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FOREWORD

This report was prepared for the Department of the Air Force,
Ballistic Missile Office (BMO), in compliance with Contract No.
F04704-80-C-0006, CDRL Item 004A2. It contains an evaluation of
the suitability of Ralson vValley, Nevada, for siting the MX Land
Mobile Advanced ICBM system and presents the geological, geo-
physical, and soils engineering data upon which the evaluation
is based.

This report is included as one of several being prepared to des-
cribe Verification studies in the Nevada-Utah region even though
these data were gathered during an earlier phase of investiga-
tion called Characterization and does not include all facets of
a Verification study. Reports on the Characterization studies
contained only brief summaries of results, so it was decided to
publish details of the investigations and results, in the style
of Verification reports, for the two Characterization studies in
the Nevada-Utah region.

The Verification studies, which were stated in 1979, are the
final phase of a site-selection process which was begun in 1977.
The Verification objectives are to define sufficient suitable
area for deployment of the MX system and to provide preliminary
soils engineering data. Previous phases of the site selection
process were Screening, Characterization, and Ranking. 1In
preparing this report, it has been assumed that the reader will
be familiar with the previous studies.

Volume I of this report is a synthesis of the data obtained
during the study. It contains discussions relative to the
horizontal and vertical shelter basing modes. Volume II is a
detailed compilation of the data which may be used for independ-
ent interpretations or analyses.

"‘ilﬁ.ll NATIONAL. ING.
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1.0 INTRODUCTION

1.1 PURPOSE AND BACKGROUND

This report presents the results of geotechnical studies which

?1 were conducted in the southern half of Ralston Valley, Nevada,
. during the summer of 1977. The work was done as part of Fugro
National's Characterization Studies, which were summarized in

report FN-TR-26e. This more detailed report follows the format

of reports covering Fugro National's Verification Program, even
though the Characterization field investigation did not include
all the elements of a Verification investigation. The report
% : contains two volumes. This volume is a synthesis of the data.

Volume II is a compilation of the data from each activity.

This work is a phase of a site selection process which started

A ]

in 1977. The objective of the site selection process is to
identify and rank geotechnically suitable areas which are
sufficiently large for deployment of the Missile-X (MX), an
advanced intercontinental ballistic missile system. The phases
are called Screening, Characterization, Ranking, and Veri-
" fication. Screening employed existing information from litera-

s

: ture to identify areas which appeared to be suitable for deploy-

b ment of MX. Both Characterization and Verification programs

use field studies. Characterization studies emphasized collec-

4

tion of information to characterize geologic units with re-

'-

spect to construction of the MX basing options. Verification

s
!

studies also obtain information on construction properties of

N e e
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the geological units, but special emphasis is given to drawing
more reliable useable area boundaries than those drawn during
the Screening studies. Table 1-1 summarizes the investigative
techniques being employed during Verification studies and points
out those which were not used in Ralston Valley. Another dif-
ference between the two programs is that, for Verification, more
of the investigations were done near the valley margins than in

the Characterization studies.

The site selection schedule is shown in the following diagram,
which also identifies the Fugro National technical report for

each element in the process. As shown, the Verification Program

1977 | 1978 B 1979 | 1980

h Coarse Screening, FN-TR-16
s $Intermediate Screening, FN-TR-17
] Fine Screening, FN-TR-24
A Characterization, FN-TR-26
oasesssses m m e Ranking, FN-TR-25

Verification, FN~TR-27 e

Verification, Continuing Co=====—=—20

is continuing in 1980. The valleys for which reports have been
issued on the verification studies are shown in Figure 1-1.
This report is included because the detail of content is at the
same level as for Verification reports, even though the emphasis

of the field investigation was different.

fmlm %avioNaL NG,
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OBJECTIVES

VERIFICATION OF INTERMEDIATE/FINE ¢

DATA FOR EVALUATIONS

TERRAIN PARAMETERS

50°/150°
DEPTH TO ROCK

FIELD TECHNIQUES AND
APPLICATIONS

Geologic mapping

e fdentification and limits
of areas with slopes greater
than 10% grade

e Identification and limits
of areas with high incidence
of 10% stopes (rolling
terrain)

Geologic mapping

e Surface fimits of ¢
e Subsurface limits ¢
from topographic am

geologic interpreta

o Geomorphit expressi
erosion history

Seismic refraction §

* Subsurface projecti
rock fimits

« Delineation of regl
high (>>7000 tps) {
velocities

Borings
o Occurrence of rock

Gravity surveys 5

1
e Dveral! basin m*

refationships

« Range-bounding fj

Existing data

* published litera

15 jUN 80




EDIATE/FINE SCREENING SUITABLE AREA

50°/150°
DEPTH TG ROCK

50" /150°
DEPTH TO GROUND WATER

logic mapping

jurfaca timits of rock
ubsurface limits of rock
rom topographic and

eologic interpretation

Beomorphic expression and
rosion history

ic refraction surveys

ubsurface projection of
ock limits

Pelineation of rock from
igh (>>7000 fps) p-wave
belocities

ngs

currence of rock

ity surveys (OMA)

erall basin shape and
lationships

nge-bounding faults
ing data

blished literature

Existing data

* Availabte well :ecords and
interpretation

Borings
e Occurrence of ground water

Electrical resistivity/
seismic refraction surveys

Provide supplemental data
to support presence or
absence of ground water

Geologic mapping

* Obtain water depths from
wells encountered in field

EXTENT AND
CHARACTERISTICS OF SOLLS

GEOPHYSICAL PROPERTIES

Geologic mapping

* Extent of surficial soil
units

e Surficial soil types
Borings

* identification of subsurface
soif types

*In situ soil “density and
consistency

e Samples for laboratory
testing

Trenches, test pits® and
surficial samples*

« identification of surface
and subsurface soil types

* Degree of induration and
cementation of soils

L3

*In situ moisture and density
of soils

* Samples for laboratory
testing

Cone penetrometer tests*®

®in situ soil strength

Laboratory tests

* Physical properties

® Enginsering properties -
shear strength,
compressibility

* Chemical properties

Seismic refraction surveys

e Compressions! wave
velocities

Electrical resistivity
surveys

L

* Electrical conductivity of
soils

* Layering of soil

é;;Z.



‘ACTERISTlcs OF BASIN FILL

OPERTIES ROAD DESIGN DATA

EXCAVATABILITY
AND STABILITY

Trenches, test pit¢ and
Surficial sample$

ion surveys

| wave
* Identification of soil types

stivity *In situ soil density and
¢ moisture

ductivity of * Thickness of low strength

surficiatl soil

il Cone penetrometer tests

o In situ soil strength

* Thickness of low strength
surficial soils

Laboratory tests

* Physical properties
e Compaction and CBR data

* Syitability of soils for use
as road subgrade, subbase
or base

Existing data

e Spitability of soils for use
as road subgrade, subbbase,
ofr base

e Behavior of compacted soii:

Borings

e Subsurface soil types

* Presence of cobbles and
boulders

o |n situ density of subsurface
soils

» Stability of vertical walls

Trenches and test pits’

* Subsusface soil types

e Subsurface soil density and
cementation

e Stabhility of vertical walls

e Thickness of ftow strength
surficial soils

e Presence of cobblss and boulders

Laboratory tests

e Physical proparties
* Engineering properties

Geologic mapping

« Distribution ot soil types

Seismic refaction surveys

o Excavatability

* Thetre wete no coens ponetremetar, testpits, surfisial somples ner
sloctrical resistivity messurements made in Ralelon Velien

RECOMMENDATIONS FOR
FUTURE VERIFICATION
STUDIES

FIELD TECHNIQUES
VERIFICATION STUDIES

MX SITING INVESTIGATION
DEPARTMENT OF THE AIR FORCE - SAMSO
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1.2 VERIFICATION OBJECTIVES

The Verification studies have two major objectives:

1. Verify and refine suitable area boundaries for horizon-
tal and vertical shelter basing modes.

2. Provide preliminary physical and engineering character-
istics of the soils.

The data in this report are more pertinent to objective 2 than

objective 1.

1.3 SCOPE OF STUDY

The field work in Ralston Valley was done in August 1977. Table
1-2 lists the types and number of field activities that were
performed in Ralston Vvalley. The techniques of investigation

are discussed in the appendix.

Access was arranged through the Tonopah Resource Area Office of
the Battle Mountain, Nevada, district office of the Bureau of
Land Management (BLM). At BLM's request, all field activities
were performed along existing roads or trails to minimize site
disturbance. Archeological and environmental surveys were
performed at each proposed activity location. Activity 1loca-
tions were changed in those few instances where a potential

environmental or archeological disturbance was identified.

1.4 DISCUSSION OF ANALYSIS TECHNIQUES

1.4.1 Determination of Suitable Area

The number of field activities performed during these investiga-
tions is small relative to the area being studied. The reader

should be aware of the limitations of the investigations and

‘fuuno NATIONAL 1NC.
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GEOLOGY AND GEOPHYSICS
NUNBER OF
TYPE OF ACTIVITY ACTIVITIES
Geologic mapping stations” 58
Shallow refraction 15
Down Hole Velocity 3 _
Deep Refraction 2
ENGINEERING
- NOMINAL DEPTH
ENGINEERING-LABORATORY TESTS NUMBER OF BORINGS | oo NETERS)
NUMBER OF 4 300 (91
TYPE OF TEST TESTS (8N
Moisture/density 120 9 15-100 (23-30)
Specific gravity 18 2 30 (9)

. . NOMINAL DEPTH
Sieve analysis 142 NUMBER OF TRENCHES FEET (METERS)
Hydrometer 63 8 18 (5)
Atterberg limits K}

Consolidation 1 %;
Unconfined compression 12
Triaxial compression 21
Direct shear 18
Compaction 4
3
CBR SCOPE OF ACTIVITIES .
Chemical analysis 8 RALSTON VALLEY, NEVADA
NX SITING INVESTIGATION TaRLE
DEPARTMENT OF THE AIR FORCE - om0 1-2

NATIO
15 JUN 80
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must recognize that there may be additional revisions regarding
the suitability of areas as the studies continue. Maps showing
interpretations of depth to rock, depth to water, and terrain
conditions are included in Section 3.0.

a. Depth to rock: For Verification studies, 50- and 150-

foot (15- to 46-m) depth to rock contours are based on geologic,
geophysical, and Loring data. In Ralston Valley, the borings
and geophysical lines are generally several miles from outcrops.
Therefore the locations of the contours are based primarily on
geologic interpretation. The interpretation considers the
presence or absence of range-bounding faults, bedding plane
attitudes, topographic slopes, evidence of erosional features
such as pediments, and the presence or absence of young volcanic
rocks.

b. Depth to water: The depth to water map is a literature

based evaluation using existing wells. Ground water at a depth
of less than 150 feet is encountered only in a local area
northwest of Thunder Mountain. Consequently, the depth to water
appears to have no major influence on the final suitable area
calculated for Ralston Vvalley.

c. Terrain: During Screening Studies, areas were excluded
because of unsuitable terrain. The major exclusion criterion
was a maximum permissible grade of ten percent. 1In many of the
areas studied, detailed topographic maps have not been made, and
the available maps do not show topographic conditions with
sufficient detail to make an accurate evaluation of terrain

suitability.

funan naTioNAL NG,
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The best available topographic maps of Ralston Valley are at a
scale of 1:62,500. In addition to these maps, 1:60,000 scale
black and white aerial photographs, and field observations were

used as the basis for interpreting terrain conditions.

