang PER
FT FT NQ 6 IN. 1N L]
i ! '
r $33 SILTY CLAY, mod. plastic fines, “~5% very flne sand, scra- )
+ 4 tified dack brown (CL) Cecc. irregular pockecs and lenses h
- 6 24 23 of stlty fine sand. -
- 9 Sy = 1.0, 1.0 csof top to bottom -
- 13 Qp = 1.5, 1.8 st top to bocrtom e
- -
be E
- —
- 4
- B
r 4 -J
r_ g 26 8 536 SILTY CLAY, mod. plastic fines, 'O vecy fine sand, ecra- -
L 11 t1fled, dark brown (CL) .
- -
ol -4
r 1
o —
- -
- .
[ 7 $35-Top 3": SILTIY CLAY, mod. plastic fines, “'0% very fine sand, ecra- b
) 6 tified, dark brown (CL) §
8 |24 |24 Next 6'": SILTY SANY, narrowly graded fine sang, ~40% non to sl. -1
12 plastic fines, dark olive brown (SM) -
- 30c 17": SILTY CLAY, mod., plascic fines, ~'0% very tine sand, stra- .
- cif{ed, dark brown (CL) Occ, irreguiar pocxers and len=- _'
L ses of stlcy fine sand. |
L Sy = .2, 0.B6 tar top o bortos
Qp = 2.0, 1.7 rtsf top to bottom ‘J
b .
I
“ 1
r 7 |28 {26 S$36 SILTY CLAY, mod. plaacic fines, N1 very tine sand, etra- 1
- g tifled, Aark brown (CL) Oce. irregulac pockets and len- 9
- 10 ses of stllty fine mand. -4
: Lower half of ssmple contalned s «"-chick layer of SILTY :
L FINE SAND wich ~0% nonplascic fi{nes .(s5M) _{
- -
r T
= .{
t— 4
e & $37 SILTY CLAY, mod. plastic fines, ~70% vervy fine sand, scra- -
[ 3 |26 ] 26 tifled, dark brown ‘CL) Several lrreguiar pocketa and —
0 lenses of sillty fine sand. - 4
L Qp = 1.6, 1.6 caf 4
.
—
-
-
S38 SILTY CLAY, mod. plastic fines, ~'0X verv fire sand, stra- 4
‘: tified, dark brown (CLl) .
: N Sy = 7.95 tasf
L— 2 26 | 24 4; - b taf T
Sswple concsined two I"-thick layers ar tha top half and -
ane = -thick laver at the bo.tom na.f. The isvers con- .
stsced ot SILTY SAND, narrrowiv graced fine sand, “°0¢ 4
tonplastic tines, cark hrswn (HX ]
519 SILTY TraAv, -oa. ~'"¢ verv fime aand, stra- -
. R VATV JATK Drown LTIegu .87 Tolwkel s ang -
E e AR si.ty Uine sany, -
“n d
- Congic et Ar texC CARe
A.my mra g “l-vm.nnl:,‘nilc ":o.vJ!Al'Jn-):{NO"[S
ce T AR TuM AP fe
FEN M CRAT o dn LTk 4 SAMPE LA A CORE AARRS
BLL RETIVERY fulTe OF LamPg | e tage TULFYALLATION CEOTHE TUIIY N TuE
RO LLNITH O UMD COMY 36w LeTTH CGRD % i LR AN FEEAANDY TaM

+

TR T 9eany SAuAE
N TURAED SaMm (Y

AR UL LA 14

v
LT CITIRALAG

T ANOUNDWATEN

N SON
sl i)
[ 4]

10

5eo
-

@ CRUTECIOINCAL SNIEENS 290 oary 3/10/8%
— AT ¢ ———r s | S OLTT 85669




BORING LOCATION

Sta ¥e¥3, 71.4'S GROUND ELEVATION(NGVODL.__!'!e.) _ DATE START/FINISH _3/12/83 //o/e/ss
INCUNATION _yeziicai BEARING g TOTAL DEPTHM (FT)
CASING 1D _"ot used CORE SIZE_¥4__ GROUNDWATER EL.__at'  0aTE

D ——————

S105

e ves/coe

DATE 2112..4/%

DRILLED BY __F, Stawere
LOGGED BY LA, Perxing

¢ 9 of O

EL DEPTH SAMPLE REMARKS
TYPE |BLOWS | PEN] REC SOIL ANO ROCK DESCRIPTIONS
me PER
T Lad NG 6 IN, N L]
I 529 Sy = »1.0 tst h
: 2w s Qp e 1.7 caf 9
L Sample contained two 2"-thick layers of SILTY SAND, ung- P
| form fine sand, ~30X ronplasctic f{nes, darx brown (SM) -
. layers were located at siddla of sampie. 4
b -
r s |2 $40 SILTY CLAY, mod. plastic finea, ~10% very fine sand, stra- 7
E L e t1fled, dark brown (CL).. Occ. lenses of silzy fine sana. 1
Sy = 1.0 csf T
- Jp o= 2.1, 2.3, 2.6 st E
F 4
- -1
. p
r [ A Sut SLLTY CLAY, mod., plsstic fines, ~10%X very fine sand. sCra- 1
- t{fted, very cark brown (CL) Sample containec a 3 -thtecxk =
o Layer of sl.ty :ine sand at midcle of sample. -
- Sy = 2.0 tat
Qg = 2.1, 2.2, 2.4 rtaf )
b 2p SV, 2.2, 2.4 raf 4
— §42-Top H»": SILTY CLAY, siwtlar to S4al (CL) -
- E
r Approxtmste Interface - Hydrauyltc Fill 4
L Alluviue b
- PO Bot 187: SILTY SAND, narrowly greded fine sand, ~40% nonplastic -
L fines ,~i0% med. [O coarse sand, black (SM) 4
b g
- E
r R
b— —
- B
b ' -4
b i .
- i E
R B
,
L ) p
F .
r -
- i ~
b 112 -~
r : b
b : 4
- ‘1 -
- ! -
- -
ol H -
H 4
- g
b~ +e5 -
- -
s P
. -
: -
‘e 63 P ] T3 VILTY SAND, rarrowiv graded fl-e eana, ~I7Y norn.astic -~
oY “es, Lade gray oM —
{oen Sottom of Parehola - 0T 0 fr R
Hows IR A B oA e NG TTIB g a W | NTTES
et oo ~ taww 19
SN P CRATON Im e A D uR RO AT BaRee R
RCTOREITARY fateTr SAue S ve taze ALUATT N B TeE ttEIa TeE
SO0 L TwTH O WRIND LMY S A N ENGTH LRI % Tk AN FrEnany am
9 37 T 3RO Taum ~ ! -
AT BAND taw (D
1 . ar T oar
T N E EE
L0 v TIRSCAG
2 swoumOwAT(R OWITRCHMICAL BMOIFKTNG O ESe S TIAKE. 1.
4 . SETE L eI+ ava T seomcr e




BORING LOCATION _sraSali_i12:s  GROUND ELEVATION(NGVOL 10950 DATE START/FNisWacaas o | S (]|

INCUNATION _vercical BEARING _wp TOTAL DEPTH (FT.) 106.0 ORILLED BY _ Foaah Stgwart WES/COE
1
CASING 1D _Yot uted CORE SIZE_5a  GROUNDWATER EL. ! DATE . __ LOGGED BY_L& peruina . DATEw 20020485 | PG | ofr8
EL DEPTH SAMPLE REMARKS
TYPE [BLOWS| PEN] REC SOtL AND ROCK DESCRIPTIONS
ong PER
FT FT, NQ 6 N, IN. | IN.
1w9sy [ U Borehole
| advanced
using
B 1 standard 3
" fotary - . £ d. and, bro cL h
- $1 :Z 26) 3 {ooan voring 81 - SILTY CLAY, sl. plastic fines, ~30X med. to fine s wn (CL) _
b 15 techniquas e
] with & B
drilling
o mud. e
o Cleaned out N
- 2 borehole -
L_ with a & J
| fishtatl -4
blt with
t upward h
) Jetting. b
. -]
t e
p
—~ 4 ~—
C ]
r -
F 4
-
- S =y
7 4
[ 82 10 ARy -~
| 6 14 $2 - SANDY CLAY, sl. plastic fines, ~15% fine sand, brown (CL) J
| Occ. irregular pockers of silty fine sand. )
- r
- B
-7 ~
o -t
[ 3
, .
- e
r h
- |
[ ]
- 9 -
- E
- -
- 10 -~
B b
= 4
- 6 .
- . -
=11 s3 g 2|17 ~
F o1 $3 - Simtlar to 52 (L) i
- -
- -y
r- -
- —y
- -
o -
SR -
sLows »ea s ;‘»?‘Lv‘s:‘a%:(:::kﬂ"-" 30 TOODMmVE 4210w oof NCTES
CIN BENETRAT O LN, T4 OF LAMP LA OR CORE paRRE .
AEZ AEIOVERY (IRGTH OF Sawmp s STuundwater (eve.s il .
RGO LENGTH OF SOUND CORES > 4. / LLMGTH CORED, % tecayse centontte dri.l TR-EVALLATION 2F THE S
3 ILT 9900 SAMAE L3ed in vorehole wou.d produce LSHER SAN FERNANDO
VT UNGSTURSLD LAMMLDY .taccurate readings.
«1 - IMELeY Tule 20 00N 30m
JF FITED MSTON =T
U0~ OSTLAMEAD - er
VImnnuu GEUTECIONCAL EMODNERNS BIC. oary 3/10186
[N ot 85669




BORING LOCATION _sza S.13. _112's_ GROUND ELEVATION(NGVD)__1235.) __ DATE START/FINISH $/20/8% /9/2u/88
INCUNATION _yerzical BEARING _xa  TOTAL DEPTHM (FT)
CASING 1D _siaz waaa  CORE SIZE_xa  GROUNDWATER EL._ual’  DATE .

104.0

S

DRILLED BY _F, Stevart WES/COE

LOGGED BY__L. 2, Perkine DATE(20-24/8%

PG. 2 of 8

EL OEPTH SAMPLE EE“ARIS
TYPE [BLOWS| PEN] REC SOIL AND ROCK DESCAIPTIONS
ong | PER
[ AS FY NQ 6 IN L L]
)
b 4
L
S
Bl -~
- -4
. g
- -
o -1
1 .
- q
t E
g S4 g 24 S4 SAND, narrrowly graded fine sand, ~10% nonplascic fines, “
- % 2 dark brown (5P-SM) -
L 8 4
4
- -4
- 4
L 17 -
- B
o -
- g
- -
— 19 -
- -
:_ Approximate Interface - Rolled Fill E
C 20 Hydraulic Fill E
r -y
- -
L 7 4
s$ 9 124 |19 S3 SAND, narrowly sraded med, to fine sand, *+5% nonplastic
- 1% fines, brown (5P) Sampie contained a 1"-chick layer of -
o % scracified silcy clay. 1
o E
r -
= 22 -
= 5
- ;
- : ]
% 65 (24 |10 -
- 23 8 S6- Top $": SILTY SAND, narrowly graded fine sand ~20% nonplastic -
R 3 fines, 1ark olive brown (SM) g
Next 7 $ILTY CLAY, stracifiea ¢l
r Aot & SAND, wicely rraded coarse to fine sand, “'0% nonplastic b
F fines, brown (SW-SM) B
= -y
r -
r -
- 8 <
- s7 2 |24 js s7 SAND, narrowlv graded med. ta f{ne sanc, costly med., 0% 7
5 8 toarse sand, <5% nonplamcic fines, brown (5P) Borttom of -
r 7 vample ccataines a 17-fhick l(aver o! grav, strattified -
ud s:.2y fine sana, ~
Fo, .
BLOWS PIR G 4018 RAMMER AL NG 3O TODMIVE 420w 0] NOTES
e T SPICN SAMRLLR
FIN PLMCTRAT O (£n0TH 6 SAMBLER OR CORE BAARE:,
G SEIOVERY NGt CF SAMMLL ee Fage YELE N T Cemp oty =
35t YE-EYALUATICN OF TWE SUIDE N THE
’12;;«;"- o ;?:zcr,u >4/ ENGTH CORED %, AS FRNANDC LAM
. UNITURIED SAMR (3
3 S gv ruAl
BRI Bk 3
20 osTEReLNG
7 $romowmartn O RDTECIONCAL ENOOVEXRS TNC. cate 3/°0/86
PSS roamer 85669




BORING LOCATION _tra 513 11105 GROUND ELEVATION(NGVO) 2911 OATE START/FNIsrsmy ez | G | ]
INCLINATION _Verttcsl BEARING _x TOTAL DEPTH (FT) 4.0 NRILLED 8Y F.oStewert. SES/TOE
CASING D ot uaen  CORE SIZE _N* GROUNDWATER EL _*” DATE _- _CGGED BY_ .2 Perwics LATE = 1.0, 04 PG 3 OF 8
€L DEPTH SAMPLE REMARKS
TYPE JBLOWS| PEN] REC SOtL AND ROCK CESCRIPTIONS
ang | PER
FT Y NO. 6 1N IN IN
)
S 4
- 4
r 1 ]
b S8 Top 9”: SAND, wWidely graced cosrae ca flne sana, ~'7% gravel up to 4
15 Yoyw ‘ sy ™
27 S8 3 261 15 R, V10X nonplastic £ines, drown W - SM, -
r _: Next 3° SLLTY SAND, rcarrow.v graged tine sand, “~1.% nonplascic B
finea, wrrart{f.ed, cark oliva wray S%! B
Yext 2 STRATIFIVD § CLAY TCL)
“ot Simtiar -0 v Zand above (SM) h
- -
— 28 —
- <
o -4
C : ]
14 59 SILTY SAND, elv graded ccarse o fine sanc, 271 -
t~ 29 $9 2 26115 nonpiaszic finey., nrown ' 3¥ Yaianie nrained & . -thick -
| ] Layer of stratitied silty fine 3ang. campie contained +17% §
gravel,
- ) e
- 4
- 4
= 20 -1
- -
r 0 S$*C-Tap 5 SAND, narrowly grades med. to fine esna, = 7% nonplasttic 7
H b fines. ~-10% coarse sand, stracifies ve Hrown  SMoSP <
b= 31 510 I 24} A Secelon conztalnes 8 ‘7 -thick laver =! s-rattiried si.zv -
L N clew .
L Newt b SAND, widely mracey cosrse to fine sang, <%% nonolastic 4
| Yines, brown W) B
3oc 57 SILTY SAND, narrcwly zraded fine sang, 1% ncrpisatic
- finen, dark olitfve Srown (3M) =1
=12 —
E
- 4
L L)
N . . Sti-Top o7 \;AND, widely gracved coarse Co fine sana, ' '% rorngp.oasiic 1
= 13 st 12 FEN IR fines, gray and Srown < 3w-S5H) -
r s Next 27 STRATLFIED SANDY CLATY (<L) -
- Nexr 67:  SAND, widelvy graded coarse to fine sand, <% nonpiastic .
L ) Slnes, brown (5w) .
tar o SAND, narrowly zraded fine sand., ~!JY ~urciastic fines, d
r brown (>P-5M)
— 14 -
- -
~ -~
- -
- 5 $12-Top " 77 SILTY SAND, rarrowly arsded fine saenc. T nonplastic .
4 [ - . . ot - - v 1 a
3% 12 . P . iines, stratitfied, J8rK o.ive grav ecr tainec -
i~ s i e 8 Two Uy "-ThiCy avers of weu. (o Ilne s8-d. e aalet
I e vained three iavers of fine sandv 8:.° lavers of P 4
L Shtow. h
b Aar 4 SAND, widelv grated coarse To fi-e sand. zosily wea., 72X .
- grave, up o U7, A1IL nonpiastic flney, Trown cotW-3Ms _
b— 1 —
[ -4
3 ~
i 7 $13 A 2 B j
. G tE "
t_l st? SAND, widely graded coaree t3 f.ne sar3,
tines, Lrowm SwesM JAMLLE O TA(Ne !
B Layers oI stratifiea sanav eilic.
r -y
b ~
t~ 18 —
F A ~
| B
b Ste R
[ : ]
23
BowY PIRM G  A01E NAMWYR FALL MG 3O T OMvE AR Sne ) NOTES
SELT SALIN Sawm (R
BN YN MR (FNGTH M CAum SRR Y gaRar
0 ORFIVUAY NG OF AN ] ee fage R N Y a7 N 7 M
R LEWG TR OF SOUND COMEY >4 w o LEnGT COMED AN P ENANDY L

1R SRODM MumE

. SNOIITURSED

Lawm Y

L1 seCigr TUAL
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ERRLIM E 2]

T SROUNROWATER

+
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01 3w
B

“Aan
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BORING LOCATION _Sts_ 3035, 1)2'3 GROUNOD ELEVATION (NGVOL___ 2951 _ DATE START/FMiap 9/20-83  /9/26/83
104.0

INCUNATION _yersical BEARING __ 4, _TOTAL DEPTH (FT)

St

Stewert, WES/COE

ORILLED BY '

CASING 10 _Yg¢ usea CORE SIZE __xu _GROUNDWATER EL._sa*) _ DATE

. LOGGED BY__: a_Peruins DATB 202005 | PG 4 OF 8

EL DEPTH SAMPLE R EMARKS

TYPE
ond
NO

OLOWS
PER
6 IN IN | iIN

PEN]|REC

FT [ad

SOIL AND ROCK DESCRIPTIONS

ALY S1a-Top &

s1f 10 124 |y

3 1

a0

T

41 S1> w113

Zexd

T

T

T

42

AR

«3 26 420

T LT o

44

3
45 R FTR RN

518

47 s |26

48 B

49 H

50

S20 Top S°:

.. Next 17
cu| 18

Next W'
ext o

PRI

ca L

ITTTYT‘rII‘r III,I lll,' 'I'I T ||||l l‘l]

w w w

2 “ “

O [« - ~
= xS S
o

2

? &

=

[V

(al

3

%3

Nexeg 1"

8ot t0":

S15-Top 4":

Next 6":

S16-Top 14":

Bot 6":

§17-Top 5":

Nexc 6":

8ot 6":

$19 Top 3":

SILTY SAND, narrowlv graded fine sang, ~20% nonplastic
fines, brown (5M)

SANDY SILT, si. plascic fines, ~35% fine sand, stracified,
dark olive (ML)

SAND, widely graded coarse ta fine sand, ~10% nonplasttic
flnes, brown (5W-SM) Section contained two 2"-layers of
sandy silc

SAND, widely graded coatse to fine sand, ~10% aravel up
378, ~10% nonplastic fines, brown (SW-SM)

SILTY SAND, narvowly graded fine sand, ~20% nonplastic
fines, dark olive (SM) Section concained one 12 -thick
layer of coarse to fine eana.

SILTY SAND, similar ro top 4". (SW-SM)

SILTY SAND, narrowly graded fine sand. ~25% nonplastic
f{r=s, dark olive (SM) Section contained chree 2"-thick
lavers of coarse to fine aand located at top, mtddle and
boccom of secttion,

SANDY SILT, sl. plascic fines, ~40X fine
dark olive (ML)

sand, scratified,

SANDY SILT, sl. plastic fines, *+50% fine
dark olive (ML-SM) Oce. thin layers of
Clay.

