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PREFACE 

The Geomechanica Division (GO), Structures Laboratory (SL), of the US 

Army Engineer Waterways Experiment Station (WES) was funded by Sandia National 

Laboratories Livermore (SNLL) to conduct a series of static mechanical pro- 

perty tests on undisturbed soil specimens obtained from a site at Antelope 

Lake, Tonapah Test Range, Tonapah, Nevada. This research work was conducted 

during the period September 1985 through December 1985 and was funded under 

SNLL Purchase Order No. 92-0766, dated 23 January 1985. 

The laboratory testing was performed by Me&srs. James L. McCaskill and 

Richard G. Cooper, GD. Instrumentation support was provided by Messrs. 

A. Leroy Peeples and John K. Rhodes, Instrumentation Services Division. This 

report was prepared by Mr. Stephen A. Akera, GD, under the general direction 

of Dr. J. G. Jackson, Jr., Chief, GD, and Mr. J. Q. Ehrgott, Chief, Operations 

Group, GD. 

COL Allen F. Grum, USA, was the Director of WES during this investiga- 

tion; COL Dwayne G. Lee, CE, Is the present Commander and Director. Dr. Robert 

W. tfhalin is the WES Technical Director. Mr. Bryant Mather is Chief, SL. 
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CONVERSION FACTORS, NON-SI TO SI (METRIC) 
UNITS OF MEASUREMENT 

Non-SI units of measurement used in this report can be converted to SI 

(metric) units as follows: 

Multiply 

degrees (angle) 

feet 

gallons (US liquid) 

inches 

kips (force) 

kips (force) per 
square inch 

megatons (nuclear 
equivalent of TNT) 

pounds (force) per 
square inch 

pounds (mass) 

pounds (mass) per cubic 
foot 

By To Obtain 

0.01745329 radians 

0.3048 meters 

3.785412 cubic decimeters 
(liters) 

25.4 millimeters 

4.448222 kilonewtons 

6.894757 megapascals 

4.184 petajoules 

6.894757 kilopascals 

0.4535924 kilcgrams 

16.01846 kilograms per cubic 
meter 

iii 
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MECHANICAL PROPERTIES OF ANTELOPE LAKE SOILS 

CHAPTER 1 

INTRODUCTION 

1.1 BACKGROUND 

At the request of Sandia National Laboratories Livermore (SNLL), the 

Geomechanics Division (GD) of the US Army Engineer Waterways Experiment 

Station (WES) performed a mechanical property investigation on undisturbed 

soil samples obtained from a site at Antelope Lake, which is within the 

Tonapah Test Range near Tonapah, Nevada. The purpose of the investigation was 

to experimentally determine the mechanical responses (strength and compressi- 

bility) of these soils. These data would be used by WES to deduce representa- 

tive material properties that, in turn, would be used by SNLL in assessments 

of Antelope Lake as a suitable site for propose* Davis gun tests. 

A laboratory test program was designed to obtain the data that were 

necessary to develop representative material properties. The completed test 

matrix consisted of 6 static unconfined compression (UC) tests and 12 static 

triaxlal compression (TX) tests. 

1.2 PURPOSE AND SCOPE 

The purpose of this report is to document the test results obtained and 

the material property recommendations ^,„".oped for the Antelope Lake soils. 

Soil descriptions and laboratory test procedures used in determining the 

soil's mechanical properties are presented in Chapter 2.    Chapter 3 presents 

comparative plots of the data and results from the data analyses.    This infor- 

mation is summarized in Chapter 1. 
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CHAPTER 2 

LABORATORY TESTS 

f.1 COMPLETED TEST MATRIX 

Six UC tests and 12 TX tests were conducted in this test program in order 

t discern the shear related strengths and stress-strain responses of Antelope 

Lake soils. Isotropie compression (IC) tests were conducted for the purpose 

of applying a designated static confining pressure to each TX test specimen 

prior to shear loading. Four levels of confining pressure (betveen about 0 

and 48 MPa) were applied to the specimens, and the specimens were tested 

assuming three in situ layers (as described in Section 2.2). All of the tests 

were conducted in the SECO/DHT, a high-pressure static and dynamic triaxial 

test device (Reference 1). 

All of the laboratory tests were numbered sequentially. The test number 

and the prefix NSNLn were used as test and specimen identifiers, e.g., SNL-10 

was the tenth test conducted in the test program. 

2.2 CLASSIFICATION AND COMPOSITION PROPERTIES 

The laboratory test program was designed under the assumption that the 

Antelope Lake sUe could be characterized by three different material prcDerty 

layers to a depth of 15.2 meters (50 feet). The assumed first layer extended 

from 0 to 4.6 meters (0 to 15 feet), the assumed second layer extended from 

4.6 to 9.2 meters (15 to 30 feet), and the assumed third layer extended iron 

12.2 to 15.2 meters (40 to 50 feet). No core was obtained between 9.2 and 

12.2 meters (30 to 40 feet). The available specimens were divided into three 

groups based upon this initial layering scheme, and the specimens In each 

group were tested at four different levels of confining pressure. Upon 

completion of the material property tests, some of the posttest specimens and 

a few untested sections of core were selected at depth intervals of approxi- 

mately 1.5 meters (5 feet) and sent to the WES Geotechnloal Laboratory so that 

composition and physical property tests could be performed. In order to 

ensure that sufficient material would be available for the shear tests, these 

composition property samples were selected after the completion of the mechan- 

ical property tests. 

Eight composition property samples were obtained from the available core. 

These samples were tested to obtain information such as particle size 

^SMMSB^^ j£&ä&£Üft£ft& 



gradation, specific gravity of solids, and Atterberg limits (presented in 

Plates 1-8). In addition, initial wet density and posttest water content 

values were determined from each test specimen. Knowing these values and a 

value for the specific gravity of solids, composition properties such as 

volume of voids, degree of saturation, etc., were calculated. These calcu- 

lated values are listed in Table 2.1 along with the test number, the corres- 

ponding data plate number, and the type of test conducted. The data are 

grouped by the layers discussed later in Section 3.1. 