1.4.2 Determination of Basin-Fill Characteristics

The primary objective of Characterization studies was to provide
preliminary physical and engineering properties of the basin-
fill materials. These data will be used for preliminary engi-
neering design studies, will assist in planning future site-

specific studies, and will be used by other MX participants.

The investigations of engineering properties were designed pri-
marily to obtain information needed for construction activities.
For Verification studies particular emphasis has been placed on
the surficial soil conditions as related to road construction, a
major cost item. However, during Characterization, only limited
data were acquired on surficial soil characteristics since a
hardened trench was the prime basing mode at that time. Major
emphasis was placed on soil conditions in the upper 20 feet
(6 m) since this would be the approximate depth of excavation
for the trench (as well as the horizontal shelter basing mode).
Limited data were obtained from borings drilled to a depth of
160 feet (49 m) (and beyond), which is the depth of interest for
the vertical shelter basing mode. The length of the selsmic
refraction lines was also chosen to obtain information to

150-foot (46~m) depth or beyond.
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The geologic map showing the distribution of surficial soils is
based on the interpretation of aerial photos, field mapping, and

information from trenches.

Data obtained from trenches, borings, seismic refraction lines,
and laboratory tests were used to estimate soil properties to a
a depth of 20 feet (6 m). The data are limited to that obtained
from eight trenches and 15 borings. There may be soil condi-
tions that were not encountered by these 23 data points. Thus,
the range of properties presented in the report is subject to

revision.

The soil parameters between a depth of 20 and 160 feet (6 and
49 m) are based on data obtained from only 15 borings. The
spacing between borings ranged from 3 to 6 miles (5 to 10 km).
Thus the data presented may not be representative of the entire

valley.

"imlm naTIONAL 1NO.
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2.0 RESULTS AND CONCLUSIONS

2.1 SUITABLE AREA

The results of the suitable area interpretation are shown in
Drawing 2-1 and listed in Table 2-1. The excluded areas are
based on depth to rock and water, and terrain conditions (Appen-
dix A2.0). The area interpreted to be suitable for the horizon-
tal basing mode is 225 square miles (583 km2). Suitable area
is reduced to 195 square miles (505 km2) for the vertical

shelter basing mode.

The total area of &swix £11l1l materials in Ralston Vvalley,
excluding rock outchans, {8 approximately 290 square miles
(751 kmz). Geotechriica. constraints (terrain, depth to rock
and/or water) exclude 23 percent of this area for the horizontal
shelter basing mode. The exclusion is increased to 33 percent

for the vertical shelter basing mode.

2.2 BASIN-FILL CHARACTERISTICS

This section contains brief descriptions of the soils in the
valley. More detailed information is presented in Sections 3.3

and 3.4.

2.2.1 Surficial soils

Coarse-grained soils are the predominant surficial soils, cover-
ing approximately 90 to 95 percent of the area. They range from
gravels with little fines to sands with appreciable amounts of

gravel and/or fines. The fine-grained soils are generally

"imlm NATIONAL MO
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YERIFICATION
| VALLEY STATE BEGINNING SUITABLE AREA
AREA HORIZONTAL |  VERTICAL
' RALSTON NEVADA 290 (751) 225 (583) 195 (505)
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non-plastic silts and clays. They are mainly confined to an

active playa in the southern portion of the valley.

2.2.2 Subsurface Soils

subsurface soils in the valley are predominantly coarse-grained,
consisting of sandy gravels, gravelly sands, silty sands, and
clayey sands. Fine-grained soils (sandy silts and sandy clays)
probably occur in about five to ten percent of the subsurface
and are generally associated with buried playa and lacustrine
deposits at the southern end of the valley. Variation in areal
extent of playas in the geologic past has resulted in local
interfingering of coarse and fine-grained deposits in the sub-

surface near playa margins.

The coarse-grained soils are generally medium dense to dense
below 2 to 5 feet (0.6 to 1.5 m), are poorly graded with coarse
to fine sand and/or gravel, exhibit low compressibilities, and
possess moderate to high shear strengths. The fine-grained
soils exhibit low plasticity, low to moderate compressibilities,
and low to high shear strengths. Variable calcium carbonate

cementation exists in the subsurface soils.

2.3 CONSTRUCTION CONSIDERATIONS

Geotechnical factors and conditions pertaining to construction
of the MX system in suitable areas are discussed in this sec-
tion. Both the horizontal shelter and vertical shelter basing

modes are conslidered.

f.ll:lln HATIONAL. IND.
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2.3.1 Grading

Mean surficial slopes in the suitable area are approximately one
to two percent (range of zero to six percent). About two per-
cent of the suitable area has surface gradients exceeding five
percent. Therefore, preconstruction grading will be minimal for

most of the valley.

2.3.2 Roads

The predominant coarse-grained surficial soils will generally
provide good subgrade support for roads where they are in a
dense state. However, most of these soils do not appear to be
dense near the surface. The subgrade supporting properties of

the granular surficial soils can be improved by mechanical com-

— ews e DU oo S8 25 00 N

4 paction. The vertical extent of low strength surficial soils

10 A miliorts 9 44IREGS 77 3

is not known. Drainage incision depths are generally less than
6 feet (1.8 m) in approximately 95 percent of the area. 1In the
remainder of the valley, the depth of drainage incision ranges

from 6 to 20 feet (1.8 to 6.1 m). Therefore, the overall cost

of drainage structures for roads will be low. h

2.3.3 Excavatability and Stability

The soils in the construction zone are generally medium dense to
very dense énd possess variable calcium carbonate cementation.
Fine-grained soils occur in less than ten percent of the subsur-

face.

pod ped e

Horizontal Shelter: Excavation for the horizontal shelter can

be done with conventional equipment such as scrapers, backhoes,

and dozers. Excavation will be easy in approximately 70 to 80

!
1
[
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percent of the area;, however, excavation will be moderately
difficult in the remaining area due to presence of cobbles,
boulders, and strong calcium carbonate cementation in the
subsurface. Difficult excavation generally will be limited to
the areas adjacent to the mountain fronts. Results of the soils
engineering investigation indicate that excavations for con-
struction of shelters should be cut back to slopes ranging from
3/4:1 to 1 1/2:1 (horizontal:vertical) for stability. The wide
variation in slope angle is due to variation in density and
shear strength which depend on soil composition and degree of

cementation.

Vertical Shelter: Compressional wave velocities in the upper
120 feet (36 m) indicate that large diameter auger drills could
be used for vertical shelter excavation. Most excavation will
be in granular soils with only intermittent cemented or cohesive
soil intervals. Therefore, the vertical walls of these excava-
tions probably will require the use of slurry or other stabili-

zing techniques.

fumm NaTIONAL IND.

o 1D A W' o RGeS0 s PSR SN BoeaiE S
. . N




4 . .%.&..Qmﬁm.-.

suit.- -
. smu

Fle=Th=27=RY







SYILIN0TIN -(se1iepunoq Kaj|ea

—
Y 2 0 us34IN0s pue usayjlou pue) |j1j uiseq pue ¥I0) UIIM)3Q deIUDY)
SITIN 3iN1VLS
T =] i
Y 7 0 ¥20) pasodxa jo sease Sa)edlpu|

*(e158}112 UOISN|IXG }O S)I8)ap 10}

|~Zy ajgeL‘g-zy x1puaddy aas) SuOISN|IXe (eINY NI
pue ‘uiesla) o1ydesdodoy ‘13)ea pue y203 0y yidap jo
uor}esljdde wos} paujwisyap se sepow Juiseq 43} |ays
1@31118A pue jejuoZ) g0y Y10Q 10} ajgqeyInsun easy

‘(Wgy) 138§ QG| uey) ssa| pue (wg|) 199y
0c ueyy iereerd w304 0} yrydeg ~"13y|8ys |3V} 1A 10}
. 31Ge)INS J0u (NQ °:8}{3YS jeIu021)0y 10} 9)qelins esy
. (wgy) 199} 051
ueyy ejeaid i19)es pue 4203 0) yideg -sapow Juiseq
Jayjeys |eJI1}18A pue jejuoziioy 10} 9|qeIINS B3Iy

000°GZ1:1 IS

HLUON

NOILVYNV1dX3

e .- FU SR




.1‘. (A
- m

4&& . P ) ’ > X
\\m{ % . vEVaN oot 7
- P b s 2 L \ . aYA/
/ _ :
; 3 ! AR

3&.!\. < - , . /V.
r:?..&(% Do - T

i,

Eh. T2 SN

'
.. L Lo~ Lo ,./ o NS - - ¢ -~ w64
T pegy  MLGOM o .
-
A

15 ) 08




T B LN fan) " o~
7
4
H
*
|
1
|
!
|
T
|

. »
y .~ Y ’
7 : . . \' %
75 “ L : L TN
-1 | ; . e
i 1 -
_m | L
! ... O 4 ~ .0\\.
Pl T * X v
? /x >.// LN BN S~
eSS S o U VU O — o e e e s I % SN S

- ! v
) . @
\
.




-(se11epunog Kajjea
UJ3Y)nos pue usayjlou pue) |1} UISBq PuUe 4I0) UBAM}3Q }IEIU0Y

0 *}30) pasodxa jo sease sajeaipuy

*(B1J8) 149 UCISN|IXQ JO S|ie}ap 40}

|-Zy 8iqe)‘g-zy xipueddy a9s) suoisn|aIxa |einy|nd
pue ‘ureiia) ai1ydesdodoy ‘13yems pue 320l oy yidap jo
uciledrjdde wosy paujwia)ep se sepow Juiseq sa})|eys
|B3§113A pue |eIUOZIIOY Y}0Q 10} ajqe}insun essy

"(Wgy) 199§ (G uey) ssaj pue (wgj) 199)

05 uey) seyes!? %203 0) yideg -13))ous eI} 48A 1O}
8)10e1Ins jJou ;NG °1@)|aYs Jejuoziroy 10j 8)qeIiNS ed1y

' (wgy) 188} 061

uey) 1318043 s13)Bm pue %203 o) yydag -sepow Juiseq
13}|9Ys |BI1}J8A puUR |BIUOZISIOY IC) 3)GRIINS BIJY

$:1 3WIS

NOI1VYNV1dX3

SUITABLE AREA
HORIZONTAL AND VERTICAL SHELTER

RALSTON VALLEY, NEVADA
WK SITING INVESTIGATION

DEPARTMENT OF THE AIR FORCE - Bme

2-1

)
Lo

15

3

)

e it ST

~ e




FN-TR-27~-RV-1
15

3.0 GEOTECHNICAL SUMMARY

3.1 GEOGRAPHIC SETTING

Ralston Valley is in western Nye County, Nevada (Figure 3-1).
The valley is bounded on the west by the San Antonio Mountains
and on the east by the Monitor Range and the Monitor Hills. The
area investigated is bounded on the north by an extension of
Ralston Valley and on the south by the Nellis Air Force Base
Bombing and Gunnery Range. The northern boundary of the Ralston
Valley study lies along a township division line about 3 miles
north of Thunder Mountain. U.S. Highway 6 and State Highway 8A
provide paved highway access through the valley, while graded
roads and four-wheel drive trails provide access within the
valley. The nearest town is Tonopah, Nevada, less than 10 miles

(16 km) to the west on U.S. Highway 6.

3.2 GEOLOGIC SETTING

3.2.1 Rock Types

Tertiary volcanic rocks are the dominant rock type exposed in

the mountains surrounding Ralston Valley (Stewart and Carlson,
1978; Cornwall, 1972). Of these rocks, welded and nonwelded
ash-flow tuff predominates, especially on the eastern side of
the valley. Andesite and basalt flows form extensive outcrops
on the western side of the valley. Small granitic intrusions of
Cretaceous and early Tertiary age occur in the southwest. Small
scattered outcrops of Paleozoic limestone, shale, and sandstone
are found in the south on both sides of the valley, and probably

underlie the Tertiary volcanic rocks.

