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INTRODUCTION

Volume I of the soils design report presents the
results of foundation studies for the surface
structures’ at the Waste Isolation Pilot Plant (WIPP)
located in southern New Mexico about 26 miles east of
Carlsbad in eastern Eddy County. The results of
studies for the access roads and railroad will be

presented in Volume II of the soils design report.

To develop information for this report, a field
exploration program, laboratory testing and

engineering analyses were performed during November
1978 through May 1979.

The locations of the borings and test pits used in
the evaluations are shown on Figure 1. The logs of
all borings and test pits together with the results
of all field and laboratory tests are contained in
the series of reports by Sergent, Hauskins & Beckwith
which are in Reference 16 to this report. The soil
test results are summarized in Table 1.

SCOPE OF WORK

This report summarizes the soil and foundation
investigations made to evaluate the near surface
conditions at the WIPP site. The foundation
investigations consisted of drilling, excavating and
sampling the near surface soils and rock, conducting
field and laboratory tests, and performing
engineering analyses to develop foundation
recommendations for the near surface structures.

The results of the field exploration and laboratory
testing programs, site conditions, foundation
evaluation as well as recommendations for earthwork
construction are provided in the report.

SITE GEOLOGY

.Draw, eventually reaching the Pecos River, abou

The WIPP site is located near the eastern edge of the
Pecos Valley section of the Southern Great Plains
physiographic province. The site lies on a caliche
and sand covered drainage divide separating two maj
solution-erosional features, Nash Draw four mileg t
the west and San Simon Swale eight miles to thejeds
Surface runoff from the site drains west into Nashiw

miles southwest of the site.

Recent windblown sand and partly stabilized sand
dunes blanket most of the site area. The sand is
believed to have been moved westward from the High
Plains, where the inferred source material, the sandy
Ogallala Formation, is abundant. A hard, resistant
duricrust or caliche (Mescalero Caliche) is typically
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)

present beneath the sand blanket. The caliche formed
near the surface through capillary rise of
carbonate-laden water. The caliche is an
accumulation of calcareous and clastic material
cemented with calcite and silica. 1Its resistance to
weathering in the dry climate has protected the more
erodible underlying strata from exposure.

The caliche has developed upon the surface of the
underlying bedrock called the Gatuna Formation. The
Gatuna Formation is the only Pleistocene deposit at
the WIPP site assigned a formal stratigraphic name.
The Gatuna Formation consists of a fine-grained,
reddish-brown sandstone with some conglomerate
lenses. The Gatuna Formation is tentatively assigned
a Ransan age and the caliche formed upon it a
Yarmouthian (interglacial) age; that is, the caliche
formed starting about 500,000 years ago.

The WIPP site is within seismic Zone 1, according to
the Uniform Building Code, 1976. Within this zone,
seismic risk is defined such that minor damage may be
expected; distant earthquakes may cause damage to
structures with fundamental periods greater than 1.0
second; and earthquake parameters typical of those
associated with intensities of V and VI on the
Modified Mercalli scale are appropriate. The results
of seismic analysis of the site by Sandia (1) have
shown that the Design Basis Earthquake acceleration
is less than or equal to 0.06g. For additional
conservatism, however, a Design Basis Earthquake
acceleration of 0.lg is used for foundation
evaluation as concluded in the Seismic Evaluation
Report (2).

EXPLORATION

General

The near surface exploration program has been
developed by Bechtel and carried out by Sergent,
Hauskins and Beckwith. Bechtel soil engineers and
geologists observed drilling, sampling and testing
operations. The purpose of the exploration was to
establish the near surface conditions at the site and
to determine static and dynamic properties of ‘
soil and rock to develop foundation design
requirements for the surface structures. Bokth %%
field and laboratory work were done under a'Qu;
Assurance Program in conformance with the apol cab
requirements of ANSTI N45.2 as modified by NRC
Regulatory Guide 1.28. S~—

The near-surface exploration program for the plant

site was conducted in two stages. Stage I included
drilling, sampling and testing of 52 shallow borings
numbered B-1 through B-24 and B-26 through B-53 and
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% drilled to depths between 26 and 100 feet at p
“locations for the surface structures. Borings

one deep boring numbered B-54. Nine shallow borings
were drilled for a seismic cross-hole and downhole
survey which was conducted by Harding Lawson and
Associates. 1In addition, a seismic refraction survey
was made in shallow holes along grid lines,
permeability tests were performed and 11 observation
wells were installed at various depths in selected
borings for ground water studies at the site.

Stage II included excavation, sampling and testing of
5 test pits numbered TP-1 through TP-5 at the plant
site. Plate load tests were made at selected depths
in test pits TP-3 and TP-5. 1In addition, electrical
resistivity measurements were conducted at six
locations numbered R-1 through R-6 to determine the
corrosion potential in the upper materials.

The locations of all the borings, observation wells,
seismic refraction survey lines, test pits and
electrical resistivity tests are shown on Figure 1.
Geologic profiles showing the different strata
including some of the significant engineering
properties are shown on Figures 5 and 6.

Shallow Borings

The shallow borings were rflirilled during the period of
November 1978 to January 1979. The borings were
advanced with Central Mine Equipment rotary drill
rigs, Model 55, using 6-1/2 inch hollow stem augers
and NX core barrels. The number of drill rigs in
operation varied from one to two. Air pressure was
used during drilling and sampling in the shallow
borings without use of water or drilling mud. A
total of 52 borings were drilled to a maximum depth
of 100 feet.

The initial 24 borings numbered B-1 through B-24 were
drilled to depths of 24.5 to 100 feet on a grid
pattern shown on Figure 1. 1In addition thin-walled
tube samples were taken at selected depths. Th
borings were advanced at least 15 feet into t
Gatuna Formation.

numbered B-26 through B-40 were sampled and cored
into the Gatuna Formation to a minimum depth of 15
feet. Six borings numbered B-41 through B-46 were
drilled to a depth of 100 feet for the cross-hole and
downhole seismic survey. Borings numbered B-8, B-32
and B-34 were also used for the seismic survey.
Finally, seven additional borings numbered B-47
through B-53 were drilled to depths of 15 to 30
feet. Five of these borings numbered B-47 through
B-S51 were drilled at the plant site to obtain
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additional tube samples in the caliche and Gatuna
Formation for laboratory testing. Borings B-52 and
B-53 were drilled at the sewage treatment plant, and
were sampled and cored 15 feet into the Gatuna
Formation.

Standard penetration tests with split spoon sampling,
thin-walled Shelby tube samples, and NX cores were
obtained in these borings at selected intervals.

Standard penetration tests with split spoon sampling
were made in the sand and caliche, and in some
borings in the upper portion of the Gatuna Formation.
The standard penetration tests were performed in
accordance with ASTM D-1586 with a split barrel
sampler 1-3/8 inch I.D. and 2 inch 0.D. The results
of standard penetration tests are shown on Figure 8.
The average percent recovery for the split spoon
samples was 95 for the upper sand, 86 for the
caliche, and 79 for the Gatuna Formation.

Thin-walled tube samples were obtained in the sand,
caliche, and in the top 6 feet of the Gatuna
Formation. The tube samples were taken with a
Pitcher sampler equipped with a 2-7/8 inch I.D. thin
walled Shelby tube.

Difficulties were encountered in the field during
Pitcher sampling of the caliche and Gatuna Formation.
In addition, some of the samples were unsuitable for
testing when extruded in the laboratory.

In the sand stratum, 1l Pitcher samples were
attempted; 10 of those were successful., The average
percent recovery for the sand samples was 91. All
the Pitcher samples of sand that were extruded in the
laboratory were suitable for testing.

Pitcher sampling of the caliche and Gatuna Formation
was less successful because it was hard for the
sampler to advance in these strata. 1In the caliche,
69 Pitcher samples were attempted but only 50 of
those were successful, The average recovery of the
caliche samples was 64 percent. When extruded in the
laboratory only 83 percent of the caliche samples
were found suitable for testing. In the Gatuna
Formation, 68 Pitcher samples were attemptéa t only
61 of those were successful. The averége recoveyry of
the Gatuna samples was 68 percent. When egtp i

the laboratory only 44 percent of the é?%? amples

were found suitable for testing.
The effects of sample disturbance on the test results
and on selection of design properties for found&tion

evaluation are discussed in detail in Sections 6, 7
and 9.
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4.3

NX size rock cores were obtained in the Gatuna

Formation in accordance with ASTM D-2113.

All borings were grouted with cement grout upon
completion of sampling and testing.

Geophysical Surveys .

A seismic refraction survey was made by Sergent,
Hauskins & Beckwith in December 1978 as part of the
near surface exploration at the site. The locations
of the seismic survey lines are shown on Figure 1,
and the detailed results of the refraction survey are
presented in Reference 3. 1In addition, a seismic
cross-hole and downhole survey was performed by
Harding Lawson and Associates in January 1979 in nine
shallow borings to determine compressional and shear
wave velocities of the near surface materials to a
depth of 100 feet. The nine seismic borings are in
three arrays as shown on Figure 1. The results of
the cross-hole and downhole seismic survey are
presented in Reference 4, and are summarized in Table
6 of this report.

The compresssional and shear wave velocities measured
in the cross-hole survey were used to determine the
dynamic elastic »roperties of the near surface
materials.

Permeability Tests and Observation Wells

Permeability tests were performed in selected shallow
borings in the upper sand, caliche and Gatuna
Formation. These tests were done in accordance with
the Bureau of Reclamation procedure designation E-18.
In addition, well permeameter tests (Bureau of
Reclamation designation E-19) were performed in the
upper sand at the site. Results of the field
permeability tests indicated that the upper sand has
a high permeability in the range of 1170 to 6460
ft/yr (1.1 x 10-3 to 6.2 x 10~ cm/sec). Although
the caliche is fractured it was found to be
relatively impermeable with permeabilities in the

range of 14 to 240 ft/yr (1.4 x 10-6 to 2.3 x
cm/sec), and therefore acts as an agquiclude. ¥ €
Gatuna Formation is about one order of magnitude less
permeable than the upper sand and has permeabiliti
in the range of 70 to 1860 ft/yr (6.8 x 107> to 1.8 x
10-3 cm/sec.)

Eleven observation wells were installed at the site,
ten in shallow borings to depths between 8 and 53
feet and one in the deep boring B-54 at a depth of
195 feet. These observation wells have been
monitored since February, 1979 and have showed no
ground water within a depth of 195 feet. The
detailed results of the permeability tests and
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monitoring of the observation wells are presented in
Reference 16.

Test Pits

Five test pits, numbered TP-1 through TP-5, were
excavated to depths of 13.5 to 30 ft at the site
during March 1979 to determine in-situ properties of
the soil and rock and to obtain bulk samples for
laboratory testing. Field density tests and bulk
samples were obtained at selected depths in the sand,
caliche, and Gatuna Formation. Plate load tests were
made in the two pits numbered TP-3 and TP-5.
Excavation of the test pits was by dozer and backhoe,
down to the Gatuna Formation, The locations of the
test pits are shown on Figure 1, and the logs of test
pits are included in Reference 16.

A total of 27 in-situ density tests were made in the
test pits in accordance with ASTM D 1556. At least
one in-situ density test was made in each stratum
encountered in each of the five test pits. In-situ
density tests were also made adjacent to the plate
load tests in test pits TP-3 and TP-5. The results
of in-situ density and natural water content
determinations are shown on Figure 10.

A total of 22 bulk samples were obtained from the
test pits. At least one bulk sample was obtained for
each stratum encountered in each pit. Bulk samples
were obtained adjacent to in-situ density tests.

A total of 14 plate load tests were made in test pits
TP-3 and TP-5. In both TP-3 and TP-5, plate load
tests were made at depths of 3 ft into the upper sand
layer, on top of the caliche and at intermediate
depths in the caliche. Also, plate load tests were
made at the top of the Gatuna Formation in test pit
TP-3. In addition to the 14 plate load tests, one

">plate load test was made in a hand-dug hole located

116 ft northeast of boring B-25 in the upper sand
stratum at a depth of 3 ft. This plate load test was
made outside the test pits in order to test the per
sand with a minimum disturbance from the excavati
equipment. The results at hand dug hole were

significantly lower than those inside the test iﬁés.

It was concluded that the plate load tests for t
upper sand in the test pits were affected by the
dozer operatlon. Therefore, the elastic modu Fi
obtained in the hand dug hole were used for the Jg
in-situ upper sand layer. The plate load tests were
made in accordance with ASTM D 1196. The results of
all plate load tests are shown on Figure 9 and are
summarized in Table 11.

Photographs were taken of each of the f1ve pits which
are included in Reference 17.

DOCUMENT NO. DR-22-V-01 REV. 2 SHEET__ . 13 OF 46




{1-79) WIPP ENG-1-2

The test pits were backfilled with loose excavated
material upon completion of sampling, testing and
photographing.

Electrical Resisitivity

Electrical resistivity measurements were conducted at
six locations numbered R-1 through R-6 to determine
the corrosion potential in the upper materials.

In-situ resistivity values in ohms-cm were obtained
by the fall-of-potential method to depths of 5 and 10
feet at the six locations. The locations of
electrical resistivity tests are shown on Figure 1,
and the results are included in Reference 16 and are
given in Table 14.

SITE CONDITIONS

~rare déscribed below.

‘sand is wind blown, fine, poorly graded,

Surface Conditions

The ground at the site has local undulations of a few
feet and slopes gently to the west and southwest.
Elevations in the plant site range from 3385 feet at
boring B-52 in the southwest to 3440 feet at boring
B-37 in the east. Based on these elevations, the
plant site slopes about 1% to the southwest. The
surface soils consist of eolian sand plains and sand
dunes. The sand dunes are partly stabilized by
vegetation, mainly mesquite, scattered grasses and
annuals.

Near Surface Conditions
Strata

The materials above bedrock vary in thickness from 10
to 20 feet and consist of an upper stratum of
reddish-brown, fine, poorly graded, very loose to
medium dense sand which is underlain by a stratum of
"caliche"” consisting of white to brown well-cemented,
hard, fine silty sand. Bedrock, underlying the
caliche, consists of sandtone of the Gatuna
Formation. The various strata are shown on the
surface geological profiles on Figures 5 and 6; and

Upper.- Sand

The upper sand stratum extends from the
surface to a depth varying from 3 to 16

from light brown clean sand at the ground surface to
dark brown silty sand with some clay near the contact
with the caliche surface. Contours of thickness of
upper sand are shown on Figure 2.