SAND, widely graded coarse to fine sand,
fines, brown (SW) Section contained one
of silty fine sand.

SAND, narrowly graded fine sand,
10X med. saznd, brown (SP-SM)

sand, stracified,

siley

<5% nonplastic
IR"-thick layer

~10% wonplastic fines,

STRATIPIED SANDY CLAY, SILTY SAND and SANDY SILT, {(top to
botcton) Gradual transiclon from sandy clay to silcty sand.
Descriptions of each laver are as follows:
SANDY CLAY sl. plascic fines, ~20% fine sand,
Jark olive (CL)

SILTY SAND, narrowly graded fine sand, ~40X nonplastic
fines, vark olive (SM)
SANDY SILT, non to si.
Olive (ML)

stracified,

plascic fines, 40T fine sand, dark

SANDY SILi, sl.
datk oitve (ML)

plastic fines, ~30% fine sanc, stracified,

SAND, widely graded coarse to fine sand, wmostly med.
10T nonplastic tines, brown (SW-SMY
SANDY SILT, sl. plastic fines, “35% fine sand, stra-
t1fied, dark olive (ML)
~AND, wicely rraded ccarse to tine sang, ~'0% nonplastic
filnes, brown {(SW-SM)

mtlar to top 3 ML)
CAND, ~arrowlv gradec f{ine mand,™'"1 nonplasctic fires,
trawn o

‘niiar tgo SAND laver asnove - Sw-SMY
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T D

llll

A

A i

Pl W AW I

i

1

1

[N U A S G
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BORING LOCATION _sra 8,35 112'S  GROUNO ELEVATION(NGVD)_.cas | DATE START/FINISH a20.8¢ /L9208 S l I '

INCUNATION __vertical BEARING __ , TOTAL DEPTH (FT} 1%.0 ORILLED BY ¥. Stowarc, WFS/COF
CASING 10 Mar_usea  CORE SIZE_xu  GROUNOWATER EL __w*' _ DATE _.___ LOGGED BY__L.t. Pcreins OATEY20-2:/85 |PG.5 oF 8
EL DEPTM SAMPLE REMARKS
TYPE [BLOWS | PENTREC SOIL AND ROCK DESCRIPTIONS
ong | PER
FY FT. NO. 6IN. | INJIN
92
$21-Top 4=: SANDY SILT, sl. plascic fines, ~40% fine sand, stratified,
datk olive and dark brown (ML) j
3 Next 5". SAND, wtdely graded coarse to fine sand, ~i0% fine gravel,
1 10T nonplastic flnes, brown (SW-SM) p
53 521 7 24 |18 Next 3": SILTY SAND, narrovly graded filne sand, ~2U% nonplastic -
8 tines, cdark brown und dark gray {(5M) 4
Next 4": Simtlar to top 4" (ML)
8ot 2": Similar to SAND above (SW-SM) 7
5S4 -
<
1 57 S22-Top 3": SAND, widely graded coarse to fine sand, moscly sed,, ~10% :
L 11 nonplastic fines, brown (SW-SM)
55 522 1 26 §18 Next $": SANDY SILT, sl. plascic fines, ~45% fine sand at top of -
i‘ ! section decreasing to ~20% fine sand at bdotcom ol section, 1
- scracitied, brown (ML) E
Bot 10™: SILTY SAND, narrowly xraded fine sand, *~'2% nonplazcie A
fines, brown (5P-SM) Section contained cwo !2"-thick layers 4
- s of coarse to fine sang.
o 8 -
o 12 521 5AND, narrovly graded med. to fine ssand, “10% coarse sand, b
=~ 57 523 s 126 |19 10% nonplascic fines, stractifled, olive drown (SP-SM) -
- 71 -y
X ]
- e
- 1
— <8 -
-
[ ]
r 10 )
r ,J -t
~ 59 S26 18 26 |15 S24 SAND, narrowly graded med. to fine sand, mostly f{ne,~10% —
- 16 nonplascic fines, brown (SP-SM) Sample contained two .
L In"-thick layere of coacrse to fine sand. 4
ol -
=60 .1
=
[ ]
: 8 525-Top 7": SAND, narrowly graded med. to flne sand, “20%X coarse sand b
\ 13 and fine gravel, <51 nonplastic fines, brown (SP) -
=6 528 12 {24 |15 Bot 8": SANDY SILT. non-plastic, ~40% f{ne sand sand, scratified, -
= 11 brown olive (M.) .
-
r ]
I -1
62 -
r -
.
- 1 -
- 12 A
— 61 26 20 |24 |18 526 SAND, narrovly graded med, to fine sand, moscly fine,~10% -
L 25 nonplastic fines, brown (5P-SM)
o -y
+ 4
- 4
— 64 -
L $27 SILTY SAND, narrowly graded med. to finea eand, “~20%
1] nonplastic 1ines, brown (5M) -1
- 527 73 26 |17 -
- i
- 2% j
55
BLows PR g '4‘-1’.‘#;2%‘3‘.‘.‘:.’::&“.‘ 0 ToomvEatomoo| NOTES
PYNCPEME TRATON LN ™ OF 1AMMEA OF CORE RASAEYL -
007 RECOVIRY LINGTH OF SAMALE lee Page

R0 LLNOT OF SOUNO COREY > 4% / LLNGTNH CORED %X,

1 $PUT 3PO0N BAuMLL
S UNITURSED Sawm O

L3 elleyY Tusg
L REO MYt Om
-0 QITENRING

? SAOUNDWATER

w0 - O pOm
B A TTHER
ve- et

RE-EVALUATIOIN OF THE SUITE IN THE
LUWER SAN FERNANDC CTaM

¢) QROTRCONCAL BIGDEERS 0>~ pare  3710/88
e " + et e emomcr 85669




BORING LOCATION _ite 3:33 1323  GROUND ELEVATION (NGVOL____109%.1 DATE START/ANIsHazasy  Zszums | S]]

INCUNATION _vergical BEARING _na  TOTAL OEPTH (FT)

104.0 DRILLED BY __F, Sipverg, WES/COP

CASING 10 _saz useq CORE SIZE__ya  GROUNDWATER EL.__w''  DATE __.__ LOGGED BY__i2_ prckina DATEL20.20:85 | PG. 6 of 8

€L | oermw SaMPLE A EMARKS
TTPE JaLows] PEN REC SOIL AND ROCK DESCRIPTIONS
and PER
FY [ad NO 61N IN IN
65 d
13
15 J
20 f24 17 s27 Ses previous page. 1
I 25 b
— 66 -
- p
L
8 e ]
67 12 2 | 18 s28 SILTY SAND, narrowly graded fine sand ~30% nonplastic |
I~ ) fines, brown and olive gray (SM)
r * ]
o -
- p
68 -
- p
22 529-Top 8" SAND, widely graded coarse o fine sand, “CR gravel up to -
F 18 R, ~10% nonplastic fines, brown (SW-SM) J
. 22 124 )1 Bot 6" Freshly broken weachered npravei -
L 27 4
- 4
- 4
b ~
= —
L e
- - .
I~ . 26 | 15 $30 SAND, widely graded coarse to fine sand, ~10% gravel up to —f
[ 6 2", ~10% nonplastic fines, brown (SW-SM) J
o B
F 4
e -t
F -
" A $31-Tap $": SANDY SILT, sl. plascic fines, ~350% fine sand. olive 7
" brown (ML-SP) h
- 2olae) e Bot 9": SILTY SAND, narrowly sraded med. to fine esand, ~20% -
- 2 nonplastic fines, ~10% coarse sand, brown (SM) ~
- -4
- ~4
r- -
o -t
“ B
t 3 241 18 §32-Top !1": SILTY SAND, narrowly graded fine sand, ~40% nonplastic B
L ) fines, brown (SM) o
N 3nc 5" SAND, narrowlv graded fine sand, ~'0% ned. sand, ~!'0%
g ~onplastic finea, brown (5P-3M} h
r— -
- ]
— -
o -
- )}
ad ‘3 -
r 3 20 T
- B | 333 SAND, narrowly graded, med. to fine sand, ~20X nonplastic —
o <7 rines, bruwn [SP-5M) ~
r —
r L
t .
ASWS PIN G 4T B MAMNWIR Fa NG 30 THVE 2 2 2 00| NOTES
VPO T BT LM jamPui R
::"(wnu'\chu LENGTH OF SAMAMER OR CORE BARRE | . cee Page .

*00
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20
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! BORING LOCATION Sz Sals_ 132:S GROUND ELEVATION (NGVD) 1095, oaTE START/ANsHuzass  Auwes | S]]
1
INCUNATION _Vertical BEARING _NA TOTAL DEPTH (FT) 104,09 DRILLED BY F. Stewarr WESICOF
CASING 1D _Bot used CORE SIZE_NA GROUNDWATER EL. wt! DATE - LOGGED BY_. 8. Peckips DATE 2/20.2¢:85 PG. 7 of 8
€L OEPTH SAMPLE REMARKS
TYPE |BLOWS ] PEN] REC SOIL AND ROCK DESCRIPTIONS
and PER
FY T NQU 6 IN. N §OIN
[ 78 j
r 2 S34-Top 16": SILTY SAND, narrowly graded fine sand, ~35% sl, plastic h
I 4 fines, dacrk olive brown (SM) <
= 79 s34 1o 26} 19 30c  $“: SAND, narrowly graded med to fine sand, +~5% nonplascic -
" 16 fines, brown (S¥) Jd
L .
5 4
L ,
~ 80 n
r— e
I -
" 6 13 4
r S35 8 las]18 533 SILTY SAND, narrowly graded med to fine sand, ~401 nonplastic -
- 81 2] flnes. brown (SP-SM) Sample contatned one }'-thick layer snd
- 12 ons ly*-thick layer of sl. plastic sandy silt. -j
- p
~ 82 -
i 4 2 ]
S36] 6 26} 19 i
83 3 S36 SILTY SAND, widely graded coarse to fine sand, soscly -
12 fine, 0% nonplascic fines, brown (SM) 4
L -
= 8
o
- -
. 8 -
L s I 2 v i
3 g 2] 20 537 SAND, widely graded roarse to fine eand, ~40% nonplastic =]
- 10 fines, dark brown (SM) T
- .
- -
- -
— 86 -
L -
L -
t 5 $38-Top 6": SILTY SAND, widely graded coarss to fine sand, ~20% nonplastic’]
- 87 8 ] N S finee, ~10% gruvel up §'', brown (SM) n
8 53 a ) Next 7": SILIY SAND, narrowly graded Eine sand, ~3CI nonplasttc -
10 fines,~15% med. sand, brown (5M) E
Boc 6": SANDY SILT, si. plascte fines, ~40% fine sand, cdark aolive 4
- brown (ML) 4
o $39-Top 6": SILTY CLAY, mod. plastic fines, A!10% very fine sana stre- .
- 88 cifted, dack gray end dark brown (CL) —
i Qp = 2-3, 2.5, 2.8 :ef B
- Approximate Interface - Hydraulic Ftll <
o ‘ - T AlTyvium B
17 b
f— $39 )1 -
89 ?3 9 Next 8": SANDY CLAY, sl. plastic fines, ~)0% coaree zo fine sand,
f b bleckish gray (CL) j
o 30t  5”: CRAVELLY SAND, widely graded coarse to fine sana, ~i5%
I~ gravel up to 1/2--,01 nonplascic fines, darx gray (SW) -
= 90 —
r . S40-Top 7": GRAVELLY SAND, widely graded coarse to fine ssnd, ~20% -
= A gravel up to 3/u”, 5% nonpiastic fines, olive .>W) .
sec| .- a | s %ot 8" SANDY SILT, sl. plascic fines, ~35% fine sand, ~51 med. d
[ A sand, Slack (ML) J
a9
B.OWS PER S 40LE HAMMED fAi NG 30 TOORNE a2 0m oo NOTES
SPT SAOCN JAMPLIA - -
PINCPEMETRAT TN [NUTH OF SAMM LR M CORE Hanag Zee Fage
Qg RETOVERY LENGTA CF SaNOLE SELEVALUATLIN IF THE e
D e o2 JONTY 24 8 /LT CORD. % 1. samoie tescritec in CIWER SAN FTRNANC
S UMD TRSED SAMMD ~avoratory.
L3 SHELgY TUBE 10 0ENISOM
f f (D m3TON LR TO R
0" 03TLARELAG LRI
sRoURQWATLR OBOTECIONCAL BINNERRS 08G oate 1/'0/86
s phlmitgisgedusomipm moxc? 85669




BORING LOCATION __ste 5.5, 11 SGROUND ELEVATION {NGVD) S35 DATE START/FINISH2L20:85 /. Yiluts S ||| ]

INCLUNATION _yerrica)l BEARING 54 TOTAL OEPTHW (FT) sl ORWLED BY _r, <sicwart, of&/ols
1)
CASING 1D _Not used CORE SIZE_"A__ GROUNOWATER EL. & DATE __- LOGGED BYLR, Prevyng DATEGRZ2-2- %5 | PG 8 [+12 8
EC | OEPTH SAMPLE REMARKS
TYPE (BLOWS| PEN{ REC SOIL AND ROCK DESCRIPTIONS
oné PER
FY T NG LYL] ‘N iN
8 18 4
b B E
L 20 {24115
L 20 j
—~ —
b
E
F -
B 6 S&l Top 12": SILTY SAND, narrowly graced fine sand, ~40% sl. plastic -
- ; fines, 5% mea. sand, black (5M) 4
= 15 24t 26 Bot 12": SANDY CLAY, mea. plastic fines, ~25% very fine sanc, tlack _*
- 17 (CL) Several small pockets of gray siiCy sana. d
- .
o -
- -y
I —
+ -4
I F
o E
b
o 0 . A , i
- 13 S42 SANDY CLAY. sl. to nod. plastic fines, ~'SX fine sang, 5%
o 16 1242 med. sand, biack (CL) Severai smail pockets or gray siicy |
r. fine sana. i
g -
I -4
N N
g -y
6 .
g 8 o
= SR E R 543 SANDY CLAY. sl. to mod. plascic fines, vi0i meo. to fine ~
26 sand, mostly fine, olive gray (CL) Sand concent decressas A
E and plascticity {ncreases with depth.
.
s -
- —
o -t
- -4
- 8 |
r :’ %) 20 S4s SILTY SAND, rarrowivy grades fine sana, "~i% non zo sl. E
[~ 3] plascic fines, crown ang oltive gray (3M) Fine: conzent ~
o 7 decreasss with depth of saaple. .
r 4
o -
- ]
N .
' ]
r 26 Su5-Top 8": SILTY SAND. rmarrowiv graded fine sana, ~1C1 nonpliastic
- 13 fines, olive gray (M) -
= 3a 2] e 30t 4". SILTY SAND, narcrowlv graded flne sana, “~20X nonpiastic —
o ) fines, o.lve prown >M} p
o -
+ -
I 4
- —
F -4
o 15 SL6-Top 8" 5D, narrowiv graced med. to fime sang, Y monpiascic j
i . firem, grvavy crPj .eciion contdined & v opiece oI Tresnly ”
[:. S LN R nroxen gwravei. '
o ) %ot 9" SAND, wigeiv Rraged coarse to fine sand, ~4% nonplastic 7
“ines, ~ T geavelr up o ", Lrown L nwy -
t -
4
r - Fottom n! fhrero,e - LGt '1
BLOWS PER Q. ar g amuTR A NG 30 T imvazowop| MOTES ]
BT AR e YA
Df M PENFTNATIN FNGTH OF LAMM LR A ZORF RARRYE,
BECMETOVERY (fMGTH OF SAmME . _ee Fage -
SRV A 3

200 LENGTM OF OUNO CORLY D4 M/ (NGTH CLRED ¥,

1 SRUT $PO0e MR (

v UNOIBTURBED SAMM €Y
BEE N IR 13
£rearn myTon

— daouNowaTLe (f CEITRCHMICAL ENULNE KRS DNC atp 2T R
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BORING LOCATION Ste 18:33, $4.0'M _ GROUND ELEVA(ION(NGVDL___lit.6 __ DATE START/PNISH it riey Lo | ] 2
NCUNATION Vertica!l BEARING  Na TOTAL DEPTH (FT) o) DRILLED BY _F, Stewarg, =TS/COE
CASING 1D _sor used CORE SIZE _xa  GROUNDWATER EL _x3°’ DATE __.  LOGGED BY_JLR.Perkiza _ DATE 12:%/2%_ PG | oF 2
EL OEPTH SAMPLE REMARXS
TYPe {8Lows | PEN| REC SOIL AND ROCK DESCRIPYTIONS
ang PER
FY FT NQ 6IN JCM [47]
-
lile.t ~ ) p
4
5 —
ﬁ
4
10 ~
.
4
! -
'S | -
r i -
b i j
— 20 —
- 4
- 1
- 4
. 4
E 28 j
t 4
- 30 -
H 4
L
L J
s | ]
L | 4
F -
- :
b~ i -
p— ‘40 “ —
i | ]
[ : -
[ : 4
) —{
- ‘ 1
- \ _{
o ! 4
" —4
500 | ﬂ
i 4
l ~4
55 -
A
| 4
‘ 4
af . -
S . . - =
p . oerule s ‘f‘. 1 JFY - Bottoa Trimmirgs, L) trimmed to SP _1
B
F R N R i - Teieiegs < E
+ . 1 ) - e - J
R Ny 29 .