These composition data simplified the process of understanding the 

measured specimen behavior. For example, specimens that had a high initial 

degree of saturation were expected to reach lockup (achieve full saturation) 

during the application of significant levels of confining pressure. Knowing 

that the specimens were fully saturated made it possible to explain the low 

shear strengths measured at the higher confining pressures. 

2.3 SPECIMEN PREPARATION 

The samples sent to WES were of nominal 7.2-cm (2.85-inch) diameter and 

of random lengths varying from 0.30 to 0.43 meters (1 to 1.1 feet). In the 

field, each sample was covered with aluminum foil, placed in a cardboard tube, 

and sealed with wax. Each sample tube was identified by boring number and 

depth. At WES, specimens were cut from these cores using a diamond saw with a 

special jig to secure the samples during the cutting operation. After the 

cutting process, the specimens were frozen for a minimum period of 24 hours, 

after which, the cardboard, wax, and foil were removed, and the specimen wts 

prepared for testing. By freezing the specimens, the potential for distur- 

bance of the specimens during the setup process was minimized. After specimen 

height, diameter, and weight measurements were recorded, two rubber membranes 

were placed on the specimen. The outer membrane was covered with a synthetic 

rubber; this coating protected the membrane from the deteriorating effects of 

the hydraulic oil used to laterally confine/pressurize the test specimens. 

Ail tests were conducted in an undralned manner, i.e., no pore fluids (air or 

water) were allowed to drain from the membrane-enclosed specimen. A posttest 

water content value was obtained for each specimen with the exception of those 

contaminated by oil due to membrane leakage during the test. 

Sections of core that were too short to test were measured and weighed in 

order to calculate a value of wet density. A water content was also obtained 



for these pieces, and several of these sections were used for classification 

purposes. 

2.4 IC TESTS 

The IC tests were conducted as the confining pressure application phase 

of the TX tests.    The data obtained during IC loading provide a measure of the 

bulk compressibility of the material under a cylindrical state of stress. 

During an IC test, a uniform fluid loading was applied to the specimen, and 

the resulting deformations were measured at the specimen's top and midheight. 
Four channels of data were recorded, i.e., two axial displacements, one radial 

displacement, and confining pressure.    From these measurements, one can 

calculate axial strain (typically taken as the average of the two vertical 

deformeters divided by the original height), radial strain, mean normal 
stress, and volumetric strain. The effects of membrane deformations were 

assumed insignificant in the calculation of radial strain. 

Volumetric strains were calculated from deformeter measurements by assum- 

ing both a uniform-cylinder and a truncated-cone deformed specimen shape 

(Reference 2).    The uniform-cylinder approximation assumes that the specimen 

deforms as a right circular cylinder.    The truncated-cone approximation 

assu es that the current diameter is measured at the specimen's midheight and 

that the diameter changes linearly to the original pretest diameter at the 

ends of the specimen.    For most soils, the uniform-shape assumption approxi- 

mates the volumetric strains more accurately during IC loading and at small 
axial strains during shear.    The truncated-cone assumption approximates the 

volumetric strains more accurately during shear at larger axial strains, e.g., 

>7-8 percent.    The "true" volumetric strains are typically somewhere between 
these two calculated values. 

2.5 UC AND TX TESTS 

Reference 3 describes typical test procedures used in conducting labora- 

tory TX tests. After the confining pressure was applied to the specimen, the 

axial load was applied by a piston until specimen failure was achieved. 

Failure was defined as the value of peak principal stress difference or the 

value at 15-percent axial strain during shear, whichever occurred first 

(Reference 3). Six channels of data were recorded during the TX tests, i.e., 

the same four channels monitored during the IC 'oading plus the output from 

one load cell and an external linear potentiometer. 

^;*v;:;:£*::v.^&^^ - .'• .*»• .*• .*- ."• A A ."• >>jV»\>t 
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tc4t A UC test is simply a TX te$t conducted at zero confining pressure. 

However, in this test program, a 0.14-MPa confining pressure was imposed upon 

the test specimens in order to ensure that the rubber membranes remained in 

contact with the specimen's sides.   Thus, the lateral deformeter would measure 

specimen deformations and not bulges in the rubber membranes. 

The results of each successful shear test are presented on Plates 9-25. 

The stress and strain data were plotted on four-corner plots, which present 

the data as (a) principal stress difference versus mean normal stress, 

(b) principal stress difference versus both principal strain difference and 

axial strain,  (c) volumetric strain versus principal strain difference, and 

(d) volumetric strain versus mean normal stress.    All stresses and strains 

were plotted from a pretest zero stress-zero strain state; thus, all plots 

include the stresses and strains that resulted from application of confining 

pressure or IC loading. 

The six UC tests are presented on Plates 9-11.    Despite the variations in 

composition properties, the failure strengths of all the UC tests were very 
similar.    In most of these tests, a peak or constant value of principal stress 

difference was obtained prior to achieving 15 percent axial strain.    Note in 

these data plates the variation between the cone and uniform volumetric strain 

calculations during shear loading.    These differences indicate that the speci- 

mens were developing large radial strains after reaching 1 to 5 percent axial 
strain during shear. 