DOCUMENT NO.DR=22-V-01 REV. 2 SHEET 14 0F




{1-79) WIPP ENG-1-2

.,The Gatuna Formation consists of £fin

The standard penetration resistance for the upper
sand ranged from 2 to 20 blows per foot. The higher
blow counts were generally encountered near the
contact with the caliche. Based on the standard
penetration resistance, the upper sand varies in
density from very loose to medium dense. The shear
wave velocities as measured by the seismic cross-hole
survey method varied between 450 and 900 feet per
second and the compression wave velocity varied
between 1100 and 1800 feet per second.

Caliche

Beneath the upper sand is a continuous stratum of
hard caliche which is locally called "Mescalero
Caliche" and forms a resistant "caprock" over the
Gatuna Formation. The caliche appears to be
irregular and undulating as shown on Figure 3 and
varies in thickness from 3 to 15 feet. The caliche
is made up of fine silty sand particles and is
moderately to strongly cemented with calcium
carbonate. The lower portion of the caliche (about 1
to 3 feet) blends gradually with the underlying
Gatuna Formation. The color of caliche is white to
brown.

The standard penetration resistance of the caliche
ranged from 50 to 100+blows per foot, except in one
case where 36 blows per foot was encountered. 1In
general, the caliche is hard to very hard. The top 2
feet closely resembles limestone. The structure of
the upper caliche is plated and changes gradually to
nodular with depth. The shear wave velocities in
caliche varied between 1000 and 1900 feet per second
and the compression wave velocities varied between
2000 and 4000 feet per second.

Gatuna Formation

Bedrock underlying the caliche is sandstone of the
Gatuna Formation varying in thickness from 16 to 28
feet. This rock is poorly indurated, relatively weak

~and friable. The top of the Gatuna Formation is

encountered at about 10 to 20 feet below the natural
ground surface and is irregular as shown on ‘Figure 4.

cemented sandstone. In most of the

~aluminum and ferric oxides which give the Gatuda

sandstone its reddish brown color.
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The standard penetration test resistance of the upper
25 feet of the Gatuna Formation ranged from 50 to
100+blows per foot, except in one case where 34 blows
per foot was encountered. The shear wave velocities
varied between 1300 and 2200 feet per second. The
compression wave velocities varied between 2900 and
4700 feet per second.

5.2.2 Ground water

Ground water was not encountered during drilling of
the shallow borings to a maximum depth of 100 feet
and the observation wells to a maximum depth of 200
feet. Eleven observations wells were installed at
the site at depths between 8 and 195 feet. These
observation wells have been monitored since February,
1979 and have showed no ground water within-a depth
of 195 feet. Rainfall in this area amounts to
between 11 and 13 inches anually, which is not
sufficient to significantly affect the design of
foundations. Therefore, the foundation evaluation
was generally based on data from samples tested at
natural moisture content with the exception of the
evaluation of the upper sand layer as foundation for
lightly loaded structures. Some of the tests were
made under saturated conditions in order to evaluate
the change in properties due to saturation. The
differences in the test results are discussed in
Section 6.
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LABORATORY SOIL TESTING
Introduction

The laboratory soil testing program was developed by
Bechtel and carried out by Sergent, Hauskins &
Beckwith in their laboratoriés in Albuquerque and
Phoenix and by Dames & Moore in their laboratory in
San Francisco. The tests were performed on jar,
thin-walled Shelby tube and bulk samples obtained
from the shallow borings and test pits to a depth of
25 feet below the ground surface which is 6 feet
into the Gatuna Formation.

The consolidation tests as well as classification,
permeability, and electrical resistivity tests were
made by Sergent, Hauskins & Beckwith. ' The triaxial
tests and resonant column tests as well as
classification and permeability tests were made by
Dames & Moore. In addition, chemical analysis of
the foundation materials was carried out by
Metallurgical Laboratories in San Francisco. The.
testing program included the soil tests listed below
and described in the following paragraphs.

a. Visual and laboratory classification

b. Sieve and hydrometer analyses

c. Atterberg limits

d. In-situ moisture content and unit weight

e. Specific gravity

f. Moisture-density relationship

g. Relative density

h. ©Unconsolidated undrained triaxial compression

i. Consolidated undrained tiraxial compression with
pore pressure measurements

j. Consolidated drained triaxial compression

k. Strain-controlled triaxial compression

1. Resonant column )
m. Permeability : M
n. Consolidation tests

0. Chemical analysis

p. Electrical resistivity
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6.2.2,

“Atterberg limit tests were made on seldc R &amples

All test results are given in the reports by
Sergent, Hauskins & Beckwith and by Dames & Moore
in Reference 16 to this report. 1 addition,

all test results are summarized in Table 1 on the
soil test results summary sheets.

Based on field observation as well as seismic
cross-hole survey data the Gatuna Formation improved
with depth. Therefore, for the type of foundation
and loads of the near surface structures it was
considered adequate to test the materials down to a
depth of 25 feet which is 6 feet into the Gatuna
Formation.

Classification Tests

All samples for soil testing were examined and
classified in the laboratory to check the field
classification. The tube samples, in particular,
were examined for disturbance, and only those that
did not indicate apparent disturbance were used for
testing. Visual classification was made in
accordance with ASTM D 2488, and laboratory
classification was in accordance with ASTM D 2487.

Sieve and Hydrometer Analyses

Sieve and hydrometer analysis determinations were
made on selected samples from the sand, caliche and
Gatuna in accordance with ASTM D 422. The results
are summarized in Table 1, and the envelope of the
grain size distribution curves for each material is
plotted on Figures 11 through 13. 1Individual grain
size plots are provided in Reference 16 of this
report. The Djg size and coefficient of uniformity
of tested sand backfill are given in Table 9.
Figure 11 gives the envelope of the results of all
samples of the upper sand stratum that were tested.
It is not intended to represent a typical size range

.for the predominant sand encountered in this

stratum.

Agterberg Limits

from the sand, caliche and Gatuna in afco
ASTM D 423 and D 424. The Atterberg limifg
showed that most of the soils at the sike are
nonplastic. Only four of the tested samp
exhibited some plasticity. The plasticity index was
3 for one sand sample, 3 and 13 for two caliche

samples, and 3 for one Gatuna sample. Atterberg

“limits vs depth are shown on Figure 14, and the

results of the tests are given in Table 1.

46
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6.2.3

6.2.4

In-Situ Moisture Content and Unit Weight

Moisture content and dry unit weight were determined
for the tube samples from the shallow borings.
Determinations of moisture content were made in
accordance with ASTM D 2116 and the unit weight was
determined by direct measurement of weight and
volume. In-situ moisture content and unit weight vs
depth are shown on Figure 10, and the results are
summarized in Table 1.

Specific Gravity

Specific gravity tests were made in accordance with
ASTM D 854 on selected samples of each of the
foundation soils. The results are summarized in
Table 1.

Moisture-Density Relations

Moisture-density relations (compaction tests) were
made in accordance with ASTM D 1557, on selected
bulk samples of the upper sand stratum, the caliche
and Gatuna Formation. Bulk samples of the upper
sand were taken from shallow borings as well as from

test pits to determine the properties of the sand as ~

a backfill material. The caliche and Gatuna samples
were taken from test pit excavations. The
compaction curves are given in Reference 16, and the
results of optimum moisture content and maximum dry
unit weight are summarized in Table 1.

Where the moisture-density curve is very flat, as in
the case of cleaner sands, no well defined optimum
moisture content exists. Nevertheless moisture will
be required for dust control and to enhance
compaction. The amount of moisture required will be
investigated during the test fill program.

Relative Density

Attempts were made to determine the in-si elative
density of the upper sand by performing i

-minimum density tests on selected samplgs fFoff 1ld
‘density tests in the test pits. Maximum gh@fwinipum
relative density tests were made in accr¥afédf with
ASTM D 2049. A total of six in-situ relative

density tests were made for the upper sand Tafterial
and the results are given in Table 8. Two of the:
six samples tested had more than 12 percent fines
are not included in Table 8., Based on the results,
the relative density of the upper sand varied
between 39 and 81 percent. The high relative
densities are not consistent with other data and the
high values obtained are considered to overestimate
the relative density of the upper sand. The ]
relatively high in-situ dry densities determined in
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- ..undrained strength of the caliche.

the test pit were probably affected by the dozer
during the test pit excavation. Based on the
standard penetration and the plate_load test. data,
the density of the upper sand has been shown to vary
from very loose to medium dense,

Engineering Properties Tests

Tests were made to determine the static and dynamic
engineering properties of in-situ soil and shallow
rock for use in analyses made to develop soil
foundation design criteria. These tests are
described below. Summaries of the engineering
properties of the in-situ soils and the sand
backfill are given in Tables 4 and 5 respectively.
Design dynamic and static shear and elastic moduli

are given in Table 7. The detailed test resultsg are
given in Reference 16, and summarized in Table 1.

Unconsolidated Undrained Triaxial Compression Tests

Unconsolidated undrained triaxial compression tests
were made on 2 7/8 inch diameter specimens prepared
from thin-walled tube samples from the caliche and
the Gatuna Formation. The tests were made in
accordance with ASTM D 2850.

Specimens from both the caliche and the Gatuna
Formation were tested at natural moisture content
and under saturated conditions. Each specimen was
approximately 6 inches in height, and was encased in
a rubber membrane and placed in the tiraxial
chamber. A constant confining pressure of 1, 6 or
12 ksf was imposed on the specimen without
permitting drainage. The test specimen was then
sheared under the confining pressure and without
drainage. The deviator stress and axial strain were
recorded and also the moisture content and dry unit
weight were measured.

The test results for the caliche and Gatuna
specimens are given in Table 2 and are shown on
Figure 15. The undrained shear strength test.
results of the caliche varied between 2.4 andjeé6
ksf at natural moisture content, and between {l.
17.0 ksf under saturated conditions. Saturatyo
not appear to have a significant effect on the

dtg2

The Gatuna Formation sandstone underlying the’
caliche had an undrained shear strength of 1.6 to
9.5 ksf at natural moisture content, and 1.4 ksf
when saturated.

It is believed that the lower strength values
measured in the caliche and Gatuna specimens are due
to sample disturbance and the upper values are more
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representative of the actual strength of these
materials.

6.3.2 Consolidated Undrained Triaxial Compression Tests
with Pore Pressure Measurements

Consolidated undrained (CU) triaxial compression
tests with pore pressure measurements were made on
specimens 2 7/8 inches in diameter and 6 inch high
prepared from thin-walled tube samples from the
caliche and the Gatuna Formation. 1Initially, the
test program consisted of three test specimens to be
prepared from tube samples. However, because large
guantities of the caliche and Gatuna materials were
not usable, only two test specimens were prepared
from these samples.

In addition, CU tests were made on compacted
specimens 3 inches in diameter and 6 inch high
prepared from bulk samples of the caliche and the
Gatuna Formation. These specimens were compacted at
optimum moisture content to 95% of the maximum dry
density as determined in accordance with ASTM

D 1557, Method D.

BEach specimen was encased in a rubber membrane,
placed in the triaxial chamber and saturated by the
back pressure method. After saturation, the test
series with the three specimens was consolidated
isotropically at confining pressures of 1, 6 and 12
ksf, respectively. The test series with the two
specimens was tested at confining pressures of 1 and
6 ksf respectively. After consolidation the
specimen was sheared without permitting drainage and
pore pressure measurements were made. The deviator
stress, axial strain and pore pressure were
recorded, and the moisture content and dry unit
weight were also measured.

The effective strength Mohr envelopes obtained at

peak deviator stress for the in-situ caliche and
“~.. Gatuna samples are given in Table 2 and are shown on
‘Figures 18 and 19, respectively. The results showed
that the in-situ caliche ha§_a cohesion ¢ = o and an
. angle of internal friction g = 43 degrees. ' r the
‘f; in-situ Gatuna Formation, the cohesion T = 2.8\ksf
“and the angle of internal friction g = 35.388rebps.

'Y The test results for the compacted caliche’
'~ Gatuna are shown on Figures 16 (b) and 16 (c K
respectively. The results showed that th& com ACted
caliche has a cohesion ¢ = 2.0 ksf and an angle of
internal friction § = 34 degrees. For the compagcteag
Gatuna, the cohesion € = 0.4 ksf and the angle
internal friction @ = 31 degrees.
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.3.3

.and could be due to densification of the t

Consolidated Drained Triaxial Compression Tests

Consolidated drained (CD) triaxial compression tests
were made on thin-walled tube samples from the upper
sand, caliche and Gatuna Formation. The specimens
were 2 7/8 inches in diameter and 6 inches in
height. One series of tests was made for the upper
sand, three series for the caliche, and three series
for the Gatuna Formation.

In addition, CD tests were made on compacted
specimens 3 inches in diameter and 6 inch high
prepared from bulk samples of the upper sand,
caliche and Gatuna materials. These specimens were
compacted at optimum moisture content to 95% of the
maximum dry density. The maximum dry density was
determined in accordance with ASTM D 1557, Method C
for the upper sand specimens, and in accordance with
ASTM D 1557, Method D for the caliche and Gatuna
specimens. Three series of tests were made for the
compacted sand, one series for the compacted caliche
and one series for the compacted Gatuna.

Each specimen was encased in a rubber membrane,
placed in the triaxial chamber and saturated by the
back pressure method. After saturation, the test
series with three specimens was consolidated
isotropically at confining pressures of 1, 6 and 12
ksf, respectively. The test series with two
specimens was tested at confining pressures of 1 and
6 ksf, respectively. The test specimen was then
sheared under strain-controlled load without
permitting any buildup of pore pressure. The
deviator stress, axial strain and volumetric strain
were recorded, and the moisture content and dry unit
weight were also measured.

The effective strength at peak deviator stress for
the in-situ sand, caliche and Gatuna samples are
given in Table 2 and are shown on Figures 17, 18 and
19, respectively. The results showed that the
in-situ sand has a cohesion ¢ = 0 and an angle of
internal friction @ = 33 degrees. This angle of
friction is considered high for the in-situ

For the in-situ caliche, the cohesion € r ngy
0.14 to 2.6 ksf and the angle of internal 5
@ ranged from 31 to 33 degrees._ For the in 51tu
Gatuna Formation, the cohesion c was between
0.15 and 4.0 ksf and the angle of internal friction
# was between 28 and 40 degrees. The lower values
of the strength parameters of the in-situ caliche
and Gatuna could be due to sample disturbance.