ST RIRY a7 B AWM A L WG Y0 T A a e | N
LT tE N Sem R
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’; Rhat b1 FRER]

BORING LOCATION _Sts 1833, $¢.0'N_ GROUND ELEVATION (NGVDL___t:le.6 oate start/mnisn torerss  Zieimes | )| O 2
INCUNATION __Yerticsl BEARING __NA TOTRL DEPTH (FT) MRS ORILLED BY __?, Stewert, -ry/coe
)
CASING (D Not used CORE SIZE _NA GROUNDWATER EL.__5t°~ OATE __ - LOGGED BY__J k., fernine DATE _20/8/85 PG 2 ofr 2
EL OEPTH SAMPLE REMARKS
TYPE |BLOWS | PEN| REC SOIL AND ROCK DESCRIPTIONS
and | PER
FT [ad NO {6 Jemfem
10490 | °° CEY loesy o poalhe UF3 - See previous page. ]
o UFe JPUSK Jol.lg0.6 UF4 - Bottom Trimmings, (CL). 4
o urs Jrusn {80.3[59.9 UF5 - Bottom Trimmings, (ML-SM) .
- 70
}' Bottom of Borehole - 7C.0° P
o -t
~ -
- -
o .
= -
o —
L
o 4
r 4
el ——
|
4
E <
= -
F 4
o .
I~ -4
ol —
- -
r -
r -4
r 4
— -
L -
L -
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C —
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BORING LOCATION Sta 9:30, 132.0'S GROUNU ELEVATION(NGVOL _°%%:9 _ DATE START/FINISH 11(%/8% = 1UJ103
INCUNATION _yveccica)  BEARING ___sa  TOTAL DEPTH (FT) 6.0 DRILLED By ___° Stevert. «E5/COC
CASING 1D Yot uewd CORE SIZE Y. GROUNDWATER EL _wg®)  OATE . LOGGED BY_.* Perxine OATE !”/9'%% 12| oF |
EL DEPYN SAMPLE REMARKS
TYPE |BLOWS| PEN] REC SOIL AND ROCKX DE3JICRIPTIONS
and | PER
FY ¢ FT NO J6'N [CM}|CM
17939 i -
p
4
3 —
-
.
;
10 -
-
-
<
5o [ —
- ~
| ]
- 1
- 85 -
Fool ]
. -y
60 -
-
[ i
-~ 65 -
L 4
of -
r 1
= -4
- 70 -
g b
b .
[ ]
- B e e -
b PUSH [4&.7f3%.2 UF) - Bottom Trimatngs, (S™) J
r PUsH 136 9[16. UF2 - Bottom Trimmings, (5P). 7
— 89 -
o PUSH |59.4{58 4l UP3 - Bottom Trimaings, (5P} d
F g
- PUSH {60,159 UFL - Bottom Trimeings, {(SP-5W).
nye _ g
L 85 srsn Lo0.860.2 IrS Bottom Trimmings, (SP). i
F Battom of Berehole - 85.0°
EQ’J
L 9¢ j
MO PI8 G - 401D MAMMER Fa _wg 3G T DACA ARTm onf MOTES
LTSRN LaMPLE A B
S e TWATION THITR T TAu P A W COMY paRer R R R I A L
R e N T s omve - . - ! Coa ot s -
WU fa T F G CORFY 4 Mo TR CORED N are < Lre t 4 M . l - N et ™
4 M SSO0m AWML LTALCursTe reglings
s MNCELTRSLD MM Y
l B A A 14 SO D% SOM . farennie eTvancad L8R |t|r.'lnrr|
:2 ;1”1::1'“ ](: ::N“' TY v8s$™ LITI"K pro C‘:U:.'!
2..@»‘.1!. . .u (D DRI AL BIOD RIS DI FYS: SRR
oo e a7 T B R g




BORING LOCATION _Sta 9.30, 73.1'3  GROUND ELEVATION (NGVDL__ ‘1.5 DATE START/FINISH 19:5/83 _ /20/6/88 UlO 4

INCUNATION Verticel BEARING _Na TOTREL DEPTH (FT) :13.0 DRILLED BY 7. Stewart. WEIS/COE
CASING 10 __Ji>t uved CORE SIZE_*A___GROUNOWATER EL 0" DATE - LOGGED 8Y__ L.k Pecvine DATELO'S8/85 pg. | of 2
EL OEPTH SAMPLE " REMARKS
TYPE {BLOWSE PEN | REC SOIL AND ROCK DESCRIPTIONS
and PER
rFY FY NO 6IN | CM| CM
ey b 4
L 4
b 4
- 1
g —
- e
b .
o -
- 4
— 10 -
- -4
< \ )
S | 4
— s0 \ —
- ! 1 .
- ; : 4
=55 i -
- E
o -
i b 4
I .
[~ 60 ! 7
o ! -4
> -
F .
I ‘ -
- 65 .
o -
- ] e
url {PusR [6..3160.7 UF! - Bottom Trimmings, (CL-ML). -
- 1o .
- Jrz [PusH  (60.7}60.1 UF2 - 8ottom Trimmings, (CL). -
b -
" . -4
r— ury fevsw lsa.7lse.6 UF3 Bottom Trimmings, (CL).
- 75 3
— Ure |Push |s1.C160.1 UF4 - Bottom Trimmings, (CL). -
- y ~
- i ..
- ~ -
L .
— 80 ! =
ol -
o ars {pesu foo.2l57. UFS - Bottom Trimmings, (SP). kR
b B
L e levsn oo, 2{s8.7 UF6 - Bottom Trimmings, (SP). .
a5 —
L i P
i
i | i
| ol ( -4
- an -
[ 23R BRI (SR UF? - Bottom Trimmings, (SP), -
. o froon fo.afag LUFB - Fatteom Trimmings, ' 5P). “
-
ag P9 |esH ‘,S_&FS‘A VF9 - fottem Trimmings, LY, —
b e —_ -
- ~
b crn ) -
Ao ws PIB 6 AT B s Mpwraow, W oA snac) NOTES
B ey A . . R s
I I Y Y N R AT O TRWATED LeweLy
TR NG GaupLg TecaLse Lervorine [ S THE
BUO LN S NG L RS L4 G SR Y, PR I N O AL I T 52
3 3m  torta rame g SCATZurate ceadings.
NS LRAED Samer £ A
4 Swr Re " oBr BRI N ‘rralole advanced Laing scartarce
" r.vrnag',k ECT] ) PTTAry waAAn taring procedures
[ ] v ut “1*h a4 ventonite dr:illing ~nd, L
PR LY Tleaned il horenole with oa w m IECTRECMMILAL KOO EXRS NC sarg Y1/4/8S
ATt i Wil pward et tng 1 T e STORET REE59




BCRING LOCATION _Sts 9430, 73.1°3 GROUND ELEVATION (NGVD) ___ DATE START/FINISH _10/5/85 7 'C/8/85 U | O 4
' INCUNATION _vercical SEARING __NA TOTAL DEPTH (FT) 115.0 SRILLED BY F. Stewart. WES/COE
i CASING ID_NGt veed CORE SIZE_¥A__ GROUNOWATER EL.__®""  DATE . _ OGGED BY__i.. Perkine DATE :2/3-6/%% [pG 2 OF 2
EL DEPTH SAMPLE REMARKS
TYPE |BLOWS | PEN] REC $OtL AND ROCK DESCRIPTIONS
Qn¢ PER
FY A NO § 6N JCM | CM
Wisld 8y [
105 —
UFLO|PUSH 159.8[19.6 UF10 - Bottom Trimmings, (5M). 4
-
urirjrusk fa.ehll2 UF11 - Bottom Trimmings, (SN}, j
110 urt2{rusn Jra.ef3.9 UF12 - Bottom Trimmings, (SW). N
4
urld|PusH [57.6056.0 UF13 - Bottom Trimmings, (SM), 4
CLATTRAELINS 1P O P UF14 - Bottom Trimmings, {(ML-CL). E
‘15
8ottom of Borehole - '15.0° b
-{
! 4
*290 -
4
4
-
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BORING LOCATION 3e 930, 2).¢'S _ GROUND ELEVANION (NGVDL_"ic.l _ DATE START/FINisH 107818 Z10/8i83 | | ]| () §
INCUNATION VYercical  @EARING MA TOTAL DEPTM (FT) 120.0 ORILLED BY T Stewart. wES/COT
CASING 1D _Not used CORE SIZE_¥A___GROUNOWATER EL __wt'’ DATE_ - LOGGED BY_L.R. Perxine DATE 10/6-8/8% | pg | oOF 2
EL DEPTH SAMPLE KEMARKS
Tvpe |8Lows | PEN] rEC SOIL AND ROCK ODESCRIPTIONS
ond PER
T . FY NO 16N [7M|CH
il t 3 i
- 5 -
- -
F -
- ]
- 15 —
-
4
1
20 =
4
- -
- .
- g
25 -1
= p
L 4
L -
- 30 -1
P- -
- -y
L‘ 35 -
\ 4
L ]
- -
F b
- 4
- .
— 45 7
I p
b~ S0 —
- SFLOJPUSH RTS8 UFY - Bottom Trimmings, (L}, 4
- 1
L Jr2 {rusH p0Lelsalg UF2 - Bottom Trimmings, 7L}, 4
o ' B
b= 55 | —
- ; =
- | ]
- ! 4
L -
LU -
= ; -
- ~
- - y . -
g IUJP:sujn JFY - Rottom Trimmings, (5P, p
S OWS PERE ACI S aMMIR FA kG 30 THCRvER2TwOc| NOTES
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BORING LOCATION

Sta 9030, 2).6'S

GROUND ELEVATION(NGVDL____ 1141 ___ DATE START/FINISH i0/6/8%  /[10/8/85

Ulo5

INCUNATION _ Vertical BEARING _NA TOTAL DEPTH (FT) 100.0 DRILLED BY f. Stevart, WES/COE
O
CASING 10 __Not used CORE S1ZE_NA__ GROUNDWATER EL._r"’ DATE _-__ LOGGED BY.L.R. Perkins DATE 1016:8/83 | r5 2 oF 2
€L DEPTH SAMPLE REMARKS
TYPE |BLOWS| PEN] REC SOIL AND nOCK DESCRIPTIONS
and PER
FY T xa |6 Jemlenm
\ >
‘°‘“t ° ure |PusH fo1.2[60.3 UF4 - Bottom Trimmings, (CL). 1
- urs |rusu fo0.6]59.9 S7F - Botr Toriamtmze 071 .
70 gre {pusw 61.3060.4 UF6 - Bottom Trimaings, (SP). .
- -
L 4
ol -
t 75 ~
" ur? leusn foz.4fs1.2 Ur? - Bottom Trimmings, (CL), 4
- -
o ars | eusn lso.8)59.9 UF8 - Bottom Trimmings, (CL). E
~ 80 -
o -
+ 4
! 1
b= -
o B
= pusH |59.6[58.4 UF9 - Bottom Trimmings, (SM-SP). 4
ol -
- PUSH |62.1]60.8 UF10 - Bottom Trimmings, (SP). b
o PUSH 159.6159.0 UP11 - Bottom Trimaings, (CL). h
- pusk 161.0059.8 UF12 - Bottom Trimmings, (CL). -1
L pusn |60.9059.2 UFt3 - Bottom Triammings, (CL). 4
| puse 160.4)59.7 UP14 - Bottom Trimamtngs, (ML).
r Bottom of Borehole - 100.0° :
F e
o L
- ] —
F i .
r E -
" ! 4
+ ! -
- -
L | 4
| b
- ~
; —
- 4
f | .‘
! P
‘r P
L | :
- -
- | .
- | [ A
1S ; | J
r ! l 4
I wy memy .-.‘._J.:auw':n’!-:,y:'n:a-wu n:’(I“ TES IT ) -
L Sed NA T ke et A wt pamer ' ! i
; et v oy o a e RN . !
: R L i 1 :
\ Ny ST fams Y N ‘ N
1w &7 e T 1 i
TG i :
R L a . !
cnar ! oA - AT AL DL TR At -
§ SommaTte l o0 ::_" :_.‘..—“ 4 e




BORING LOCATION _Sta 3:40, 1)2.0'3 GROUND ELEVATION(NGVDL_79%:1 _ _ DATE START/FINISH 3:26/8%  /10/y8) U { '
INCUNATION _“erticat BEARING _NA___ TOTAL DEPTM (FT) hA CRILILED BY _ 7 “tevart ‘-'s/roz; T
[ ’ i
CASING |D__ Yot ueed CORE SIZE_%A  GROUNDWATER EL.__ N~ DATE __ - LGGGED BY _1, 8, Pervine DATE _c.vec PG| OF 2
EL DEPTH SAMPLE Remanxs
TYPE |BLOWS] PEN| REC SOtL AND ROCK DESCRIPTIONY
end | PER
FY (ad NC | 6N | CM| CM
09t - 4
r 1
4
L s =
o -
L .
I .
I .
- 10 b —
o :
- ]
L 4
L s -
. P
o -
F ] ]
2o | =
b= '
- -4
I~ 25 ol |pusn fo.8fsa.y UF1 - Bottom Trimmings, (SM). 1
- -
+ urz [PusH |sl1.4{52.0 UF2 - Bottom Trimmings, (SW). 1
-
[ 4
— 30 =
- 4
- ! .
- ] y
b g
- 35 1y =
L A
L g
- -
}. -
b— 40 -
- -
b -
= 45 n
- g
— ]
- .
[_— pust |63.1]63. 3 UF) - Bottom Trimmings, (SW-SP). -
50 ]
r pUsH {a1.¢[80.: UF4 - Bottom Trimmings, iML-ZLj. j
-
}‘ PUSH |40.6{%9 .8 UF5 - Bottom Trimmtngs, (SW). B
o -
— <5 PUSH ]9).4]%0. Y UF6 - Bottom Trimmings, {(SP). —
[ voen |a u32.5 UF7 - Bottom Trimmings, (SW). :
= <
L pUsH 19,4135, ] UFB - dottom Trimmings, (SP). -
- &0 -
- FIETRN PORY KT T “f9 - fottom Trimmtngs, (SP) rrimmed rc :CL. -
- E
o pusk {s3.3<1. 4 UF'0 - Rottom Trimmirgs, ‘SP). ~
.
&S Foom 150, <A UFTY . Nartam Trimmings. (5P)
8085 PEAE a0 B mavutA AT NG WO TR TAIVE A2 0m oo] NOTES
B TSRy SawP A . can - N
SN SLME TRATON (LMD OF SAMPLER DA CORE BaNAEL GunTWATAr .rie. | . e mor v cur
REC- REZVEWY _INGTH OF SAwALf Lentonite S Y N S £ - c: 'y b
AGC LENGT™ o Soaumt JORES DA M/ INGTH CONED %, Toreno.e wr g WER O aN ETENANT A
I Mt 3ROCN SMARE LoALLatale jeAaLinvy,
U UM ATURBED SaMP £8 - . -
IR 14 5 orN.9om N "yrehc e an cen .sing standara
. fern e L] LA A T4 THIArY wAsn Tirg Trelures
27 ISTLRALRG LG a wirth a ,eneontte fra Tud.
T amouNOwAt® Laaned .t nrehna altr oA (hy omoonca pesims oo Tatg o RS
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2o iaee
BORING LOCATION ixa 5:A0. 132,0'S  GROUND ELEVATION(NGVOL_1093.1 __ DATE START/FINisH v o> ,Zieizss | |} ] ||
INCUNATION __ Veretcel BEARING __ Na__ TOTAL DEPTH (FT) 28.8 DRILLED BY F. Stewart, vzsmo:n,“
0 > -
CASING 10 _Not veed CORE SIZE _¥A __GROUNDWATER EL.__** DATE _ LOGGED BY_LX, Perkins DATE!O/3/85 96.2 OF 2
<L OEPTH SAMPLE REMARKS
TYPE [BLOWS | PEN] REC SOIL ANO ROCK DESCRIPTIONS
ang | PER
A a4 NO. [ 6IN fCM{CM
10301 l: 5 w1t Jrusn_ J50.2]48.9 UFTT - See previous pags. ]
P12 (pust §96.4(5,2 UF12 - Bottom Trimmings, (SP). L
- 4
L 13 Jeusk 122.3061.3 UF13 - Bottom Trimaings, (SP). p
L e k= UF14 - D1d not save. ":
L UPLS |rusH  [52.4451.9 UF1S - Bottom Trimmings, (SP). 4
s . 4
B ur1s [pusn 160.3059.8 UF16 - Bottom Trimeings, (SM-ML). 4
- 75 -~
B urLy fPuSi 131.0150.0 UF17 - Bottom Trimmings, (SP). -
r- -4
r ur1s {PusH  {~0.6%60.1 UF18 - Bottom Trimmings, (ML), A
r‘ -
- 80 Jr19 {PUSH Jol.3k0G.) UF19 - Bottom Trimmings, {ML-SM). —
r P20 {PUSN  al.eke0.6 UFZ0 - Bottom Trimmings, (S2-SM). ;
- - T 4
ur2l feus lso.skse.2 UF21 Bottom Trimmings, (SW).
— 8% —
= ur2z feusn o1 7k1.0 UF22 - Bottom Trimmings, (SM). d
r -
1 R JPUSH  153.5[83.0 UF2) - Bottom Trimmtngs, (ML), p
;‘90 Bottom of Borehole - 88.8' ]
r -t
- -
- 35 -
o -
o 4
! 1
- 100 —
H i
o J
o -
I 4
- B
- ! -
S _
r -
o -
I~ —
! -
- g
3 e
r .
e ——
+ 4
b ! -
b i B
N -
. 4
1
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BORING LOCATION _5ts 3:83, 131.0'3 GROUND ELEVATION(NGVDL___293:1___ DATE START/ANiswicnoses  Zwonves | | ||| A
INCUNATION verttcal BEARING __va _ TCT'L DEPTH (FT) ORILLED 8Y __ 7. Stewerc. <rs/COL
. L)
Hot _used CORE SIZE__ %A  GROUNOWATER EL. N LOGGED BY_J.P. Pernins DATE!D/10-}V88 PG,' OF 2
SAMPLE
TYPE |BLOWS REC S01L AND ROCK DESCRIPTIONS
ong PER
NO [6IN JCM|cCw
L 4
| —
R P
- -4
L -
[ :
C ]
L =
L P
. p
L .
- [ 1
20 n
| <
L -
— -
- -4
4
~
4
[ -
b -
L_ ! -
; .
|
L i :1
- us -
| |
-
-
- url | puss 61.: Sottom sp)
= $0
U2 | prcu €5.9 3cttom o i
b
F ur3 [ PusH $9. 3ottom isp?
-
= 33 ura | pusy sT.2 8cttom {592 ’
b
g UFS | pusu €3, ottom ‘).
F UFS | eunu < a dnttem T
F [ AN e ‘ wttam 9P i
L u ‘e rram F ]
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LN T AN DALY e IR Tc b P A
L L R TT'I N lerate . ¢
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BORING LOCATION 22 $:A% 'V,1's  GROUND ELEVATION { NGVOL__.%1%.1 __ DATE START/FINISHL0/Ie/es  Ztorvies | || 1A
-
| INCUNATION _verticai BEARING _%s___TOTAL DEPTH (FT) 9.0 ORILLED BY ___F. Stewart, ~£3/COL
T
CASING 1D _Yot used CORE SIZE_YA__GROUNOWATER €L’ DATE _-___ LOGGED BY_ti eryias  OATEIZ/0:117t5[ PG 2 OF 2
EL OEPTH SAMPLE REMARKS
Tvee |BLows| PEN|REC SOIL AND ROCK DESCRIPTIONS
and PER
Y FT NO 6IN | CMCM
1301 (- eI —F—1+ 1
i V,ylji_;._.su A g UF10 - Bortom Trimminga, (SP). 4
4 -
TEE T B UF11 - Bottom Trimmings, (SW).
70 TR ST B P ﬁ UF12 - Bottom Trimmings, (SW/gravel). -
RYRE SEUSTIN SCNET 08 PN UF13 - Aarrom Trimmings, (SP-SM) =
UFlLPustl 100.0§49.2 UF14 - Bottom Trimmings, (SM-ML) E
75 -4
UFLS [ PusH 156.1053.9 UF15 - Bottom Trimmings, (SP-SW) ]
s pusw fno.2fso. 2 UF16 - Bottom Trimmings, (SM). j
80 Frfovse e plale UF17 - Bottom Trimmings, (SP), —
4
UFLB] PUSH Jn0.4]99.5 UF18 - Bottom Trimmi{ngs, (SW-SP). -
4
PUSH 100.8159.5% UF19 - Bottom Trimmings, (SM-SP). 9
85
;. o eusw {99.3)8.4 UF20 - Bottom Trimmings, (SP-SM). j
= ausn r:x.l 3.6 UF21 - Bottom Trimmings, (SW-SM). ]
[‘ %0 Bottom of Borehoie - $9.C' -
L 4
- e
L
- 95 -j
- ]
- 4
ol ] -
M~ 100 -
- ]
b <
| o H j
r | 4
- -
L ]
— —
L ' ,
- : -
= ‘ 4
L : ]
be \ -
L : 4
L | -
1 -
a !
— , -3
- .
L 4
r -
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Al
GROUND'VATER OBSERVATION WELL REPORT
Projec: Lower San Fernando Dam ! pace 1 -2 1
Location San Fernando Valley, California Jrrer: no. OW104
Client WES/COE soring Mdo. M104
Contractor WES/COE Zriller F. Stewart brocation Sta 9+55
Iaspected by J. R. Perkins 2ate September 25, 1985 i 73.1° S
Checked by T. 0. Keller Date November 7, 1985 [Pro3. Mo. 85669
Elev. or length of surface casinc above: 0.1
survey below ground surZace '
Dacum NGVD . . . .
_ Flzv. or length of riser pine abgra
Sround pelow grouna surzace 0
plevacion 11149 Thickness of surIace seal be'low ground
7 TR, Thicks . Zace s ow groun . ,
ENCISUSUSLLS surcace. if any 78.0
Rolled Fill Tvpe or surrace seal {(indicata any at- .
ditional seals) cement grou
3 : i 4.0
ID or surrace casing g S S,
| Type cf surface casing steei pipe
- ]
Zlev./cdepth bottom of casing 2.0
- . _ 1]5”
ID and 0D of riser pipe -
B | Type of riser pipe PVC
@ | Hydraulic Fill
N a Oll
" M4~—— Dirameter o borencie Z
é 44— T/pe orf packiilll around riser nipe cement t
2 | Elev. /deoth zop orf seal, I anv 0
< 4¢——— Type of s3aal cement_grout
ot | Elev.,deptn zottom of seal /8.0
E : 100.0"
5 51— Clev., depnh ©0p Of ferwvious secIiian AR
B [o] 0
v
A PVC
_j Alluvium :g PType of porvious seotion
P ﬂ" | Cescrine ovenings siottea
a 0 ['ID and a0 or pervinus section ¥
— 09 — —_—
< a
= 0 :
z o’ PUpe 0 f RACKILLD arsuna ceresous e on.on Ortawa sand
P o
- 1 a0
o2 L 115,20
I j Lart 2T [ o N i
| ]
i T
| : :
‘f . ——e > IR . PR e