The TX tests were conducted at three different levels of confining 

pressure, i.e., 6.9, 27.6, and 48.3 MPa.    At least one specimen from each of 

the three designated layers w«*s tested at each confining pressure.    Three 

additional TX tests were conducted because of questionable or inconsistent 

data.    At the end of the test program, 12 TX tests were cosnpleted.    Their data 

are presented on Plates 15-25 and are grouped by soil layer starting with 

Layer 1. 
Specific problems or notes about particular teats are described here.    In 

throe tests (SNL01, 02, and 10), the loading piston came into contact with the 

specimen between two scans of the data acquisition system.    Therefore, the 

initial loading was estimated and is drawn as dashed lines on the stress- 
strain curves in Plates 15,  17, and 22, respectively.    Instrumentation 

problems that developed during test SNL07 precluded the collection of meaning- 

ful data;  therefore, no test results are presented.    The remaining data are 

ässiBöfift^^ 



considered to be representative of the in situ material's behavior under 

triaxial loading conditions. 

Due to the large deformations encountered in some tests, the Isotropie 

compression loading response could not be measured over the entire IC stress 

range. For example, volumetric strain data could only be obtained while the 

vertical deformeters were in their calibrated range. The final axial and 

radial strains during Isotropie compression loading were obtained for each TX 

test when the loading piston was placed in contact with the specimen. The 

phase of each test during which the vertical deformeters were out of range has 

been Identified on each data plate. 
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CHAPTER 3 

DATA ANALYSIS 

3.1 REVISED SITE PROFILE 

Upon completion of the composition and mechanical property tests, the 

assumed site profile (see Section 2.2) was modified. The site can indeed be 

characterized by three layers; however, the interface between Layers 1 and 2 

should be placed at a depth of approximately 6.4 meters (21 feet) instead of 

the assumed depth of 4.6 meters (Figure 3.1). The top layer of material at 

the site is composed predominantly of clays, which were classified as CL by 

the Unified Soil Classification System (USCS, Reference 4). This layer had in 

situ water content values of 18 to 24 percent and a value of specific gravity 

of 2.70. The materials in the top 2 meters of Layer 1 were characterized by 

lower densities and lower degrees of saturation than the underlying Layer 1 

materials. The Layer 1 materials below 2 meters had nominal dry densities of 

1.63 g/cor and degrees of saturation of 85 to 95 percent. The materials in 

Layer 2 contained greater amounts of silt than encountered in Layer 1 (as 

indicated by the USCS classification of ML) and had lower values of dry 

density (mean value of 1.50 g/cm^ versus about 1.60 g/cm^ for Layer 1). Layer 

2 appeared to grade into a silty sand at a depth of approximately 8.5 meters 

(28 feet) as indicated by the gradation curve of a sample from that depth (see 

Plate 6). Unfortunately, no samples were recovered between depths of 9.1 and 

12.2 meters (30-40 feet); therefore, it is impossible to determine the actual 

extent of the silty sand layer. It must be assumed that the interface between 

Laytsra 2 and 3 occurs within this depth range. The materials in Layer 3 were 

classified as CL by the USCS. This layer had values of water content of 

between 24 and 29 percent, had dry density values of about 1.50 g/cm^, and had 

degrees of saturation that ranged from 87 to 92 percent. 

3.2 ISOTROPIC COMPRESSION RESPONSE 

As mentioned earlier, no IC tests were planned in the original test 

matrix.   The Isotropie compression test data obtained during the application 

of the static confining pressure prior to TX shear were thought to be suffi- 

cient to discern the material's IC loading response.    Test results illustra- 

ting the volumetric response of the materials from each of the three layers 

are presented in Figures 3.2 to 3.4. 

P 



The magnitude of the calculated volumetric strains was a function of the 

assumed deformational shape of the specimen (see Section 2.4).    Figure 3.5 

illustrates the differences in the two calculated values of volumetric strain 
for test number SNL08.   Under Isotropie compression loading conditions, the 

uniform-cylinder shape assumption is usually the better method for approxima- 

ting the volumetric strains; therefore, the recommended IC response was based 
upon these calculations.    Figure 3«6 presents the representative IC response 

curves for the three layers at the Antelope Lake site. 

3.3 TRIAXIAL SHEAR STRENGTH AND STRESS-STRAIN RESPONSE 

An analysis of all the TX test data indicates that the peak shear 

strength of the soils at the Antelope Lake site is dependent upon the magni- 

tude of the applied mean normal stress and the specimen's initial degree of 

saturation. If the applied mean stress is of sufficient magnitude to close 

the air voids and thus produce a fully saturated test specimen, then the shear 

strength will be constant under the same initial conditions at higher pres- 

sures. In other words, once the specimens are fully saturated, the applica- 

tion of additional total mean normal stress does not significantly increase 

the effective confining stress on the material; thus, no increase in failure 

strength is achieved. A Mlses-type failure envelope is appropriate to model 

this portion of the failure surface for such materials. 

In general, the Antelope Lake soils reached a fully saturated state at 

mean normal stress levels of approximately 14 MPa for Layers 1 and 3 and 

3.4 MPa for Layer 2. The three layers at the Antelope Lake site were 

discerned to have two different failure envelopes (Figure 3.7). The failure 

envelopes for soils in Layers 1 and 3 were the same. The materials in Layer 2, 

which contained greater amounts of silt, had a Mises limit (2.5 MPa) that was 

approximately half that of the materials from Layers 1 and 3 (5.3 MPa). 

Two of the specimens tested (SNL01 and 02) were obtained from the top two 

meters of Layer 1. These specimens did not reach a state of full saturation 

during the application of confining pressure and had failure strengths that 

were much greater than the deeper specimens. The materials In this upper 

section of Layer 1 wei-e not characterized as a separate material property 

layer. 