‘fl.lﬁlo NATIONAL, INO.
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3.2.2 Structures

The Ralston Valley area lies east of a zone of disrupted struc-
ture which separates the Sierra Nevada Batholith from the Basin
and Range province (Bonham and Garside, 1979). This zone rough-
ly corresponds to a prominent zone of topographic disruptions

called the Walker Lane (Locke and others, 1979). Walker Lane

typically contains major strike slip faults although Ekren and

others (1976) and Bonham and Garside (1979) state there is

little indication of large scale Tertiary aged faulting of this

type in the Ralston Valley area.

Generally, Ralston Valley exhibits typical Basin and Range
structure. It is bounded by the north-trending San Antonio

Mountains on the west, and by the Monitor Range and Monitor ’

Hills on the east. The dominant fault direction trends to the
}

: north, with lesser faulting oriented to the northwest and ]
east~northeast (Stewart and Carlson, 1974). The area of most

pronounced faulting is in the San Antonio Mountains where

predominantly normal faults offset rocks of early and middle

Tertiary age (Stewart and Carlson, 1974). Gravity data indicate

Y

that Ralston Valley may be bounded on the east by a normal
fault. No bedrock occurs at the surface to the west of this
proposed fault, and a pediment is inferred east of it (Fugro
National, Inc., 1978, FN~TR-26E). The valley basin is inter-
preted as a collapsed caldera overlain by younger volcanic rocks

and basin-fill deposits (Fugro National, Inc., 1978, FN-TR-26E).

fmun MaTIONAL MO,

r-——-—-.—

ST O U P VNS I ey

A
el e

RSP SRR vT S S




Lediiy,

Y W,;

FN-TR-27-RV-1
18

3.2.3 sSurficial Geologic Units

Alluvial fans of younger and intermediate relative ages are the
predominant surficial geologic units within Ralston Valley
(Drawing 3-2). Soil types range from sandy gravel near the
mountain fronts to silty sand near the center of the valley.
Mixed playa and younger alluvial deposits occupy the central
portion of the valley. Major surficial geologic units mapped

consist of the following:

o Older Alluvial Fan Deposits (A50) - This Pleistocene unit
is the least extensive alluvial unit in the valley. It
occurs adjacent to mountain flanks on the western side of
the valley and consists of silty sand with gravel. The
unit is in part underlain by shallow rock. Cementation is
weak; caliche development varies from Stage II to Stage
III. Areal extent is on the order of one percent of the
valley.

o Intermediate Alluvial Fan Deposits (ASi) - This Pleistocene
unit is a more widespread alluvial unit discontinuously
occurring in a fairly narrow band along the base of the
mountain ranges on the western and northeastern sides of
the valley. The portion of this fan type that abuts the
flanks of the ranges 1is irregularly underlain by shallow
volcanic rock. The unit generally occurs as a weak to
moderately cemented gravelly sand or silty sand with
caliche development varying from Stage II to Stage III.
Areal extent is about 15 to 20 percent of the valley.

o Younger Alluvial Fan Deposits (A5y) - Holocene younger
alluvium is the most widespread alluvial unit in the
valley. It occurs in the valley bottom adjacent to inter-
mediate alluvial fans but does not completely occupy the
central portion of the valley. The composition of this fan
type varies from gravelly sand with silt to silty or clayey
sand with gravel. Cementation varies from none to weak;
caliche development varies from none to Stage II. Areal
extent is about 25 to 30 percent of the valley.

© Fluvial Deposits (Al) - Holocene fluvial deposits occur
primarily along the topographic axis of the valley (located
along the western side of the valley). Composition varies
from sandy silt to silty sand. Areal extent is less than
five percent of the valley.

fll:lll NATIONAL ING.
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o Eolian Deposits (A3d, A3s) - Holocene wind-blown deposits
occur primarily on the southern and southeastern sides of
the valley. Minor deposits of dune sands occur in the
northern part of the valley. The unit consists mainly of
sand with very minor percentages of ~:;avel and/or silt and
clay. Cementation is nonexistent; ... caliche development
is apparent. Areal extent is less than ten percent of the
valley.

- —

o VLacustrine Deposits (A4, Ado0) - This unit designation
includes Holocene playa deposits and Quaternary-Tertiary
older playa and lacustrine deposits. The youngest playa
deposits (active playa) occur in the southwestern part of
the valley. The older lacustrine deposits occur as narrow
linear bar deposits in the southern part of the valley.
Playa deposits vary from sandy silt to clay. Lacustrine
deposits are silty sand. Areal extent of these units is
less than five percent of the valley.

As depicted on Drawing 3-2, various combinations of the above
4 surficial basin-fill deposits exist in the center of the valley.

The most widespreaé combination is of playa and younger alluvial

fan deposits (the unit marked ASy/A4f). Other less abundant
mixed units also exist (e.g. A3d/AS5y, A3s/ASy, etc.). The total
areal extent of all such mixed units is approximately 30 to 40

percent of the valley.

3.3 SURFACE SOILS

The geotechnical engineering program in Ralston Valley consisted
+ of only borings and trenches. Therefore, information pertaining

to surficial soils is very limited.

The surficial soils are predominantly coarse-grained covering
approximately 90 to 95 percent of the area. They consist of
gravelly, silty, and/or clayey sands and sandy gravels. The

fine-grained soils consist of non-plastic to slightly plastic
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silts and clays. The surficial soils have variable calcium

carbonate cementation.

3.4 SUBSURFACE SOILS

Subsurface soils are predominantly coarse-grained (granular)
with only a limited extent of fine-grained soils present in the
southern extremities of the valley near Mud Lake. The coarse
grained soils include sandy gravels, gravelly sands, silty
sands, and clayey sands. Subsurface fine-grained soils are
associated with the active playa at the southern end of the
valley where borings encountered alternating layers of sand and
silt or clay. Some interfingering of alluvial deposits and
playa deposits is apparent just north of the active playa where
borings also encountered alternating layers of sand and silt
or clay. Fine-grained soils are estimated to compose five to
ten percent of the subsurface deposits. The composition of sub-
surface soil with depth, as determined from borings is illus-

trated in the soil profiles presented in Figure 3-2 and 3-3.

The characteristics of subsurface soils, determined from field
and laboratory tests, are presented in Table 3-1 and the ranges

of gradation of the subsurface soils are shown in Figure 3-4.

Coarse-grained subsurface soils are poorly to well graded, con-
tain coarse to fine sands and gravels, and are medium dense to
dense below 2 to 5 feet (0.6 to 1.5 m). Several of the coarse-
grained soils contain appreciable fines and are classified as
clayey sands or clayey gravels. Caliche development (cementa-

tion) ranges from none to moderate with thin lenses at shallow

1bﬁlnunﬂumnuun
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DEPTH RANGE 2' = 20" (0.8 4

Coarse-grained soils

1 SOIL DESCRIPTION Sandy Gravels, Gravelly Sands, and
{ . Silty Sands
USCS SYMBOLS GW, GP, SP, S
ESTIMATED EXTENT IN SUBSURFACE % 90-95

PHYSICAL PROPERTIES

N o
— ——— e ——— .

é DRY DENSITY pet (kg/m3) <?§§2Z!é§s§ E‘{]
NOISTURE CONTENT 3 3.8-17.8 [}q]
, DEGREE OF CEMENTATION none to moderate
]
: COBBLES 3-12 inches (8~-230 cm) 4 0-10
E =
: GRAVEL 4 0-83 45]
SAND ] 16-86 46
{ - )
SILT AND CLAY ‘ % 1=45 _47
. .
] LIGUID LIMIT 25 [I
3
PLASTICITY INDEX NP [‘_
COMPRESSIONAL WAVE VELOCITY fps (ms) | Jee-iaen, [2¢]
' SHEAR STRENGTH DATA i}
UNCONF INED COMPRESS ION S, - ksf (kK/m2) NOA
- TRIAXIAL COMPRESSION ¢ - ksf (kN/n2), ¢° f§3° =48°-59
DIRECT SHEAR c - kst (/D) go|  ES0 =S
NOTES:
o Characteristics of soils between 2 and 20 feet (0.6 and 6.0 meters) are
l based on results of tests on samples from 15 borings, and 8 trenches, and
results of 15 seismic refraction surveys.
1 ® Characteristics of soils below 20 feet (8.0 meters) are based on resuits
of tests on samples from 13 borings and results of 15 seismic refraction
surveys.
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(0.6 - 6.0m)

20° - 160°* (6.0 - 49.0m)

Fine-grained soils

Coarse-grained soils

Fine-grained soils

NDA

Sandy Gravels, Gravelly Sands, Silty

Sands. and Clayey Sands

Sandy Silts and Sandy Clays

GN. 6C. SP. SM. SC’ ML, CL
90-95 5-10
80.9-122.5 83.6-110.0
(1296-1962) [57] (1339-1762) [”]

5.4-27.9

[o7]

9.6-24.2 [Il]

none to moderate

none to moderate

0-10 0
0-14 ., [sz] 0-15 [1 1]
22-87 [sz] 13-50 [I |]
3-48 [az] 50-87 [:1 2]
12-36 [5 ] 26-21 [2]
NP-20 [s ] NP-5 [s ]
1670-5650 2250-3250
(508-1722) [2‘] (686-991) [5 ]
2.8-14 4
2.1 (101) ['] (134-889) [3]
oy =4 NDA
c=10 = 38°-~56¢ c=0 b=135"
(0) [‘J (0) [']
—
* [ ] = Number of tests performed. CHARACTERISTICS GF SUBSURFACE SOILS
® NDA -~ No data available (insufficient data or tests not performed.) RALSTON VALLEY, NEVADA
MX SUTING INVESTIGATION TasLt
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GRAIN SIZE IN MILLIMETERS

Coarse-Grained Soils

SOIL DESCRIPTION

from 20 to 160 feet (6.0-49.0m)
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GRAIN SIZE IN MILLIMETERS

Fine-Grained Soils

SOiIL DESCRIPTION

from 20 to 160 feet (6.0-49.0m)

RANGE OF GRADATION OF SUBSURFACE SOILS
RALSTON VALLEY, NEVADA
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depths. These soils exhibit low compressibilities and moderate
to high shear strength. Fine-grained soils (sandy silts and
sandy clays) range in consistency from soft to hard and ex-
hibit low to moderate compressibilities and low to high shear
strengths. Soil plasticity ranges from none to slight. Calcium
carbonate cementation varies from weak to moderate. Results of
shallow seismic surveys are summarized in Table 3-2 and Table
3-3 contains the velocity profiles from the deep seismic sur-

veys.

The soils in the construction zone (120 feet; 37 m) have a wide
range of seismic compressional wave velocities (940 to 5650 fps;
287 to 1724 mps), depending on their composition, consistency,

cementation, and moisture content.

Seismic shear wave velocities (Table 3-4) were measured at three
locations. In the upper 20 feet (6 m) they ranged from 540 fps
(165 mps) to 1600 fps (488 mps). From 20 feet (6 m) to 140 feet
(43 m) depth they ranged from 1600 fps (488 mps) to 3000 fps
(914 mps).

Results of chemical tests indicate that potential for sulfate
attack of soils on concrete will range from "negligible"™ to

"considerable."

3.5 DEPTH TO ROCK

Drawing 3-3 shows the approximate configuration of 50- and
150-foot (15- and 46m) depth to rock contours in Ralston Valley.