GROUNDWATER OBSERVATION

WELL REPORT

Projec: Lower San Fernando Dam é?aqe 1 af 1
Location San Fernando Valley, Califcrnia iweil e, OW1l1
Client WES/COE jUOr;nq No. oWlll
Concractor WES/COE Zriller F. Stewart location Sta 5+95,
iasgecied by J. R. Perkins Sate October 4, 1985 132.0' S
Checked by T. O. Keller sSate November 7. 1985 {proj. Yo. 85669

Elev. or length of surlace casinc above/

Survevy below ground surZace -
Datum NGVD . . X ,
. Flev. or lengtn of riser plde apove:
Cround below ground surcace 1.5
glewration 1095.1 ) N o .
VENIISIY LS Thickness of surface seal zclow ground
—~ . 1
| surrace, 1I any 78'0
. Type of surface seal {indicate any a4~
Rolled Fill S ement o
ditional seals) cement grout
ID of surface casing h
. Type of surface casing -
clev./depth bottom 2I casing -
- ; - 1%!!
ID and OD of r:ser zipe
— f —— _ o4
P Type of riser Dipe pve
e
2
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APPENDIX B

EXPLORATION SHAFT

B.1 Purpose and Scope

An exploration shaft was made through the downstreanm
hydraulic fill shell of the dam to perform the following tasks
at three separate levels in the dam:

a, Obtain undisturbed samples using GEI's tripod tube
sampler.

L Perform field density tests.
c. Obtain bag samples for laboratory testing.
4. Map the sidewalls of the excavation.

The exploration shaft was made at Locatian 111 as shown
in Fig. 5 of the main text. The shaft was made at this loca-
tion because N-values at the base of the hydraulic fill shell
were more concsistently low at this location than at other
locations. The centerline of the shaft was located 12 feet
north (upstream) of SPT boring S111.

The excavation and backfilling of the shaft was perforred
by Zamborelli Drilling Company, Inc. of Los Angeles, Cali-
fornia. All sampling, teesting, and mapping was performed by
GEl from November 26 through December 20, 1985.

Explorations were performed in the shaft within Zones 2,
3, and 5 of the hydraulic fill shell shown in Fig. %. The
elevation ranges for explorations in each zone were as
follows:

Zone Exploration Flevation
__Range, 7t

VN e s~
2 Cliew o= sl

3 1034-10730
5 1N1H-Tntn

-
1

The ground sarface e
El. 179705,

eratioan ot the ashaf: JERTAPE R

total of

A andisturbed Cabe zamples were obtalnen Trom
the =haft nsing
2

I's tripod sampler. A totval of "0 Yield

NpRR e
o1




density tests were performed ucin3z sand cone techniques.
Approximately 2,500 pounds of bag samples were obtained from
the shaft. Bag samples were obtained from the same layers in
which tripod rube samples were taken and field density tests
were performed. Bag samples from a particular layer were
later mixed at GEI's laboratury to form batch mivxes for
laboratory testing.

B.2 Shaft Advancement Procedure

The shaft was excavated using a caisson drilling rig with
a 6-foot-diameter auger. The sidcwalls cf the shaft were sup-
ported with 6-foot-diameter steel casing.

“he excavation wes advanced using an auger to approxi-
mately 1.5 feet above each sampling level. The casing was
rhen lowered to the bottom of the excavation and fixed at the
grourd surface with twvo steel I-beams te prevent further
pea2tration. The contractor hand excavated to within 2 to
3 inct es of the desired sampling depth. While hand excavating
to the top of the sampling levei, one-quarter circles of
plywood were placed on the tottnm of the test shaft so as not
to disturb the underlying layers. The last few inches were
hand excavated by GEI's field engineers. A pilot excava+ion,
one quarter of the shaft bottom area, was hand excavated
appreoximately 1.0 foor helow the sampling depth. This pilor*
excavat..n was used to identify soil layeis prior to the start
of sampiing so that sampling and field density tests would be
performed within a defined layer. Once the remaining three
quarters of the shaft bottom was leveled and smoothed,
sampling and field density testing ~as performed until the
area was depleted. Derails of tripod tube sampling ind field
density testing are presented in Sections #.3 and B.4, respec-

tively. Hand excavating, samp ing, and testing continued in
ipproxinately b otoot vertical increments ro the hortom nf o rhe
ling Tevel.
<Teen the bottor of the sampling Yevel was reached, rhe
oottt che expoeed lavers hel w the casing were napped,
caer Ll Lamoling resting was oomplote, rie casi ."u";l s

T . ) .
S vl Tae snatt o was Atvanced with o pporas to o rRe cerr




17-inch perforated steel casing that penetrated approximately
6 inches below the bottom of the drain. Inside the 12-inch
perforated casing, a small submersible pump was used to remove
the water.

After sampling, testing, and mapping were completed, rhe
steel casing was removed and the test shaft backfilled with a
4,000 psi concrete mix to 1 foot below the ground surface.
During the backfilling, the concrete mix was poured through a
hopper connected to a '5-foot-long hose centered over the
shaft.

B.3 Undisturbed Tripod Tube Sampling

Forty-four undisturbed tripou tube samples were obtained
using GEI's tripod sampler. Tripod tube sample data is pre-
sented in Table Bl1. A photograph of the GEI tripod tube
sampler is shown in Fig. Bl. Sampling tubes were 3.0-inch
0.0., l4-inch-long thin-walled galvanized steel tubes. tach
tube was machined to have approximately zero clearance ratio,
as dJdefined in Table Bl. Precise measurements showed that
actual clearance ratios ranged from ~0.01% to 0.01%.

All hand excavating and sampling was performed while
standing on one-quarter circles of plywood so as not to
disturb the underilying soils. The remaining three quarters of
the soil surface was leveled prior to sampling and testing.
The locations of tripod tube samples at each sampling level
are shown in Figs. B2 to B4. An effort was made to obtain
samples consisting of predominantly one soil type. This was
done by starting the sampling at the top cf a soil layer.

The tripod sampler shown in Fig. Bl was used to maintain
the sampling tube in vertical alignment during advancement.
The tube was advanced in increments of about 1/2-inch bv using
no more than light hand pressure. About 1/2 to ! inch of soil
around the periphery of the tube, below the cutting edge, was
excavated prior to advancement of the tube. This pre-
excavation allowed soil to easily peel away from the tube 1as
it was advanced and minimized volume changes during sampling.
Several hours of erffort were required to obtain each sample.

Derailed measurements of tube penetration and soil reco-

very were made during advancement of the tube. These measure-
ments are included in Table B1. Soil volume chaneges whi:zh
occurred during sampling were computed htased on these measure-

ments.




B.4 Field Density Tests

Twelve field density tests were performed in the shaft
using sand cone techniques. The test procedure was in accor-
dance with ASTM D1556-82, "Density of Soil In Place by the
Sand-Cone Method." A summary of field density test results is
presented in Table B2.

At least one field density testL was perforuwed oun each
layer in which tripod tube samples were obtained (except one
layer). An attempt was made to centrally locate each field
density test with respect to the tube samples. The locations
of field density tests are suhown on the sampling location
plans in Figs. B2 to B4. An effort was made to perform field
density tests in one soil layer. However, virtually every
layer encountered was intensely stratified. Representative
samples of material were taken adjacent to the field density
test locations for compaction testing in the laboratory.

B.5 Wall Mapping

Mapping of the expcsed sidewalls below the casing was
performed at each exploration level to document the stratifi-
cation of the hydraulic fill.

Mapping was performed after tube sampling and field den-
sity testing because the largest amount of wall was exposed at
that time. The upstream direction of the shaft was estab-
lished and called north. Mapping started at the bottom of the
casing and continued to the bottom of the sampled level.

Photographs of the excavation sidewalls were taken at
each level of tne shaft. Typical photographs at each level
are shown in Figs. B5 to B7. These photos show the intense
stratificaticn present in the hydraulic fill shell.




TABLE Bl - UNDISTURBED TRIPOD TUBE SAMPLE DATA
Lower San Fernando Dam - California

Gentechnical

Fnglineers

Inc.

P

September [,

Page | of 5
ZOMNE 2
Sample Elevation,(l) Clearance(2) Cumulative Cumulative Total(3)
Top of Sample Ratio Penetration Recovery
CR P R AN AY
ft p4 cm cm 4
TS101 1044,3 0.000 10,40 10.80 2.44
18.42 18.87
TS102 1044.3 -0.041 10.41 10.36 -0.59
15.67 15.59
TS103 1044.4 —0.032 6.90 7.08 .00
15.97 16.
TS104 1044.4 0.018 10.69 10.78 0.21
11.44 11,46
TS105 1044,5 -0.096 9.34 9.64 1.39
14.49 14,72
TS106 1044.4 0.036 8.98 8.99 1.04
16.53 16.69
TS107 1044.4 0.018 8.49 8.76 1.08
17.32 17.50
TS108 1043.0 —0.041 6.02 5.95 -0.71
14,40 14.3]
TS109 1042,9 0.036 7.83 7.82 -0.26
15.03 14.98
TS110 1043.9 =0.077 Q¢ 9.43 —0.81
loei. 18.05
TSI11 1042.9 -0.018 1N.48 10.34 -1.30
16.61 16.40
TS112 1042.4 -0,032 2.14 2.26
7429 7.50 1.20
14.28 14,46
Notes: See pige 5

rniect HSAAQ
1987




TABLE Bl - UNDISTURBED TRIPOD TUBE SAMPLE DATA
Lower San Fernando Dam - California

Page 2 of 5
ZONE 2
Sample Elevation,(l) Clearance(2) Cumulstive Cumulative Total(3)
Top of Sample Ratio Penetration Recovery
CR P R AV/V
ft b4 cm cn 4
TS113 1042.3 -0.068 5.12 5.35
9.34 9.72
14.83 15,47 4.17
TS114 1042.4 -0.050 5.86 6.18
9.49 9.85
19.81 20.27 2.22
TS115 1041.2 -0.004 8.82 8.93
16.05 16.06 0.05
TS116 1041.1 -0.041 8.7 8.84
15.58 15.60 0.05
TS117 1041.1 -0.027 6.03 6.08
15.81 16.02 1.27
ZONE 3
TS201 1032.5 -0.082 5.18 5.29
l1.16 11.16
24.18 24417 -0.21
15202 1032.5 -0.027 8.37 8.37
13.56 13.56
23.51 23.40 -0.52
TS203 1032.5 ~G.004 10.08 10.08
15.63 15.56
24.31 24,23 0. 34
TS204 1032.5 0 10.24 10.21
14.64 1. 64
26.34 2h. i —}e 49
Notes: See page 5

~ e 1 U omsd vvgrnr - i . .
nical Yngineers Toc. Sepiember 2, 1987

Project 5669




TABLE Bl - UNDISTURBED TRIPOD TUBE SAMPLE DATA

Lower San Fernando Dam - California

Page 3 of 5
ZONE 2
Sample Elevation,(l) Clearance(2) Cumulative Cunulative Total(3)
Top of Sample Ratio Penetration Recovery
CR P R AV/V
ft % cm cm %
TS205 1032.5 =0.050 12.11 12.05
20.10 19.95
28.91 28.79 -0.51
TS206 1032.5 0,095 11.56 11.52
15.81 15.72
19.15 18.98 -1.08
TS207 1032.5 —0.055 9,27 9.28
19.72 19.76
28,79 28.79 -0.11
TS208 1031.1 0.027 6.64 6.67
14.57 14,58
17.01 17.00 0
TS209 1031.2 -0.046 8.67 8.67
15.36 15.28
17.11 17.10 -0.15
TS2i0 1031.2 -0.036 7.10 7.08
14.14 14,03
18.20 18.11 ~0.57
TS211 1030.8 =0.055 7.30 7.41
11455 11.57
13.41 13.48 0.41
ZONE 3
TS301 1015.2 0.009 6.18 6.18
11.69 11.72
13.Rr® 13.91 0.16
TS3G2 1014.0 —0.004 6.32 6.35
17.04 16.95
27.30 27.07 .85
Notes: See page 5

GCeotechnical Engineers Inc.

Project 85669

September I, 1987




TABLE Bl - UNDISTURBED TRIPOD TUBE SAMPLE DATA
Lower San Fernando Dam - California

Page 4 of 5
ZONE 2
Sample Elevation,(l) Clearance(2) Cumulative Cvmulative Total(3)
Top of Sample Ratio Penetration Recovery
CR p R AV/V
ft b4 cm cm p4
TS303 1013.9 -0.018 9.39 9.42
15.97 15.93
19,94 19.84
23.01 22.83 —0.82
TS304 1014,0 —0.096 6.46 6.44
11.32 11.24
16.70 16.53
TS305 1014.0 0.018 5.59 5.56
12.20 12,
16.96 16.75
9.79 19.55 _1018
TS306 1014.0 -0.018 5«73 5.76
13.82 13.78
21.91 21.82
27.20 27.12 -0.33
TS307 1014,0 0 6.18 6.16
12.57 12.58
19.28 19.21
23.43 23.32 —0.47
TS308 1014.1 0 8.10 8.09
14,62 14.55
20.40 20427
21.55 21.41 -0.65
TS309 1014.1 0 7.99 8.02
14,02 13,96
22,0¢ 21.91
26491 26431 ~0.75
TSRO 120301 n,409 7.61 7,49
17,358 12,37
21.30 21,00
29045 2509 =1 .30
Notes: “ee nage




TABLE Bl - UNDISTURBED TRIPOD TUBE SAMPLE DATA
Lower San Fernando Dam - California

Page 5 of 5

ZONE 2

Sample Elevation,(l) Clearance(2) Cumulative Cumulative Total(3)

Top of Sample Ratio Penei.ation Recovery
CR P R AV/V
ft — 2 cm cm P4
TS311 1013.1 -0.014 3.78 3.74
12,48 12.28
19,22 18.87 -1.85
TS312 1013.2 -0.004 7.36 7.35
15,47 15.36
20.56 20.37 ~0.93
TS313 1013.3 0.014 9.07 9.06
13,20 13.17
18.19 18.09
22.08 21.92 -0.70
TS314 1013.4 -0.018 9.96 9.78
15.76 15.53
17.68 17.42 -1.51
TS315 1012.4 0.009 8,28 8.37
12.27 12.33
15.31 15.33 0.15
TS316 1012.4 0.009 7.58 7.55
12.25 12.23 -0.15

(1) Elevation datum is NGVD

(2) Clearance Ratio (CR) as definec¢ as:
ID-CE
CE x 100X
Where: 1ID = inside diameter of sampling tube
CE = diameter of cutting edge »f sampling tube
Negative values indicates diameter of cutting edge 1s larger
than inside dlameter of sampling tube

CR =

(1) Change in volume during sampling (AV/V) is defined as:

CR \?
AV/V = (l+——~— b 3-—1 x 190 ({n peccent)
100 P
Where: CR = clearance ratio of sample tube, Jefined above.
R = gross recovery

P = penetration length
Pogitive values {ndicarte sample oxpansion; negative values
fndicate sample compression.
Project H9R6Y

entechnical Engineers Inc. september ., 16#7




TABLE B2 - SUMMARY OF FIELD DENSITY TESTS
PERFORMED IN EXPLORATION SHAFT
Lower San Fernando Dam

2)

3)

4)

Field Depth, Elevation, Field Measurementsl) Estimated Estimated
Density Top of Top of Water Dry Unit Void Ae Due In situ
Test No. Layer Layer Content Weight, y4 Ratio to Swell Void Ratio

in 1985
ft ft, NGVD 4 pef (2) (3) (4)

101 53.2 1044.3 10.0 97.3 0.719 -0.017 0.702

102 Shaeb 1042.9 33.3 91.1 0.856 0 0.856

103 55.1 1042.4 8.2 108.0 0.542 -0.017 0.525

104 56.4 1041.1 16.1 95.8 0.746 -3.017 0.729

201 65.0 1032.5 14.8 93.3 0.785 -0.016 0.769

202 66.3 1031.2 12.7 94.9 0.762 -0.018 0.744

203 66.3 1031.2 13.2 93.9 U.781 -0.0i8 G.763

301 83.5 1014.0 2642 98.6 0.702 -0.026 0.676

302 B4.4 1013.1 27.4 96.7 0.736 -0.032 0.704

303 B4.4 1013.1 26.0 98.1 0.711 -0.032 0.679

304 B4.4 10131 27.9 95.8 0.752 -0.032 0,720

305 85.7 1012.3 23.8 100.7 0.667 -0.028 0.639

1) Fileld density tests were performed using sand cone techniques, ASTM D1556.

Dengity and water content measurements are for the fraction passing the
No. 4 sieve.

Voild ratio based on specific gravity measurements of batch mix from the
same elevation. Void ratio not corrected for swell at base of exploration
shaft.