Figures 3-8 to 3.12 present the stress-strain curves from the shear tests 

grouped by material property layer. These stress-strain responses exhibited 
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significant variability; however, this is typical of the response of undis- 

turbed materials from dry lake beds.    Because of this variability, the 

representative stress-strain response curves for the three material property 

layers (Figures 3.13 and 3.11) do not necessarily match the stress-strain 

curve of a particular test.    Once the material has reached a state of full 

saturation, the stress-strain response will change little as mean normal 
stress increases. 
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CHAPTER H 

SUMMARY 

This report documents a mechanical property investigation conducted for 

SNLL on undisturbed samples of Antelope Lake soils (see Figure 3.1). The 

purposes of the investigation were to experimentally determine the mechanical 

responses of these soils and to provide representative material properties to 

SNLL. The completed laboratory test program obtained mechanical response data 

from 6 static unconfined compression tests and 12 static triaxial compression 

tests. Analyses of the test data indicated that the in situ material will 

become fully saturated at relatively low levels of mean normal stress, i.e., 

less than 14 MPa for materials from Layers 1 and 3 and less than 4 MPa for 

materials from Layer 2 (see Figure 3.6). Once the materials become fully 

saturated, no appreciable increase in strength will be developed as levels of 

mean normal stress increase, i.e., the materials will have reached their Mises 

limit (Figure 3-7). 

Representative response curves for triaxial shear (Figures 3.13 and 3.14) 

and isotropic compression (Figure 3-6) were deduced from the test dr.ta for the 

three in situ layers. The mechanical responses of Layers 1 and 3 were the 

same; the materials in Layer 2 had lower strengths and softer isotropic 

compression responses prior to full saturation. 

25 

!ittftfl»£«^ 



REFERENCES 

1. Ehrgott, J. Q., and Sloan, R. C November 1971» "Development of a 
Dynamic High-Pressure Trlaxial Test Device," Technical Report S-TI-tS,. US Amy 
Engineer Waterways Experiment Station, Vicksburg, MS* 

2. Ehrgott, J. Q. May 1971. "Calculation of Stress and Strain froa 
Triaxial Test Data on Undralned Soil Specimens," Miscellaneous Paper S*-7i-9, 
US Army Engineer Waterways Experiment Station, Vicksburg, MS. 

3. Headquarters, Department of the Army, Office, Chief of Engineers. 
30 November 1970 (Amended 1 May 1980). "Laboratory Soils Testing," EM-1110-2- 
1906, Washington, DC. 

4. US Army Engineer Waterways Experiment Station. April I960 (Reprinted 
May 1967). "The Unified Soil Classification System," Technical Memorandum No. 
3-357, Vicksburg, MS. 

26 

K<>fcS>S^^&&^^ 



1H0I3H A8 M3SHWÜ3 1N33Ü3J 
O          O          O          O          O   '       o          o          o          o         §- 

tu 

OS 
U 
t- 
IU 

e 
ac 
0 ! 
>• 
X 

o 
M 
O 
"* 0» 

§ 
S   o 
8 « 
g   III 
hi     O s * 
s 8 

Is 
5   t» 
w 

• o 3 z 
■) 

«• 

n 
<• 

■ * 

s 

S "** 

8" • -B 
w 

g- w 

1 ** 
i - to. 
M 
* 

j/ 

/ 
^ e 

• 

P
R
O
J
E
C
T
 

A
N
T
E
L
O
P
E
 
L
A
K
E
 
M
A
T
E
R
I
A
L
 
P
R
O
P
E
R
T
I
 

8
0
R
I
N
O
 
NO
. 
 
TT
R-
l 
 
 
 
 
 
S
A
H
P
L
E
 
NO
. 
 
3 

O
E
P
T
H
/
E
L
E
V
 
 
4
.
2
5
-
5
.
6
7
 

/ 
/ 

I 
r 

/ o       v 
"    5 

o    a 
o       _ 

«0 

to o 
o 

o 

s   ! 
£   i 
►- 
IU £ 
_i 

t«j •-»   o 
°e z 

2 w! 
-tu      i 

IM 

z to« 
«C        1 

g  I 

> 
' 

jf / 

/ 

1 

/ 1* 
i II 

1 y 
/j< ' y f 
r~ 

1* 
m 

|   — 
> 
H 

.       K • 
<       * 
s     ** 
t    * 1    * 

If    ° 
k             • 

M 

■Ml 

_      «. 

r» 
M 

_> 
0» 

J      «0 

-I 
-1 

3 
• 

-1 

•    > 
5    ■? 
ST    u 
to 
1» « 
u 

> 
,*3 
O 

Z 
o 

to- 
ac 

ac 

6 

2       I 1 
-1 
tu 
> ■ 
ac 
s 

.   ! to 

a 
o «•« 

to 
M 
-1 
«a 
•9 
O 
u 

o 

w 

c 
c • 
»ooooooooo       oiS 
>        a*        •»        r»        *       u»        «t        r»       w        -• 

1M0I3N A« X3NIJ 1M33H3J 

PLATE 1 

ffiMfiBWHt^^ 



1HÜI3M kB Ü3SSH03 1N3DM3J 
o 

©         C3        o        o         o         o         o         o        o       ov 
o        —         CM        to         *         in         io         r*         AB         O>       —g tu 

a: 

»- 
UJ 
c 
o 
K 
o >- 
r 

C4 

O 

-  Ü 8 P 

is 
S 9 u 
r o 
e 
S   o 
5   N 

i to 
to 

10 

in 

a 

s* *• -*• 
5 

'  t 
W 

m 

\: 
im 
m   m • <• 

.• ^ 
,* 

* 

>- 
<E 
-1 
U 

ac 
o 

►— 

•- 
«e 
tu         to 

DC 
tt.              O 

z 

cc         tu 
*■*          ~J 
«K              ft. 
tu           Z 
»-              (C 
a         co 

tu                     CO 
JC                    to 
ac 
■—J                                              •■"• 

IU                —        1 
tL                  1       «M 
O                O-      O» 
_J                •- 
tu           •-    en 
H- 
z 
<E                •     > 

O     UJ 
Z     -1 

*~              -.      w 
O               O • %. 
iu         z   x 

o          ec   a. 
OS               O     IU 
a.          as   o 

• 
/ 

y 
< ^ o 

^ o 

■^ / 
■ 

o 

10 
o 

J 
/ l) 

/ jd 
f .' 
/ 

i / J 
-w 

o 
z 
(E 
*o 

_i 
tu > 

s 

§ 
•XI 
O 
§ 

I 
* 

* 

1 

r t 
o 

«0 
ee 
tu »- 
IU z 

10-J 

z 

*"IU 
M 

(0 

z 
a 

t 

M 

at 
hm 

5 

e 
r» • 
N 

a. 