The test results for the compacted sand are given in
Table 3 and are shown on Figure l6(a). The results
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. moisture content and at 100% saturation.

B

showed that the compacted sand is cohesionless and
has an angle of internal friction @ between 33 apd
33.5 degrees. The results for the compacted caliche
and Gatuna are shown on Figures 16(b) and 16(c),
respectively. These results showed that the
compacted caliche has a cohesion ¢ = 2.0 ksf and an
angle of internal friction g = 35 degrees. The
compacted Gatuna has a cohesion ¢ = 1.6 ksf and an

angle of internal friction g = 36 degrees.
Strain-Controlled Cyclic Triaxial Compression Tests

Cyclic triaxial tests for measurements of the
dynamic moduli and damping ratios were made on
thin-walled tube samples from the caliche and the
Gatuna Formation. The specimens prepared from these
samples were 2 7/8 inches in diameter and 6 inches
in height. Specimens were tested at natural
moisture content and under saturated conditions.

In addition, cyclic triaxial tests were made on
compacted specimens 3 inches in diameter and 6
inches high prepared from bulk samples of the upper
sand material. These specimens were compacted at
optimum moisture content to 95% of the maximum dry
unit weight as determined in accordance with ASTM D
1557, Method C.

The method of compaction has a major influence on
the dynamic properties of compacted specimens. 1In
the field the backfill material will be compacted in
relatively thin layers with a vibratory roller
providing vertically oscillating vibrations at
relatively low frequency (1200-1600 rpm). 1In order
to simulate field conditions and to obtain
uniformity the specimens were prepared in six
layers, each about 0.9 inch high, compacted to the
required density and at the specified moisture
content. The specimens were compacted in uniform
layers using low frequency vibrations applied
vertically to the specimens. Preparation of the
specimen in layers was according to the procedure of
under compaction recommended by Ladd and Silver (5).
The compacted sand specimens were tested hqum

‘BEach series consisted of 3 specimens, one ,Ejgfes ed
at_.a confining pressure of 1 ksf, one at' 6k& n
one at 12 ksf, respectively. Each test spggimeﬁ
was loaded by 10 cyclic axial loads of such
magnitude that it produced axial strains in the
range 10™3 to 1.0 percent.

The variation of the dynamic moduli and damping
ratios with strain are shown on Figures 20 through
25, The variation of shear moduli with strain for
the compacted sand samples are shown on Figures
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20(a) and 20(b). Although sample B-32, BL-1 has
distinctly different grain size distribution with as
much as 36% of fines, the variation of shear moduli
with strain of this sample was similar to that of
sample B-29, BL-1 which has only 8% fines.
Therefore, the results of the two samples are
included on Figure 20(a). The reduction of shear
moduli with strain for the compacted sand is less
than indicated by the standard curves proposed by
Seed and Idriss®. But it is within the range of
data shown in this reference. The curves for the
compacted sand are flatter than those for the
caliche and Gatuna probably due to sample
disturbance of the caliche and Gatuna. The curves
also show that saturation of the compacted sand and
the caliche has no effect on the shear modulus.
However, saturation of the Gatuna Formation resulted
in a significant reduction of its shear modulus.

Resonant Column Tests

Resonant Column tests for measurements of the
dynamic moduli and damping ratios were made on
thin-walled tube samples from the caliche and the
Gatuna Formation, and on compacted specimens from
the upper sand material. The preparation of the
test specimens was the same as for cyclic triaxial
tests in subsection 6.3.4. However, the resonant
column tests were made at smaller strains in the
range of 1075 to 10-2 percent.

Each specimen was tested at three different
confining pressures of 1, 6 and 12 ksf. The dynamic
moduli and damping ratios of each specimen were
determined for several strain levels. In the
resonant column apparatus the specimen base was
fixed and the top was excited by torsional
oscillations using a Hardin oscillator driven by a
variable sine wave frequency. The response of the
specimen was measured by an accelerometer mounted in
the oscillator and the output was displayed on an
oscilloscope. The equivalent linear shear modulus

of the specimen was obtained from the resonant

frequency of the system according to the procedure
given by Drnevich and Hardin (7). The damping ratio
was determined from the decay curve of t I'bration

The dynamic moduli are given in Table ) 2
variation of dynamic moduli and damping rg¥%6s with
strain are shown on Figures 20 through 2§<\g§§,{h ,
cyclic tests , saturation d4id not have a sigRificant
effect on the dynamic properties of the compacted
sand backfill or the caliche. However, saturation

of the Gatuna samples resulted in a significant
reduction of the dynamic shear modulus.
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The results of the resonant column tests are fairly
consistent with those of the cyclic triaxial tests
for both the compacted sand and the Gatuna
Formation. However, for the caliche the results of
resonant column tests show a wide scatter in the
shear modulus values as well as large discontnuity
between the resonant column and cyclic triaxial test
data. This scatter is probably due to variation in
sample properties such as degree of cementation,
grain size distribution and relative density of the
caliche material. Sample disturbance coudld also be
a major factor in causing the scatter in the shear
modulus for the caliche samples.

The discontinuities between the resonant column and
cyclic triaxial test data could be due to the
different loading conditions of the test procedures.
In the cyclic triaxial test, a vertical loading is
used but in the resonant column test horizontal
vibration is used. In addition, shear moduli for
the resonant column test were calculated based on
the sample dimensions, density, torsional
acceleration and resonant frequency where in the
cyclic triaxial test the shear moduli are determined
directly from measurement of the elastic moduli and
an estimated value of Poisson's ration.

6.3.6 Permeability Tests

Permeability tests were performed in accordance with
ASTM D 2434 on thin-walled tube samples from the
upper sand, the caliche and the Gatuna Formation.
The results of these laboratory permeability tests
are given below,

These laboratory permeabilities were consistent with
permeabilities measured in the field (Subsection
4.4) as summarized in the following:

Laboratory Field “enry
Material Permeabil ity (cm/sec) PermeabilitytGn/ses)

In-situ Sand 9.0 x 10-5 - 3.6 x 1073 1.1 x 10-3

Caliche 6.8 x 106 - 6.3 x 1004 1.4 x 10-6

" Gatuna 5.7 x 1004 - 8.4 x 1004 6.8 x 105 - 1.8 x 10-3
6.3.7€aConsolidation Tests.

One consolidation test was made in accordance with
‘ASTM D 2435 on a thin-walled tube sample from the
upper sand. The test was made to determine the
potential of collapsing in the uper sand material
. caused by saturation due to a broken pipeline or
irrigation.

—46
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The test specimen was preloaded to 2 ksf and then
saturated, and the load maintained for 24 hours. The
loading was increased in increments to 32 ksf and

— - — - —then reduced to 0. -The consolidation _test showed
that under saturation the specimen has a vertical
deformation of about 3 percent, indicating the upper
sand is susceptible for additional settlement under
saturation. The results of the consolidation test
are given in Reference 1l6.

6.3.8 Chemical Analysis

Chemical analysis was carried out on 5 selected
samples of the foundation materials. The samples
analyzed included 3 samples from the upper sand, one
from the caliche, and one from the Gatuna Formation.

The samples were analyzed for major elements, and the
results of the chemical analysis for the different
materials are presented in Table 10. The results
show that the main constituent of the upper sand is
silica which is typical of sand material. However,
the silica content decreased with depth from 93% at
the ground surface to 85% at a depth of 10 feet.

The upper sand contained some aluminum oxide, ferric
oxide and calcium carbonate. The percentage of these
materials increased with depth from 4.6% at the
surface to B.4% to a depth of 10 ft.

The caliche sample contined 55% silica and 16%
calcium carbonate. This high percentage of calcium
carbonate provides the cementation and hardness of
the caliche and gives the caliche its whitish color.
Additional cementing agents of 6% aluminum and ferric
oxides were also found in the caliche sample.

The Gatuna sample contained a higher percentage of
silica which was 80%. The cementing agents in the
Gatuna sample were mainly aluminum and ferric oxides
of approximately 10%. Additional cementing material
of 3% calcium carbonate was also found in the Gatuna

_--sample. The variation in the amounts of cementing
agents as given above shows the gradational change

.--that could occur between the caliche and the Gatuna
Formation.

6.3.9 Electrical Resistivity

Laboratdry resistivity measurements were pe g
selected samples from test pits and shallpw ©Br
in the vicinity of six locations numbered\R-
R-6. These locations are shown on Figure X
laboratory resistivity results are given in Ta
In addition, pH values, and sulphate and chloride
concentrations were measured for the resistivity
samples and are summarized in Table 16.
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Design Engineering Properties

The results of engineering properties tests are
summarized in Table 3 for the sand backfill and in
Table 2 for the in-situ soils and shallow rock. The
design engineering properties were selected on the
basis of these results. However, it is believed that
some of the tested samples in the caliche or Gatuna
materials were disturbed and therefore engineering
judgement was applied in selecting design parameters
for these materials. The design properties of the
in-situ materials and sand backfill are provided in
Tables 4 and 5 respectively.

The seismic velocities, Poisson's ratios, and elastic
moduli determined from the cross-hole and downhole
survey for the in-situ materials are given in Table
6. Dynamic and static design shear and elastic
moduli for the in-situ materials as determined from
the seismic cross-hole survey and plate load tests,
respectively, are provided in Table 7. The design
dynamic moduli for the sand backfill were determined
from resonant column tests and are included in

Table 7. The variation of the shear moduli and
damping ratios with strain as determined from
resonant column tests and cyclic triaxial tests is
shown on Figures 20 and 23 for the sand backfill,
Figures 21 and 24 for the caliche, and Figures 22 and
25 for the Gatuna.
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7. FOUNDATION EVALUATION

7.1 General

The investigations showed that either the caliche or
the Gatuna Formation would provide an excellent
foundation. The upper loose sand is not suitable for
supporting moderately to heavily loaded structures.
However, the upper sand when removed and placed in
properly compacted layers would also provide suitable
foundation for Design Class I and II structures.

This is discussed in greater detail in Section 10.
Lightly loaded non-settlement sensitive structures,
other than Class I and II structures, with bearing
pressures less than 1.5 ksf may be founded at a
shallow depth in the upper sand.

7.2 Design Criteria

The performance of foundation materials under loading
is evaluated based on two criteria:

(1) The ability of the ground to support loads
transferred through the structural foundation
with an ample factor of safety against soil
failure.

(2) The ability of the foundation to support
structural loads with tolerable settlements.

The first criterion is related to the strength of the
supporting foundation materials. The second
criterion is related to the "stress-deformation"
characteristics of the foundation material and its
influence on the structure.

In the case of a structure foundation on sand,
caliche or the Gatuna Formation, the allowable
bearing pressure is limited by tolerable settlements

rather than the bearing capacity criterion becausé of
the hlgh strength of these material. :

s »\ ot
Any foundatlon design must satisfy the ff(/}
safety requirements: u

(l) The factor of safety for bearing capa\lty my
at least 3 for dead plus normal live 1lo

(2) The factor of safety must be at least 2 for dead
plus maximum live loading including wind or
" seismic loading.

(3) Settlements under static plus dynamic conditions
should be tolerable in order not to create
distress in the superstructure or imvair its
function.

(4) Although ground water is very deep and the. sand back
£ill is not likely to get saturated, foundation grad
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for spread of strip footings should be at
least 2 feet below the ground surface to provide
adequate edge support.

Foundation Treatment

The upper sand stratum is not suitable for supporting
structures with net static pressures in excess of 1.5
ksf as discussed in Section 7.6. The sand must be
removed and these structures must be supported on
caliche, Gatuna Formation sandstone or compacted sand
fill. All select backfill beneath and adjacent to
the structures to the limits discussed in Section 10
must be compacted to at least 95% of the maximum
density determined by ASTM D-1557. Backfill in
non-load bearing areas of the site must be compacted
to at least 90% of the maximum density determined by
ASTM D-1557. '

Preferably, all structures should be founded on
compacted sand or caliche foundations. However,
non-Class I and II structures, where there is a signif-
icant economic saving in not excavating the sand down

to the caliche layer can be founded at a depth of 2 feet
below the surface on the in-situ sand layer. These
structures should be flexible enough to withstand d4if-
ferential settlements of at least 1 inch and the net
allowable pressures must not exceed 1.5 ksf.

In arid areas, sandy soils may develop a loose,

lightly cemented structure which could collapse under
loading when water is introduced into them. This can
result in excessive settlements. In order to reduce the
potential for excessive settlements of structures founded
directly on in-situ sand, it is recommended that the
foundation scil should be inundated and compacted with
vibratory equipment so that the density of the sand in
the top 12 inches under the footings is at least 95% of
the maximum determined by ASTM D-1557~« ful control
should be exercised during compactighn eXent local
instantaneous liquefaction under vi the roller

Net Ultimate Bearing Capacity

The net ultimate bearing pressure is the pressure over
and above that due to the weight of soil and water at
foundation level that will result in overstressing the
foundation soil.

The net ultimate bearing pressure of the foundation
materials was determined to evaluate the factor of
safety of the foundation elements. The effective shear
strength was used in determining the ultimate bearing
pressure for caliche, Gatuna Formation sandstone, and
compacted sand. Thk design strength parameters of the
different foundation materials are given in Tables 4

and 5. In the bearing capacity analysis for foundations
resting directly on compacted sand, an angle of internal
friction of 33 degrees and a cohesion of 0 was used,
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and for foundations placed on caliche or Gatuna
Formation, an angle of internal friction of 33 degrees
and a cohesion of 0.9 ksf was used. _These strength.
parameters are the lowest values for the strata under
the foundations and therefore the bearing capacity
values are conservative.