Void ratio changes due to swell of soils at the base of the exploration
shaft were estimated using procedures described in Section 4.2.1 and
Table 5 of the text.

Corrected for estimated swell at base of exploration shaft.

Project 85669

C

Geotechnical Engineers Inc. Januarv 15, 19388
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APPENDLIX C

IN SITU VOID RATIO CHANGES
OF CRITICAL LAYER

C.1 Introduction

Undisturbed samples ouf the critical layer of the
hydraulic fill shell on the downstream side of the dam were
obtaired in 1985. The void ratio and strength of these
samples represent 1985 conditions. Thus it became necessary
to estimate the void ratio changes that took place in the cri-
tical layer between the time of the earthquake in 1971 and the
time of sampling in 1985. These void ratio changes were then
used to estimate steady state strengths of the critical layer
soils on the downstream side immediately before the 1971
earthquake., The 1971 void ratios of critical layer soils on
the upstream side ot the dan would Le expected to be higher
than the 1971 void ratios of the critical layer soils on the
downstream side. This is because the critical layer on the
upstream side was under a lower sustained effective stress due
to the presence of the reservoir and the fact that the
downstream slope was under additional load from the 1930 and
1940 berms. The estimated difference in void ratio between
the upstream and downstream critical layers, in conjunction
with strength data obtained for the downstream critical layer,
were used to estimate the steady state strength of the
upstream critical layer which actually participated in the
1971 flow slide.

The Los Angeles Department of Water and Power (LADWP)
made detailed vertical and horizontal movement surveys of the
embankment and groundwater observation well readings between
1929 and 1985. These excellent data were essential for esti-
mating the void ratio changes which took place in the critical
layer on the downstream side of the dam after the 1971 earth-
quake and for estimating differences between upstream and
downstream void ratios.

The movement and observation well data were analyzed to
develop a general understanding of the behavior of the down-
stream section of the dam prior to, during, and after the 1971
earthquake, Then the pertinent data were used to evaluate
void ratio changes in the critical layer. The plots presented
in the subsequent sections of this Appendix were prepa~ed bv
GELI from the LADWP field survey sheets.

Ot




Movement and Settlement Data

C.2.1 General

The LADWP made detailed measurements of the ver-
tical and horizontal movements of the dam starting in
1929, Five survey lines were established at the loca-
tions shown in Fig. Cl. Vertical and horizontal move-
ments of about 110 points were measured at least 6 times
a year and sometimes 12 times a year up until the 1971
earthquake. Measurements were continued on a frequent
basis for a period of about one year after the 197i
earthquake. The interval between measurements was
reduced to one year starting in 1974.

Undisturbed samples of the critical layer on the
downstream side of the dam were obtained at two loca-
tions: the exploration shaft and undisturbed sample
borings at Location 111 and undisturbed sample boring at
Location 103. Thus the movement data analyzed correspond
to sections passing through these two .ocations,

C.2.2 Movements Measured Immediately After the 1971
Earthquake

Plots of vertical and horizontal movements at
Stations 5+00 and 9+00 between December 30, 1970 (before
the earthquake) and both February 13 and May 12, 1971
(after the earthquake) are shown in Figs. C2 and C3.
These plots show that almost all of the movements
measured in the three-month period following the earth-
quake occurred during the four-day period following the
earthquake. The vertical and horizontal movements
measured on February 13, 1971 were combined and are shown
as vectors in Figs. C4 and C5 for Stations 5+00 and 9+00,
respectively.

Examination of Figs. C2 through C5 1adicates the
following patterns of movement of the downstream slope as
a result of the 1971 earthquake:

a., The downstream toe of the dam did not move appre-
ciably as a result of the earthquake.

b. There was no bulging of the downstream slope.
c. Downstream of point 3 at Sta 5+00 and Sta 9+00,

the horizontal components of the movements were in
the downstream direction. flpstream of this point,




and close to the scarp, horizontal movements were
in the upstream direction, reflecting proximitv to
the scarp left by the upstream slide.

d. Downstream of point 5 at Sta 5+00 and point 6 at
Sta 9+00, the rate of change of horizontal move-
ments indicated horizontal compression, while
upstream of these points, there was horizontal
extension.

e. The settlements increased gradually in the
upstream direction starting approximately from
zero at the toe. However, they increased rapidly
upstream of the point that separates horizontal
compression from horizontal extension, i.e.,
point 5 at Sta 5+00 and point 6 at Sta 9+00,
Figs. C2 and C3.

It can be concluded from the above observations
that downstream of about points 5 and 6, the downstream
section of the dam developed mainly a decrease in volume
with relatively low shear strains. Upstream of these
points, the dam developed increasingly large shear
distortions near the scarp of the upstream slide.

A plot of vertical movements which occurred along
the downstream berm road (122 feet scuth line) between
December 30, 1970 and May 12, 1971 is shown in Fig. Cé6.
Discussion of this plot is presented in Section C.4.

C.2.3 Long-Term Movements Prior to and After the 1971
Earthquake

Plots of vertical and horizontal movements vs.
time for the measurement point located closest to the
exploration shaft are shown in Figs. C7 and C8. This
measurement point on the 122-foot south line, Sta 6+00,
was only about 15 feet east of the shaft. The following
are comments related to the vertical movement plot shown
in Fig. C7:

a. The August 30, 1930 earthquake caused a little
over 0.1 foot of settlement.

b. The relatively faster rate of settlement for the
few years after the 1930 earthquake may be due to
the effects of the 1930 earthquake, raising of the
embankment to its final height and/or placement of
the blanket on the downstream slope between 1929
and 1930,




c. Placement »f the 1940 berm on the downstream slope
caused s. _ement of about 0.12 feet between the
time of cement and 1943,

d. The rate of settlement between about 1943 and the
time of the 1971 earthquake was approximately
constant at about 0.005 feet per year.

e. The 1971 earthquake caused a relatively large
settlement to occur.

f. Settlements continued after the 1971 earthquake up
to the time of soil sampling in 1985. Note that
dam reconstruction was done in the upstream sec-
tion of the dam, and thus had no effect on settle-
ments on points along the downstream berm. These
settlements are discussed in more detail later.

The horizontal movements of the same measurement
points (Fig. C8) have the same pattern as the vertical
movements, except after the 1971 earthquake. After the
1971 earthquake, with the reservoir empty, lateral move-
ments essentially stopped whereas settlements continued.
Note that the scatter is larger in the horizontal move-
ment data than in the settlement data, reflecting more
accuracy in the measurement of settlement.

Plots of vertical and horizontal movements vs.
time for the measurement point located closest to
Location 103 (Measurement Point at Sta 9+00 on the
122-foot South Line) are shown in Figs. C9 and C10. The
vertical and horizontal movement data for this point
follow the same pattern as that for the point located 300
feet east. This indicates that the behavior of the
downstream slope was consistent over substantial horizon-
tal distances.

Vertical movements vs. time for Points 16 and 24
on the 5+00 line are shown in Figs. C!1 and C12. These
points are located downstream of the exploration shaft.
Point 16 is located on the berm over the toe of the ori-
ginal dam section. Point 24 is located at the toe of the
dam. Point 16 indicates settlement after construction of
the berm and significant settlement due to the 197!
earthquake. The vertical movement of Point 24 was essen-
tially zero over the time it was monitored between 1949
and 1975, indicating negligible settlements of the foun-
dation soils at the toe of the dam.




Expanded plots of settlement vs. time immediately
arter the 1971 earthquake for points near Locations 103
and 111 are shown in Fig. C13. These plots show that
relatively large settlements occurred in the four days
after the earthquake (February 9-13). The settlement
rate decreased with time in the five months following the
earthquake (up to about July 1, 1971)., The settlement
rate became approximately constant from July 1, 1971 to
1985 (Figs. C7 and C9).

C.3 Groundwater Data

The LADWP provided GEI with groundwater elevation
measurements from numerous wells in the embankment. Two of
these wells, 641 and 64J, are shown in Fig. Cl. Well 641 was
the closest to the exploration shaft location. The hottom of
each well penetrated the 1971 phreatic surface by only a few
feet as shown in Fig. Cl4. The tip of 641 was close to the
boundary between Zones 1 and 2 of the hydraulic fill (see
Figs. 9 and 10 in main text).

Groundwater elevations vs. time in Wells 641 and 64J are
shown in Figs. C15 and C16. Data from each well is discussed
below.

Well 641 - The bottom of this well was located at
El. 1053, about 31 feet above the critical layer. Groundwater
elevations in this well rose about t foot after the earth-
quake, but this rise occurred ove. a period of several weeks.
The rise may be due to excess pore pressure generated as a
result of earthquake shaking, but it is more likely due to the
fact that after the failure, the reservoir was closer to the
well for a short time after the failure.

The reservoir was essentially empty about 1.5 months
after the earthquake. However, the groundwater level in
Well 641 remained above 1its normal level for about 5 months
after the earthquake (up to about June 1, 1971).

Groundwater levels in Well 641 decreased at a rate of
about 1 foot/year until it became dry in November 1973. In
1985, the groundwater level in the exploration shaft, near
Well 641, was near the base of the embankment, as shown in
Fig. Cl4.

Well 64J - The bottom of this well was located near the
base of the hydraulic fill at about El., 1017. This elevation
is close to the top of the critical layer. Water level in the
well was about 3 feet higher than normal on the day after the
eartnquake. The water elevation decreased to its pre-
earthquake level in a period of about one month. Water levels




in 64J decreased at a fast.r ate than water levels in Well
641, probably because of its proximity to the downstream
drain.

C.4 Void Ratio Changes in Critical Layver Due to 1971
Earthquake

The 1971 earthquake caused g-oneration of excess pore
pressures in at least some of the soils in the downstream sec-
tion of the dam located below groundwater level. The obser-
vations in Well 641 indicate that negligible pore pressures
developed in Zone. i and 2 of the hydraulic fill. The obser-
vations in Well 64J indicate that excess pore pressure did
develop in the lower part of the hydraulic £ill followed bv
reconsolidation after the earthquake. The reconsolidation is
assumed to have manifested itself as settlements at the sur-
face of the downstream slope and horizontal compression of the
downstream cection of the dam, except for the zone near the
sliae scarp which developed horizontal stretching.

For the purpose of our investigation, it is necessary to
estimate the void ratio changes which took place after 1971 in
the critical loose layer where undisturbed samples were take:.
These changes would then be used to correct the 1985 void
ratios of undisturbed samples to pre-1971 earthquake void
ratios. Undisturbed samples were taken below the location of
the berm road on the downstream slope. At this location, the
downstream section of the dam was subjected to both vertical
and horizontal compression. Virtually all of the horizontal
movements occurred within about one month after the earthquake
when there was still water in the reservoir. Subsequently,
when the reservoir was empty, the horizontal movements stopped
and only vertical movements were observed.

For analysis purposes, we considered separately two
phases of the consolidation of the critical layer soils on the
downstream side of the dam after the 1971 earthquake:

. Consolidation due to dissipation of excess pore
pressures generated during earthquake shaking,
discussed in this section.

2. Consolidation due to the increase in effective
stress caused by the permanent luwering of the
reservoir (Section C.5).

The groundwater level at the location of the Jownstream
berm road started dropping below its pre-earthquake level
about five months after the earthquake (Fig. C15). This
corresponds to the time when the settlement rate became
approximately constant (Filg. C13). Therefore, settlements




which »ccurred in the first five months after the ecarthqguake
probably are mainly due to dissipation of excess pore
pressures generated by the earthquake, and those which
occnrred afrer that time c¢an be assumed to ne Jdue "o weneral
groundwater lowering below pre-earthquake levels.

Void Ratio Changes at Location 1!'1 - The sett'-..-nn of
the ground surface at Location 117 in rhe first five monzhs
afrer the earthquake was 0.46 foot (Fig. C13). Analyeev ~ere
performed to estimate what part of the 0.46 footr =f sectlement
occurred in the 15-foot-thick critical laver at the hase of
the hydraulic fill, so that the veoid ratio change of this
laver could be estimated,

The voiume change of each lzver below groundwater ilevel
due o dissipation of pore pressure generated by cvc}ic
loading is related to the meximun cvelic strain which
in the laver Jduring cvclic loading. “Zastro 713875 has
mariced labordtorv ftest lata relating the volumetric scrain o7
saturated sand and silt samples t¢o the max‘”um cvelic shear
strain experienced by the samples (Fig. C17). The band
labeled No. 3 in Fig. C17 represents data from tests performed
on samples from Location 111 and reported in Appendix F,
Section F.4.,7. Castro (1987) has also summarized laboratory
test data relating the volumetric strain of drained sands rto
the maxiﬂum cvelic shear strain experienced by the samples
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(Fig. Ci .
The soil profile at Location 111 is shown in Fig. 2.
Groundwarer level prior to the earthquake was about El. 1060

’

at this location. For analysis of sands below groundwater
level, the correlations tetween volumetric strain and cyveclic
shear strain shown in Fig. €19 were used. For sands above
sroundwatrer level, <he hatched line in Fig. C18 wasg used,.

The maxiwmum cyclic shear strain in each laver of the soil
profile which occurred during the 1971 earthquake was esti-
mated uging 2 SHAKE snalysias. Details of the analysis are
presented in Appendix F. A plor of maximum cvelic shea-
strain s, Jdepth 1s shown in VFig, E2. The =maxinuam cvollic
shear sirain at rhbe mid height of ecach zone of the soill pro-
file bhased on the SHAKE analysis is presented in Tabie 7.

facn cone of the tocation 111 soil prefile 7Fig. % yas
is=itied s Toose, medium, or Jdense hased on averdge N-
valaes in o the sones, ™e maximum cyclic shear strain and len-
sity ol 31f1<4t on of each zone was used to obrain a
volumetnlc strain for rthe zane after reconsolidation using “he
correlations in Figs. €18 and 219, The thickness of each zone
was multiplied bv the computed volumetric strain in the :one
to obtain settlements. The volumetric strain and computed

PR

sertlement Yor cach sone are presented in Table 1.
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The summation of settlements of each zone for the above
analyses was 0.51 foot which is very close to the measured
value of 0.46 foot. The agreement in total settlement is
somewhat fortuitous, since several interpretations of rhe
correlations in Fig. C18 and C!9 can be made. However, the
more significant result is that about 49% of the 0.51 foor of
computed settlement occurred in Zone 5, the critical laver.
The above analyses was repeated using several positions for
the loose, medium, and dense curves shown in Fig. C19.
Computed settlemenis were different than 0.51 foot, but the
percentage of the total settlement which occurred in Zone 5
was about 49% in all cases. Therefore, the actual height
change of Zone 5 was avout 49% of 0.46, or about 0.23 foor.

The void ratio change of Zone 5 soils due to dissipation
of excess pore pressures after the earthquake was computed
using the following equation (one-dimensional settlement):

aeq = 8H1 (1+ey)

where Aej void ratio change in Zone 5 due to dissipa-

tion of excess pore pressures

tH1 = settlement of Zone 5 due to dissipation of
excess pore pressures, equal to about
0.23 foot at Location 111

H = thickness of Zone 5, equal to 15 feet at
Location 111

eo = initial void ratio of soil in Zone 5

Computed values of Aey for undisturbed samples from
Location 111 are shown in Table 3 in the main text. For a
typical initial void ratio of 0.7, the void ratic change, aeq,
is equai to 0.026.

The above analysis neglects the horizontal compression
developed in the hydraulic fill after the earthquake. An
estimate of the horizontal compression in the critical layer
was made, resulting in void ratio changes of 0.001 to 0.002.
These void ratio changes result in changes in estimated
in situ steady state strength of only a few percent and thus
were neglected.

Void Ratio Changes at Location 103 - Void ratio changes,
Ae1, of Zone 5 soils at Location 103 were estimated using the
same approach for estimating Aej at Location 111. The esti-
mated values of Ae1 at Location 103 are also shown in Table 3
of the main text.




Settlements Near Abutments - Settlements along the
122-foot-south survey line (downstream berm road) which
occurred as a result of earthquake shaking are shown in che
upper part of Fig. C6. There is a consistent pattern of
settlements between Stations 3+00 and 17+00. The settlement
pattern approximately reflects the pattern of the ground sur-
face elevation changes below the survey line.

The relatively large settlements in the vicinity of
Station 2+00 are probably related to an historical problem in
a gvpenm foundation layer on the left abutment. Based on
these historical records, dissolving of the gypsum bv the
reservoir water gradually developed paths (voids) for per-
colating water and resulted in excessive seepage through the
east abutment. Grouting of these voids had been performed
periodically to alleviate the seepage problem.

The survey line along the berm road is actually located a
few feet upstream of tne road on the slope of the embankment,
presumably to prevent damage to the measurement points from
traffic along the road (Fig. C!'). However, near Station 18+00
to 21400 the berm road starts to climb towards the right abut-
ment and crosses the survey line. A possible explanation for
the shape of the settlement profile between these stations,
shown in Fig. C6, is that the measurement points at Stations
19+00 and 20+00 may have been disturbed by traffic along the
berm road in the months following the earthquake when the
crest road was no longer available for traffic. Note,
however, that even though the shape of the settlement profile
appears unusual, the average settlement in the Station 18+00
to 21+00 area is consistent with the results of an analysis of
the type performed for Locations 103 and 111.

C.5 Void Ratio Changes in Critical Layer Due to Groundwater

Lowering
The groundwater level at the location of the downstream

berm road started dropping below its pre-earthquake level
about five months after the earthquake (Fig. C15).

Groundwater well data indicate that groundwater levels at
the location of the downstream berm road decreased at a slow
rate after the reservoir had been completely emptied. This is
consistent with settlement data which indicate that settle-
ments at Locations 103 and 111 (berm road) occurred gradually
for many years after the earthquake (Figs. C7, C9, C13).

Void Ratio Changes at Location 111 - The total settlement
of the ground surface at this location which occurred from the
time of the 1971 earthquake to the time of sampling in 1985
was 0.63 feet. About 0.46 feet of this settlement was due to

Cl4




consolidation as a result of the dissipation of excess pore
pressures generated by the earthquake (Section C.4). The
remaining 0.17 feet of settlement was due to consolidatinan
which occurred as a result of groundwater lowering.

The soil profile at Location 111 is shown in Fig. 9. The
settlement of each soil zone due to groundwater lowerine is 1
function of the compressibility of the zone and the change in
effective stress within the zone.

Consolidation curves from laboratory triaxial tests were
used to determine the compression index of soil samples.
These consolidation curves are presented in Appendix F,
Figs. F70 and F71, Table C2 is a summary of compression index
data for undisturbed samples from Zone 5, the critical layer,
for different effective stress levels.

The increase in effective stress for each zone of the
Location 111 soil profile was computed using the pre-
earthquake and 1985 groundwater levels. Each soil zone was
assigned a compression index on the basis of laboratory con-
solidation data and the average effective stress in the zone.
Settlements of each zone were then computed using the change
in effective stress and compression index for each zone.
Table C3 presents a summary of settlement computations.

The total computed settlement of all soil zones at
Location 111 for the above analysis was 0.20 feet. The com-
puted settlement is close to the measured settlement of
0.17 feet. About 33% of the 0.20 feet of computed settlement
occurred in Zone 5, the critical layer. Therefore, we esti-
mate that the actual height change of Zone 5 was about 33% of
0.17 feet, or about 0.057 feet.