M 
CM 

-1 
flu 

r- 
«o 

_i 

a 

(A 

o 
u 
u 

H 

2   u 

w   u •» 

5 

> 
OS 
3 
L) 

Z o 

<E o a 
Q£ 
O 

t- 

h 

o 

o 
iA 

o 
e 

- 

to 
IU 
-I a s o o 

c 
i 
Jooooouooo       o5 
aatec-totowoc»        — 

1N0I3H AB U3NIJ lM33»3d 

PLATE 2 

MM»>!M^ 



1H0I3M AS Ü3SÜÖ03 lN33Ü3d 
o        o        o        o        oo        o        o        ©       a— 

O<-CM<O<ru»<0r-'CO0>           wO (0 
bl 

at 
bi 

bi s 
o 
at 
o >• 
X 

o 

s s * 
• 

>- 
cc 
_l 
u 
as 
o 
t— 
-i 

«o 

u * 
Ik 

o 
z 
a 
«§ 

S w 
E 

s 
i u 

1 
Ik 

-1 
bi > — 
cc 

§ 

i 
u 

u> 
bi 
_J 
OO 
m 
o 
u 

P
R
O
J
E
C
T
 
 
A
N
T
E
L
O
P
E
 
L
A
K
E
 
M
A
T
E
R
I
A
L
 
P
R
O
P
E
R
T
I
 

B
O
R
I
N
O
 
NO
. 
 
TT

R-
t 
 
 
 
 
 
S
A
M
P
L
E
 
NO
. 
 
7 

D
E
P
T
H
/
E
L
E
V
 
 
1
4
.
4
1
-
1
4
.
9
2
 

} / 
4 
r o a * 

o / / f 
* 

e 

10 
o 

/ 
fn 

/ 
/ / 
// 

o 

«o 
ce 
bi 
t- 
bt 
*-• 
_J 

z 

"*bi 
IM 

09 

z 
a 
s 

CM 
O 

g 

ss 
- o 
• «n 

S    M 

I   <e 
•> 

"?   o 
3   m 

to 

«» 
n 

<• 

1- — -»» 
a 

E „ 
«• 

|: 
• • 
<• 

• 
k» 
s * 

© 
r- 

V» 
0 

n 

ft. 

_J 

f 
W 

_l 
_J 

at 
OB 

m 

M.      -J 

2   ä to* 
AC        >- 

S   5 s    u 
w •» s 
J 
u 

UJ 
> 

CJ 

z 
o 
»— 
0C 
O 
OC 

s 

(• 

—. 

b* 

- 

o 

o 
10 

■• 

e 

o 
o 
«a c 

< 
Joooooooooo 

1M0I3H A8 U3NIJ 1N33U34 

PUTE 3 

ra&v!^^ 



K 

1H0I3M  AB SSSHHOD lN33Ü3d 
o 

oooooooooa 
o         —         N        m         *         i»         to         p.         CD         o>        — O V) 

tu 

aas 

as 
UJ 
H- 
W 

o 
OS 
o 
>- 
X 

o 

ö 

10 
o >- 

cc 
-1 
o 
QS 
o 

_l 

CO 

* 
Ik 

o 
z 
cc 
"'S 

1 

tu 
> - 

s 
1 u 

(0 
tu _l 

» 
o 
u 

P
R
O
J
E
C
T
 
 
A
N
T
E
L
O
P
E
 
L
A
K
E
 
M
A
T
E
R
I
A
L
 
P
R
O
P
E
R
T
I
 

BO
RI
N
O
 
NO
. 
 
TT

R-
1 
 
 
 
 
 
S
A
M
P
L
E
 
NO

. 
 
8 

OE
i»
TH
/E
LE
V 
 
1
5
.
5
8
-
1
7
.
0
0
 

J o 

o 
o 

to 
o 
o 

o 

CO 
OS 
tu 

tu 
z 

• — 
oz 

z 

""tu 
IM 
•-. 
(0 

z 
a 
s 

fi r 

/ 

/ 
/ 

(l 

1 ß 1 \/ 

// i 8 

3 

y 

• 
at 
»- 

* 

o 
r» 

CM 

(0 
O 

CD 

ft. 

•» 
M 

_l 
a» 

o 

-i 
_i 

5 
• 

S   o 
k.   »^ 

5    >. •»    < 
5   u 

UJ 
> 
OC 

u 
z o 
k«« 
k_ 

cc 
o 
cc 

lit 
w   o 
c * 
5   S 
o 
S   o 
5  M 

S   « 
• 

■?   o 

m 

1- 
« 

i -j. 

• 
5   i» 

s   * 
>- • 

<• 

t 

o 
•H* 

o 
in 

o o 
Mft 

o 

- 

e 'oooooooooo 

1H0I3M AB Ü3NI4  1N33H3J 

10 

PLATE *t 

^:^v^to/?itfO'>>^?^^ 



1H0I3M AB JÖSHbOD iN33«3J 
o 

ooooooooo       o~ V) 

K. 
in 
1— 
UJ 

0 

§ 

s 
M 

s 

1 9 

5 ° 

§   w 

I   » 
<• 

«?   o 

«0 

rt 

• 
O 

>• 
ec 
-1 
u 
ec 
o 
•— 
_J •*• 
«0 

g 

a 
z ec 
«0g 

1 

K 

_) 
UJ 
> — 

i 
* 

! 