This interpretation is based on limited point data from borings,
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YELOCITY COMPRESSIONAL WAVE AVERAGE THICKNESS COMMENTS
LAYER VELOCITY FPS (MPS) FT (M)
1 2600-3100 (792-945) 100 (30) -
2 4000-5200 (1219-1585) 300 (81) -
3 7700-8500 (2347-2591) 400 (122) -
4 10,500-11,300 (3200-3444) 1200 (366) -
5 13.600 (4145) 2800 (853) -
q 18,800 (5730) UNKNOWN BASEMENT
LINE RV-DS~1
VELOCITY COMPRESSIONAL: WAVE AVERAGE THICKNESS COMNENTS
LAYER VELOCITY FPS (MPS) FT (M)
1 2500-3200 (762-875) 50 (15) -
2 4500-5100 (1372-1554) 300 (81) PINCHES OUT
3 7300 (2225) 200 (61) PINCHES 0UT
4 10,700 (3261) 500 (152) -
5 13,600 (4145) 2300 (701) -
6 18,800 (5730) UNKNOWN BASEMENT

LINE RV-DS-2

DEEP SEISMIC REFRACTION VELOCITY PROFILES
RALSTON VALLEY, NEVADA

MX SITING INVESTIGATION
DEPARTMENT OF THE AIR FORCE - BMO
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seismic refraction surveys, site-specific published data, and
depths inferred from geologic and geomorphic relationships. Ap-
proximately 21 percent of the basin-fill material in the valley
is interpreted to be underlain by rock at depths of less than
50 feet. An additional nine percent of the valley is interpret-

ed to contain shallow rock between depths of 50 and 150 feet.

The depth to rock interpretation represents subsurface projec-
tions of surface rock, tempered by data from two of the borings
and seismic lines. For this reason, contours generally parallel

exposed rock in the valley.

Several areas, along the periphery of the valley are interpreted
to be underlain by shallow rock (Drawings 3-2 and 3-3). These
areas are generally small and probably represent remnants of
volcanic flows. Geographically, they are all adjacent to

volcanic rock outcrops.

3.6 DEPTH TO WATER

Drawing 3-4 shows the locations of all data points used to
define ground-water conditions in Ralston Valley. The sources
of these data are: Eakin, 1962; USGS, 1980; Robinson and
others, 1967; and Nevada State Engineers Office, 1974. Nine
wells drilled in basin fill materials indicate that ground
water exists at a depth generally greater than 200 feet through-
out the center of the valley. The only observed shallow water
is in the northern end of the valley just west of Thunder
Mountain where a well field has been developed for use by the

town of Tonorah.

"ilmm NATIONAL, IND.
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The presence of shallow water near Thunder Mountain has been
explained as being the result of bedrock topography constricting
or impounding the flow of ground water through the valley fill
(Eakin, 1962). Water level profiles (Eakin, 1962), indicate
that a fairly major change in ground-water level occurs north of
well W6 (Drawing 3-4). Ground water at well W6 is 480 feet
(146 m) deep, while at Thunder Mountain it is less than 50 feet
(15 m). This difference in depth is interpreted to indicate a
ground-water barrier between Thunder Mountain and well W6.
Ekren and others (1976) propose that the Warm Springs topo-
graphic/structural lineament crosses the San Antonio Mountains
about 4 miles (7 km) north of Tonopah and passes south of
Thunder Mountain. This lineament, if present, may be the

postulated subsurface ground-water barrier.

3.7 TERRAIN

Terrain conditions in Ralston Valley are depicted in Drawing
3-5. Terrain categories I through V corraspond to alluvial fan
or mixed alluvial fan and lacustrine deposits with varying
amounts of stream incision. There were no areas interpreted as
category VI terrain (highly variable). Where incision depths
are extreme and where topographic slope exceeds ten percent, the
terrain is considered unsuitable and has been excluded (category
VIiI). Small areas with extreme incision occur on the western
side of the valley near Mud Lake in the south, and near Thunder

Mountain in the north. Other small areas with topographic

fu;nn wATIONAL INC
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slopes exceeding ten percent occur along the mountain flanks and

in many small canyon reentrants around the valley.

Ralston Valley is a topographically closed basin with a central-
ly located major drainage system that flows south towards Mud
Lake. This drainage becomes poorly defined north of Mud Lake
and carries surface run-off to the lake only during very wet
seasons. Relief within the valley is on the order of 2000 feet
(610 m). The lowest point in the valley is at Mud Lake (5200
ft., 1585 m); the highest (7185 ft.; 2190 m) is Mt. Butler, near

Tonopah.

Intermediate alluvial fans near mountain fronts (terrain cate-
gories II through V) generally have stream incisions from 2 to
12 feet deep (0.6 to 3.7 m) with variable spacing. Surface
slopes generally are less that four percent and average two to

three percent in these areas.

Young alluvial fans (generally terrain category I) have inci-
sions ranging from 0.3 to 1.0 foot (0.1 to 0.3 m), with an aver-
age of approximately 0.7 feet (0.2 m). Surface slopes vary from

one to five percent, with the average near two to three percent.

Playa and alluvial/playa deposits have relief from 0 to 1 foot

(0 to 0.3 m)., Surface slopes average approximately one percent.
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Al.0 GLOSSARY OF TERMS

ACTIVE FAULT - A fault which has had surface displacement within
Holocene time (about the last 11,000 years).

ACTIVITY NUMBER - A designation composed of the valley abbrevi-
ation followed by the activity type and a unique number;
may also be used to designate a particular location in a
valley.

ALLUVIAL FAN DEPOSITS - Alluvium deposited by a stream or other
body of running water as a sorted or semisorted sediment
in the form of a cone or fan at the base of a mountain
slope.

ALLUVIUM - A general term for unconsolidated clay, silt, sand,
gravel, and boulders deposited during relatively recent
geologic time by a stream or other body of running water
as a sorted or semisorted sediment in the bed of a stream
or on its flood plain or delta, or as a cone or fan at
the base of a mountain slope.

ANOMALY - 1) A deviation from uniformity in physical properties;
especially a deviation from uniformity in physical proper-
ties of exploration interest. 2) A portion of a geophysi-
cal survey which is different in appearance from the survey
in general.

AQUIFER - A permeable saturated zone below the earth's surface
capable of conducting and yielding water as to a well.

ARRIVAL -~ An event; the appearance of seismic energy on a seis-
mic record; a lineup of coherent energy signifying the
arrival of a new wave train.

ATTERBERG LIMITS - A general term applied to the various tests
used to determine the various states of consistency of
fine-grained soils. The four states of consistency are
solid, semisolid, plastic, and liquid.

Liquid 1limit (LL) - The water content corresponding to the
arbitrary limit between the liquid and plastic states of
consistency of a soil (ASTM D423-66).

Plastic 1limit (PL) - The water content corresponding to
an arbitrary limit betwren the plastic and the semisolid
states of consistency of a soil (ASTM D424-59).

Plasticity index (PI) - Numerical difference between the
liquid 1limit and the plastic limit indicating the range of
moisture content through which a soil-water mixture is
plastic.

fumm MaTionaL. ino.
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BASIN-FILL MATERIAL/BASIN-FILL DEPOSITS - Heterogenous detrital
material deposited in a sedimentary basin.

BASE LEVEL - The theoretical limit or lowest level toward which
erosion constantly progresses; the level at which neither
erosion or deposition takes place.

BEDROCK - A general term for the rock, usually solid, that
underlies soil or other unconsolidated, surficial material.

BORING - A method of subsurface exploration whereby an open hole
is formed in the ground through which soil-sampling or
rock-drilling may be conducted.

BOUGUER ANOMALY - The residual value obtained after latitude,
elevation, and terrain corrections have been applied to
gravity data.

BOULDER ~ A rock fragment, usually rounded by weathering and
abrasion with an average diameter of 12 inches (305 mm) or
more.

BULK SAMPLE - A disturbed soil sample (bag sample) obtained
from cuttings brovrght to the ground surface by a drill rig
auger or obtained from the walls of a trench excavation.

¢ - Cohesion (Shear strength of a soil not related to interpar-
ticle friction).

CALCAREOUS - Containing calcium carbonate; presence of calcium
~carbonate is commonly identified on the basis of reaction
with dilute hydrochloric acid.

CALICHE - Gravel, sand, or other material cemented principally
by calcium carbonate,.

CALIFORNIA BEARING RATIO (CBR) -~ Is the ratio (in percent) of
the resistance to penetration developed by a subgrade
soil to that developed by & specimen of standard crushed
rock base material (ASTM D1883-73). During the CBR test,
the load is applied on the circular penetration piston
(3 inches2 base area; 19 cm2) which is penetrated into
the the soil sample at a constant penetration rate of 0.05
inch/ minute (1.2 mm/min). The bearing ratio reported
for the soil is normally the one at 0.1 inch (2.5 mm)
penetration.

CLAY - Fine-grained soil (passes No. 200 sieve; 0.074 mm) that
can be made to exhibit plasticity within a range of water
contents and that exhibits considerable strength when air
dry.

CLAY SIZE - That portion of the soil finer than 0.002 mm.
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CLOSED BASIN - A catchment area draining to some depression or
lake within its area, from which water escapes only by

evaporation.

COARSE-GRAINED (or granular) - A term which applies to a soil
of which more than one-half of the soil particles, by
weight, are larger than 0.074 mm in diameter (No. 200

U.S. sieve size).

COARSER-GRAINED -~ A term applied to alluvial fan deposits which
are predominantly composed of material (cobble) larger
than 3 inches (76 mm) in diameter.

COBBLE - A rock fragment, usually rounded or subrounded with an
average diameter between 3 and 12 inches (76 and 305 mm).

COMPACTION TEST - A type of test to determine the relationship
between the moisture content and density of a soil sample
which is prepared in compacted layers at various water
contents (ASTM D1557-70).

COMPRESSIBILITY-Property of a soil pertaining to its suscepti-
bility to decrease in volume when subjected to load.

COMPRESSIONAL WAVE -~An elastic body wave in which particle
motion is in the direction of propagation; the type of
seismic wave assumed in conventional seismic exploration.
Also called P-~wave, dilatational wave, and longitudinal

wave.

CONDUCTIVITY - The ability of a material to conduct electrical
current, In isotropic material, conductivity {s the
reciprocal of resistivity. Units are mhos per meter.

CONE PENETROMETER TEST - A method of evaluating the in-situ
engineering properties of soil by measuring the penetra-
tion resistance developed during the steady slow penetra-
tion of a cone (60° apex angle, 10-cm2 projected area)

into soil.

Cone resistance or end bearing resistance, qc - The resis-
tance to penetration developed by the cone, equal to the
vertical force applied to the cone divided by its horizon-~

tally projected area.

Friction resistance, fg - The resistance to penetraton
developed by the friction sleeve, equal to the verti-
cal force applied to the sleeve divided by its surface
area. This resistance consists of the sum of friction and

adhesion,

Friction ratio, fr -~ The ratio of friction resistance
to cone resistance, fg/qc, expressed in percent.

1hﬂ.ﬂ|lﬂN.~lLln.
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CONSISTENCY - The relative ease with which a soil can be
deformed.

CONSOLIDATION TEST -~ A type of test to determine the compress-
ibility of a soil sample. The sample is enclosed |in
the consolidometer which is then placed in the loading
device. The load is applied in increments at certain
tine intervals and the change in thickness is recorded.

CORE SAMPLE -~ A cylindrical sample obtained with a rotating
core barrel with a cutting bit at {ts lower end. Core
samples are obtained from indurated deposits and in rock.