The void ratio change of Zone 5 soils due to groundwater
lowering was computed using the following equation:

bep = AE_?—_ (T+ep)
H
where Aey = void ratio change in Zone 5 due to ground-
water lowering
8Hy = settlement of Zone 5 due to groundwater
lowering, equal to about 0.057 feet at

Location 111

H = thickness of Zone 5, equal to 15 feet at
Location 111

eo = initial void ratio of soil in Zone 5
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Computed values of 4ep for undisturbed samples from
Location 111 avre shown in Table 3 in ih. maiu text. or a
typical initial void ratio of 0.7, the void ratio change, u1ep,
is equal to 0.006.

Void Ratio Changes at Location 103 - Void ratio changes,
se9, of undisturbed samples from Location 103 were estimated
using the same approach for estimating Aep at Location 111,
The estimated values of 4ep ai Locaiion 102 are shown in
Table 3.

C.6 Void Ratio Difference Between Upstream and Downstream
Critical Layer

Up to this point, all estimates of void ratio changes
have reflected those which occurred in the critical layer on
the downstream side between 1971 and 1985. These void ratio
changes allow an estimate to be made of critical layer void
ratios and strengths on the downstream slide of the dam just
prior to the 1971 earthquake. It is reasonable to expect that
void ratios of the upstream critical layer in 1971 were
greater than those on the downstream side because of two fac-
tors:

1. Upstream soils had been under a lower sustained
effective stress due to proionged submergence prior
to 1971.

2. Downstream soils had been subjected to higher effec-
tive stress due to the presence of the 1930 and 1940
berms.

Therefore, the 1971 steady state strengths of the critical
layer soils on the upstream side of the dam would be less than
the strengths on the downstream side.

Void Ratio Difference Due to Submergence

Historical records of the dam construction indicate that
the crest of the dam was at El, 1088 NGVD in 1915 and that the
reservoir was filled to within 5 feet of the crest at that
time. The dam crest was raised gradually in 1916 and 1917 to
about El. 1128. The records indicate that during these early
years, while the dam was inder construction, the reservoir was
filled for summer irrigation use and was practically emptied
during the winter season as a provision against unusual
storms. Fresumably, there was no longer a reason to empty the
reservoir in the winter once the spillway was completed circa
1917.
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No information was available on reservoir levels during
most of the 1920s. However, there appears to be no reason why
-~ resgrvoir should have been lowered during this pericd.
Repairs to the upstream concrete facing were made in 1929, In
order to repair the concrete racing, the reservoir had ©o be
lowered to about El. 1050 in 1929.

Detailed records of reservoir elevation were available
starting in 1930. These records indicate that the reservoir
elevation was always above 1095 up until the 1971 earthquake
with only one significant exception. This exception was 1 4-
to S-month period in 1930 when the reservoir level dropped to
El. 1076 and rose back to 109°C.

The question arises as to whether the critical laver on
the upstream side of the dam was ever subjected to an effec-
tive stress significantly greater than that corresponding fto a
fully submerged state. The most critical time for this would
have been during lowering of the reservoir in the winter
months circa 1915-1917 and during repairs in 1929. We helieve
that the upstream critical layer has not been subjected :o
effective stresses significantly greater than those
corresponding to submerged conditions, as explained below.

The hydraulic fill process used to construct the dam no
doubt caused the soil between the starter dikes to be
saturated with a phreatic surface near the pond level at the
crest of the dam. The resz2rvoir filling in 1915 completely
saturated the upstream slope. When the reservoir was lowered
for a few months, drainage of water within the upstream slope
started to occur. However, this drainage would occur very
slowly as evidenced by the fact that the phreatic surface cn
the downstream side of the dam did not drop significantly in
the 6 months after the upstream slope had failed in 1971 and
the reserveoir had been completely emptied.

The vertical effective stress in the upstream critical
layer (0 ,us) at the location which mirrors the exploration
shaft location (berm road) would be about 2.4 kg/cm’ for sub-
nerged conditions. Below the downstream berm road, the ver-
tical effective stress in the critical laver (3, ds would be
about 3.5 kg/cm? for a ground water depth of 35 Eeet. The
following equation can be used to estimate the void ratio dif-
ference between the upstream and downstream critical lavers
due to the submergence effect:

!\

‘egub = C¢ logyg —+—

Using a value of C, = 0.048 from Tables C2 and €3 results in a
value of A egyp = 0.008.




Void Ratio Di:“erence Due to 1930 and 1940 Berms

Berms on the downstream slope have caused consolidation
stresses to be higher in the critical layer on the
downstream side compared to the upstream side. The majority
of the additional effective stress was caused by the large
1940 berm.

Using stress distribution equations, we estimate that
the 1940 berm caused an increase in effective stress in the
critical layer of about 0.58 kg/cmZ at the location of the
exploration shaft. Using a C. = 0.048 as before, this
increase in effective stress would cause a decrease in cri-
tical layer void ratio of about 0.003.

This void ratio change of 0.003 is corroborated by
settlement measu-ements along the berm rcad (122 feet south
line), shown in ¥“ig. C7. The data indicates that the survey
point adjacent to the exploration shaft settled about 0.12
feet as a result of primary consolidation which occurred in
the few years following placement of the 1940 berm. Based
on analysis similar to that described in Section C.5, we
estimate that about 20% of the measured settlement was
caused by consolidation of critical layer (Zone 5) soils.
For a critical layer thickness of 15 feet and initial void
ratio of 0.7, the backcalculated change in void ratio of
critical layer soils is:

L 0.12' x 0.20 (1+0.7) _ 0.003
15

A eperm

This backcalculated value of 0.003 is the same as that esti-
mated using the consolidation approach described previously.

Summary of Upstream/Downstream Void Ratio Difference

Void ratios are estimated to be higher in the upstream
critical layer compared to the downstream layer by the
following amounts:

Ae
1. Submergence effect 0.008
2. Berm effect 0.003

Total 0.011

Therefore, we added 0.011 to the estimated in situ void
ratios of samples from the downstream critical laver to
obtain void ratios for the upstream critical laver.
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TABLE CZ - SUMMARY OF COMPRESSION INDICES
UNDISTURBED SAMPLES FROM ZONE 5
Lower San Fernando Dam

COMPRESSTION INDEX, C 2)

o
p=4

2)

entechnical Engineers

in Appendix F.

Compression Index, C., = fe/dlog 9,.

Ine,

C
Triaxtall) At Isotropic Consolidation Stress, 50 kg/cm2 =
Test No. 1 2 4 6 7 8 12
Rl 0.021  0.033  0.046 - - - -
RS 0.018  0.030  0.046  0.055 - - -
Rb 0,026  0.041  0.051 - - 0.063 ~
Y 0.024 2,036 0,057 - - 0.066 -
R8 0.030  0.047  0.068 - - 0.085 -
RI12 0.018  0.033  0.045 - - 0.061 0.065
R13 0.026  0.045 0,061 - - 0.084 0.113
R14 0.025 0.039  0.054 - - 0.033 0.106
R15 0.036  0.058 - - - 0.100 0.128
R16 0.017  0.031  0.051 - - 0.080 0.099
R17 0.028 0,043  0.055 - - 0,556 £.091
R18 0.038 N.053 0,075 - - 0.109 0.119
R19 0.019 0,027 0.036 - - 0.039 0.039
®20 0.017  0.032  0.050 - 0.065 - 0.074
Notes:
1) Consolidation curves for triaxial tests are presented

Project 85669

sepronher

2, 1987
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APPENDIX D
STATIC AND PSEUDOSTATIC STABILITY ANALYSES

Static Stability Analyses

D.1.17 Introduction

One of the steps in evaluating the liquefaction
susceptibility of the dam is to determine the in situ
driving shear stress in the critical soil layer
(Section 4.6.1 of the maiu text). This secticn of the
appendix describes stability analyses performed to deter-
mine the driving stress in the critical layer on the
upstream side of the dam, as well as in the critical
layer on the downstream side.

The computer program SSTAB2 (Wright, 1974) was
used to analyze the slopes of the dam. The program uses
a Spencer method of analysis in which the interslice for-
ces are assumed to be inclined and parallel. The method
satisfies all conditions of static equilibrium. Sliding
wedges and circular arc failure surfaces were used in the
analyses. Wedge failures were more critical than cir-
cular failures, so results of the wedge analyses were
used. A manual search was performed to find the most
critical wedge.

The driving shear stress in the critical layer is
equal to the minimum shear resistance the layer must have
to maintain stability of the slope, assuming fully mobi-
lized strengths in other layers. The fully mobilized
strengths are those that would act while deformations of
the slope were occurring and would be available to resist
a massive flow slide. The strength of the critical layer
(¢ = strength, ® = 0) is varied in the analysis until the
factor of safety of the slope is equal to 1.0.

A cross section through the dam prior to the 1971
failure is shown in Fig. 2 of the main text. The
simplified geometry used for performing stability analy-
ses is shown in Fig. D!, The mobilized strengths of
layers used in the analysis are presented in Table D1. A
discussion of strengths used in the analyses is presented
below.

Rolled Fill Cap and Ground Shale Laver - The
rolled fill cap and ground shale layer,
Layer 1 in Fig. D1, were judged to he




o

slightly dilative based on soil descriptions
and blowcounts in these layers. The mobi-
lized strengths in these layers were varied
using a friction angle of either 30° or 35°.
These layers may have had slightly higher
strengths below the groundwater due to dila-
tion at the beginning of shear deformations,
but dissipation of negative pore pressures
would have reduced their strengths to drained
values.

Clayey Core - The clayey core was assumed to
act undrained during the failure. A labora-
tory vane shear test was performed on an
undisturbed sample of the clayey core
obtained from Boring U105 (Appendix F,
Section F.5). The test was performed on a
sample obtained below the 1985 groundwater
level, and thus the sample is probably nor-
mally consolidated to the 1985 stresses

A plot of vane shear strength vs. vane
displacement is shown in Fig. F116. This
plot shows that large vane displacements were
required to reduce the strength of the clay
sample to its steady state strength. Thus
the strength available in the field to resist
the initial movements of a flow slide is the
peak undrained strength, S,,. The strength
used in stability analyses was varied from a
high corresponding to_Syp/p = 0.3 to a low
corresponding to Sup/p = (0,2, The peak
strength of the laboratory vane specimen
corresponded to a c/p ratio, Syp/p, equal to
about 0.3 for 1985 conditions. Note that the
resistance mobilized at a vane displacement
of about 1 cm corresponded to an Sy,p/p ratio
of about 0.16 and that the steady state
strength corresponded to an Sug/p ratio of
about 0.09.

A limited number of torvane shear strength
measurements of the upper part of the clayey
core were made soon after the 1971 failure
(Seed, 1973). These measurements indicated an
Sup/P ratio of about 0.3 which is consistent
wigh the 1985 measurements of clay strength.

The clayey core was divided into three zones
as shown in Fig. D1. The strength at the




mid-height of each zone was used in the
analyses.

Starter Dikes -~ Starter dikes used in the
hydraulic tilling process can be seen in construction
photographs. Some compaction of these dikes resulted
from equipment traffic. Because of the low confining
pressures in the starter dike zone, it is likely that the
soils in the dikes were dilative. The starter dikes were
assigned a mobilized strength corresponding to drained
conditions. The friction angle for the starter dikes was
varied between 30° and 35°., As discussed in Section 5.7
of the main text, the toe of the starter dike on the
upstream side of the dam may have dilated significantly
and resisted initial flow slide movements with an
undrained strength higher the the drained strength.
Subsequent drainage of negative pore pressures in the toe
dike would have reduced its sirength from its undrained
value towards its drained value which then could have
allowed the flow slide to continue. This scenario points
out the need to use the drained strengths of dense, dila-
tive layers when evaluating susceptibility to a liquefac-
tion flow slide.

1929-1930 Blanket and 1940 Berm - The engineering
properties of these layers are not well known. Records
indicate that they were apparently compacted to some
degree during placement. The mobilized strengths of
these layers were assumed to correspond to a drained
friction angle of 40°.

Hydraulic Fill Shells - The upstream and
downstream hydraulic fill shells were assumed to act
undrained during the failure.

D.1.2 tatic Stability Arslysis of Upstream Slope

The critical failure surface through the upstream
slope based on our stability analyses is shown in
Fig. D1. The majority of the failure surface through the
upstream hydraulic fill shell passes through the base of
the shell, the location of the critical layer. Analyses
were performed for two cases. Case A was based on lower
bound values of the mobilized strengths varied in the
analyses and Case B was based on upper bound values
(Table D1). The driving shear stress, tg4, through the
critical layer on the upstream side of the dam was com-
puted to be the following:
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Driving Shear Stress

T4, kg /cm?2
Case A 0.53
Case B 0.44
Average 0.48

We believe that a driving shear stress of
0.48 kg/cm4 is a reasonable value to use for evaluating
the liquefaction susceptibility of the critical layer on
the upstream side of the dam.

D.1.3 Static Stability Analysis of Downstream Slope

The critical failure surface through the down-
stream slope based on our stability analyses is shown in
Fig. D2. Stability analyses were performed for the same
two cases described in the previous section. The
majority of the failure surface through the downstream
hydraulic fill shell passes through the base of the
shell, the location of the critical layer. The driving
shear stress, t4, through the critical layer on the
downstream side of the dam was computed to be the
following:

Driving Shear Stress

T4, kg/cm2
Case A 0.41
Case B 0.24
Average 0.33

We believe that a driving shear stress of 0.33
kg/cm2 is a reasonable value to use for evaluating the
liquefaction susceptibility of the critical layer on the
downstream side of the dam for the prefailure condition.

Stability analysis of the downstream slope were
also performed using the geometry of the dam immediately
after the 1971 failure. The geometry used in the analy-
sis was based on that shown in the upper part of Fig. 3.
For the post-failure condition, the driving shear stress
through the critical layer on the downstream side of the
dam was computed to be 0.22 kg/cm2 + 0.06 kg/cmz.

D7




D.2 Pseudostatic Stability Analysis

The purpose of the pseudostatic stability analyses was to
determine yield accelerations to be used for estimating
strains with a Newmark-type analysis for various earthquake
intensities. The strain estimates were then compared with the
strains required to trigger liquefaction.

The shear stresses present along the base of the critical
wedge for an upstream failure, prior to the earthquake, were
related to the drained strengths for all soils. The earth-
quake stresses represented by a horizontal force acting on the
critical wedge will cause additional shear stresses along the
base of the wedge, and for a sufficiently large horizontal
force, yielding of the soils will occur. The yielding that is
relevant to the triggering of liquefaction is that of the
Zone 5 hydraulic fill soils. These soils reach a peak
strength at very small strains and liquefaction is triggered
if yielding causes an accumulation of shear strain of 0.5% or
larger. The question arises as to how much additional
resistance is mobilized in the other soils along the base of
the wedge under the small strains needed to trigger liquefac-
tion. Two assumptions were made for the strengths used in the
pseudostatic stability analyses to obtain upper and lower
bounds for the yield acceleration, as shown in Table D2. The
two assumptions are as follows:

a. the shear strengths in all soils are equal to
the pre-earthquake mobilized shear strengths,
except for the critical soil in which yielding
is assumed to occur at the peak undrained
strength (1,700 psf); and

b. the applicable shear strengths are equal to the
peak drained strength in the rolled fill cap and
ground shale layer and equal to the peak
undrained strength in the clayey core, starter
dike, and Zone 5 of the hydraulic fill shell
(critical soil).

For cases a. and b. the computed yield accelerations of
the upstream slope were 0.05 and 0.07 g, respectively.

D8




TABLE Dl - SOIL PROPERTIES USED IN STABILITY ANALYSES TO
DETERMINE IN SITU DRIVING SHEAR STRESSES
Lower San Fernando Dam

Soil Layerl) Total Unit Case A - Case B -
No. Weight, pcf Lower Bound Upper Bound
c ] c ?
psf degree psf degrees
Rolled Fill Cap and 1 120 0 30 0 35
Ground Shale Layer
Clayey Core2) 2 120 1300 0 1970 0
3 120 1600 0 2400 0
4 120 1900 0 2830 0
Starter Dikes 5 120 0 30 0 35
1929-1930 Blanket 6 120 0 40 0 40
1940 Berm 7 120 0 40 0 40
Upstream Hydraulic 8 120 Note 3 0 Note 3 0
Fill Shell
Downstream Hydraulic 9 120 Note 4 0 Note 4 0
F11l Shell
Notes:

1) See Fig. Dl for dam geometry and layer numbers used in stability
analyses.

2) Case A corresponds to c¢/p = 0.2 and Case B corresponds to c/p = 0.3.

3) The strength in this zone was varied until the factor of safety of
the potential upstream failure surface equaled 1,0.

4) The strength in this zone was varied until the factor of safety of
the potential downstream failure surface equaled 1.0.

Project 85669
Geotechnical Engineers Inc. September 2, 1987




TABLE D2 - SOIL PROPERTIES USED IN PSEUDOSTATIC
STABILITY ANALYSES TO DETERMINE YIELD
ACCELERATIONS OF UPSTREAM SLOPE
Lower San Fernando Dam

Soil Layer!) | Total Unit | Yield Strength, Sy
No. Weight, pcf psf

Case A Case B

Rolled Fill Cap and 1 120 400 700

Ground Shale Layer

Clayey Core 2 120 1,400 1,600
Starter Dike 5 120 100 3,400
Upstream Hydraulic 8 120 1,700 1,700
Fill Shell

Note:

1) See Fig. D! for dam geometry and layer numbers used in
stability analyses.

Project 85669
Geotechnical Engineers Inc. September 2, 1987
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APPENDIX E

SHAKE ANALYSES

E.1 General

The computer program SHAKE (Schnabel et al, 1972)
involves a one-dimensional analysis in which the soil profile
is modeled as a series of horizontal layers, and the vertical
propagation of shear waves is considered.

SHAKE analyses were performed on soil profiles through
the downstream and upstream hydraulic fill shells of the dam.

E.2 Soil Profile Through Downstream Shell

A SHAKE analysis was performed using the soil profile at
Location 111 to determine the maximum cyclic shear strain in
each layer of the soil profile which occurred during the 1971
earthquake (see Appendix C, Section C.4). The soil profile at
Location 111 is shown in Fig. 9 of the main text. The ground-
water level for the SHAKE analysis was assumed to be its 1971
elevation, or about 35 feet below ground surface at Loca-
tion 111,

The input parameters for the SHAKE analysis of the
Location 111 soil profile are shown in Table El. Values of
maximum soil modulus coefficient (K9)pax, for each layer of
the hydraulic fill shell were estimated on the basis of
corrected 1985 N-values as explained in Table E1l. The N-
values prior to the 1971 earthquake would be somewhat less
than the 1985 values. We did not try to predict 1971 N-values
for the purpose of estimating maximum soil modulus coef-
ficients because we felt this level of refinement in esti-
mating the coefficients was unwarranted.