10 
tu 

a 
a 
o 
u 

P
R
O
J
E
C
T
 
 
A
N
T
E
L
O
P
E
 
L
A
K
E
 
M
A
T
E
R
I
A
L
 
P
R
O
P
E
R
T
I
 

B
O
R
I
N
O
 
NO

. 
 
TT

R-
1 
 
 
 
 
 
S
A
M
P
L
E
 
NO
. 
 
13
 

D
E
P
T
H
/
E
L
E
V
 
 
2
3
.
2
5
-
2
4
.
5
0
 

t i ■ ■ 9 
/ o 

*** 
d f 1 „ - fr 

o 

to 
e • 

/ 1 

'! 
/ i f 
// 

' 

u 
« 

e 

(0 
OS 
ut 
t- 
UJ 
JE 

_l 
10-J 
•M oE 

z 

"*UJ 
IM *^ 
10 

z 
M 

a 

Wf 
T. 
> 

• 

i. 
o 
r» |        • 

O 

SO 

X 
■o 
MJ 

_1 

•> 

§      5: 

5   ü 
s   w 

s 
_j 
u 

> 
CE 

O 

Z 
o 
*** 

ec 
a 
cc 

(■ 

f- 

o 

e 
10 

u  "" 
- -1» 
5 

s — w. 

* -e 
» 
■ 

I " 
• • 
• 
9 

a. 
M* 

e 

«SI 

a. 

o 10 

-J 

c 
1 
Joooooooooo 

1U0I3H AS «NU 1N33H3J 

in 

PLATE 5 

^ä^ssss^s^^^ reass«^ 



1WJI3M AB E3SSÖ03 1N33M3J 
o 

ooooooooo       o<- 
a~.o»«<#u><i»r~a90»       «~g to 

tu 

K 
IM 
►- 
u 
s 
o 
* 
o 
>. 
X 

o 
o 
M 
o 
>* 
** 
o 
e 

|3 

ss 

l! 
m 

4 o 

10 

• 

- -*. 
a 

g "•« 

* -fi w 
g « 
« 

8 •* 
1 * 

■ 
9 

j 
f 

e 

>- 
<r 
_i 
u 
OS 
© 

•— 
-J 

(0 

1 

O 
z 
cc «g 

e 
g 

st 

i 
M 
k. 

_l 
Ul 
> — 
ec 

s 
s 
1 
u 

<o 

-J 
S3 
e 
c» 
u 

»- 
as          to 
UJ           <■■* 
0. 
o 
OS 
ft.              o 

z 
_l 
cc            Ul 
-1          -1 
a:          a. 
Ul              JE 
i-          ec 
ec          w 
c 

Ul                    — 
2C                           • 
ec               o 
_J               m 

! 
Ul           —    u> 
a.           i    c» 

• ©          ec 
-1               t-     CO 
Ul           .    »-      <M 

z 
cc             •    > 

O     Ul z     _l 
>~           ..    w 
o          ©    >. 
Ul               Z     X 
"1               w     »— 
O              K    L 
as          o   ui 
a.          CD   o 

/ 
II 

|) o 
o 
o - 

y 
«/ fl 

o 

w 
o 

/ 
/ 

/ 

> ■ 

p/ ■" 
/ 

iJW ^ "" * 
o 

(0 
as 
UJ 
t— 
ut 
E 
•-» 
_i 

t#»_J 

z 

-Uj 
IM 
*■* 

(O 

z 

s 

s * 
/ 

«r 

• 

1- 

s 

10 

• 
(M 

«5 O 

a. 

-i 
a. 

e. 
z 

_j 
_j C

U
IS

SI
FI

C
R

T
IO

N
 

S
IL

T
Y

  
SA

N
D
  

(S
M

),
  
 B

R
O

W
N

:  
  
 W

IT
H
 

G
R

A
V

E
L

 

UJ 
> 
CC 
3 o 
z o 
1— 
ec 
o 
cc 
s 

e 

o 

>• 

■• 

O 

g 
c 
1 
Joouooooooc 

1H0I3H  AB  M3NIJ iN33U3d 

W» 

PLATE 6 

ftJKM^I^^ 



■ «* 

1H0I3M A8 aasaaoa iN3DH3d 
OÖOOOOOOOC 

o         —     .   o        m         «r         u»         (0         r-         a»         m        - O «0 lu 

at 
w 
i— 
UI 
o 
K 
O >- 
X 

o o 

o 

e 
o 

3 ? 
i s 
g 5 
~   o •   n 
a 
S   o 
5   " 
1   <e 
« 

•?   o 
= s 

* 

* 
8"** 

:* 
B M 
a 
8   n 

s * 
to. 
• « 
• 
3 

/ 
/ 

• 
o 

>• 
a 
_i 
u 
a: 
o 
to- 
_l 
■"■• 
IO 

a 
z 
ec ws 

o 

s 

It. 

_) 
UI 
> — 
<r 
s 

§ u 

W 
UI 
-1 
«t 
a 
o 
o 

P
R
O
J
E
C
T
 

A
N
T
E
L
O
P
E
 
LA
KE
 
M
A
T
E
R
I
A
L
 
PR
OP
ER
TI
I 

B
O
R
I
N
O
 
NO
. 
 
TT

R-
1 
 
 
 
 
 
S
A
M
P
L
E
 
NO
. 
 
18
 

O
E
P
T
H
/
E
L
E
V
 

4
2
.
5
4
-
4
3
-
0
4
 

J / 
^ 

o o « 
o 
•>• 
a 
o 

10 
e . 
o 

■ 
e 

<o 
OS 
UI to- 
UI 
»■* 

W_l 

z 

**UI 
M 

«O 

z 
«MB 

§ 

1 

/ 
/ 

j 

/ 

1 1 / 
\,* / 
y ( 

> 

* 
to- 
s 

r- 
(0 

M 

IO 
o 

ft. 