DEGREE OF SATURATION - Ratio of volume of water in soil to
total volume of voids.

DETECTOR - See GEOPHONE.

DIRECT SHEAR TEST - A type of test to measure the shear strength
of a soil sample where the sample is forced to fail on a
predetermined plane.

DISSECTION/DISSECTED (alluvial fans) - The cutting of stream
channels into the surface of an alluvial fan by the move-
ment (or flow) of water.

DRY UNIT WEIGHT/DRY DENSITY - Weight per unit volume of the
solid particles in a soil mass.

ELECTRICAL CONDUCTIVITY - Ability of a material to conduct
electrical current.

ELECTRICAL RESISTIVITY -~ Property of a material which resists
flow of electrical current.

EOLIA%‘- A term applied to materials which are deposited by
wind,

EPHEMERAL (stream) - A stream in which water flow is discontinu~
ous and of short duration.

EXTERNAL DRAINAGE - Stream drainage system whose downgradient
flow is unrestricted by any topographic impediments,.

EXTRUSIVE (rock) - Igneous rock that has been ejected onto the
earth's surface (e.g., lava, basalt, rhyolite, andesite;
detrital material, volcanic tuff, pumice).

FAULT - A plane or zone of rock fracture along which there
has been displacement.

FAULT BLOCK MOUNTAINS - Mountains that are formed by normal
faulting in which the surface crust is divided into struc-
tural, partially to entirely fault-bounded blocks of dif-

ferent elevations.
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PINE-GRAINED ~ A term which applies to a soil of which more
than one-half of the sofil particles, by weight, are smaller
t?an 0.074 msm in diameter (passing the No. 200 U.S. sise
sieve).

FINER-GRAINED - A ters applied to alluvial fan deposits, which
are composed predominantly of saterial less than 3 inches
(76 nm) .

FLUVIAL DERPOSITS - Material produced by river action; generally
loose, moderately well-graded sands and gravel.

FORMATION - A mappable asseablage of rocks characterized by
some degree of homogeneity or distinctiveness.

PUGRO DRIVE SANPLE - A 2.90-inch-(6.4-cm) diameter soil sample
obtained from & drill hole with a Pugro drive sampler. The
Pugro drive sampler is # ring~-lined barrel sampler contain-
ing 12 one-inch-(2.%4-cm) long brass sasple rings. T™e
sampler is advanced into the soil using a drop hammer.

GEOMORPHOLOGY - The study, classification, description, nature,
origin, and developaent of present landforss and their
relationships to underlying structures, and of the history
of geoclogic changes as recorded by these surface features.

GROPRONE - The instrument used to transfors seissic energy
into electrical voltage; & seismometer, jug, or pickup.

GRABEN - An elongated crustal block that has been downthrown
along faults relative to the rocks on either side.

GRAIN-SIIE ANALYSIS (GRADATION) - A type of test to dJdeteramine
the distridbution of soil perticle sizes in a given soll
sample. The distribution of particle sites larger than
0.07¢ mm (retained on the Wo. 200 sieve) is deterained by
sieving, while the distridbution of particle sizes smaller
then 0.074 am is determined by & sedimentation process,
using & hydrometer.

GRANULAR ~ See Coarse-Grained.

GRAVEL - Particles of rock that pass 3 J-in. (76.2 ma) sieve
and are retained on & No. 4 (4.75 am sieve).

GRAVITY - The force of attraction between bodies because of
their moess. Usually measured as the scceleration of
gravity.

GYPSIPEROUS - Containing gypsum, » minersl consisting mostly of
sulfate of celcium.
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HORST - An elongated crustal block that has been uplifted along
faults relative to the rocks on either side.

INTERIOR DRAINAGE - Stream drainage systes that flows iato »
closed topographic low (basin).

INTRUSIVE (rock) - A rock formed by the process of emplacement
of nages (liquid rock) in preexisting rock, (¢.9., gron-
ite, groncdiorite, quartz monsonite).

LACUSTRINE DEPOSITS - Materials deposited (n & lake environ-
sent.

LARANIDE OROGENY - A time of deformation extending (rom late
Cretacecus (about 100 msillion years ago) to the end of the
Paleccene (about 30 million yesrs #90) which accounted for
such present Basin and Range structeure.

Ling ;‘A linear accay of odeervation points, such a8 & seimmic
ne.

LIOUID LINIT - See ATTERSERG LINITS.

LOM STRENGTE SURFICIAL SOIL - Soil which will pecfora poorly as
o road sudgraede, at its present consistency, whea used
diretly beneath & rodd section.

ROISTURE CONTENT - The tatio, expressed as & petcentage, of
the weight of water conteined In & 90il semple to the
ovendry weight of the samspie.

NEOTECTONICS - The study of the cecent strectersl history of
the eotth’s crust, wswuslly ducing the late Tertiary ond
the Quaternaty periods.

N VALUR - Penetration resistance, described a3 the numbet of
Dlows tequited to drive the standard eplit-spoon sampler
for the second and third 6 inches (0.19% @) with & 140-
pound (63.5-ag) hammet felling JO inches (0.7¢ ®) (ASTW
D1586-67).

OPTINURN MOISTURE CONTENT - Moistete content ot which » eoil
con De compacted to o soximwd dry wnit weight by o glven
coapective etfort,

P-NAVE - See Compressional Weve.

PATINA ~ A Goatk coating ot thin oeter layet ptodeced on the
sutfece of ¢ tock ot othet meterial by westhetring asfter
long exposute (e.9., desert varnish).

PAVERENT/DRSENRT PAVEREWT - When loose astetisl contsining

pebdle-siged or larger rocks is exposed to reinfall ond
wind sction, the finer Jeust ond sand ate Dlowh ot washed
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awady and the pebddles gradually asccumulate on the surface,
forming & mosaic which protects the underlyiag fiaer
saterial (rom wind atteck. Pavenent con also develop
in finer-grained moterials. 1In this case, the armored
surface is formed by dissolution and cemeatation of the
Qraing inveolved.

PEMNEABLE - The ability of 1iquid to pass through eoil and/o¢
roch material.

P8 - An indes of the acidity or alxalinity of & s0i) in terss
ol the logarithe of the reciprocs) of the hydregen lon
coaceatration,

PRt (9) -« Angle of intermal friction.

PIEZONETRIC SURFALE - An 1maginaty sefface tepresenting the
static head of qroend weter ond defined Dy the level o
which woter will c¢ise in & wel).

PITCHER TUBE SAMPLE - An endisturbed, 2.07-iach=(?)-am) diometet
soi) sample obtained from & 6ril] hole with 3 Pitever tude
samplet. The prisocy conpoaents of ULhis samplet ate M
outler crotating ceore Daccrel with & Dit and a0 lanet station-
aty, spting-100ded, thin-wil sanpling tude Wwhich lesds ot
teoils the oeter Gartel dcilling OIL, deponding wpoh the
hotdnese of the aoterial Delag penetroted.

PLASTIC LINIT - See ATTEROERG LINEITS.
PLASTICLITY taDER -~ See ATYEROENC LINITS.

PLATA/PLAYA DEPOSITS - A tet® wied In Uhe sovthwest ¢.8. (ot
o dcied=vp, t1at=(lo0red ares Covposed of thin, evenly
strotified sheets of cleoy, siit, ot tine sond, ond tep-
resent | the lowest tt of o mollow, conpletely closed
ot wndtoined, Gooetl lashe Dosin In which wetet sccumuistes
ond is quichly eveporated, weeaily leaving depesits of
seoledle solts.

POGALY CRADED - A desctiptive tern opplied te 8 costoe gteined
soll 1f 1t consists predoninsntly of ene potticle site
(wnifetaly grtoded] ot hos o wide tonge of sives with seome
internediote sives obviowsly ailosing (gop-qroded).

RMARCE-00URDED PANLY - Uswelly » netesl fowit In Which one side
hos aoved wp telstive te the esther ond hich sepetetes the
sowntein ftent feon the volley.

RELATIVE ACE -~ The telotionship in oge (oldest te yewngest)
l:t“ geelegic wnits vwithout specific tegotd te nmudber
of yests.




RESISTIVITY (True, Iatrimsic) - The property of & material
which resists the (low of electric curreat. The roatio of
eloctric-field intensity to currest deasity.

BOCK UNITS - Distinct foch masses with different characteristice
(6.9.. igneous, metamorphic, sedimeatary).

ROYARY WASE DRILLING - A Doring techaique in which advaacement
of the hole threugh overburden is accenplished by retetion
of & hoavy steing of reds Wile cootinueus dowmuward pres-
sufe i MaIntained through the fods o0 & DIt At the Dotiom
of the bole, Water of drilling nud is (erced dowm Lhe rods
te :ho Dit, and the retuwrn flow Drings the cuttings te the
sut face.

$-UAVE - See Shedr Wave.

SARD - Sel] passing Ihrough N, 4 (4.7 am) sieve 398 retsined
on No. 200 (0.07% am) eileve.

SARD OUNG - A low (1490 of DIl consisting of 1eose sand depos-
Ited By the wind, found 1A variows Sesert 908 codstol
tegions ond generolly where thece 18 sbundant surfece

SEISMEIC = Noving o @0 wilh elastic wves. ODnetgy Pay Be tione-
sitted lhu-?u the Dody of a0 eldastic s0l1d 28 P-woves
(conpeessiond] waves) of S-vdves (0t wdves) .

SEISMIC LINE = A Lineer ¢ty of Leovel Line sbsetvItion Points

foeephonesi. Ia (IDIS Stally, €0CD |ine CoOPtOIng 24 Qeophone
pos.tions,

SEISMIC REPRACTION OATA: Geop/shdliiow = Dote Setived (ten ¢ type
of seligmiec shooting Bosed on he Pessutonent of seimmic
netgy 08 o tunction of Line after (he Shot ond of distonce
feem the shet, by detemining the sttivel Lines of srisnic
woees whieh hove Ltoveled seotly ’ounol to the balling s
high-=veloeity layets, o otdet o MeP e SOPtH o SueH
loyets.

SLISMOCAAR - A selismie tedutd.
SEISMOUNETER - See Ceophone.

SHEAR STRERCTR - The oorioun tesistoncte of o %01l to whesting
targentiol) steresses.

SWRAR WAVE - A Budy cwve in ehich the potticle sotion is pet-
pendiculint te the ditection of propogotion. Alese cslieg

-Neve ot LIOASVeLIE weve.

SHEET PLOW - A process In hich Stombetae eoter spresds »s o
thin, contisvews veweetr /sheet) ovet o 1atge atee.
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SHEET SAND - A Dlansnet dopesit of sand which accunulates ia
shallow deprossions or against reck eutcrops, but doeos
aet have characteristic duse (orm.

SHNOT - My sewsrce of selanic osergy: ¢.9.., the detesstion of
an enplesive.

SROT POINY - Tene lecation of any Source of seiomic enorgy,
0.Q.. the lecation where a0 euplesive chirge IS dotondted
in one Dole of in & patters of Moles teo gonsrate seimmic
onefgy. ADoreviated B9,

SILY = Fine-grained soil Passing the de. 200 sieve (0.07¢ am)
RAt 15 nenPlastic of vedy slightily plastic ond ANt
IR IBILS JITE)e oFf 20 STIGNLL when V¢-d¢l0d.

SLLY SI26 = Teat poction of tne soll fines 1hon 0.9) o0 008
Coorset 1han 0.00) ™.,

SITE - Lecation of sone SPeeific diLivity of coletonpe poin,
T™e (e showi@ 21009y e MEI(Iag (0 & Precise Medning of
e Cledsly wndesst Cean 1he Gontest of (he d1pussion.