The ratio of the net ultimate bearing pressure to the
net applied pressure is defined as the factor of
safety. The net ultimate bearing capacity supporting
a circular, square or rectangular footing is defined
by the following expressions (Vesié8):

Circular and Square Footing

Quie = 1-26Ng + Y DN, + 1/2 x 0.6 y_ B N,

Rectangular Footing

Ta1g T Ng ¥ (1 + 0.2 B) + ¥ DNy + 1/2 (1-0.4 B)Y BN,

L
where
dult = net ultimate bearing capacity
c = cohesion
Ye = effective unit weight
Df = depth of footing below lowest adjacent grade
Ne, Ng.N = dimensionless bearing capacity factors
which "depend on the friction angle of the soil
B = width or diameter of footing
L -= length of rectangular footing

These equations were simplified assuming

The ultimate bearing capacity of mat fogn > as
also calculated based on the above formila®h<@™e/net
ultimate bearing pressures, the net appl i
pressures, and the factors of safety for the rious

Design Class II structures are summarized. in.Table
12. The factors of safety calculated are“’large (9 to
29), and significantly exceed the allowable factor of
safety of 3.

Foundation Settlements
Static Settlements

The allowable pressures for structures are controlle

by tolerable settlements. The settlement of
foundations on compacted sand, caliche, or Gatuna
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Formation sandstone can be estimated based on elastic
theory using elastic moduli determined from plate
load and laboratory testing. When a load is applied
to sand, caliche or Gatuna Formation sandstone,
deformation will occur rapidly and most of the
settlement will occur during construction.

The elastic moduli for the caliche and Gatuna
Formation sandstone were determined from the plate
load test results which are summarized in Table 11.
The elastic moduli for compacted sand were determined
from consolidated, drained, triaxial tests, and the
results are given in Table 5. For foundations
resting on the caliche, a modulus of elasticity of
20,000 lb/in2 was used. The elastic settlement of
uniformly loaded circular, square, and rectangular
footings on a semi-infinite elastic medium can then
be calculated from the following equation (Lambe and
Whitman9):

E
where
g = bearing pressure

B = width or diameter of footing
o = Poisson's ratio

E

modulus of elasticity

I

displacement influence factor.

The Poisson's ratio was determined from the seismic
cross-hole survey data presented in Table 6.

For foundations on sand backfill extending down to
the caliche, the static settlement was calculated by
integrating the vertical strains in the sand,

r“f};caliche, and Gatuna layers using the following
" elastic moduli for each of these layers:

Sand backfill 3,600 lb/in?

" Caliche 25,000 1lb/in?

1}

Gatuna sandstone = 15,000 1b/in?2

The rock formations below the Gatuna
moduli equal to or greater than 8 x 10

The strains were determined from the following
equation (Lambe and Whitman9):

ey = ( A0y - 24 A0 )/E
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.5.

‘maximum ground acceleration of 0.1 g was\used in
‘settlement analysis. The Bechtel synthetr? i

where

ey = vertical strain at a given depth
Aoy = increase in vertical stress which was
calculated using Boussinesq equations
A0y = increase in horizontal stress

For the purpose of analyses Aop was considered equal
to 0 and the above equation was simplified to:

ey = A0y/E

The net applied static pressure and the settlement
for the various Design Class II structures are
summarized in Table 13. The calculated settlements
for footings of these structures were small and in
the range of 0.1 to 0.5 inch for pressures in the
range of 2 to 5 ksf. ©Under the hot cell mat of the
waste handling building, the settlement was 1.0 inch
for a net applied pressure of 4 ksf. 1In addition,
Figure 26 provides plots of bearings pressures versus
settlements for various footing widths resting on
compacted sand and on caliche foundations.

Earthquake-Induced Settlements

The earthquake-induced settlements for footings
supported by the compacted sand, caliche and Gatuna
Formation materials were evaluated using the method
proposed by Seed and Silver (10). Following this
method of analysis, the distribution of average
induced shear strain with depth was obtained using
the SHAKE computer program (l1l). The shear moduli
for the caliche and Gatuna Formation were determined
from the seismic cross-hole survey data and for the
compacted sand from cyclic triaxial and resonant
column test data. The variation of the shear moduli
and damping ratios with strain used for the analysis
were determined from dynamic laboratory tests and are
shown on Figures 20 and 23 for the compacted-sand,
Figures 21 and 24 for the caliche, and in-Figures 22
and 25 for the Gatuna Formation sandstone s, &%
~ _&‘2‘
Bechtel's synthetic earthquake time hisfor %@

history is given in the Bechtel Topical Reportl2, 1t
is a compilation of data from several real earthguake
records. The response spectra of the time history
envelop the design spectra given in the NRC
Regulatory gqguide 1.60. The Bechtel synthetic time
history has a total duration of 24 seconds. The
maximum integrated velocity of the time history is
about 5 feet per second for a peak ground
acceleration of 1l.0g.
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‘would result in additional settlements &

LATERAL EARTH PRESSURES

The geologic and the induced shear strain profiles
used are shown on Figure 27. The induced vertical
strains were then calculated from the shear strains
using a correlation that was developed from the
dynamic test data for the foundation materials. The
seismically induced settlements below the foundation
were calcualted by integrating the vertical strain
values of each layer. By this approach, the
calculated induced settlements under all the Design
Class II structures were negligible (less than

0.015 inch).

Foundations on In-Situ Sand

Non-Class I and II, lightly loaded non-settlement
sensitive structures which are founded 2 feet below
the ground surface on the in-situ sand, should have a
maximum net pressure of not more than 1.5 ksf. The
foundation treatment for these structures is
discussed in Section 7.3 of this report. The most
suitable types of foundation for these structures are
strip footings.

The foundation settlement under these structures were
estimated from the standard penetration test data in
the upper sand using procedures proposed by Peck et
al (13). The standard penetration test blowcounts in
the upper sand are shown on Figure 8. The estimated
settlement for 1.5 ksf load based on the Peck et al
(13) settlement charts is about 1 inch. Because of
large variation in the densities of the upper sand,
these structures should be designed for a
differential settlement equal to at least 1 inch.
Additional settlement of the upper sand can be caused
by saturation due to a broken pipeline or irrigation.
Consolidation test data (Section 6.3.7) showed that
the upper sand can settle about 3 percent due to
saturation. Therefore, the in-situ sand foundation
should be inundated and compacted so that the density
in the top 12 inches under the footings is at least
95% of the ASTM D-1557.

The minimum width of strip footings should be 2 feet
and for spread footings it should be % The
settlement estimate is based solel foundation
loading. Therefore, any grading dTaree ill which
t |be placed
rder to

prior to construction of the footingé'é%?
prevent additional settlements.

Introduction

The earth pressure that a foundation wall or
retaining wall must support depends on the type of
soil, the soil strength, the wall friction, the
ground water conditions, the degree of compaction in
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the backfill, the method used in the backfilling
process and the amount of deflection that the wall
undergoes. The principal conditions involved are

“"active", "at rest" and "passive" earth pressure.

These conditions are discussed in detail in the
following paragraphs. The recommended lateral earth
pressures for design do not include hydrostatic water
pressures singce there is no ground water table within
the foundation depth at the WIPP site.

In addition to the lateral earth pressures discussed
below, there will be pressures due to surchage
loading of construction equipment placed adjacent to
the walls. These pressures should be calculated when
the equipment types and loading become available and
should be added to the earth pressures.

Active Earth Pressure

If a wall with a horizontal backfill surface behind
it is free to move away from the backfill, then the
soil can expand laterally. The vertical stress in
the soil remains constant but the horizontal stress,
or earth pressure, reduces until the shear strength
of the backfill is fully developed. The horizontal
component of stress in the backfill under this
condition is known as th2 active earth pressure.
Most unrestrained retaining walls can move
sufficiently to permit development of the active
earth pressure. For sand backfill with an angle of
internal friction of 33 degrees, and neglecting wall
friction, the active earth pressure coefficient, Kj,
is 0.29. The active earth pressure coefficient is
the ratio of horizontal to vertical stress
immediately behind the wall.

The active earth pressure recommended for design is:
Pa = 0.29 YpH

where

I

H = height of the backfill above base of

Ym = moist unit weight of the backfill.
The active force is:
Py, = 0.29 Y H2/2

This force is acting at a depth of 2/3 H below the back-
£fill surface. Lateral earth pressure diagrams are shown
on Figure 28.

At Rest Earth Pressure

When a rigid wall is restrained from @ov§ng, as in
the case of a foundation wall of a building, the
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horizontal component of earth pressure is called the
"at rest" earth pressure and its magnitude will
depend on the degree of compaction of the backfill.
For normally consolidated clean sands, the
theoretical "at rest" earth pressure coefficient, Kg,
varies from about 0.35 for dense sands to about 0.5
for loose sands.

However, around structures the backfilling process
will increase the earth pressure considerably. Based
on emprical evaluations, the current practice is to
use an earth pressure coefficient of 0.5 for moderate
compaction and 0.7 for heavy compaction where the
backfill is sand or silty sand.

Since the plant backfill will be compacted to 95% of
the maximum density determined by ASTM D-1557, an "at
rest" earth pressure coefficient of 0.7 should be
used.

The "at rest" earth pressure is:
Po = 0.7 yp H
The "at rest" force is:

P, = 0.7 vm H2/2

This force is acting at a depth of 2/3 H below the back-
fill surface. Lateral earth pressure diagrams are shown
on Fiqure 28.

Passive Earth Pressure

When a wall with an adjacent horizontal soil surface
is pushed into the backfill, the horizontal stresses
in the soil will build up while the vertical stresses
remain constant until the shear strength of the soil
is fully developed. The horizontal stress developed
under this condition is known as the passive earth
pressure. For an angle of internal friction of 33
degrees for the sand backfill, and conservatively
neglecting wall friction, the passive ear
coefficient (ratio of horizontal to ve
stresses) is 3.39.

passive pressure is quite large being
five percent of the height of the wall.
movements could not normally be tolerated, a passive
pressure in design equal to 50% will be used.
The recommended passive earth pressure is

pp = 1.7 Ym H

and the passive force is:
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8.

5.

1

This force is acting at a depth of 2/3 H below the
backfill surface. Lateral earth pressure diagrams are
shown on Figure 28.

Dyhghic Earth Pressure
General

The previous paragraphs discussed earth pressures
under normal static conditions. However, during
earthquakes these pressures will change. Design
Class I and II structures should be designed for the
at-rest static pressure plus a dynamic pressure
increment due to seismic loading. This section
develops a basis for evaluating the dynamic pressure
increment so that a conservative appraisal of the
dynamic pressure can be made for earthquake
conditions. This analysis applies to vertical
retaining walls as well as to embedded foundation
walls. For a more detailed evaluation of dynamic
earth pressure, a dynamic analysis may be performed
using finite element computer programs. The dynamic
engineering properties for this type of analysis are
furnished in this report. The dynamic passive
pressure has been conservatively disregarded since
the movement necessary to develop full passive
pressure is quite large and could not normally be
tolerated.

.The design procedures for dynamic soil loads are
based on the Mononobe - Okabe analysis of dynamic
pressure in dry cohesionless materials. These
procedures were further simplified by Seed and
Whitman (14).

The Mononobe - Okabe solution was based on the
following assumptions:

a. The wall yields sufficiently to produce active
earth pressure.

b. The maximum shear strength is mobilized
potential sliding surface.

body so the accelerations are uniform t oﬁgkout
the mass, and the effect of the earthquake-can
represented by inertia forces KW where W is the
weight of the sliding wedge and K represents the
ratio between the horizontal and vertical
components of the earthquake accelerations.

.c. . The soil wedge behind the wall acts as %%%ig%g/
e

Seed and Whitman (14) present- the following procedure
for obtaining the Mononobe - Okabe earth pressures:

a. The maximum earth pressure during an earthquake
is equal to the sum of the static earth pressure

and a dynamic pressure increment.

— 36
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where:

b. For a backfill with an angle of internal friction
equal to 33 degrees, the dynamic pressure
increment is approximately equal to the inertia
force on a soil wedge which extends behind the
wall a distance equal to 3/4 the height of the
wall.

c. The dynamic pressure increment will act on the
wall at a height of 2/3 H above its base.

In the earthquake design of structures where no
sophisticated analysis is used to determine
soil-structure interaction forces, the following
procedures should be followed to develop earth loads
for the design of foundation walls.

a. For the particular type of wall restraint and
degree of backfill compaction, choose the
appropriate static earth pressure from the
recommendations given for static earth pressure.
This static loading may be considered to act at a
height 1/3 H feet above the wall from base to top
of soil surface.

b. Apply the dynamic load increment, as developed in
the following paragraph, at a point 2/3 H feet
above the base of the wall for each linear foot
of wall.

The above rules apply to walls where the backfill
surface is horizontal.

Dynamic Lateral Pressure Increment due to Seismic
Loading

The incremental increase of the lateral pressure due
to seismic forces for the case of vertical walls and
horizontal backfills with no ground water table can
be determined using the eqguation:

Aag = 1/2 (YpH?) (3/4 Kp)

Ym = Moist unit weight of

R, = Ratio of the horizon
acceleration to the a ion due to
gravity

H = Height of backfill above base of wall

The dynamic pressure increment App acts on wall at a
height 2/3 H above the base.

For the plant site conditions with design earthquake
having a maximum ground acceleration equal to 0.1lg
the dynamic increments are: ’
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9.

1

a. For Walls Supported on Backfill:
App = 0.04 v H2

b. For Walls Supported on Caliche or Gatuna:
App = 0.11 yp H?

The increase in the dynamic increment for the caliche
and the Gatuna by a factor of 3 is based on results
of finite element analysis discussed with Dr. Seed of
the University of California in Berkeley.

These dynamic increments should be added to the "at
rest" pressure in the case of foundation walls as
well as for vertical retaining walls as shown on
Figure 28.

SLOPE STABILITY

The site is relatively flat with an average slope of
less than l%. No significant permanent cut slopes or
embankments are planned in the vicinity of Design
Class I and II structures. The excavation slopes
planned within these areas are temporary slopes.
These slopes are shown on Figure 7. Outside areas of
Design Class I and II structures, permanent slopes
will be required in the uoper sand such as for site
grading and for drainage ditches. These slopes
shoulc be 2-1/2 horizontal to 1 vertical. Adequate
measures must be taken to protect these slopes
against erosion.,

Design Criteria and Analysis
The infinite slope method was used in the slope

stability analysis for the upper sand, and seismic
forces were neglected.

‘Based on the infinite slope method a minimum factor

of safety of 1.1 was considered acceptable for the
temporary slopes and 1.3 for the permanent slopes.

- The factor of safety for slopes in the upper sand was

calculated using the following equation for

cohesionless materials:

effective angle of internal frictidn & %

where #
i the angle of the slope.