«n 
M 

-J 
flu 

10 
«n 

-i 
-i 

O 
X 
to 

z    -J 5    u 
•■*    *w to. 
*      S- 

" 5 t d 
u» 
to 
a 
_i 
o 

> 
oe 
3 
U 

z 
o *-• 
•— 
ac 
o 
cc 
s 

i 

t_ 

f 

» 

► 

► 

o 

o 
10 

o 
o 

8 

1- 1   i— 
t p- 

r 

- 

c 
c 
* 
Jooooooooo 

XH0I3H A8 MNIi lN33U3d 

G U) 

PLATE 7 

%   V   *W    % ' V* v v V V* C *•* s* %" '.-.'.v.v- %*>/•.'•/> 



■ 

•: 

h 
a. 
Ü 

JH0I3M A8 «3811803 1N33H3J 
o 

ooooooooo       o~ 
a         —         MO^riaier-cDoi        ~o bi 

as 
kl to» 
% i 
»» 
X 

i 
i 

8 9 
§ s 

s a 

l! to»     **• 
<• 

«?  e» 

■ : 

• 

•» 

r» 

|~ 
— H" 
■ 

«: X 

1 * 
• • 
• » 
» 

' 

3 • 
o 

to 
e 
a • 
e 

o 
o 

10 
o 
e 

o 

in 
as 
bi to- 
bJ r 
-1 

z 
to. 

"bJ 
K4 
*». 
(0 

z 

>- 
cc 
_i 
u 

ft: 
o 

to» 
-J 

en 

k- 

O 
z 
(X 

I 

1 

£ 
k. 

-1 
UJ 
> H 
CC g 

w «• 

§ u 

*» 
b< 
-1 
0» 
« 
o u 

P
R
O
J
E
C
T
 

A
N
T
E
L
O
P
E
 
L
A
K
E
 
M
A
T
E
R
I
A
L
 
P
R
O
P
E
R
T
I
 

B
O
R
I
N
O
 
N
O
.
 
 
TT

R-
t 
 
 
 
 
 
S
A
M
P
L
E
 
N
O
.
 

2
2
 

O
E
P
T
H
/
E
L
E
V
 
 
4
8
.
0
8
-
4
8
.
5
0
 

/ 

/ 
/ 
/ i 
1 r 

K • 
X 
to. 
K 

r» 
«0 

w 

o 

«0 

a. 

in 
M 

a. 

M 

•» 

-1 
-1 

S    u 
ft* 

-   < 

m 
s 
-i 
u 

> 
DC 

U 

z: o ft*. 
to- 
CS 
o 
cc 
§ 

* 

> 

» 

t& 

o 

e 
i» 

o 
e 

o 

  

Mi 

c 
1 »oooobooooa 

.M0.3K A8 «3NIJ l«3J»3d 

m 

PLATE 8 

^^^M^^M^f^^^ ■U, ££<E^£i^fc&ttÄ^^ 



PLATE 9 

h««<««*:w«j<>;*^^^ 



"1   '-"  j—  r. _ 1       ' 

9 a 

— i - r i  1    " 

z 
m 

m 

0% 

m 

■ I 
V) 

05 
Mi 

X i 
m 

1-4 ■ ♦» 
e s U

N
IF

 

C
O

N
E 

w • 
o N 

a! • 
0. 

o 
■" ►- 

t 
m 

1 w 
1 
1 a 
1 
1                     1 
1                           — 

s z 8 \                             / 

/ (' 

1 
1 i 

in 
\  / 

0 0 V B* 

1 i 1 1 

s 0 

I                1                1 1 i m a in ■ •              ■              ■ 0 
Ein 

It w u 

•* — s ■ «V                   0                   M 
i 

<r 

«dU 'jjia ss3tas •DNIJW «u«3j»d  •NlWtiS TOA 

h> 

■ 
CD 

(M 

0 
- mm 

- 

« es 

- 

0 

i 
* 

- 

s 

1 
m 

- 

<r J w 

- - 

• m ^■^**"- 

1 ,., i i i 

0 m 

i             i              i i 
m 8 m • 000 0 
- - ■ • *i            0             N 

i 
-■ 

•* *iJItt SS3JU5 3N»W »u»3.i«d  'NltMiS *T0A 

PUTE 10 

%&'äbi^ 



a! 
S 
si »- 
P 

S 
m 

8 
x 

s  *  s 
~ 8 ~ 

a. 

fc M 
Q 

s  5  s , I  - 
in 

s 
(9 

m 
s 

»cW 'JJIQ SS3W1S -SNIHd 

SB 8 

(VI ni 

S -       8 
CL 

I 
»dH  'JJIO SS3M4S    3NIJW lu»3Jtd   'NlWIiS     TOA 

PLATE 11 

t^ßutt^ä^ 



PLATE 12 

^^>^3$Wö£&&^^^ 



t 

■ 
•Mt 

X 

M        g       N 

w 

«dH 'JJia SS3MXS '3NHU 

M N 

.     o. 

m 

*S» *JJia SS3M18 '3NIIM 

iw • N 

»u.oj.d 'NXtMlS "IDA 

iu«3j»t1  'NHJttlS  *TOA 

PLATE 13 

:&f^^^3^^t:^^^^ 



., , ,—, 

z 

I 
a! 
e 

S3 
•cW 'iilO SS»iS  '3NX*d 

»dN  'JJIO »»US    WIIM 

"*    5   •• 
t. 