SPECIFIC GRAVITY = T™e fotlo of e wRight 14 83¢ of o Qlven
velure of il 01108 ot 3 Stoted ¢ tOL e (B 1he weight
in 8¢ of oo oQuel wiume of 1t I1 108 wited ot o Moted

tewgesotete.
SPLIT-SPOUN SAPLE = & SISt tbed sonPlie SPIHINES oIth & WPplit:

® SonPlet oiIN 20 wiside Sionetet of 2.0 Inetes

.1 . e e CONINS of o Wit botte] Mieh o

Seleen 1010 the 201} o510g & Stup Namnes .

SPNEAD = e lapowt of Qroptune Ytowps (tor Whioh Sotes Ttan o
single SRt ote toeotiod sinvitoveowsly. Mpltesds cton:
ol ing )4 QeoPptones Neve Lot w80l In Pt e seionic
tefeostion sutveye.

YTROAS CRARREL DRPUSEITS - See PTwris] Depwsits,

STREAR TEANACE DEPOSLITS - Steeon ehownel Jeposites ne oot
pott of oo setive SLIeEr SPYMED, Joneisily 1oese, Wedey:
otely ool gtoded sond ond gtovel.

SLPATE ATIRCH - The preotess Suting ohier willostes, ooits of
selfuric onid, tontalond in grtound wptet couse Sispoivtion
ond Aahage o congtete.

SUNPICIAL ORPUNET - wieotdnl idoted tesidvel ond sliwviel Sepes:
its ocetutting o0 ot Moot the eotth s swt foce.
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TEST PIT -~ Aa excavation mide 1o depihs of abeout $ feet (1.9 @)
Oy & Dacshos. A test pit permits viswl examiadtion of
wndisturbed material in place.
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Ad.0 GEOPHYSICAL PROCEDURES

Ad.l SEISHIC REFRACTION SURVEYS

Ad.l.1 Instruments

Field explorations were performed with a 24-channel SIE Model
RS~44 seismic refraction system which consisted of 24 amplifiers
Toupled with 4 Adry-write, gqalvanomneter-type recording oscillo-~
JEaph., Baismic enerqy was detected by Mark Products Model L-10
geophones with natural frequency of ¢.5 Hz. Geophones were
fitted with short spikes to provide good coupling with the
Jfound, Cables wilth two takeout intervals were used to transmit
the detected seimmic siyna) from the geophones to the ampli~
flets. Time of shol was tranamitted from shotpoint to recording
Systom #ia an N cadio Jink,

™e degree of 9ain was set on the amplifiers by the instrument
operators angd was limited Dy the background noise at the time
of the shot. The anplifiers are capable of maximum gain of
L.t Dillion, Tme oscillograph placed timing lines on the seis-
nograms At 0.0)l-second Intervals. The timing lines form the
tesis for measuring the time required for the enerqgy to travel
teom Ehe shel to each Jeophone,

As.1.2 Fielq Peocedutes

*$halliow® seiwmic releaction lines consisted of 2 single spread
et 24 gecphrones with 29 [eetl between geophones. Five shots were
Nade inte ¢aCh spread., Shot points were located 300 feet and
0 test f(rtom both ends of the spresd ond at the center of the
sptead. The teCording system wds loceted at the center of the
spleed.

*Peep® seimmic ctetroaction lines consisted of two of more spreads
2f 26 geophones each, The Interval between geophones was 200
feet. where spreods joined, they were overlapped by one geo-
phone intetval., In eddition to shots at the end of each spread,
shots wete made ot from one to three offset locations. The
cllset distences tonged from 1200 to 22,000 feet. Each time &
shet wos Jdetonsted, tecotdings were made along two adjoining
spteeds witlh two J4=ttace tecotding systems.

™e explosive vesed was & nitro-cetbo~-nitrate slurty marketed by
Atiae powdet conpeny under the registered trade name “Aquaflo”.
Chatge sites tonged frtom as wmall as one pound on the “shallow"
seimmic lines to #s latge o3 7080 pounds for the longest offset
shetls an the “deep” seimmic lines. The chatges were detonated
asing seiwnogteph gtade electeic Dlasting caps.

Relative elevotions of geophones and shotpoints within & line
wete nessuted with 2 transit ot level.

f‘.mm
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M . BHana Reduction

s ssevsl Limes for compressional waves from the shots to the
peapferss wefe obtained from the seismograms by visual inspec-
Lheh.  TRese times were plotted at their respective horizontal
beionves ond Dest fit lines were drawn through the points to
wisiA pparent velocities for materials below the seismic line.

8 «optination of delay time and ray tracing methods was used in
v wudguied program to obtain depth to refracting horizons from
-he simsdietance information.

M ¢ WWNEOLE SEISMIC VELOCITY SURVEYS
v+ (AeYguments

wwhhets seliamic velocity recordings were made using a SIE Model
e 44 wptifiec system and Model R6A oscillographic recorder.
e eyetiom s capable of recording up to 24 channels of data on
T neh (18 . 2=cm) wide photo-sensitive, direct write recording
rgns ®ol}) wideh timing lines are impressed on the record at
~on #ibtisecond Intervals.

s 29 +duetS Mudel L-10-3D-SWC downhole geophone assembly was
yvewed %> detect the selsmic wave arrivals in the boring. The
seaumd 'ty centaing three mutually perpendicular geophones with
+onus et Cteguency of 4.5 Hz. It is equipped with a leaf spring
W ron Meintelng contact with the boring (casing) wall.

he seuned tortmat included six signal traces and a "time break"
~rere Te smplitied output of each of the three geophones was
raptwved st two different gain settings. The time break trace
—esnedold the lastent on electrical circuit was completed as the
swewsy wos genetoted. The "switch® in the circuit was formed by
onrev® Setween o sledge hammer and a metallic surface which was
bty SR ERERN .

w : t Cield Procedures

+eenhoie selismic travel times were obtained by mechanically
tenere® g enetgy at the surface and recording the arrival of
~ne enetgy in & nearby boring. The horizontal separation
wasgoen the bDoting and the point of energy generation was ap-
sronteeatety 20 feet (6 m). The boring was cased with 3-inch
"+ g_em> dismeter PVC pipe. The casing was grouted into the
Hete,

‘e wegin the downhole observations, the geophone assembly was
st wed ot @ depth of 10 feet (3 m). Then seismograms (records)
wve shtained. Bnergy for the first record was generated by a
ciothge haswet blow downward on a metal plate lying flat on the
sround. Tis blow generated a relatively strong compressional

e .
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Energy for the second record was generated by a horizontal
sledge hammer blow on a vertical metal end plate at one end of a
wooden beam lying flat on the ground. The beam was oriented
perpendicular to a line extending from its center to the boring.

It was coupled to the ground by having the wheels of a vehicle
parked on it. A horizontal blow of this type produces shear
wave energy, and relatively small compressional wave energy.

Energy for the third record was generated by striking a hori-
zontal blow against the metal end plate at the other end of the
wooden beam in order to produce shear waves with oscillatory
polarity opposite to that generated for the second record.

After these three records were obtained, the geophone assembly
was lowered ten feet (3 m) into the hole and three more records
were obtained in the above pattern. This procedure was repeated
until the bottom of the boring was reached.

The records were analyzed to determine the travel time between
the impact and the arrival of the seismic waves at the geophone
assembly. The compressional waves usually appear as a rather
obvious excursion of the traces from their rest position. Ex-
cept when the geophones are at shallow depths, this arrival is
normally observed most readily on the traces representing the
vertical geophone. The records obtained from the vertical ham-
mer blows are the primary source of compressional wave travel
time data.

The arrival of the shear wave usually occurs while the traces

l Ad4.2,.3 Data Reduction

b i A

are still oscillating in the "wake" of the earlier arriving com-~ :
pressional wave. The shear wave typically causes an increase in |
amplitude on the trace and a lengthening of the recorded period, 1
| but the instant it arrives may be partially obscured by the
> compressional wave "noise". Since the shear wave is a polarized
wave, the traces from the horizontal geophones on two records
made with oppositely polarized energy (blows on opposite ends of
‘ the beam) are compared to note the point of phase reversal in
order to assist the shear wave identification.

l The wave travel times are reduced according to the ratio of the
depth of the geophone in the boring and slant distance between
the impact point and geophone. These reduced times are plotted

' on a graph of travel time versus depth. The velocity profile
is interpreted by fitting straight line segments through the
points. The velocity in a particular zone is indicated by the

l inverse slope of the line segment through that zone (slope
defined as A time/ Adepth).
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AS5.0 ENGINEERING PROCEDURES

Soil engineering activities consisted of the following:

l. Field activities: o Borings
o Trenches

2. Office activities: o Laboratory Tests
o]

Data Analyses and Interpretations

The procedures used in the various activities are described in
the following sections,

A5.,1 BORINGS

A5.1.1 Drilling Techniques

The borings were drilled at designated locations using either
the Becker Percussion method or rotary techniques. Specifics of
these two drilling methods are discussed in the following
paragraphs.

a. Becker Percussion Method: With the Becker Method, a double
wall drive pipe was driven by a diesel powered pile hammer,
while air was forced down the annulus of the drive pipe. The
air continuously lifted the material cut by the drive bit to the
surface through the center of the double wall pipe. When
refusal to driving was encountered, a hydraulic rotary attach-
ment swung into position and conventional rotary methods were
used to advance the boring with the drive pipe serving as the
overburden casing. Borings drilled by the truck-mounted Becker
Percussion rig were nominally 5 1/2 inches (140 mm) in diameter,
and ranged in depth from 25 to 100 feet (8 to 30 m).

b, Rotary Method: The borings drilled by rotary techniques
used a truck-mounted Failing 1500 drill rig with hydraulic
pulldown. These borings were nominally 4 7/8 inches (124 mm) in
diameter. A bentonite-water slurry or compressed air was used
to return soil cuttings to the surface. A tricone drill bit was
used for coarse-grained soils and a drag bit for drilling in
fine-grained soils. Depths drilled ranged from 100 to 450 feet
(30 to 137 m).

A5.1.2 Method of Sampling

A5.1.2.1 Sampling Intervals

Soil samples were obtained at the following nominal depths as
listed for each drilling method as well as at depths of change
in soil type.

‘ﬁmnn nationaL no
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a. Becker Percussion Method:

0' to 20' (0.0 to 6.1 m) - Bulk or Drive - samples at 5'
intervals

20' to 100' (6.1 to 30.5 m) - Bulk - samples at 10'
intervals

b. Rotary Method:

0' to 30' ( 0.0 to 9.1 m)

Split Spoon or Pitcher -
samples at 5' intervals
split Spoon or Pitcher -
samples at 10°' intervals
Pitcher or drive - samples
at 25°' intervals

Pitcher - samples at 50°'
intervals

30" to 100' ( 9.1 to 30.5 m)

100' to 300' (30.5 to 91.4 m)
300' to 450' (91.4 to 137.2 m)

AS5.1.2.2 sampling Techniques

a. Fugro Drive Samples: Fugro drive samplers were used to
obtain relatively undisturbed soil samples. The Fugro drive
sampler is a ring-lined barrel sampler with an outside diameter
of 3.0 inches (76.2 mm) and inside diameter of 2.50 inches
(63.5 mm). It contains 12 individual 1l-inch- (25.4-mm) long
rings and is attached to a 12-inch- (30-cm) long waste barrel.
The sampler was advanced using a downhole hammer weighing
400 pounds (181 kg) with a drop of 15 inches (38.1 cm).