Earthquake time histories of acceleration were input at
the surface of the bedrock layer. The earthquake time history
was that obtained from a seismoscope located on the right
abutment. The motion in the direction normal to the axis of
the dam was used. The record, developed by R. F. Scott (Seed,
et al 1973) is shown in Fig. E1l.

A plot of maximum cyclic shear strain vs depth developed
from rhe SHAKE analyses is shown in Fig. E2.




E.3 Soil Profile Through Upstream Shell

SHAKE analysis were performed on a soil profile through
the upstream hydraulic fill shell to determine time histories
of stresses applied to the potential sliding mass on the
upstream slope. Stresses from the SHAKE analyses were used to
define time histories of acceleration as discussed in
Section 5.5 of the main text.

The soil profile used for SHAKE analyses of the upstream
shell was taken to be the same as that observed at
Location 111 through the downstream shell, except that the
groundwater level was placed at the ground surface due to the
presence of the reservoir.

The input parameters for SHAKE analyses of the upstream
soil profile are shown in Table E2. Values of maximum soil
modulus coefficient, (K9)pzx, for each layer were taken to be
the same as those estimated for the downstream slope. The
shear moduli of layers in the upstream profile are less than
shear moduli in the downstream profile due to the lower effec-
tive overburden stresses.

Earthquake time histories of acceleration were input at
the surface of the bedrock layer. The earthquake time history
was that developed by R. F. Scott (Fig. E1). The accelera-
tions in the record were scaled to obtain several earthquake
time histories with various peak accelerations for use in
SHAKE analyses as described in Section 5.5 of the main text.




TABLE El - SUMMARY OF INPUT PARAMETERS FOR SHAKE ANALYSIS OF
LOCATION 111 SOIL PROFILE - DOWNSTREAM SLOPE
Lower San Fernando Dam

Layerl) Thick- Total 2)  _ 3 (Ky) %) Gmaxa)
ness Unit Weight  (Np) Sn max
ft pcf blows/ft  psf psf x 106
Dense Fill 20 120 - 780 52 1.45
Zone 1 15 120 22 2140 56 2.59
above groundwater
Zone 1 6 120 22 2840 56 2.98
below groundwater
Zone 2 15 120 15 3230 49 2.79
Zone 3 11 120 20 3720 54 3.29
Zone 4 6 120 30 4040 62 3.94
Zone 5 15 120 11 4430 44 2.93
Alluvium 12 120 - 4940 523) 3.65

1) Soil profile is that shown in Fig. 9 with groundwater level 35 feet
below ground surface,

2) (N1)6 is 1985 measured N-—value in layer corrected for overburden
pressure, using 60% of the theoretical free-~fall hammer energy trans—
ferred to drill rods instead of the measured 72%, and liner effects as
described in Seed, 1985.

3) am is the 1971 octahedral effective stress at the midheight of the
layer, equal to 0.650,.

4) Maximum soil modulus coefficient, (Kz) , and maximum shear modulus,
Gpax» based on relationships between these parameters and (Nl) and
dn suggested by Seed, et al (1986). Attemuation curves for Damping
Ratio and Shear Modulus based on Seed and Idriss (1970) for cohesion-
less solls. Input earthquake record is that shown in Fig. El.

5) Value of (Kj) for alluvium same as that used in Seed, et al (1973)

for upper alluvium.

Project 85669
Geotechnical Engineers Inc. September 2, 1987




TABLE E2 - SUMMARY OF INPUT PARAMETERS FOR
SHAKE ANALYSIS OF SOIL PROFILE
THROUGH UPSTREAM SLOPE
Lower San Fernando Dam

1)

Layer!) Thick- Total 2) (Kz)max3) Gmax3)
ness Unit Weight oy
ft pcf psf psf x 106

Dense Fill 20 120 380 52 1.02

Zone 1 21 120 1170 56 1.91

Zone 2 15 120 1860 49 2.11

Zone 3 11 120 2360 54 2,62

Zone 4 6 120 2690 62 3.21

Zone 5 15 120 3090 44 2,45
Alluvium 12 120 3610 52 3.12
Notes:

Soil profile is that shown in Fig. 9 except that a
groundwater level at the ground surface was used.

2) 95 is the 1971 octahedral stress at the midheight of the
layer, equal to 0.650,.

3) Maximum soil modulus coefficient, (Kz)max: the same as
those in Table E1. Maximum shear modulus, Gpyx, based
on 9; and (Kz)m «* _Attenuation curves for Damping
Ratio and Shear"®3dulus based on Seed and Idriss (1970)
for cohesionless so0il.

Project 85669
Geotechnical Engineers Inc. September 2, 1987




13 214 (861 ‘7 -dag

69958 123fo1g

IAVNOHLIAVE
OUNVNYId NVS TL61
=~ JIIS WVQ 1V XY0LSIH
JWIL NOTLIVYATIOOV

viuliojJyied ‘opuwul’agd ueg
orA OpUBUIR I URS IIMO
JO UOTIUN[RAI-IY

SLL IFT-OVERVIN + WILBD OraMm
INT SHIAANIONT TVYIINHIFALOIY

1ddyesisetH ‘Banqexdja
9133uBug jo edion Luway

21 vi

A 1)

(S93S8) 3WIL
8

9 14

TEL6T “1v 319 ‘pa’dg o1 1933y
"wep jJO SJX® 0] [PWIOU UOTIOH
‘wep jo juawinge ydyx uo adode
~OWs38 WOlJ P10d31 JO uojley
-31d193u} 9,11038 3 "y 1913V

T T

i T

A1
v 0- 8°0-

0°0
NOILlvH311333V

1
v'o
(B)

B°0




EL 1095 O
NGVD

10

20

30

40

50

DEPTH,FT

60

70

80

90

100

MAXIMUM CYCLIC SHEAR STRAIN
DURING 197! EARTHQUAKE %

T T T T -
" 4-
-
Y om
IS I
- -
| 4
1 A |
0] 2 4 6 8 10

PROFILE AT
LOCATION 111
(EXPLORATION SHAFT)

ZONE |

ZONES

BEDROCK

Army Corps of Engineers
Vicksburg, Mississippi

OEOTECHNICAL ENGINEERS INC.
WERO-EBTER ¢ MASBACHLBE TTS

Re-evaluation of
Lower San Fernando Dam
San Fernando, California

MAXIMUM CYCLIC SHEAR
STRAIN VS. DEPTH

Project 85669

Sep. 2, 1987

Fig. E2




APPENDIX F: LABORATORY TESTING PROGRAM




APPENDIX F

LABORATORY TESTING PROGRAM

TABLE OF CONTENTS

F.1 Introduction
F.2 Preparation of Batch Mixes
F.3 Index Tests
F.3.1 Specific Gravity Determinations
F.3.2 Compaction Tests
F.3.3 Atterberg Limits Determinations
F.3.4 Mineralogical Analysis
F.3.5 Grain Size Analyses
F.4 Triaxial Tests
F.4.1 General
F.4.2 Specimen Preparation
F.4.2.1 Undisturbed Tube Samples
F.4.2.2 Remolded Samples
F.4.2.3 Backpressure Saturation and
Consolidation
F.4.3 R Tests - Undisturbed Samples
F.4.4 R Tests - Remolded Samples,
Isotropically Consolidated
F.4.5 S Tests - Remolded Samples
F.4.6 R Tests - Remolded Samples,
Anisotropically Consolidated
F.4./7 CRR Tests - Undisturbed Samples
F.4.8 CR Tests - Remolded Samples
F.5 Laboratory Vane Shear Test
TABLES

FIGURES

Page No.

F9

F9

F9
F10
F10
F10
F10
F1l1
F11

rll
Fl2

12
Fl4




F1

F2

F3

F4

F5

Fé

F7

F8

LIST OF TABLES

List of Laboratory Tests

Summary of Batch Mix Samples Formed from Bag Samples
Taken from Exploration Shaft

R Tesrs on Undisturbed Specimens
R and S Tests on Batch Mix 7 - Isotropic Consolidation

R Tests on Batch Mix 7 - Anisotropic Consolidation

CR Tests on Batch Mix 7

Summary of Volumetric Strains After Undrained
Cyclic Loading - CRR Tests 1 Through 5

Description of Triaxial Test Specimens -
Undisturbed Samples




Compaction Curves

F1 -
F2 -
F3 -
F4 -
F5 -
F6
F7 -

Grain

Compaction Curve
Compaction Curve
Compaction Curve
Compaction Curve
Compaction Curve

- Compaction Curve

Compaction Curve

Size Curves

F8
F9

F10 -
F11 -
F12 -
F13 -~

F14 -~
F15 -

F16
F17

F18 -
F19 -
F20 -
F21 -
F22 -
F23 -
F24 -
F25
F26 -
F27 -
F28 -
F29 -
F30 -
F31 -
F32 -
F33 -
F34 -

Grain Size Curve
Grain Size Curve

Grain Size Curve
Grain Size Curve
Grain Size Curve
Grain Size Curve

Grain Size Curve
Grain Size Curve

- Grain Size Curve
- Grain Size Curve

Grain Size Curve
Grain Size Curve
Grain Size Curve
Grain Size Curve
Grain Size Curve
Grain Size Curve
Grain Size Curve

- Grain Size Curve

Grain Size Curve
Grain Size Curve
Grain Size Curve
Grain Size Curve
Grain Size Curve
Grain Size Curve
Grain Size Curve
Grain Size Curve
Grain Size Curve

LIST OF FIGURES

- Batch Mix
- Batch Mix
- Batch Mix
- Batch Mix
- Batch Mix
- Batch Mix
- Batch Mix

- Boring
- Boring
Bottom
- Boring
Top 14
- Boring
Middle
- Boring
Top 10
- Boring
Top 14
- Boring
- Boring
Top 17
- Boring
- Boring
Bottom

- Batch Mix
- Batch Mix
- Batch Mix
- Batch Mix
- Batch Mix
- Batch Mix
- Batch_Mix

- Test RI1
- Test R2
- Test R3
- Test R4
- Test RS
- Test R6
- Test R7
- Test R8
- Test R9
- Test RI

NV SN~

S101, Sample
S101, Sample
13 Inches
S102, Sample
Inches

S103, Sample
5 Inches
S103, Sample
Inches

S104, Sample
Inches

S104, Sample
S105, Sample
Inches

S111, Sample
S111, Sample
8 Inches

~NOv TSN —

S7,
S17,

S22,
S18,
S27,
S18,

S22
S32,

S9
§25,




F35
F36
F37
F38
F39
F40
F41
F42
F43
Fa44
F45
F46
F47
F48
Fa49

LIST OF FIGURES
(continued)

Grain Size Curve - Test R
Grain Size Curve - Test Ri2
Grain Size Curve - Test R13
Grain Size Curve - Test RI4
Grain Size Curve - Test R15
Grain Size Curve - Test R16
Grain Size Curve - Test R17
Grain Size Curve - Test R18
Grain Size Curve - Test R19
Grain Size Curve - Test R20

Grain Size Curve - Test CRR!
Grain Size Curve - Test CRR2
Grain Size Curve - Test CRR3
Grain Size Curve - Test CRR4
Grain Size Curve - Test CRR5

R Tests - Undisturbed Samples

F50
F51
F52
F53
F54
F55
F56
F57
F58
F59
F60
Féi
F62
F63
F64
F65
F66
F67
F68
F69

F70

F71

Summary Plots - Test RI
Summary Plots - Test R2
Summary Plots - Test R3
Summary Plots - Test R&4
Summary Plots - Test RS
Summary Plots - Test R6
Summary Plots - Test R7
Summary Plots - Test R8
Summary Plots - Test R9
Summary Plots - Test
Summary Plots - Test
Summary Plots - Test
Summary Plots - Test
Summary Plots - Test
Summary Plots - Test
Summary Plots - Test
Summary Plots - Test
Summary Plots - Test
Summary Plots - Test
Summary Plots - Test

iﬂgﬂfﬁﬂzﬂfﬁﬂzﬂgﬁﬂgﬂ
OCWVWERNAUNPWN —=O

Consolidation Curves - Undisturbed Samples
from Hydraulic Fill Zone 5

Consolidation Curves - Undisturbed Samples -
Hydraulic Fill Zones 2 and 3




LIST OF FIGURES
‘(continued)

R Tests - Remolded Samples/Isotropic Consolidation

F72 - Summary Plots - Test R101
F73 - Summary Plots - Test R102
F74 - Summary Plots - Test R103
F75 - Summary Plots - Test R104
F76 - Summary Plots - Test R105
F77 - Summary Plots - Test R106
F78 - Summary Plots - Test R107
F79 - Summary Plots - Test R108
F80 - Summary Plots - Test R109
F81 - Summary Plots - Test R110

S Tests - Remolded Samples/Isotropic Consolidation

F82 - Summary Plots - Test Si
F83 - Summary Plots - Test S2

F84 - g Vs. p at Steady State - From Isotropic
R and S Tests on Batch Mix 7

R Tests - Remolded Samples/Anisotropic Consolidation

F85 - Summary Plots - Test R201
F86 - Summary Plots - Test R202
F87 - Summary Plots - Test R203
F88 - Summary Plots - Test R204
F89 - Summary Plots - Test R205
F90 - Summary Plots - Test R206
F91 - Summary Plots - Test R207
F92 - Summary Plots - Test R208
F93 - Summary Plots - Test R209

CRR Tests - Undisturbed Samples

F94 - Summary of Void Ratio Changes - Test CRR!
F95 - Summary of Void Ratio Changes - Test CRR2
F96 - Summary of Void Ratio Changes - Test CRR3
F97 - Summary of Void Ratio Changes - Test CRR4
F98 - Summary of Void Ratio Changes - Test CRR5




F99 -~ Summary
F100 - Summary
F101 - Summary
F102 - Summary
F103 - Summary

Plots -
Plots -
Plots -
Plots -
Plots -

LIST OF FIGURES

(concluded)

Test
Test
Test
Test
Test

CR Tests - Remolded Samples

F104 - Schematic Diagram of Load Controlled Cyclic Device

F105 - Example of Measurements Made During Load Controlled

Cyclic T

F106 - Summary
F107 - Summary
F108 - Summary
F109 - Summary
F110 - Summary
F111 - Summary

F112 - Summary
F113 - Summary
F114 - Summary
F115 - Summary

Laboratory Vane

riaxial

Plots -
Plots -
Plots -
Plots -
Plots -
Plots -

Plots -
Plots -
Plots -
Plots -

Test

Test
Test
Test
Test
Test
Test

Test

Test
Test
Test
Test

F1i16 - Shear Resistance vs.

Test LVI

CR101
CR102
CR103
CR104
CR105
CR106

CR107
CR108
CR109

CR110
CR111

Peripheral Vane Displacement -




APPENDIX F

LABORATORY TESTING PROGRAM

F.1 Introduction

Laboratory tests were performed on the following tvpes of
soil samnples from Lower San Fernando Dam:

Source Sample Type

Borings Split-spoon samples
Undisturbed fixed piston samples

Exploration Shaft Undisturbed tripod tube samples
Batch mixes formed from bag samples

Laboratory tests included index tests, monotonically and
cyclically loaded triaxial tests, and vane shear tests. A
list of all laboratory tests performed on each sample is pre-
sented in Table F1.

F.2 Preparation of Batch Mixes

Seven batch wmixes were prepared from bag samples obtained
from the exploration shaft. The individual bag samples used
to form each batch mix are presented in Table F2, as well as
the elevation range from which the bag samples were taken. An
attempt was made to form batch mixes which would represent a
particular soil layer encountered in the shaft.

Individual bag samples used to form a particular batch
mix were combined on a large mixing boa 1 in the laboratory.
The mixture was worked with a shovel until the soil was homo-
geneous. All laboratory tests of batch mixes were performed
on the fraction passing the No. 4 sieve.

F.3 1Index Tests

The following types of index tests were performed: spe-
cific gravity, compaction, Atterberg limits, mineralogical
analysis, and grain size analyses. Results cf index tests are
summarized in Table F2 and discussed separately below.




F.3.1 Specific Gravity Determinations

Specific gravity tests were performed on each of
the seven batch mix samples. Results of specific gra-
vity tests are presented in Table F2. The measured spe-
cific gravities were used to calculate void ratios of
triaxial test specimens.

F.3.2 Compaction Tests

Laboratory compaction tests were performed on each
of the seven batch mix samples. The tests were performed
in accordance with ASTM Procedure D1557-78, Method A.
Results of the compaction tests are shown in Figs. FI
through Fig. F7.

F.3.3 Atterberg Limits Determination

One Atterberg limit test was performed on the
minus No. 40 fraction of Batch Mix 7. The results of
this test are as follows:

Liquid Limit = 24
Plastic Limit = 20
Plasticity Index = 4

Based on these results, the minus No. 40 fraction
of Batch Mix 7 has a Unified Soil Classification of ML.

F.3.4 Mineralogical Analysis

A mineralogical analysis of a sample of Batch
Mix 7 was performed for GEI by Resource Engineering
Incorporated of Waltham, Massachusetts using reflected
light microscopy. The following results were reported:

Mineral Type Volume %
Quartz 67
Feldspar 15
Clays 10
Opaques 5
Other 3

The shape of most of the mineral grains was
described as angular or blocky, and equiaxis with very
few exhibiting a platy structure. MNo organic materials
were found in the sample.




F.3.5 Grain Size Analyses

Grain size analyses were performed on the following
samples:

No. of Tests Sample Type
10 Split-spoon samples
21 Undisturbed samples
7 Batch mix samples

Grain size curves of all samples tested are pre-
sented in Figs. F8 to F49. Grain size analyses of
triaxial test specimens were performed on a represen-
tative portion of the failure zone of the specimens. In
some cases, two grain size analyses were performed on a
triaxial test specimen to classify two obviously dif-
ferent layers in the specimen.

Grain size curves of undisturbed samples from
Zone 5 of the hydraulic fill shell (critical layer) are
plotted together in Fig. 11. Batch Mix 7 from the same
zone is also shown in Fig. 11.

Triaxial Tests

F.4.1 General

The following triaxial tests were performed as a
part of this study:

20 Isotropically consolidated, undrained
triaxial, monotonic compression (R) tests on
undisturbed samples.

10 Isotropically consolidated, undrained
triaxial, monotonic compression (R) tests on
remolded samples of Batch Mix 7.

2 Isotropically consolidated, drained triaxial,
monotonic compression (S) tests on remolded
samples of Batch Mix 7.

9 Anisotropically consolidated, undrained
triaxial, monotonic compression (R) tests on
remolded samples of Batch Mix 7.

5 Anisotropically consolidated, undrained
triaxial, cyclic load followed by monotonic
compression (CRR) tests on undisturbed
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specimens; the consolidation phase of these
tests included an unloading cycle to measure
swelling properties.

Anisotropically consolidated, undrained
triaxial, cvclic load (CR) tests on
remolded samples of Batch Mix 7.

Specimen preparation techniques are discussed

below in Section F.4.2, followed by discussions of the
individual test results in Sections F.4.3 through F.4.7.

F.4.2

Specimen Preparation

F.4.2.1 Undisturbed Tube Samples

The general procedure followed for pre-
paring undisturbed tube samples for triaxial
testing was as follows:

1. The distance from the ends of the tube to
the soil surfaces at both ends of the
tube were measured. These distances were
compared to measurements of the same
distance recorded just after the tube was
taken in the field. Differences between
the two sets of measurements were used to
determine void ratio changes during
sample shipment. In this investigation,
no changes in sample length were measured
during shipment.