1

-~

For cuts in caliche and Gatuna which are dry
materials with cohesion, the factor of safety was
calculated using the following equation (Duncan and

Buchignanils)‘
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lo.

10.1

F.S. = A tan g + BcC

tan 1 YH
where ¢ = cohesion
Y = total unit weight
H = Assumed depth of sliding mass in vertical
direction,
A = 1 for dry slopes

B = 2.5 for 1/2 horizontal to 1
vertical slope.

The angle of internal friction of the in-situ sand
was found to be 33°, However due to the loose nature
of the sand, an angle of 30° was used in this
analysis. The analysis showed that for sand with
slopes of 2 horizontal to 1 vertical the factor of
safety is 1.15 and for sand with slopes of 2-1/2
horizontal to 1 vertical the factor of safety is 1l.4.

For proposed excavated slopes in the caliche and
Gatuna Formation on Figure 7, a weighted average of
the strength parameters was used with an angle of
internal friction of 39° and a cohesion of 0.7 ksf.
The total height for proposed slope is 19 feet (4
feet in caliche + 15 feet in Gatuna). The total unit
weight used in the analysis is 102 pcf. For a slope
of 1/2 horizontal to 1 vertical in the caliche and
Gatuna the factor of safety is 2.1 assuming that the
depth of the sliding mass is 10 feet.

FOUNDATION CONSTRUCTION

Site Grading

Because the construction area is relatively flat, the
major site preparation items will be clearing and
stripping. The construction area is covered by light
woods and grasses which can be cleared easily.

During the field investigation, the surfa

access roads and 6 inches of caliche for work areas.
Actual thickness should be determined by experience
in the field.

All grading for Design Class I and II and other
structures with more than 1.5 ksf loading will
require complete removal of the upper sand down to
the caliche surface within the limits and to the
depths discussed in subsection 10.2.
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10.

For non-Class I and II lightly loaded structures with
less than 1.5 ksf loading the foundation preparation
and treatment are discussed in Section 7 of this
report. If pockets of clayey or silty material are
encountered at foundation level, this material must
be removed and replaced with select compacted sand
meeting the gradation and compaction criteria given
in subsection 10.4.

Extent of Excavation and Backfill

Most of the structures will have their foundations
resting on caliche, Gatuna, or compacted backfill
carried down to the caliche surface. The estimated
depth of excavation is between 6 and 27 feet as shown
on Figure 7. All temporary slopes in the sand should
be 2 horizontal to 1 vertical or flatter and in the
caliche and Gatuna Formation they should be 1/2
horizontal to 1 vertical. For foundations on
comapacted backfill, the bottom of excavation should
be determined by extending a line from the periphery
of structures at foundation grade with a downward
slope of 1 horizontal to 1 vertical or flatter. The
intersection of this line with the caliche surface
provides the limits of the excavation at the bottom
as shown on Figure 7. In addition a minimum distance
of 5 feet will be kept between the edge of the
structures and the base of excavation slope. This
distance was selected for construction consideration
as well as for providing adequate compaction near the
structure edges.

Excavation of the upper sand can be accomplished by
the use of scrapers. Rippers will be required for
excavation into caliche and the Gatuna Formation.

Figure 7 shows the location and limits of excavation
and structural backfill associated with Design Class
I1 structures at the site. The structural backfill
should be compacted to at least 95% of the maximum
density determined in accordance with ASTM D 1557.

" The engineering properties of the sand backfill are

provided in Tables 3 and 5. The results of the —_
foundation analysis discussed in Section 7 show,fg;t

when the sand backfill is compacted to the requiref 3
density, it will provide an adequate support fdr &IL%%
Design Class II structures with large factors o &
safety for bearing capacity and with tolerable
settlements for static and dynamic conditions.

Backfill in non-locad bearing areas of the site should
be compacted to at least 90% of the maximum dry
density determined in accordance with ASTM D-155/4
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10.

Dewatering, Slope Protection and Excavation
Inspection

During construction, the loose sand should be
excavated to the top of caliche, approximately at
Elevations 3390 to 3410. Because the ground water
level is at a great depth, the only water that might
be encountered will be surface water due to rainfall.
Therefore, the only dewatering provision will be to
intercept and dispose of any surface run-off. No
permanent dewatering system is required. Sump pump
and drainage ditches will be adequate to maintain a
dry excavation and prevent damage to soils during
construction from rainfall and run-off. The pump
should be capable of handling rainfall accumulating
in the excavation.

Exposed excavations in sand will be susceptible to
erosion. Therefore, precautions must be taken to
protect these slopes. All surface run-off should be
routed around the excavation. Treatment should be
applied where necessary to minimize slope erosion
from wind and run-off. Temporary and permanent
slopes and the slopes of drainage ditches in the
upper sand can be protected with gunite, asphalt,
concrete lining, chemical emulsion or seeding with
native desert grasses depending on the economics of
the alternative methods.

The following provisions will be made for the
identification and removal of unsuitable materials
for Design Class I and II structures:

(1) A person experienced in foundation construction
should inspect all foundation excavations just
prior to placement of concrete to confirm and
document that the recommended foundation
elevation has been reached in the bearing
stratum. All visual classifications of soils=
should be in accordance with ASTM D24

(2) The foundation soil will be excavate ggb

‘ caliche surface beneath all Class I |[ang{T ¢
structures. Any loose sand and silty sand ét_&he

foundation grade will be identified by a person

experienced in foundation construction and

removed down to sound caliche. As each section

. of the foundation is approved, approval will be

documented.

(3) Since the caliche is hard, there is no special
requirement for foundation protection. The
surface of the caliche should be throughly clean
from all loose material. Surface cracks in the
caliche should be filled with cement slush grout
before placement of footings or mat foundations
directly on the caliche surface. :
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10.4

Because the caliche is relatively incompressible,

foundation rebound should be negligible. The

potential for heave should also be negligible because
the caliche and Gatuna materials are non-plastic.
Where required, structure settlements can be
monitored by optical survey procedures provided that
levels are carried back to a deep bench mark that is
outside any areas that might be subject to subsidence
due to underground construction.

Structural Backfill

Backfill may be obtained from the excavated upper
sand. Only sands with less than 20% passing the U.S.
standard sieve No. 200 should be used as structural
backfill. Most of the sand excavated from the site
is suitable for backfill. The sand should be
stockpiled for later use as backfill. During the
excavation, undesirable clay or silty material should
be removed from the select backfill.

The lift thickness required to place and compact the
backfill to the required degree of compaction with
the available compaction equipment should be
determined in a test fill. The material should be
moisture conditioned to the range of +2% of the
optimum moisture content, and compacted to at least
95% of the maximum density determined by ASTM D 1557.

Backfill material within 2 feet of structures and in
areas where large construction equipment cannot be
used or where there is a danger of damage to
structures must be compacted to the specified density
with hand-operated equipment. Thinner lifts of 4
inches.;or less in thickness will be required to do
this.

Only suitable material should be placed in the
structural backfill. Suitable material for
structural backfill should be select sand and silty
sand having less than 20% by weight passing the No.
200 U.S. Standard Sieve size., The backfill should
not contain any brush, root, peat, sod, or other
organic, perishable, or deletrious material,
ice, or frozen soil. The bottom of the excgvatigq
for Design Class I and II structures should bga %%
thoroughly cleaned of all loose material, bec be
and documented by a person experienced in
construction before placement of sand backfi

Structural backfill must be placed in horizontal .
lifts and compacted with a heavy vibratory roller.

In confined areas, thinner lifts and hand-operated
compactors should be used. The backfill should be
raised on both sides of the footings at about the
same elevation. The actual 1lift thickness and the
number of passes of the proposed rollers will ‘have to
be established by means of a test f£ill carried out at
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the start of backfill operations. All structural
backfill must be moisture conditioned just before
compaction. All lift surfaces should be inspected
and any soft or yielding material should be replaced
or corrected.

Field density tests in the compacted backfill and
related laboratory compaction testing are required to
determine the degree of compaction. Field density
tests must be taken in accordance with ASTM D 1556 at
a depth of at least 12 in. below the adjacent grade.
A compaction test should be carried out in accordance
with ASTM D 1557 out for each field density test.
These tests will have to be performed at a frequency
appropriate for the work in progress but not less
than one field density and one compaction test per
1,000 cubic yards of backfill for Class I and II
structures and one field density and one compaction
test per 2,500 cubic yards of backfill for other
structures. 1In no case should tests for structural
backfill be made less frequently than once per shift
while backfill is being placed.

To evaluate the applicability of the nuclear tests
(ASTM D 2922 and D 3017) for measuring the field
density, they should be used in thetest fill program
in parallel with the sand cone test (ASTM D 1556).

If proven satisfactory, these nuclear tests can be
used in the backfill provided regular checks are made
against densities measured by the sand cone procedure
on a basis of at least one out of every ten tests,

All work performed in connection with the placement
and compaction of structural backfill must be
implemented under a quality assurance progran.

A test fill will have to be constrdcted inNorder to
determine compaction procedures requitegifoX Design

appropriate lift thickness and the numbér of passes
of the vibratory roller required to achieve"a minimum

of 95% of ASTM D 1557.

fThe gradation requirements for the fill are discussed

in the beginning of this Section. The test fill must
be constructed on acceptable caliche foundation.
Prior to placement of fill, all low spots and
depressions will have to be filled with sand and
conpacted to the required density to provide a
reasonably uniform and horizontal surface. The
compaction equipment should be a 10~ton vibratory
roller or equivalent and should operate at 1 1/2 mph.
The roller should compact when moving forward and not
in reverse. The fill should be about 50 £t by 120 ft
in plan with side slopes not steeper than 1.5 on 1.
The test fill can be divided into three equal
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sections. Each section would then be compacted with
the number of passes specified below. The moisture
content of the £fill material should be in the range
of 2% above to 2% below the optimum moisture content.
Materials having the required moisture content should
be placed in 9 inch loose lifts. The lifts will be
compacted with the following number of passes:

Section No. of Passes
1 - 4
2 6
3 8

The test fill should be raised in a reasonably
horizontal plane but sloped sufficiently to drain.

At least two lifts should be placed before testing.
Additional lifts will then have to be added until 8
lifts have been placed. Additional fills may have to
be constructed to evaluate lift thickness or type of
vibratory rollers to achieve the required density if
this cannot be determined satisfactorily with the
initial fill.

The field density tests must be conducted a minimum
of 12 inches below the fill surface. At least six
field density tests should be made on each lift of
each section. Enough material must be obtained from
each field density test for compaction tests. The
results of all field control tests will then be
documented to show compaction equipment, fill
section, lift thickness, number of passes, compaction
and field density test results, percent compaction,
gradation, test location, and elevation.

One compaction test must be performed in accordance
with ASTM D 1557 at the location of each field

- density test. The field density tests should be
‘carried out in accordance with ASTM D 1556.

Gradation tests should be made on material from each
field density location in accordance with ASTM D 422,

requirements.
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p-2 [17.67]19.31  su o |8 | 6 g'gg o[e? e b
55| 58 9T = -
yeTic Triaxiay
p=3.119.33]20.5 | SH _6.5 o1y f 95.5 Resonant Column
Pk 10.7 5
206 22 | _.su___ | .0 | 2t ) 29 - e ) 0| 7.6 ] .k f2.8435
8-4 pP-1 87 13 2,65 4.0 104,0 100.0 100.0 pB7i0
5-2 86 14 | Ny NP ---1 2.66 6 - ---
| _p-2 72| 8w | we | -] 263 oleul a5 b s
8.4 84k -
S-5 69 n 2.66 7 -- --
P-3 77 2i 2.68
e-s - Je-r] o B} s ol 8f v 2.62
5-2 | 4.5 6 SC 0 76 24 J 2.66 15 EE ---
SPECIFIC GRAVITY COMPACTION TRIAXIAL COMPRESSION TESTS OTWERS
tal ¢ MINUS NO 4 {1} sASTM D698 UC UNCONFINED COMPRESSION CU CONSOLIDATED UNDRAINED * vnsmlncnlou
Lo} tPLUS NO 4 (2) sASTM  DI1357 UU UNCONSOLIDATED UNDRAINED CO CONSOLIDATED DRAINED W ¥ IN-PLACE DENSITY TEST
$3) 120,000 FT. LBS/CU F1. €U CONSOLIDATED UNMDRAINED CR CYCLIC CONSOLIDATED UNDRAINED Wv- Hon-Valld
(4) s MAXIMUM = MINIMUM (PORE PRESSURE MEASUREMENTS) (PORE PRESSURE MEASUREMENTS) NP- Non-Plastic
(8) s OTHENR (SEE TEXT) BL- g‘;lk'-s.mcsale |
[ tcher Sample
s- Split Spoon Sample

Best Copy Available
HOSCO



JABLEY SHEET 2 OF 10 \ ’
SOIL TEST RESULTS SUMMARY E@!