The number of blows required to advance the sampler for a
6-inch (15-cm) interval were recorded. Samples obtained were
retained in the rings, placed in plastic bags with manually
twisted top ends and sealed in plastic sample containers. Each
sample was identified with a label indicating job number,
boring number, sample number, depth range, Unified Soil Classi-
fication Symbol (USCS), and date. Ring samples were placed in
foam-1lined steel boxes.

b. Pitcher Samples: The Pitcher sampler was used to obtain
undisturbed soil samples. The primary components of this
sampler are an outer rotating core barrel with a bit and an
inner, stationary, spring-loaded, thin-wall sampling tube which
leads or trails the outer barrel drilling bit, depending on
the hardness of the material penetrated. The average inside
diameter of the sampling tubes used was 2.87 inches (73 mm).
Before placing the Pitcher tube in the outer barrel, the tube
was inspected for sharpness and protrusions.

The Pitcher sampler was then lowered to the bottom of the boring
and the thin-walled sampling tube advanced into the soil ahead
of the rotating cutting bit by the weight of the drill rods and
hydraulic pulldown. The thin-walled sampling tube was retracted
into the core barrel and the sampler was brought to the surface.
After removal of the sampling tube from the core barrel, the

'fiamm maviona: o
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length of the recovered soil sample was measured and recorded.
Before preparing and sealing the tube, the drilling fluid in the
Pitcher tube was removed. Cap plugs were taped in place on the
top and bottom of the Pitcher tudbe and sealed with wax. When
Pitcher samples could not be retrieved without disturbance, they
were clearly marked as °disturbed.®” Each sealed Pitcher tube
was labeled as explained under °"PFugro Drive Samples® and then
placed vertically in foam-1lined wooden boxes.

c. Bulk 305%1033 Bulk sasples were obtained from Becker
Percussion dr ng method by circulating the saterial dis-
charged st the surface through a cyclone to reduce discharge
velocity. The material was then sampled, placed in plastic bags
and labeled as explained previously.

Bulk samples from rotary drilling were obtained by screening the
returning drilling fluid to obtain wash samples or collecting
soil cuttings returned by compressed alir. Recovered samples
were placed in plastic bags and labeled as previously explained.

d. sElit-sE%on Samples: Split-spoon samplers were used to
obtain stur , but representative soil samples. The split-
spoon sampler consists of & barrel shoe, & split darrel or
tube, & s801id sleeve, and a sampler head. The inside diameter
of the sampler shoe is 1.375 inches (35 sa) and the length is
about 18 inches (45.7 cm). Sampling with the split barrel
sampler is accomplished by driving the sampler into the ground
with & 140-pound (63.6-kg) hammer dropped 30 {nches (76 cm).
The number of blows required to drive the sampler a distance of
12 inches (30.4 cm) was recorded as the Standard Penetration
Resistance (N value). The disturbed samples obtained from the
split-spoon sampler were placed in plastic bags and labeled as
explained previously.

AS5.1.3 Logqing

All soils were classified in the field by the procedures out-
1ined in Section AS5.3, “"Pield visual Soil Classification,® of
this Appendix. Rock encountered in the borings was described
according to classifications given in Travis (1955) and Polk
(1974). The following general information was entered on
the boring logs at the time of drilling: botring number; proj-
ect name, number, and location; name of drilling company and
driller; name of logger and date logged; and method of drill-
ing and sampling, drill bit type and size, driving wefght
and average drop as applicable. As drilling progressed, the
soil samples recovered were visually classified as outlined
in Section AS.3, "Pield visusl Soil Classification,” and the
description was entered on the logs. Section AS.3 also dis-
cusses other pertinent data and observations made, which were
entered on the boring logs, during drilling.
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AS.1.4 Sample Storage and Transportation

Semples were handled with care, drive spoon sample containecs
being placed in foam-lined stee]l boxes, while Pitcher samples
were transported in foam-lined wooden boxes. Particular care
vas enercised by drivers while traversing rough terrain so &8
not to cause any disturbance to the uadisturdbed samples.
whenever ambient air temperatures fell below 3207, all samples
wete stored in heated rooms during the fleld work and trons-
ported to Fugro National’s Long Beach laboratory in heasted
cabins in back of pichkup trucks.

AS.2 TRENCUES

AS.2.1 Excavation Rquipment

The trenches were excavated using & rubber tire-mounted Case 780
backhoe with » maxisum depth capability of 18 feet (3.9 @),

AS.2.2 Nethod of Excavation

Unless caving occurred during the process of excavation, the
trench width was noainally 2 to ) feet (0.6 to 0.9 ®). Trench
depths were typically 18 feet (5.9 m) and lengths ranged from
%4 to 74 feet (16.9% to 22.9 m). The trench walls were verticsl.
Nowever, where surface materisls were unstable, the trench walls
were sloped back to & safe angle to prevent sloughing ducing the
completion of excavation and 1099ing. The excavated saterial
was deposited on one side at least § feet (1.2 ») fros the edge
of the trenches in order to minimize stress loads at the edges.
The excavations were backfilled with the excevated amaterisl and
the ground surface was restored to 8 condition as conformadle
with the surrounding terrain as practicsl.

AS.2.3 Sampling

The following sampling procedures were genecrslly followed:

o Representative bulk soil saaples (lacge or small) wete
obtained in the top 2 feet (0.6 ). 1tf the soil type
changed in the top 2 feet, bulk samples of both the solil
types wvere obtsined. 1n addition, bulk sassples of oll
soil types encountered at different depths in the excava-
tion were obtained. Por each solil t{po in the top 2 to
3 feet (0.6 to 0.9 m), two lacge bulk semples (weighing
about %0 pounds each; 11.4 kg) were taken. OSulx saemsples
from other depths were limited to one bag. When soils
from two locations were similar, only & small beg sesple
;oiqh:no about 2 pounds (1 kg) was teken from the second

ocation.

© All large bulk samples were pleced first in plastic begs
and then in cloth bags. The sasll bulk ssaples were placed
in smell plastic degs. All semple Dags of 90il were tied
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CigBtly At the top to provent opillage and tageed with the
following information: pre)ect aumber; C(reach, test pit,
ot sutticlal sample aumder; Duls sonple aunder; depth
tange in feeor; Uniflied Soi) Classification aymbdol; and
date. The sanples wecte transperted teo the field office
for storage and them to Pugro National’s Loag Besch office
in plohep truchs.

A5.2.4 Logqing

e procedures for (10ld visea) classificotion of soil and reck
encountered (com the trenches werfe bDasically the same as the
procedures for | ing of Dorings (Sectionm AS.i.3). Loggl of
the trench escavatioas ws acconplished from the serface by
observing the Dachhoe Duchet codtents. Most teench walls were

photographed peior to daculilling.

tach field trench 109 incleded the appropriate aumbder; preject
aame, nulbder and location; name of ezcavetor; type of excovation
eQquipnent; neme of logger; and doate logeed. As eucavations
proceeded, the soil types encountered were visvally clessitied
and described as outlined In Section AS.), *Field Visuvsl 8ol)
Clessificetion.® Section AS.) also discwusses other pertinent
date and odeervetions sade which were entered o0 the logs during
escevation.

AS.3 F1EL0 VISUAL SOIL CLASSIPICATION

AS.).1 Genetel

All fi1eld 1099ing of 20ils ws pecformed in eccocrdonce with the
proceduces outlined Ia this section. Solil senples were viswslly
clossified In the field in genetel accotdonce with the pro-
cedutes of ASTR D 2480-69, Description of Soils (Viswsl-Renvel
Ptocedute). The ASTR procedute is bDesed on the Unitied Soil
Clessiticetion Systen (see Table AS-1). (It describes severs!
viseal and/ot Benes] Bethods which cen Le wsed In the field to
estisste the USCS soll group for each semple. ™e tollowing
section details several of the guidelines weed In the field fot
desctriding soils, deilling and excevating conditions, and
uneseel conditions encomntered.

AS.3.2 %0il] Desceiption

$0il descriptions entered on the 109s of Dorings, snd trenches
generslly included those 1isted below.

Costse-Gtained Soils gine-Groined Soils
USCS meme and Symbo) USCS Ngne and Syabel

Color Colet




fange e Pasticle Side Cons |} stoncy
Cradation (we)), poetliy) Seistere Contomt
Density Plasticiny
Meistere Contont Seaction e B0}

Particle Shape
feactien to AC)

Sene additiond) Gescriptions or Informdtion rorerded fot Bath
Coarse- and (1ne=-qrained solls 1osiuded;: degree of conenLe-
tion, secondatly Mteria), cobbies nd Gouiders, %8 “epin of
cnange e sol) type.

Oetinitions of some of the terms 200 Criterio 9bod 0 408e¢ibe
:o‘l'u ond conditions 0ngeuntered duting the Iavestigatisns
ellow,

. ma Oecived fean Toble AS-1, the Unitied
Soi} ) . The s0l)s were (ieot Sesignoted »8
coatse= ot Line-gralned.

Coorse-qrained s¢ils oce 1hese In WhiIeh mete t1hon It (OY
weight) of the pacticieos ore visidle 1o the Mokes ope. ia
foking this estinate, perticies codrser Lhon ) In. 176 am I
Slametet wnre execluded. Plae-~qgrained 90119 ate these In Which
sete then Ml (Dy welght) of the partieles ote o0 (ine thet
they Cconnet Do Seee the adked eye. The Sistinetion Detueeh
coatse- ond fine=qrolned econ 2ise Do node Oy sleve 00lysis
with 1he audbet sleve (.07 am) siee pitticie considetred
teo be the snollest sine visidie te the asned eye. (n some
instonces, the (ielé technicions deseribing the oiils weed o
cunbet 200 sieve to estimste Lhe ameownt of ) teolined potti-
cles. The cootse-groined soils ate Cutther divi inte sonds
ond gtovels by estissting the peccentage of the costse fraction
lotget then the Aunber § sieve (abowt 1/4 1och ot % am). B0
cootee=groined soil is then Quiitied o8 siity, clayey, postly
9:“. ot well greded o8 4i9cwened ender plostiecity and grofe-
tien,

Pine-gtoined soils wete identiftied In the (1018 o9 cloys ot
silts with epproptriote sdjectives (cleypey silt, silty ecloy,
ete.) Lased on the teswits of dry st th, dllatency, ond
plestic threof tests (%ee ASTM D 20860-49 detsils of these
tests).

Deel UICS synbels ond edjectives wete woed to desecide soils
exhibiting chotocteristies of note then one ¥ICS ¢grewp.

. Ceolot: Ceoler desceiptions were tecorded wsing the follew-
ing (efRE with sbbtevistions In peteatheses.