•    3    • 

in 

(B 

« 

• m 
N N 

t 

•     8     • 

«u«3J»4  'NIUMXS    TOA 

PUTE  1»« 

«raj(Fjuwiii^vvr*^vr>Jwwu^^ 



i 
g 

I 

s in 

»dH *JJia $83*18 '3NKW 

X X X X 

wt m m ■ 

•dU 'Jiia SS3MXS  *3NItW 

PI 

X 

* B 
N        5 N 

t 
a 

•   5   • 

I 

m * 
M 

• 
M 

*«"«< 'NIWUS *TOA 

m in 

•     8     • 

tuaajad  'NIWU.S  *TOA 

PLATE 15 

JK&&«<&M^^^^^^ 



i 1  t 
At        §       M 

fc 
S 

8 

N 

•JM 'ÜIO SKSUS    3NIJH 

•<M *JJIO ssatis -3NIIW 

C, fix i >u«oj»rf •NXWI1S *TOA 

* 

(,•!«>  »«••4«*  'NIWUS   "*>A 

PUTE 16 

äKNW»2*»»J^l£to 



» 
CM 

C 
o 

M 

i 

m 
m 

m 

e 
• 
u 
i. 
• 
a 

t 
a 

0>   M 

M 

s 
s 

(j 31» ) »dH 'Jjia  SS3MXS (, BI« ) luiaJid 'NIMMJ.S '-»A 

B  •  s 
**       E  •» 

IM 

(, 91" ' «dH 'JJIO SS3&LS { ei" ) »UMJM» 'NIHäiS "10A 

PLATE 17 

sflo$fr^^ 



*« "JJIO SS3VJA  'DNUM <t •!« )  »«•»■«»»» 'NIWM1S  "KM 

PLATE 18 

SjftBBQffiift^^ 



OTFT? 

[^i£Cii$Cü&4t^#^^ 



PLATE 20 

&a&&&^^ 



s     ♦»    m 
w     8    w 

fc 
S 

-   2 i 

m m * * 

n M Ki m 

•5^ 

^ 

8 
k a 
S»S   • o • o « - r-o 
-• *» g 

(, 81» >  »»»»-i»* 'NIBM1S "TOA 

PLATE 21 

MtMMfflMHM««^^^^ 



PUTE 22 

fe«^«^^»»»^ 



T r 

t 

' ' » L 

w 

«t«i 'JJXO SS3US *3N«M 

J L 

•* 'JJIfl SS3MJLS *3NHM 

« 
» 

• 

Si 
i 

0 

(■ix) n»»4»4 'mmis "m 

m 
I 

in 

M 

t,  It» >  »M»^»<  'WtXaAS  "TOA 

rarra" 

jacaaß»Nß»aw!itfrfaKi»«*3a^^ 



i «dH *JJIB ssaus 'wtu* 

**t *JJl« STHUS *3N«y 

M 

(, fix i %W«MMI 'NttMJLS *10A 

•   £   • - M       S       M 

(, It» »  »MW* 'WIWOS  "»A 

PLATE 2k 

B&fcfilM^ 



t 

9 *m 'AiW SS3W18  '3NIIM 

• • 
M 

M 

1L,|ä *  *UM",M|  'NIttUÄ  "»A 

•dU  »JJIO SS3HJ.S  '3MHW t,  et« )  *u»a.i»d  'NIMM1S  -TOA 

PLATE 25 

fiSöäs^iiaäfli»^^ 



DISTRIBUTION LIST 

Dafenee Technical Information Center 
ATTNt TC 
Cameron Station 
Alexandria, VA 22314 

Diractor 
Defense Nuclaar Agency 
ATTNt SPSS (CPT Niehaal A. 

Technical Library 
Washington, DC 20305-1000 

Raad) 

Air Forca Waapona Laboratory (AFSC) 
ATTNi Technical Library 
Kirtland Air Force Base, NN 87117 

Air Force Office of Scientific Research 
ATTN: AF0SR/NA 
Boiling Air Force Base, DC 20332 

Air Force Engineering and Services Center 
ATTN: Technical Library 
Tyndall Air Force Base, FL 32403 

Air Force Inatitute of Technology 
Air University 
ATTN: Technical Library 
Wright-Patterson Air Force Base, OH 4S433 

Los Alamos National Laboratory 
ATTNi Technical Library 
P. 0. Box 1663 
Los Alaaos, NM 87543 

Sandia National Laboratories 
ATTNt Technical Library 
P. 0. Box 5800 
Albuquerque, NM 87185 

Sandia National Laboratories 
ATTNt Mr. A. R. Ortega, 8152 

Technical Library 
Liveraore, CA 94550 

New Mexico Engineering Research Inatitute 
ATTNi Technical Library 
Box 25, University Station 
University of New Mexico 
Albuquerque, NM 87131 

Coaaander 
U.S. Aray Corps of Engineers 
ATTNt    DAEN-RDM (Nr. B. 0. Bonn) 

DAEN-RDL (Mr. J. E. Nalcola) 
DAEN-ECE-T (Mr.  R.  L. Wight) 
DAEN-ASI-L 

Washington, DC   20314 

Director 
U.S. Amy Construction Engineering 

Resesrch Laboratory 
ATTNi Technical Library 
P. 0. Box 4005 
Chaapaign, IL 61820 

Gönnender/Director 
U.S. Aray Cold Regiona Research and Engineering 

Laboratory 
ATTNt Technical Library 
P. 0. Box 282 
Hanover, NH 03755 

Naval Civil Engineering Laboratory 
ATTNt Technical Library 
Port Hueneae, CA 93043 

Naval Facilities Engineering Coaaand 
ATTNt Technical Library 
200 Stovall Street 
Alexandria, VA 22332 

Lawrence Liveraore National Laboratory 
ATTNi Technical Library 
P. 0. Box 808 
Liveraore. CA 94350 

mx^^m^Mmm^^^^^^^^^i^^ 'tiäStä8C8ä^tätä'&te& 