Joa NO, 12481 PROJECT _ WIre PROJECT FEATURE FOUNDATION INVESTIGATION - PHASE | DATE  Hay 1978
HOLE, DEPTH LABORATORY)| MECHANICAL ATTERBERG SPECIFIC NATURAL COMPACTION SHEAR DATA PERMEABILITY [CONSOL-
TEST PIT, FY, CLASS. ANALY SIS LIMITS GRAVIT Y[ WaTeR [10TAL unIT]DAY UNIT| OPTIMUM [MAX. ORY [TEST NITIAL T [¥ ]| OAY X |IDATION REMARKS
o/ TRENCH |samPLE RavEL sanos] Fiues CONTENT] WEIGHT T weIGHT] WATER | DENSITY WATER om NS," DENSITY
NO. frou | o o e B G R o 1%} PCF pCF (%) ecF (%) cfF_ |«sFloeg] pcr  |fr/va] TEST
- 8,1 .83 SH 1 s8 | m |25 NP -- 2.7 10 - -
Ba5 $-3 1. 92 —— —_— 76888 ¥
p-1 fro Jps|  sM o8 | 20w |ne |--| 2.60 |0 {75 87.u
B-6 gt | o | w ]l sk o {8 | 1 2.85 ‘
s-1 1 2.5 SH NV NP -- 2.71 3 -- --
. - BT 6ksT a1 70.07|%
p-t | 6.5 8.5] swm o |55 | us [wv | we wu 1y 83 strain and Ty=lksf|sat.
. 7.0 97.5
p-3 J11.25{)12.9 SH 1] 55 s | 3¢ 28 13 | 2,67 ¢ | 6.6 97.1 _p.6sho )
8-7 s-3 9 10.% sC 3 72 25 | L2 NP - 2.79 12 - -~ ‘
8-8 BL-1 | © 6 SP-SH o |90 | 10 2.82
. 8.7 ]| ro0.9 92.8 Cyclic Trilaxial
] 8 10 M _B‘%__JO'A.%. 1 Resonant Colump
1. 102, 95.4
P-6 10] 12 sM _ . 2.61 12.6.1.109.1_|_96.9 95.4 336 Cyclic friaxial
p-8 12.92]13.5 SM 6.8 | 97.1 90.9 Resonant Column
B-9 BL-1! 0 I SP-SH 0 90 10 2.68 . ‘
s-1 1 ) 2,5 SP-SH o |8 | n 2. | 3 -- - ) l
- T Y976 ‘
p-1 3 5 | SP-SH o |88 | 12 2.63 co | 6.0 102.5 o B3
106 93.7 BT |
Cyclic Triaxial
p-2_] 8,67/ 10,25  su o |75 | 25 ]33 |30 |3 2,59 | 13.7] 96.3 | 84.7 ye le froax
$-3 14 115.5 23 |36 | ne | -- 2,69 1 -- .- . ‘
RESTHINT COTET |
p-3 19 20 ] 7.1 100.0 93.4 . Chemical Analysls
SPECIFIC GRAVITY \ Y TRIAXIAL COMPRESSION TESTS OTHERS
(o) s MINUS NO, 4 \ UC UNCONFINED COMPRESSION Cis CONSOLIDATED UNDRAINED # VISUAL CLASSIFICATION
th) 1 PLUS NO. 4 12) casTM /Diss? UU UNCONSOLIDATED UNDRAINED CD CONSOLIDATED DRAINED W ¥ In-PLACE DENSITY TEST
M_ 00 FT. LAS/CU.FIT CU CONSOLIDATED UNURAINED CR CYCLIC CONSOLIDATED UNDHAINED W - l"on-VilldI
(41 £ NAXIMUM - MINIMUM (PORE PRESSUHE MEASUREMENTS) (PORE PRESSURE MEASUREMENTS) g:' ”(:'II;(PSZ;:)!:
' - !
(8) s OVHER I SEE YEXT) ' P~ Eltchcr Sample

s~ split Spoon Sample

\
Best Copy Available
oot C305c0



Best Copy Available
HOSCO

SOIL TEST RESULTS SUMMARY e one @

JOB NO. 12484 PROJECT WIPP PROJECT ' FEATURE FOUNDATION INVESTIGATION - PHASE | DATE May 1979
TEHOLE. DE:TH LABORATORY| MAEC;{AYNSK"Z:L AT‘I’ERBTERG gPiClFTIC NATURAL COMPACTION SHEAR DATA PERMEABILITY |CONSOL-
ST PIT, CLASS, NAL LIMITS RAVITY £
OR TRENCH [samPLE crom ] 10 femveisagosTrwest ([ o | oo G B P WSt b A Rl M L ﬁyﬁ%&m‘ T 17 | oenany | * |roaTON REMARKS
NO, . %) | 1% | (% (%) PCF PCF (%} PCF (%) pCF_ lusFloec]  pce  frisvm) TEST
8-10 BL-1 0 6 SP-SH o | 88 12 2,65
_ | A—_
s-2 | b5 6 SM 0 75 25 1 nv NP -- 2,66 1 -- --
9.4 94,7 |86.6
p-1 J11,5 | 12,93 SH 0 7 29 | wv NP - Cyclic iriaxial
—_ 16.3_j_106.5_].91.6 —_ fesaonant. Calumn
s-5 (15.96{17.29 SH | 72 27 36 NP -- 2.7 12 -- -
B-11 S-1 1 2.5 SC 0 83 17 2,78
$-3]1 9 |1o.5 SM 1 n 28 2.79 15 - -
P-3 ] 15 17 SM 0 66 34 2.63
[~ 5.5 | 106D | 99.5 T
y yclle TrlaxTal
p-b 117 18,5 SH 7.9 | 1o1.- 193.6 _ Resonant Column
8-12 P-2| 3 5 M o | 84| 16 2.65 7.0 | 1104 | 103.2 103.2 | 047
P-4 7 ] 9 | _SWHhL 0 52 48 | v NP - 2,59 ) .
T T sk o e T ) ' T -
8-13 8L-3 | o [ 21 s O | B4 | w6 | by  wp | -- | 2.79 e 5.3] 110.0
s-1 ) 1 | 2.5) sp-sm 0 | 92 8 2.74 2 -- --
p-1 3 5 SH 12,4 0 122,2 | 13, 13,6 92
g-15 §-1 ! 2,5]_SP-sk [1] 91 9 2,20
_.5=31_].5.% 2 SH _0 | 82 13_ 2.70 A -- - .
e\
56 )s,g]  sc ! E\ 24 fouy Jowe | --] 2,52 |12 -- --
=] 19]19.94 __.smf ___ 2.1 28 n bwp_ |- ) 2,22 ] o= =
SPECIFIC GRAVITY TRIAXIAL COMPRESSION TESTS OTHERS
fe) o MINUS NO. 4 UC UNCONFINED COMPRESSION CU CONSOLIDATED UNDRAINED ¥ VISUAL CLASSIFICATION
(8) 1PLUS NO 4 UU UNCONSOLIDATED UNORAINED CD CONSOLIDATED ORAINED ¥ % IN-PLACE D "\s'" TESTY
(3) : 20,000 FT.LBS/CU.FT, €U CONSOLIDATED UNDRAINED CA CYCLIC CONSOLIDATED UNORAINED - Non-Valld
(41 ¢t MAXIMUM - MINIMUM (PORE PRESSURE MEASUREMENTS) {PORE PRESSURE MEASUREMENTS) NP - Non-Plastlc

#L- Bulk Sample
(5) : OTMER (SEE TEXT) pP- pitcher Samplo

§- Split Spoon Sample



TABLE 1

SOIL TEST RESULTS SUMMARY

SHEET &4 OF 10

JOB NO. 12484 PROJECT  WIPP PROJECT FEATURE _FOUNDATION INVESTIGATION-PHASE | DATE_ May 1979
. [
HOLE, DEPTH LABORATORY MECHANICAL ATTERBERG SPECIFIC NATURAL COMPACTION SHEAR DATA PERMEABILITY [CONSOL-
YEST PIT, T CLASS. ANALYSIS LIMITS GRAVITY[ LGTFR [10TAL UNIT[OAY UNITJOPTIMUM JMAx, DAY [TEST NI TIA C 9| DRY X [IDATION REMARKS
OR Tngnch SAMPLE CONVENT| WEIGHY WEIGHT | WATER DENSEYY WATER DENSIT L DENSITY
NO. FROM | TO fo i ML I A ¢ (%) PCF PCF (o pCF 1%} per |xseloec] ek fevsval TEST
8-16 p-1 3 5 SM 2.65 8.0 N4.6 | 1061 106.1 | 300
p-2 | 8 [8.83] su/mL o | 52 | 48 [ wv | wp ]| -- 2.60 | 24,2 9.4 | 96,1 96.1 7
p-3 |16 |17.13 SM ‘2,66 {10.7 96.2 86.9 86.9 | 872
et Jiz.19b 1204 su 6.4 | 109.6 |103.0 Cyclic Triaxial
|
B-17 BL-1 i} [ SH 0 85 15 2.70
P-1 | 6 | 8 SH 4.2 ] 109.3 | 5.7 Cycllc Trlaxlal
pP-2 8 10 su 9.4 109.5 100.1 Cyclic Triaxial
B-18 8L-1 0 3 SP-SM [} 90 10 2,74
p-2 ] W] 16 SH 2.6 1.5 89.2 | 8.0 Bo.0 | 648
p-4 18 20 SH/ML ] 48 52 2.65__ 19.2 108, 2 ) 90,8 B 90.8 | 586
8-19 5-1 1 2.5| SP-5M T o | 9 9 NV up -- 2.61 7 -- -
s-3 9 10 SH [}] 63 37 [N NP =" 2,67 1" -- --
8-20 pe-t | o} 3 | SPSH | o |90 ] 10 2.70 10,0 | 110.0
8-21 ol 3] SPsM | o l9n] g 2.68 |
-1 3 5 SH 4.7 95.9 1 91.6 x
B-21 s 1 2,5] _SP-SH _ 2,68 [ ——- ---
| |53} 8 |8.67_ _sH oy S LA . L . 2.78 10 o= z=-
S-4 1h 15,5 sC ” b33 | 2,75
SPECIFIC GRAVITY \%mcnou , TRIAXIAL COMPRESSION TESTS OTHERS
(o) s MINUS NO. 4 (tl s ASTM UC UNCONFINED COMPR!SSION CH CONSOLIDATED UNDRAINED »* VISUA\. CLASSIFICATION
(b) 1 PLUS NO. 4 (YL ASTM 01337 YU UNCONSOLIDATED UNDRAINED CD CONSOLIDATED DRAINED * % m-n‘acz DENSITY TEST
(3) » 20,000 FT. LBS/CUL.FT, CU CONSOLIDATED UMDRAINED CR CYCLIC CONSOLIDATED UNDRAINED NV- Non-Valid

(41 3 MAXIMUM = MINIMUM
(3) + OTHER (SEE TEXT)

{PORE PRESSURE MEASUREMENTS)

{PORE PHRESSURE MEASUREMENTS)

Best Copy Available
HOSCO

NP- Non-Plastlc

BL-

Bulk Sample

P- Pitcher Sample

S~

Split Spoon Sample



Beat Copy Available
HGSCO

) TABLE 1 SHEET § oF 10 ’
SOIL TEST RESULTS SUMMARY . @

C . o : !

JOB NO.___ 12484 ik PROJECT WIPP_Project FEATURE_Foundatlon lnvestigation ~ Phase | DATE__ pay 1979
- N
HOLE, DEPTH  |LABORATORY] MECHAMICAL ATTERBERG 2micurruc NATURAL COMPACTION SHEAR DATA PERMEABILITY |consot-
TEST PIT, Fr. CLASS, __ANALYSIS LIMITS RAVITY["WATER [TOTAL untT[DRY UNIT|OPTIMUM [MaxX DR BRY
oR TRENCH [samPLE Knavet]sanos FINES » » s COMTENT| WEIGHT | weiGnT | WATER u‘(‘nsor; TEsy m%v el DENSITY K |loaTioN REMARKS
NO. FROM { TO 1%) | 1% Lt - ! %) pCE PCF o) pCF %) pcfk |xsfloes] ecr | frsva] TEST
8-2) s-6 a2 [25.46f sM ] 8o |19 2.65 |s - -
0 8 2 2,78
8-22 -1 o |3 SP-SH 0 S_JJ__ 2.37 6.2 1e,3 | _
P-1 3 5 SH 1} a5 15 2.68 N 6.1 [REIR 105,0 105.0 919
s-2 |s.176.67 SH 1 70 |29 P9 20 |9 |2.78 11 - -
8-23 p-2 13 |5 SH | 84 |15 2.66  |5.3 103.3  |98.1 —Je8.1 220¢
10.2| 88,2 t=5.7 KsF ot §.67%
p-h 17 f9 ] sM 0 65_ 135 —_|2.66 18,9 100,20 y84.3 |__ ] Jw | 11.5] B8.4 84.1 |62 |Strain and 03=1 ksf Nat.moist.
t=5.5 ksf 6.1
s-6 {10 [10.92] sc o |n |2 bu |we 2.57__ |9 - - oo :ma}a.l et P
B-24 s-1 1 2.5 sP-SH | 0 91 |9 2.67 1 |
s-3 |s lé.s sC 6 62 32 ps w |- 2,76 6 |- - ~ .
S-6_ | th 14,46l sH —_— 12__ |- z N .
8-26 sL-t o 3 SP-SH ] 91 |9 2.75
P-6__| 2.5 |9.5 | _sM N 5.8 _hogh 96,8 i Cyclic Triaxial
p-7 _|9.5 |11.5 SM ) o 12.3  199.7 88.8 cyclic Triaxial
B-27 BL-1 13 |4 o [eu 6 | 2.87
bt 6.67(8J67 sl s tu2.h ksf at 1.71%
Pl 6718467 uy . . Strain and 3= st
a IH— ’:%J—E“.t Mj
P-5_|8.67 'J?.-i. o - w | 11,1 82,4 traln pnd 73=6 ksf |sat.
s 1_...L —
po———y
SPECIFIC GRAVITY COMPACTION TRIAXIAL COMPRESSION TESTS OTHERS
(a) s MIKUS NO. 4 t1) 2 ASTM D698 UC UNCONFINED COMP“CSSIQN CU CONSOLIDATED UNORAINED W VISUAL CLASSIFICATION
() sPLUS NO 4 (2) : ASTM DI1357 UU UNCONSOLIDATED UNDRAINED CD CONSOUIDAYED DRAINED W M IN-PLACE DENSITY TEST
(3) £20,000 FT, LBS/CU.FT €U CONSOLIDATED UNORAINED CR CYCLIC CONSOLIDATED UNDRAINED NV= Non-yalid
{PORE PRAESSUME MEASUREMENTS) (PORE PRESSUAE MEASUREMENTS) KP - M)n-PIas(lc

(4) s MAXINUM = MININUM

BL- Bulk
t5) 1 OTHER (SEL TEXT) Sample

P- Plicher Samplo
S- Split Spoon Sample



‘ *

ale

(3) 320,000 FT.LBS/CU FT.
(4) + MANIMUM - MINIMUM
(5) + OTHER (SEE TEXT)

€U CONSOLIDATED UNDHAINLD

. CH CYCLIC CONSOLIDATED UNDRAINED
{PORE PRESSURE MEASUREMENTS)

(PORE PRESSURE MEASUREMENTS)