2. The X-ray of the undisturbed tube sample
selected for testing was examined to
identify soil layers within the tube.
Triaxial tests were performed on samples
which appeared from the X-ray to be one
soil layer within the tube. The section
of tube for testing was identified and
marked for cutting, leaving about 2 cm on
each end of the section for trimming.

3. The tube was secured vertically in a
chain vise, and stiffening rings placed
adjacent to the cut locations. The pur-
pose of the rings was to prevent the tube
from deforming during cutting and thus to
reduce stresses on the soil during
cutting.
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The tube cutter was positioned at the
desired cut location and then turned
slowly while applying gentle pressure.
The distance from the top of tube to the
soil was measured before and after
cutting to determine if soil length
changes occurred during cutting. A typi-
cal cut required about 15 to 20 minutes.
In this investigation, little to no
volume changes took place during cutting.

To promote saturation and easier sample
extrusion, the bottom section of the tube
was placed in a water bath, allowing
water to be drawn to the top by
capillarity. The bottom was protected by
a piece of filter paper and a porous
stone during saturation, with only the
porous stone coming in contact with the
water.

After saturation, the sample was trimmed
to the desired test length in the tube,
and measurements of the sample length
recorded for determining the void ratio
of the sample in the tube.

A membrane was placed on a membrane
stretcher and the sample extruded
directly into the membrane. Extrusion
was performed with the tube in a vertical
position.

The sample was placed on the bottom pla-
ten of the triaxial cell, the top cap was
placed on the sample, and a vacuum of
about 15 inches of mercury applied to the
sample. Lubricated end platens were used
for virtually all triaxial tests so that
the smallest sample height could be used.
This increased the probabiliity that the
triaxial test specimen would be essen-
tially of one soil type.

The diameter and height of the sample
were measured, the triaxial cell
assembled, and the cell filled with
water.

The vacuum was locked into the sample by
closing the drainage lines, and the cell
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pressure was increased to 0.5 kg/cmz.

The drainage lines were opened, releasing
the vacuum and bringing the pore water
pressure to atmospheric.

The sample was then ready for back-
pressure saturation and consolidation as discussed
in Section F.4.2.3 below.

F.4.2.2 Remolded Samples

Triaxial tests were performed on remolded
samples of Batch Mix 7. Only the fraction passing
the No. 4 sieve was used for testing. The soil was
passed through either a No. 10 or No. 40 sieve
prior to testing to break lumps of soil.

Three methods were used to form samples
of Batch Mix 7 for triaxial testing. The first
method consisted of compacting the samples at a
water content of about 7%. After compaction, the
samples were saturated by flowing water through
the samples from the bottom to the top, and then
using backpressure saturation to achieve full
saturation. This method required high
backpressures to achieve proper saturation.

The second method involved placing the
sample as a slurry at a water conteni ranging from
30 to 38%Z. This method was used for tests R104
and R105. Samples formed in this manner were
found to be very soft and difficult to handle, and
required long consolidation times at low con-
solidation pressures.

The third method was the most practical
and was used for the majority of the triaxial
tests on remolded samples. Samples were compacted
in a mold at water contents typically between 3
and 4%. The following is a detailed summary of
this procedure:

1. A confining membrane was secured in a
sample mold and stretched smooth by
applying a vacuum between the mold and
the membrane. The mold was placed around
the bottom platen of the triaxial cell.
The diameter and height of the mold with
the membrane in place was measured.
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Using a target void ratio, known mold
dimensions, and the water content of the
batch mix, the required weight of soil
for the test was weighed and mixed with
COz.

Samples were compacted to target void
ratios in layers between 1.35 and 1.5 cm
thick by static pressure from a tamper.
The top of each layer was scarified prior
to the addition of the next layer.

When the desired sample height was
reached, the top platen was placed on the
sample and the membrane stretched over
the platens. A small vacuum was applied
to the sample, and the mold removed.
Lubricated end platens were used for
almost all tests.

After removing the mold, air within the
sample was displaced by flowing COjp
through the sample. The CO) entered the
bottom of the sample under atmospheric
pressure, and was pulled through the
sample by a vacuum. The drainage line to
the bottom of sample was then closed.

Sarple dimensions were measured with the
vacuum still applied. The cell was
assembled and filled with water, and a
small cell pressure of about 0.1 kg/cm?
applied.

The vacuum was locked into the sample vy
closing the valve to the top drainage
line. De-aired distilled water was then
slowly introduced to the bottom of the
sample. Water was drawn upward through
the sample under the gradient imposed by
the locked in vacuum. The rate of inflow
was carefully controlled to prevent
surges of water inflow.

When the distilled water reached the top
of the sample and appeared in the top
drainage line the sample was ready for
backpressure saturation and con-
solidation. The drainage lines were
opened, releasing the vacuum and bringing

F15




the pore water pressure to atmospheric,
while the cell pressure was increased
from 0.1 to 0.5 kg/cm?2.

F.4.2.3 Backpressure Saturation and Consolidation

Backpressure saturation and isotropic
consolidation was performed using a regulated air
pressure system, with air over water interfaces.
Graduated burettes having capacities of 60 ml vere
used to measure volume change from either tLhe .op
or bottom drainage lines.

The air regulating system used allowed
simultaneous increase of cell pressure and back-
pressure. Starting from a confining pressure of
0.5 kg/cm2 and a backpressure of 0.0 kg/cmZ, the
pressures were increased in increments of 0.5 or
1.0 kg/cm2, with drainage lines open. Measure-
ments of the pore pressure coefficient, B, were
performed during incremental increases in cell
pressure and backpressure until the measured B-
coefficient was approximately 0.95 or greater.

Upon completion of saturation, samples
were isotropically consolidated to the desired
effective stress. Volume and height changes were
monitored during each increment of consolidation
stresses.

When necessary, anisotropic consolidation
loads were applied prior to shear. The required
load was calcul. 2d based on the desired anisotro-
pic stress and the estimated area after isotropic
consolidation. Anisotropic loads were applied
using either a dead load system, air pressure in a
triaxial cell top with a built in air piston, or
by loading the sample at a slow strain rate in a
load frame. In all cases, the load was monitored
by a load cell mounted beneath the soil sample.

At the completion of consolidation, the
samples were loaded either monotonically or cycli-
cally. After loading the samples were recon-
solidated to their original isotropic stresses,
(£or undrained tests). The drainage lines were
closed, and the triaxial cell dismantled. The
final water content was then measured, using one
half of the specimen for undisturbed tests and the
whole sample for remolded samples. The final




water content, final weight of solids, and speci-
fic gravity were then used to calculate the void
ratios during shear and consolidation.

F.4.3 R Tests - Undisturbed Samples

Twenty R tests (R! through R20) were performed on
either undisturbed tripod tube samples from the explora-
tion shaft, or on undisturbed fixed piston tube samples
from borings. The purpose of the tests was to provide
data for determining the in situ undrained steady state
shear strength of the soils.

Results of R tests on undisturbed samples are sum-
marized in Table F3, and summary plots for the individual
tests are presented on Figs. F50 through F69. Triaxial
consolidation curves for samples from Zone 5 are pre-
sented in Fig. ¥70, and consolidation curves for all
other undisturbed samples are shown in Fig. F71.
Descriptions of undisturbed samples after triaxial
testing are presented in Table F8.

Conventional end platens were used for the first
five R tests (R1 through R5). The remainder of the tests
were performed using lubricated end platens. The reason
for choosing lubricated ends was to minimize the number
of layers within a given test specimen. The height-to-
diameter ratio for the conventional end samples ranged
from about 2.1 to 2.3, while the lubricated end platen
tests were performed using a height-to~-diameter ratio of
about 1.5.

The drainage lines to the specimens were closed at
the conclusion of consolidation and the samples sheared
in monotonic compression. All of the tests were per-
formed in a strain controlled loading device. Pore
pressure changes, applied load, and axial deformation
were monitored throughout the tests. Axial strain rates
were chosen to allow pore pressure equalization during
shear. Axial strain rates ranged from about 0.21 to
0.76 %/min.

The samples were typically sheared to an axial
strain of about 25%. Test R11 and R12 were stopped at
lower strains because the applied loads had reached or
exceeded the capacity of the load cells.

The drainage lines were opened at the conclusion
of shearing to allow excess pore pressures to dissipate.
The volume change during reconsolidation was recorded,




and the drainage lines were again closed. The triaxial
cell was dismantled and the sample was cut vertically.
One half of the sample was used for water content deter-
mination, and the remaining half was photographed and
visually classified. A representative portion of the
sample in the failure zone of the spacimen was selected
for grain size analysis.

F.4.4 R Tests - Remolded Samples, Isotropically
Consolidated

Ten R tests, (R101 through R110), were performed
on isotropically consolidated remolded samples of Batch
Mix 7. The samples were prepared using three procedures,
as discussed in Section F.4.,2.2 above. The purpose of
the tests was to develop the steady state line for Batch
Mix 7.

Results of these tests are summarized in Table F4,
and summary plots for the individual tests are presented
in Figs. F72 through F81.

The shearing procedure for these tests was essen-
tially identical to that used for undisturbed samples.
Pore pressures, load, and axial deformation were measured
continuously while the samples were sheared at slow
strain rates to allow pore pressure equalization. The
strain rates ranged from about 0.07 to 2 %/min.

The steady state condition was not reached in Test
R104, one of the samples prepared as a slurry. The value
of 9f at the end of this test was plotted in Fig. 15 and
an arrow shown next to the data point to indicate that
dgg was not reached.

The procedure for reconsolidating the sample and
measuring the water content at the end of the test was
similar to the procedure for the R tests on undisturbed
samples, except that the entire sample was used for the
water content determination.

_A plot of q vs p for all isotropically consoli-
dated R tests on Batch Mix 7 samples is shown in Fig. F84.
This plot shows that the steady state friction angle of
Batch Mix 7 was consistently 34° for values of p less
than about 13 kg/cmz. The friction angle decreased
slightly at higher effective stresses.

The steady state lines for Batch Mix 7 (Figs. 15
and 17, in terms of Jfg and S,g, respectively) were




determined on the basis of the measured values of J3g and
a steady state friction angle of 34°. The corresponding
relationships are:

Ofs = £o8 )‘533 = 1,56 335 for @ = 34°
1-sing

Sys = (w) 53g = 1.05 33g for 9 = 34°
1-sing

Sus/9fg = tan®

F.4.5 S Tests -~ Remolded Samples

Two S tests (S1 and S2) were performed on isotro-
pically consolidated remolded samples of Batch Mix 7.
The purposes of the tests were to provide additional data
for developing the steady state line, and to demonstrate
the independence of test type on the steady state
strength of a soil. Results of these tests are presented
in Table F4 and individual test results are shown in
Figs. F82 and F83.

Both S tests were performed using lubricated end
platens, and were set up following the same general pro-
cedure discussed in Section F4.2.2. The samples were
sheared under conditions of controlled strain at a rate
slow enough to allow pore pressure dissipation.
Measurements of applied load, axial strain, and volume
change were measured during shear.

The minor principal stress was decreased during
shear in an attempt to keep the effective stress on the
failure plane constant throughout the test. The effec-
tive stress on the failure plane varied somewhat during
shear as shown by the stress paths in Figs. F82 and F83.
The samples were contractive throughout shear, and the
void ratios were essentially constant at the end of the
test.

F.4.6 R Tests - Remolded Samples, Anisotropically
Consolidated

Nine R tests (R201 through R209) were performed on
anisotropically consolidated remolded samples of Batch
Mix 7. The main purposes of these tests were to deter-
mine peak strengths and strains and to investigate their
variation with strain rate. In addition, five of the
tests reached a steady state condition and provided addi-




tional data for defining the steady state line of Batch
Mix 7. Results of these tests are summarized in

Table F5, and summary plots for the individual tests are
shown in Figs. F85 through F93.

The samples were prepared as discussed in Section
F.4.2.2 above. Both lubricated end platens and conven-
tional end platens were used as shown in Table F5.

Anisotropic stresses were applied at the end of
isotropic consolidation. This was done by applying an
axial load with a dead load frame or an air piston.

The samples were tested at strain rates that can
be considered either slow (<{1%/min.), medium (about 30 to
50%/min.), or fast (from 3800 to 4900%/min.). The slow
and medium strain rate tests were performed under con-
ditions of controlled strain. Fast strain rates were
achieved by instantaneously applying a large compression
pulse to the load piston attached to the top of the
sample. Test results were recorded on a strip chart
recorder, and the strain rate reported in Table F5 was
measured from the record. The strain rate at the
beginning of the test tended to vary, until the sample
had passed its peak strength. Thereafter the sample
tended to deform at a relatively constant velocity.
Strain rates reported on Table F5 are based on the
constant velocity portion of the test.

F.4.7 CRR Tests - Undisturbed Samples

Five triaxial tests (CRR! through CRRS) were per-
formed on undisturbed samples primarily to obtain recon-
soiidation characteristics of the soil after being
suH1ecte4 to cyclic loading. The tests are designated CR
to indicate cyclic loading under undrained conditions and
R to indicate monotonic loading after cyclic loading.

The following procedure was followed:

Phase Procedure

a Anisotropically consolidate specimen to
the approximate in situ stresses at the
sample location prior to the 1971 earth-
quake.

b Close drainage to specimen and cvclically
load specimen to a maximum cyclic axial
strain (single amplitude) of about 3%.
Restrictors were placed on the load




piston so that cyclic strains would not
exceed 3Z%.

c Open drainage to specimen and measure the
decrease in void ratio caused by dissipa-
tion of excess pore pressure in specimen.

d Anisotropically consolidate specimen to
the approximate in situ stresses at the
sample location in 1985.

e Decrease consolidation stress to 01¢ =

£ Isotropically consolidate specimen to
930 = 8.0 kg/cm?.

g Shear the specimen in undrained monotonic
compression,

Undisturbed samples ranged from a
slightly silty, widely graded sand to a clayey
silt. Grain size curves of samples tested are
presented in Figs. F45 to F49. Descriptions of
individual samples after triaxial testing are pre-
sented in Table F8.

Plots of void ratio e vs 63 for each test
are presented in Figs. F94 to F98. These plots
show void ratio changes which occurred during each
of the phases described above.

A sutmary of Phases a through c is pre-
sented in Tabl= F7. During cyclic loading, 093
decreased from initial values ranging from 2.5 to
3.2 kg/cm2 to final values ranging from about 0.1
to 0.3 kg/cm2. Drainage after cyclic loading
caused void ratios to decrease in the range of
0.027 to 0.048.

Phase "e" was performed to obtain data on
the amount of swelling caused by a decrease in
consolidation stress. A piot of swelling coef-
ficient (8e/Alogdp) vs initial void ratio is shown
in Fig. 13.

Samples were reconsolidated to 93, =
8 kg/cmz prior to the R phase. Results of the R
rhase are presented in Table F3 and data plots for
individual R teste are presented in Figs., F99 -o
F103,




F.4.8 CR Tests - Remolded Samples

Eleven cyclic triaxial tests (CR101 through CR111)
were performed on anisotropically consolidated remolded_
samples of Batch Mix 7. The tests are referred to as CR
tests to indicate that a cyclic axial load was applied,
and that the samples were undrained during shear.

Results of these tests are summarized in Table Fé6, and
summary plots of the individual tests are shown in
Figs. F106 through F115.

The purpose of these tests was to determine the
minimum axial strain required to trigger specimen failure
after undrained cyclic loading. The consolidation
stresses were chosen such that the ratio of undrained
steady state shear strength to driving shear stress on
the failure plane would be as close as possible to 0.54,
the same as the factor of safety against a liquefaction
flow slide, S,g/ 74, through the critical layer (Zone 5)
on the upstream side of the dam in 1971. Because of the
sample preparation and consolidation procedures used, we
typically achieved laboratory S,4/td ratios of 0.60 to
0.70.

It was desired to apply cyclic transient loads
that would not be available to drive the failure. Only
the static (consolidation) anisotropic loads would drive
the failure. A loading apparatus was developed that
allowed application of triangular shaped axial compres-
sion pulses. A schematic diagram of the loading appara-
tus is shown in Fig. F104. The anisotropic load (Lc) was
applied to the sample by adding dead load to the hanger
system beneath the sample. At the conclusion of con-
solidation, the draicage lines to the specimen were
closed. The cyclic load {F;) was then applied by
imparting blows to the spring/cushion system above the
sample using a hand-held sledge hammer. The stiffness of
the spring/cushion system resulted in triangular spikes
lasting about 0.03 to 0.05 seconds.

The force applied to the loading yoke was moni-
tored using a load «ell mounted beneath the spring/
cushion system. Th2 load applied to the soil was
measured using the load cell mounted below the soil
sample. Axial strain was measured using DCDT's mounted
on the load piston, and pore pressure was monitored using
standard pore pressure transducers. All measurements
were recorded on a strip chart recorder.




A typical strip chart record, from test CR111, 1is
shown in Fig. F105. The record has veen redrawn to shovw
axial strain (ez) instead of deformation, and effective
minor principal stress (73) instead of pore pressure.

The applied cyclic forez ¥, is the force applied over and
above the anisotropic consolidation load L.. The total
soil force Fy is the lcad resisred by the soil at any
point in time, and th:refore includes the aniscvtropic
load and any additional load imparted to the soil by the
cyclic loading.

As shown in Fig. F105, the applied cyclic force
for test CR1!1 greatly exceeded the available soil
resistance, (i.e. a force of approximately 36 kg was
applied to the loading yoke, while the soil could resist
only about 19 kg more than the consolidation load).
Therefore the sample yielded and accumulated axial
strain. Two load cycles of approximately equal magnitude
were applied in the test.

_The axial strain at the end of cyclic loading for
cest CR111 was about 0.47%. After cycling had stopped
the sample continued to creep under constant load to e
strain of 1.05%. At that point the creep rate acceler-
ated and the sample underwent rapid failure.

The significance cf the axial strain at the end of
cycling, and at the start of rapid failure can be seen by
observing the stress-strain curve for anisotropically
consolidated srecimens loaded monotonically at slow
strain rates. The axial strain at peak for the strain
controlled tests averaged about 0.1%. Therefore, the
strain at the end of cycling during test CR111 had
exceeded the strain to peak. However, during the strain
controlled tests the available soil resistance at strains
of up to about 1% was greater than the consolidated
shear stress. Therefore, during the cyclic test, when
the accunulated strain had reached about 1%, the driving
shear stress exceeded the soil resistance, and the sample
failed rapidly.

F.5 Laboratory Vane Shear Test

One laboratory vane shear test was perfeormed on an
undisturbed sample of the clayey core (Sample UF14C from
Boring U105). This sample was located below groundwater level
at the time of sampling in 1985.

The laboratory vane was 1.27 cm in diameter and 1.27 cm
in height. The vane rotation rate was 19 degrees/second.




Results of the vane shear test are presented in
Fig. F116, which includes a plot of vare shear strength vs
displacement of the periphery of the vane.
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