Bost Copy Available
HOSCO

NV~ Non-Valid

NP~ Mon-Plastic
BL~ Bulk Sample

P~ Pltcher Sample
S-

TABLE SHEET 6 OF 10 @
JOB NO,__ 12484 PROJECT WIPP Project FEATURE Ffoundation Investigation - Phase | DATE Hay 1979
HOLE DEPTH LABORATORY MECHANICAL ATTERBERG lSPEC!FIC NATURAL, COMPACTION SHEAR DATA PERMEABILITY [CONSOL-
TEST P'”h " (31 CLASS. ANALYSIS LIMITS GRAVITY %u'gtn voumﬁur;nrouvuml 0PT MU uax. oRy [resy INITIAL T L’n’ Mf"";l'" x  |IDATION| REMARKS
ANPLE A CONTENT| wEIGHT | wEIGHT 1 ATER [T
oA L?f"c s frOM | 1O oot ool M R I B 6 1% pCF PCF %) pCF Yo L Per Ixskloec]  ece frrve| TEST
- - " [Chemlcal Analysls
8-28 BL-1 10 4 SP-SH 0 9l 9 2.69 N lo.s p110.6 Resonant Column
p-s | 8.17]10.12{sH . 12,1 | 104.4 | 93 s . e Cycllc Triaxial
p-6 [10.17}11.83]sH 0 70 1130 N NP - . - - R R
- \
ks —o3e 270 esonant Column Tests)
B-29 BL-1 P 6 SP-SH 0 92 |8 2.54 13.2 108.6 Compactqd Samgle Cycllc Triaxial (BTgsts)
P-7 J12.5 J13.5 |SH Chemlcal Analysis
8-30 sL-1 o b SP-SH o 90 [0 | | 2.48 _ ) o ‘
17.4 109.3 93.1 CycTlc Trlaxial
p-5 1.5 9.5 |[sc 16,4} 108,0 92.8 Resonant Column
t=3.3 ksf at 3.09%
P-6  19.5 110.58]scC ~ uu | 18.0] 94.1 Stra(n and O3=] ksf Nat.Molst.
P-7 [10.58]12.58]sC 14,2 (95,1 1 83.3 Cyclic Yrlaxial
-— - — 870110573
- 8L-1 4,2 SP-SM 0 8 1] 2,66 8.0 112.2 p |7.8] 105.8 |o {33 Resonant Column
8-1\ e jh25] 277 2 " 20 £0 | 8 o1-105-7
— - 3o torchy YO3 3 [ 10T CycTlc Triaxlal-T2]Tests
8-32 BL-1 o 1o 5M 0 64 |36 2,72 12.8 108,7 |co Ha 23“‘: 0 B3.4 compactqd Samgle IResonant Column-2 fests
p-8_Jis_ [15.75)sm o6 |m |
8-33 aL-1 Fo 6 SP-SM 0 81 |9 2.73 ‘
P-5 n.i 99,3 89.4 " feyciic Triaxial
I
P-6 0 67 133 |w |w |- 6.6 93.7 87.9 Cycllc Triaxial
P-7 [ifosimmemEN  \ | | | | B 3.8 99.6 96.0 96.0 6k |
1 |
SPECIFIC GRAVITY COMPACTION _ TRIAXIAL COMPRESSION TESTS ‘OTNERS
La) s MINUS HO. 4 111 ASTM D630 UC UNCONFINED COMPRESSION CU CONSOLIDATED UNDRAINED ¥ VISUAL CLASSIFICATION
(o) sPLUS NO. 4 (2) :ASTM 01557 UU UNCONSOLIDATED UNDRAINED CD CONSOLIDATED ORAINED ¥ ¥ IN-PLACE OENSITY TEST

Split Snonon Samole



'Best Copy Availao)
HOsco ¢

JABLE 1\ SHEET 7 OF 10 )
SOIL TEST RESULTS SUMMARY @

J08 NO. 12484 PROJECT wiPP Project FEATURE Foundatlon Investigation - Phase | DATE may 1973
HOLE, DEPTH LABORATORY] MECHANICAL ATTERBERG 'SPECIFIC NATURAL COMPACTION SHEAR DATA PERMEABILITY {CONSOL-
TEST mt“ apt Fr CLASS. ANALYSIS LIMITS GRAVITY["watew TroTaL uniifonv uniT[06T iMuu wax. oaviest INITIAL 4 Li ooy | © Jioaton REMARKS
TRENCH |SAMPLE CONTENT} WEIGHT | wEIGHT 51T Y
OR TR mou] o | o foravefsaposTres | oe | oo G v | Vrer PCF ) pCF M PP ™ selocd]  per | ersval TEST
R 12,2 -
8-3h -t Jo B | sp-sm 0 89 it 2,74 ] 12,8 |110.4 [co |]3-2 _]§E? o |33 Resonant Column-2 fests
P-6 1 h2.33 oM 0 66 |34 8.9 103.1 9.7 Cycllc Triaxial
B-35_ s-t Jo Is | se-sk o |88 }12 2.47 _ -
”g }8%.,’ g:g Cycllc Triaxlal
e-5 |8 10 SH 11— - 1012 3126 IResonant Column-2 Jests
p=6__J10 ]l SH 9.9 11,3 | 1003 Cyclic Triaxial
6.8 106.4 99.6
e-8_ [N,67103,671 _ SM $.9___|.no,}_t oo . Cyclic Triaxial
5.2 1.6 106.0
NS (P — ) 4,8 __1109.1. ] 104, —
p-9 [13.67}15.42 SH 6.6 98.5 | 92.4 _ cyclic Triaxial
esonant Colum
p-10_ fs.b2f16.75]  su i 8.6 00,0 | 92.1 vu_ 6.4 | 89,3 y-t=1.6ksf at 1.0%%
F—— Strain and dy=tksf
Nat Ist.
-36 BL-1 . SP-SM 0 89 |11 2.55 IO _
3 b s | s 2 — 525|100
p-8 N7,5_[19.5] _ su o |n i co {231 1981 b.ou28
8- BL-1 P 3 SP-SH 0 91 |9 2,81 _
37 t=9.5ksf at 7.39% |
p- 11.33113.33 UU | 5.6 ] 94.4 [strain and 73-6ksf
— —— [P — \—""' . INat. Holst.
I U N N 1 . :
B-37A -1 1 SP-SH u i‘:ﬁ,i 2.78
8-38 BL-1 3.5 | SPSM. tbdv'"/_ _— 2.72
R tal.Bksf at 10.01%
P-5 Dii.u2|13.42]  su 0 69 131 | ] uy | 8.1 ] 85.1 Straln and ‘fy=6ksf|Sat.
SPECIFIC GRAVITY COMPACTION TRIAXIAL COMPRESSION TESTYS OTHERS
Ls) «MINUS NO, 4 {11 sASTM DE9B UC UNCONFINED COMPRESSION CU CONSOLIDATED UNDRAINEOD ¥ VISUAL CLASSIFICATION
() 3 PLUS NO. 4 12l sasTu 01887 UU UNCONSOLIDATED UNDRAINED CD CONSOLIDATED DRAINED ¥ % IN-PLACE DENSITY TEST
(3} 120,000 FT.LBS/CU.FT CU CONSOLIDATED UNDRAINED CR CYCLIC CONSOLIDATED UNDRAINED W- Non-Valld
(4) € MAXIMUM - MINIMUM (PORE PRESSURE MEASUREMENTS) (PORE PRESSURE MEASUREMENTS) NP- Non-plastic

{5) 1 OTHER (SEE TEXT) BL- Bulk Sampls

P- Pltcher Sample
S-Spllt Spoon Samnlo



JABLE § SHEET 8 OF 10 -
SOIL TEST RESULTS SUMMARY | E@!

|
JO8 NO. 12484 PROJECT WIPP P ject FEATURE Foundation Investigation - Phase | DATE _ Hay 1919
HOLE, DEPTH LABORATORY! MECHANICAL ATTERBERG SPECIFIC NATURAL COMPACTION SHEAR DATA PERMEABILITY [CONSOL ‘ .
EST PI FI. CLASS. ANALYSIS LIMITS GRAVIT Y WaTER [10TAL UNIT]DRY UNIT| OPTiMUM [MAX. DRY [TEST T ~— DAY
Jnizzmch SAMPLE " Emwesanos|rmes "l Y o Jcontent| weiout mem WATER | DENSITY o '"'"‘55,.5," La pewsy | ¢ [OATIONE REMARKS
from | 10 oA AR N R t 1%} PCF PCF 1%) PCF 1% ksFpec| pcr fFT/vR| TEST
B-39 aL-1 o 7 sp-sH [a | es |12 2.54 B ‘
B-40 sL-1 Jo 4 SP-SH 0 89 In | 2.67 . ‘
\
~ t=T7.0 ksf at 2.3
8-47 P-5 19.75 }10.42)  sM [ 69 131 — [ 15.8] 89,4 Stfaln and 05=1 ksf she.
p-7 J11,08]!12. SH 17.2 | 89.1 76.0 Cyclic Triaxial
B-48 p-3 [11.67]13.67  sm o Jes I | _ i
|
27 .4 85.‘
8-49 p-4 8.5 10,5 st | o sy | u6 co | 3%-2} 88.9 B.sd 3
b B e 28 -03C
i |
e-5 [1o.5 friiig]  sm 29.3 | 17.3 | 907 Resonant Column
]
P-7 |13705.17]  sw 20.6 105.9 | 97.8 s Cycllc Triaxial
p-8 N1s.7]17.07 s 0| 58 |u2
e=1.4 ksf ac O.F
P-9  [17.17[19.17 SH wy | 9.1 | 92.7 Stfain and Ta=2 ksf she.
[ T 7 19,3 100.D
B-50 PS5 111.17113.17 SH 0 60 4o |32 19 13 co_J 12,71_101.6 D,94 33 \
| . Ye-7 Nh.35]15.74 S - 1.1 95.6 89.3 cyclic Triaxial
I . <13.0 kst at 2,63}
B8-51 _[e-6 |1 N S w |92 97.9 stfaln and 73=2 ksf Sit.
|
t=6.5 ksf at 3.
B8-52 P-h R uu_| 10.% 83.7 Stfaln and 03=2 ksf
, Naf.' Molsture
SPECIFIC GRAVITY \\ comPAc‘lé R TRIAXIAL COMPRESSION TESTS OTHERS
(e} 1 MINUS NO. 4 iy sa D698 UC UNCONEINED COMPAESSION CU CONSOLIDATED UNDRAINED ¥ VISUAL CLASSIFICATION
(8) 5PLUS NO 4 (2) 1 ASTM DISST UU UNCONSOLIDATED UNDRAINED CD CONSOLIDATED DRAINED » X - PLACE DENSITY TEST
{31 120,000 F1.LBS/CU F1. CU CONSOLIDAYED UNUDNAINED CR CYCLIC CONSOLIDATED UNDHAINED Wr Non-v
(PORE PRESSURE MEASUREMENTS) (PORE PHESSURE MEASUREMENTS) NP- MNon-Plastlic

(4) 1 MAXINUM = MINIMUM

(8) + OFMEN (SEE FEXT) bL+ Bulk Sample

P- Pltcher Sample
S- Split Spoon Sample

Avallable
Bost CHODYS co




Beast Copy Avaiiabie
HOSCO

BLE SHEET 9 OF 10
‘ SOIL TEST RESULTS SUMMARY E@

JOB NO. 12484 PROJECT WIPP Project ‘ FEATURE Foundatlon Investigation - Phase |1 DATE__Hay 1979
HOLE, DEPTH LABORATORY| MECHANICAL ATTERBERG SPECIF IC| NATURAL COMPACTION SHEAR DATA PERMEABILITY [CONSOL-
IEBLEI;:&' AMPLE FT. CLASS, . ANALYSIS LIMITS GRAVITY czn'g;u' IOIFA%U?HIDRVUNII 0T UM MAX ORY TEST| INITIAL T[? 0(22:’" x |iDATION REMARKS
- INTEN WEIGH wEIGHT
oR Lo, FROM | TO ) tot b o I B ¢ 19,0 PCF PCE (%) pCF e Per lxseloed]  rcr Jruvn] TEST
" E - Sp 3.6 105.2 101.9 .
TP-) 8-l 3.2 132 SP-SH 0 90 10 2.64 7.0 103.5 | _96.9 I IO . : Relative Density |
BL-2 8.6 |9.1 Calliche 18,7 108.4 91.3
aL-3 13,2 {14.2 | Callcho 8.1 103.4 | 95.7 ]
BL-h 121,0 §21.5] Sandstone 5.7 110.5 1044
TP-2 - b - - 3.0 105.2 | )02.1
BL-1 I3 3.5 sH o |8l ] 2.6 |7-2 117.9 | Ito, _ " Relative Denslty
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Table 2

ENGINEERING PROPERTIES OF IN-SITU SOIL AND SHALLOW ROCK

Test Unit Sand Caliche Gatuna
Specific gravity (Dimensionless)2,47-2.87 2.57-2.79 2.52-2.77
In-situ moist density (pef) © 101-128 89-120 95-115
In-situ dry density (pcf) 97-115  76-102 83-111
Compressive strength (01-0,) (psf)
Natural moisture 3 - 4,700-13,000  3,300-19,000
Saturated - 3:100-34,000 2,800
Consolidated undrained
effective shear strength
£ (csf) - 0 2,82
v (deg) - 43 %
Consolidated drained
effective shear strength -
c (ksf) 0 0.14-2.58 0.15-L o4
o (deg) . 33 31-33 28-40
Modulus of elasticity
Static (ksf) 140-690 1,870-14,110 2,160-2,740
Dynamic (ksf) See Table 7
Shear modulus
Static (ksf) See Table 7
Dynamic (ksf) See Table 7
Damping ratio (%) See Figures 23 through 25
Poisson's ratio (Dimensionless) 0.34 0.35 0.34
Permeability (Ft/yr) © 92-3,710 7-648 587-872
... pyailable
_— cox,ﬁwana

Note: The compressive strength results were rounded to the &
100 psf. The modulus of elasticity was rounded to
10 ksf. The densitites were rounded to the nearest 1



Table 3
ENGINEERING PROPERTIES OF SAND BACKFILL

_Test - Unit

ASTM D 1557 maximum dry density (pef) 109 -112
ASTM D 2049 maximum dry density (pcf) 113 -118
ASTM D 2049 minimum dry density (pcf) - 84 - 90
Optimum moisture content %) 7—7~;.j;13.2

Consolidated drained effective shear

strength
c (psf) 0
¢ (deg) 33-33.5
Modulus of elasticity
Static (ksf) 520
Dynamic See table 7
Shear modulus (ksf) See table 7
Damping ratio (%) See Figure 23
Poisson's ratio (Dimensionless) 0.34

Note: The dry density was rounded to the nearest 1 pcf, and the modulus
of elasticity to the nearest 10 ksf.




Table 4

DESIGN PROPERTIES OF IN-SITU SOIL AND SHALLOW ROCK

Test
Specific gravity
Average moist density

Average dry density

Effective shear strength

3
[
Modulus of elasticity
Static
Dynamic
Shear modulus
Static
Dynamic

Damping ratio

Poisson's ratio

Shear Wave Velocity

Unit Sand Caliche Gatuna
(Dimensionless) 2.68 2.68 2.65
(pef) 110.0 102.0 103.0
(pef) 103.0 90.0 96.0
(ksf) 1] 0.9 0.65
(deg) 30 33 4o
(ksf) 140 3,600 2,100
See Table 7
(ksf) 50 1,300 800
See Table 7
(%) See Figures 23 through 25
(Dimensionless) 0.34 0.35 0.34
(ft/sec) 500 1,300 1,600




Table 5

DESIGN PROPERTIES OF SAND BACKFILL

Test Unit

Specific gravity (Dimensionless) 2,63
ASTM D 1557 maximum dry density (pcf) 110.0
Optimum moisture content (%) 9.8
Average moist density (pcf) 121.0

Effective shear strength

< (ksf) 0
[) (deg) 33
Modulus of elasticity
Static T (ksf) 500
Dynamic See Table 7
Shear modulus
Static (ksf) 200
Dynamic See Table 7
Damping ratio (%) See Figure 23

Poisson's ratio (Dimensionless) 0.34
. iy




Table 6

NEAR SURFACE SEISMIC VELOCITIES AND ELASTIC MODULI

"P" Wave "S" Wave Moist Young's Shear Bulk
Depth Velocity Velocity Densit Poisson's Modulus Modulus Modulus
Material (Ft) (ft/sec) (ft/sec) lbs/ft Ratio (ksf) (ksf) (ksf)
In-situ Sand 0-13 1,100- 450- 110 0.34 1,900 700- 1,900
1,800 900 7,400 2,800 7,700
Caliche 7-20 2,000- 1,000~ 102 0.35 8,600-  3,200- 9,500-
4,000 1,900 30,900 11,400 34,300
Gatuna 12-43 2,900~ 1,300~ 103 0.34 14,500- 5,400- 15,100~
4,700 2,200 41,500 15,500 43,200
Santa Rosa 32-53 3,300- 1,300- 132 0.34 18,500~ 6,900~ 19,300-
5,200 3,000 98,600 36,800 102,700
Dewey Lake 40-100 3,500~ 1,800- 142 0.38 39,500- 14,300- 54,900~

Redbeds 9,400 3,900 185,500 67,200 257,700




Table 7

DESIGN DYNAMIC AND STATIC SHEAR AND ELASTIC MODULI

ELASTIC MODULUS (ksf) SHEAR MODULUS (ksf)
E max* G max*
Material Static Dynamic Static Dynamic
Sand Backfill 500 3,500 200 1,300
(63= 1,000 psf) (d3= 1,000 psf)
Sand Backfill - 4,700 - 1,800
(94= 2,000 psf) (d4= 2,000psf)
Sand Backfill - 8,700 3,200
(d3= 6,000 psf) (05= 6,000 psf)
In-situ Sand 140 2,300 50 800
Caliche 3,600 14,400 1,300 5,300
Gatuna 2,100 ° 22,000 800 8,200

*Notes:

1. The variation of the dynamic shear moduli, G, with strain will be determined

from GDesign = gz X X Gmax where GY and G‘y= 10-57 are provided in
Y =107"Z

Figures 20 through 22.
i i. E, with the dynamic shear
2. The variation of the dynamic elastic moduli, E, : 0 .
moduli, G, will be determined using E= 2G (1+ @) where u 1s glven in Tables
" 4 and 5.

3. d3= Confining pressure.




Table 8

RELATIVE DENSITY OF IN-SITU SAND

Test Pit

TP-~1
TP-2
P-4

TP-5

Note:

Depth
Sample Ft.
BL-1 3.2 -3.7
BL-1 3.0 -3.5
BL-1 3.0 -3.5
BL-1 3.5-4.0

In-Situ
Dry Density

Yd

pcf

97
110
107

109

Minimum
Density
Y min

pcf
89
84
86

90

The densities were rounded to the nearest 1 pcf.

=

Maximum
Density
Y max

pcf
113

118
115

114

Relative
Density
Dr
%
39
81
78

81

Elastic
Modulus
E

psi

3,200



Table 9.

Dyo SIZE AND COEFFICIENT OF UNIFORMITY OF TESTED SAND BACKFILL

Boring
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B-31
B-32
B-33
B-3k
B-35
B-36
B-37
B-37A
B-38
B-39
B-140

NOTE:

1. Cu = coefficient of uniformity D60

where,

D60= particle size corresponding to 60 percent by weight
passing on the particle size distribution curve.

Sample Dyq rmm
BL-1 .035
BL-1 -
BL=1 .0025
BL-1 .017
BL-1 .074
BL=-1 .07
BL=-1 .076
BL=3 .066
8L=-3 .02
BL=1 .015
BL-1 .075
BL~1 .075
BL=-2 .08
BL-1 . 065
BL-2 .068
BL-1 .078
BL-1 <, 001
BL=1 .075
BL-1 .088
BL=-1 .05
BL=-1 .062
BL-1 .031
BL-1 LO4L45
BL~-1 . Ol
BL~-1 .07
BL=1 .072
BL-1 .072
BL-1 .062
BL~-1 .064
BL~1 . 045
BL-1 .065
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Comments

used for cyclic tests
used for cyclic tests

used for cyclic tests
used for cyclic tests

used for cyclic tests

D10= particle size corresponding to 10 percent by weight
passing on the particle size distribution curve,



Table 10
CHERICAL ANALYSES OF FOUNDATION HATERIALS*

Boring Test Depth : Ferrlc Aluminum Calclium Magnesium Loss on Sod lum Potasslum  Sulfur
Plt Mo, Somple Ft Materlal Sitice oxlde Oxlde Oxlde Oxlde Ignition  Oxlde Oxlde Trioxide
8-28 BL-1 0-4 Browm Sand 93.24 1,02 2.83 0.16 0.20 1,44 0,22 0,72 0.042
TP-h - 3 Ten Q.nd 89.62 1.46 3.81 1.36 0,27 1.88 0.34 0.88 0,045
P-4 - 10 white Sand 84,64 0.87 2.86 5.24 0.26 5.02 0.19 0.5% 0.115
8-29 P-7 12,5-13.5 Calliche 55.12 2.78 3.57 17.74 2,40 6.7 0.28 1.17 0.101
8-9 P-3 19-20  Gatuna 79.76 LAY 5.92 2.4 N 3.96 0.3 1.70 0,065

#Shown as » percentage by welght.

Carbonate

0.80

0.59

4.72
16.19

3.25

Chioride
0.05
0.04
0.0)
<0.01

0.05

rrerem - e .



Table 11V

PLATE LOAD TEST RESULTS
Modulus
of
Water Plate Subgrade Elastic
Dry Density Content Dlameter Reaction Modulus

Test PIt Test No.  Materlal Depth (Ft.) (pcf) (%) (in) (pci) (psi)
TP-3 1 Sand’ 3.2 - - 30 200 4,800
TP-3 2 Sand 3.2 115 3.6 18 225 2,800
TP-3 3 Caliche top 5.5 100 11.0 18 2,500 31,000
TP-3 4 Caliche top 5.2 96 12.8 12 3,200 26,000
TP-3 5 Caliche middle9.2 109 5.7 12 11,890 98,000
TP-3 6 Caliche middle8.5 101 1.3 12 1,850 15,000
TP-3 7 Gatuna top 16.2 - - 12 2,290 19,000
TP-3 8 Gatuna top 16.2 101 12,6 12 1,850 15,000
TP-5 1 Sand 3.8 - - 30 165 3,400
TP-5 2 Sand 3.6 109 3.4 30 155 3,200
TP-5 3 Caliche top 10.6 102 11.5 12 1,620 13,000
TP-5 4 Caliche top 9.9 97 11.9 12 2,990 25,000
TP-5 5 Caliche

middle 13.9 - - 12 5,560 L6, 000
TP-5 6 Caliche

middle 13.9 112 5.1 12 L 420 37,000
Hand-dug Hole,
116 ft NE of B-25 Sand 3.0 100 L1 30 L7 1,000

Note: The dry densities YS;QQ(OUHded to the nearest 1 pcf.

’ ™~




Table 12

NET APPLIED PRESSURES AND
NET ULTIMATE BEARING PRESSURES

Net Net
Ultimate Applied
Foundation Ecaring Static Factor
Dimensions Pressure Pressure ~of
Structures {ft x ft)  _ (Ksf) (Ksf) Safety
Waste Handling Building
Hot Cell Mat 40x113 116 4 29
Braced Bay Footing 12x76 73 5 15
Column Footings 18x18 78 5 16
Column Footings 8x8 68 5 14
Storage Exhaust Filter Building
Column Footings 12x12 72 3 24
Column Footings 6x12 64 3 21
Emergency Generator Building
Column Footings 12x12 : 34' 3 11
Column Footings 6x12 29 3 10
Continuous Footings 5x22 28 3 g9
Administration Building (Control Room)
Column Footings 8x8 21 2 10

Column Footings 6x6 19 2 ‘ 9




Table 13
SETTLEMENTS QF FOUNDATIONS

Net Applied

Foundation Static Settle-
Dimensions Pressure ment
-Structures . {ft x f¥) - _. (Ksf) - (in)
Waste Handling Building
Hot Cell Mat " 40x113 4 1.0
Braced Bay Footing . 12x76 5 0.5
Column Footings 18x18 5 0.4
Column Footings 8x8 5 0.2
' Storage Exhaust Filter Building
Column Footings 12x12 3 0.2
Column Footings 6x12 3 0.1
Emergency Generator Building
Column Footings 12x12 3 0.5
Column Footings 6x12 3 0.4
Continuous Footings 5x22 3 0.4

Administration Building (Control Room) )

Column Footings 8x8 2 0.2
Column Footings 6x6 2 0.2




TABLE 14

FIELD RESISTIVITY SURVEY

Resistivity Depth Resistivity
Location (Ft) Reading (Ohms) (Ohms—-cm)
R -1 5 0.12 x 102 11,490
10 0.065 x 102 12,448
R - 2 5 0.405 x 102 38,781
10 0.11 x 102 21,066
R - 3 5 0.145 x 10% 13,884
10 0.065 x 10 12,448
R -4 5 0.30 x 102 28,726
10 0.08 x 102 15,321
R-5 5 0.47 x 102 ' 45,005
10 0.09 x 102 17,236
R - 6 5 0.20 x lo02 19,151
10 0.065 x 102 12,448
Notes:

1. The average electrical resistivity was
determined to depths of 5 and 10 feet using a
"Vibroground" Model 293 instruments and an
equally spaced electrode configuration “Wenner
Method".

2. Resistivity locations R-=1 through R-6 are shown
on Figure 1 of this report.




Table 15

LABORATORY RESISTIVITY

Resis?ivity Laboratory Resistivity
Location Sample Origin & Depth {ohms - cm)
R-1 Test Trench TP-3 0 -2%' 10,253
2k-4" 4,638
4 -8' 4,964
8 -12' 3,137
R-2 Test Pit TP-4 0 -4 13,920
4 -11" 9,275
11 -18" 6,729
18 -24' 4,246
24 -30' 3,395
R-3 Boring B-13, BL-3 0 -7' 6,401
S-2 5 -6%' insufficient sample
S-4 9 -10%' insufficient sample
R-4 Boring B-14, S-1 1 -2%' insufficient sample
S-2 4%-5%' insufficient sample
R-5 Test Trench TP-5 0 -3' 14,368
3 -7 3,005
7 -13" 3,984
13 -1¢6" 1,763
16 -18' 1,763
R-6 Boring B-53, S-1 1 -2%' insufficient sample
S-3 5k-7' insufficient sample
S-4 8 -9'sS" insufficient sample
Notes:

(1) Laboratory resistivity tests were performed according to
California Highway Department Test Procedure 643, Part 4,
Laboratory Method of Determining Minimum Resistivity.

(2) Resistivity locations R-1 through R-6 are shown on
Figure 1 of this report. ’




Table 16

P, SULPHATES & CHLORIDES
(Samples from Resistivity Test Locations)

Resistivity Sulphates Chlorides

Location Sample Origin & Depth PH (ppm) (ppm)
R-1 TP-3, 0-21/2" 7.7 8.75 53.3
2 1/2-4" 8.8 2.50 16.6

4 -8' 8.6 17.50 23.3

8 -12' 9.2 18.80 33.3

R-2 P-4, 0 -4' 7.1 2.50 20.0
4 -11" 8.8 0.25 33.3

11-18" 9.2 0.80 33.3

18-24" 8.4 7.50 20.0

24-30' 9.1 16.20 60.0

R-3 B-13, BL~-3, 0 -7 8.0 1.75 46.6
s-2, 5 -6 1/2! 7.8 1.00 86.6

S-4, 9 -10 1/2' 9.3 20.00 20.0

R-4 B-14, s-1, 1-21/2" 9.1 5.00 80.0
s-2, 4 1/2-51/2' 8.6 7.50 13.3

R-5 TP-5, 0 -3 7.6 5.00 26.6
3 8.4 0.50 20.0

7 -13" 8.4 15.80 13.3

13-16" 8.5 150.00 36.6

le-18" 8.4 5.00 20.0

R-6 B-53, S&-1,1-21/2" 8.0 6.25 33.3
s-3, 5 1/2-7" 7.4 2.50 33.3

s-4, 8 -9'5" 8.5 33.80 20.0

Notes:

1. Test Procedures:

(a) California Highway Department Test Procedure 643, Part 3, Method
of Determining pH of Soil.

(b) California Highway Department Test Procedure 417, Method of
Testlng Soils and Waters for Sulphate Content. :

(c) California Highway Department Test Procedure 4
Testing Soils and Waters for Chloride Content.

2. Resistivity locations R-1 through R-6 are shown\on Flgure;i of
*  this report.