P-—--




- W R m——

=T 31-0V~{
L 318 )

mise e Ssoom urt
tellow () Sles 084
Ovsange (@) Gsay 1901
Ned 0) Slosn (Bin)
Ssomm (06

Colef ComBInatinns 46 woll o0 ondiflers aurt o8 Jignt ity ond
dare (18%) aPie el

€. a i Pt C0drse=gidined Miis 180NS
e 9 o ’ ' of wne particies VisInie Lo e
noned S 0SLINIled 45 (10, Vdiun, OIS0, OF & FOMRINGS

tonge (fine (o Redliep) .

e, }WS Sel) o000 1MIICIIOS & TP 50:QEdIN08 §0i)
e WIGe ¢NQC I8 H6aI% SI30 o0 SUDMIINI i) aPBUnts
of MOSt 1AECINEdIIte POILICIC S1205. & #0008 00:=J¢01000 50))
s dentified o poorly Qeadad It 1t PONIted PIeSORIADNt Iy
of ene siae tunitornly gtoaded) o 2ol o oide tonge of ) des
1IN SOMe IASINeOIte 100 v iowsly AI0sIng (909=9¢ sBad) ,

.. _ %E ﬁg L ¢ THe Se98Ity o Sorsistoney of
the Pw n’%td SOUed o0 he Sumbed of Blows
toguited 0 ddvince e PNgre §¢iIve of PLIL=Poor Sompiot, the
riiling tote (G1LCIcoity) ondrot Mpdtovi i Ppollidoon Meeded
o 02111, vitwd] cbsetvetions of (he Soll 10 e LeenPh of tlowt
pit waiils, ease (0f SilliIcuity) of ertovstion of teench ¢ tem
Pit, of teNEl o¢ (et PItl Wil Adllity. fPor ! roined
wils, the (1010 Guides 10 0ot HMIMNED Pretents" v wpte
0190 waed 10 09t iNdtle CoNsisteney.

o Cootosvsgtotned soile - O», &P, O9, O, S0, W,
19tovels oG Sands)

Cengligsency e-velve (AVYS O Sivws, Pret
ety Loose e - 4

Leose q = 10

Sediun Denee 10 = »

Oense j  EE

ety Denoe %

o Plae-=greined Sils - \y, Wy, CL, OF IS1ite ond Clope)

Sheot 9tremgth
Coneisteney (hof) ield Gwl

ety Seoft . senpie with beight equel to
telee the dismetet, 9893
wnbet oon wwight

Seft 0.2%-90.% Con be squeeted beteoon
tinmib and fotetlinget

P-.—-m




PR 27 <~ §
a9
| Medd SR sompLn
! Consissonsy pesfy fisie Gige
fFism . W) .00 Con 58 2oited 046ily @it
S egede
L XY ] V- -00=). 00 Con B LR IS0 AR &ligm
Pressvee feo0 Fingers
tesy MIES 1.00:4.00 Cor 00 VM ISR oAth Pan-
| S18ctonie Pioscvie tionw
‘ tingeds
he ¢S Sees 4.0 CoMmnet B0 IBPIInted Wy
I 11904 s

L ?i!” g Consong - ™e 1100150 Sideii s ebies Vel I
wne 1618 Fos Gosserting The MGt wie 34 e S5l ooNPIos:
Ov -~ fm fee) of MeIst e

ﬂgonu e i o8 B h 080 (A Andiw) W ime

-
»

LTS el M0 istute nd S0d)

Yoty ook - ES SIeetet TS WdBel Mgt wte

e - B8 8¢ SO0t SOTENEION |
9. tetUitle Mege- (0ot 90:900100d wiis 4
Mgelet - PetLICIeS Nave MNP ond telotively diore !

*i00% oA 1R WR I I St Fored f

PBoi ot - POLLicIoe 900 SIPIISE (0 SNPUI St B hOVe SeRBIhe!
tonded edyers

Sbtounded: Potticies @IRIBIL *otiy Sliohe siles Dyt hove
@1} 2 tout B0l BfNete oW algee l

eunded r PNILIZIOS Wave WeUthly vl sides ond W alges

L o to ¥K)- M o oid Fot MeMIfying LERERtetjor,
sane S wbte tedted I+ the (ield fot theit tesctior
te JEIvEe WOISERl st i¢ sEid. The INtensity of Uhe K1 tesetion
s $00etibed 88 NN, RO, St NNy, \

. Conente r Oosed or the irtensity of the 3
teoe . the degtee of conemtation of o owid
loyet vos desetibed 93 SRt Lo Sttong. Alse, the follveing
stages of dwelegoent of coliche Icapovtel profitle wwie Indi-
coted vhete opPpl frable.

Stage Stevelly Soils Songtevelly Solls
t  ™ia, Jisrenticues oo (1lanents ot faint Costings

petble cvotings

11 Continveus putbie coot: fue to sbunlont spdvies, floves,

IT. spne ntetplible tilapente
1) ings

Pm-

t ".‘ -




TR~ 17 g~ §
L ¥ 2

i 1o .

LLL. (11 _11Y8 131 sangedreily beiie

(33 Sty A5G4 OONAS Ndey 2aBuios Nl IRt Innbul o
troirnge E3iinege

tv LA EADE RAme ke POed v S5 Ophing FOIRORME AP g
NG Sl A0é ) Jon o

o tovendety Npiesis)- Prangis 1+ SN oSN (40w Se dmbe $i134

Togne 11440 Wy By e AgMAY
fEss)he Y9500 (g Q6% eBAIAN)
cole <IN G0y $on WP

L " | ' = B FPIE 1S 9 et S0, wauwbily
»Mr "afwgﬂw o deiede Sieheted Selemnr 3 oW
b4 Enunee (30 oA Bt A . & Genidnd §6 9 Calt (400RWM ., yau:
ity uNDUR By SEOENGE I 24 WENRLOY, VAR O GVOLOge B OMeien
+8 b4 NNGS KR MR B¢ Amée. The elnes of Adbies oW/ e
i dete e LEENALEIGR Sy ASEIMg e AUBBRr ShNe Ix 84333
A FIFEEERItY %6 SWREINGSE ¥4 St ige 54 By Vil Thestvel jor
i otemvetiend. M st ete =f THe SIdE., tONS., oW Beitimivigge
ot *olBISSe S/t Pesidte A (NS Seote b tedotiel oh e
2 R

T LT e LSS W ST
m e BNSMMINRE By Thasrving
sanpiee,. Feilling ¢otee, tﬁm e teled od LoRajesiensry »§
deERbEing EVuid. o (SISt ing hees e PoPth Itte oh ths 333
g ol (N GHEENIL IS, SLEINS TR IGHNEIIPE SYE PReNM el o 4t
* e, Al Wit Cpe INGed facee ot OBl oh the jege By o
No¢itontal Jine ot the PPt er Mhote Jedith ot .

th sdRitianr te The 0O tVvatiehe ¢totetded ¢eloting ts wwij
te e ipliond, ¢EREEts coneething MITIINg SifTicesity, Jewe of
Jeitiing Fioid 0 the Suting., witetd Tewie ehepurternd, tremnt
Ol 2Rl ity. eee of EIPIetion, S Sthet Whuses] tonditions
wete tenstded o the 1ogd.

A% ¢ LAMARINRY TUNTS

iotetotety tedts wete petlethed or iected tepresentotive
andist e bed ond Buit catplies. B3] 1shetotety tests Teveept
ehepicol tests) wete pvfothed ¥ Pugte Wtisrel s Long Beset
1obecoteoty. The chaniecsl tests wete conditted by Popetey,
Jolngon, o Wwiley Lalntsteries of Prssdere, B1ileotnis o
With-thety Cumpory of Lo Mageles, BIiboreis. A1l tests weie
cttotned i gevetsl seceotdoee HHth Uhe Weticer Setiety fot
frg s Tutevisles MW drecedutes. The types of tests
pecforaed and theie M Jesigrotions ste et ieed os Pollows.

Pm-




> |
.
.

PP T )<~ §
A%v i

e
e «f Tesy - SRLPHIA ) o

.".' -w FrP AP P A ARANAAA A A AaAnNAaaqaAay o . ”""3
WIGGure TRABONE . - - - .o nnnanann - BRIV
m"“.’ﬁ” m“.’ ''''' T NN D “a4n . """
55““ ‘m' Ll ol I T s B T R I e Bl N B R I e T B e .""“
"m“ ‘”.' CrALOONAERANAASYAPRAAARAN YA ANy Y T .”?"
"mm mm ANNASAIAAARAADA AN LAY ”7"
YNEONEINed COMPSOSBIPE .- s- - ~n5n0500 15000 b T S
“.m m CCCCOORCOOONONDANDINIT I >0 m"’
‘m’m'” CECOCELONNO2CONINTIAIC 1AB3D3) ”“".
‘T'm CELCCCCO000R0CREDONANODD 53292273 ! ‘“""

29000 9H

“‘ 00enio Boasing M KO ...-5:500.> B BRI
et fie COMVICY ccccccnnvoncos000002032:5 B BB
et $0IubI® $OBVMP . . -c0c0009500300555 B JEPRRE
0ot B1BIe EMIBIIIP ccco0cs005000003055 B $§PY
WOted SBIubIe RulDR@® . 050cc0000000000055 B SID0E
Wtee $83ubIe ERIEWPR .cos0000000000000020 B P AP
COVEV CRIDBMWRE ccococccoooo0000000000035 B BIPRAY
Yoot boe ANea! 1Mty BPM ..000c00000009020 @ BN

. M0ER MISLISIS W0 DTN
L A0

~

e (inel 1009 of 211 00¢INgs o8 Leonehes swite Prepoied &y
auoouwly CENBINING the N IDMtior JIver 0% the Tield jnge

T Ve 1M00I0EO0) Ot ¢ uits. The toBuitom ogr Inciude
enetelly the Moliosing OISt ior: SoNEtigiion of il tyes
WAt S: Sagie (YPuS of IMeeveils, 1 IUNSIagy rePhi¢ i)
iy : estiotes of W11 SNty of CONIIONtys SePIh §ece:
tions »f 0.119 I il ¢ COROttS CONRINING tLIeneh w933
WEbility: NI SHININILy, coPawtietion, o cwibies ond
tueidets erteunteted; o0 ¢ totsd Oo:m of erpiotetion,
toletotety teet tedwits presonted Id the 1098 inclule ¥4y
deneity @ R0Istuee Cotient: peteent of grovel, sonl. ond
tines: ond Jiguid 1IIE ond Plostieity Indor. Oles, Sisved:
Jonewns 1AISMNtior ) & ¢ fore eiewetion, swtfiels) gnt;;
i¢ Writ. Gote of tNIly, cQuighevt wel, onl Sibensions of
NLivity ote hwenr ot the 1o§.

iatetotety Sete ode NSO v tables. Al1 sompies ohich
w¢e mmla:m wte listed. m.u of sieve
smelyees, v Mtetbety 1M01ES, Musite Sty Strength
ol MR istute ottt tests, o) wicuisted Sugtee of Soturotion
ol veid totie wmte eteted of Uhe tables. TRt sullety sheets
fot trianiel conpression, weontinn) cuRptession, ditert sheeor,
euoliﬂlua. cheical, (U, ond conpoctioh oM ewte prepored
supetately.

elume 11 CICIGP “Covtechnicol Dote® presents the felleoving
fiecl 1000 Goste engiavetiay dets.

Pm-m

-




W37~ N~ §
2%-43

Peeing Coans ostion £} -~ 4.8
Toenen Lags Sostion §3 + 5.0
Lobesstasy Teok Neswite Sossion i - 6.0

(%.3 Gaii ENQseEIEsietIEN

148886 of NG SBSE(Ise WIS Wit Goreiofad wEing
e Crem CSIEMIE ol ABT IO SudeeNS. DG INGS, TIONINeS, o0l

Besetosy esEs.

16 R LS CBIS R iNOR IAES S09650:900 10040 88 fIne-griiened
HEk® A Sws sangen +f G0gSR. 6 e 0 feet a8 PO 1o 16D feet
P Ao 6 4 & %8 00 B, MG ITAI SN WISt INg B 13T 1]
F SRe il wses Inen LaDwIe?® &3 *Ohisasted VSR 1oy of »
260 $0E8° (TABEE F:5) DOSOE A% DG EITGEY 1OST (OSwils o0
SPtOIENiQtive SaPRies. The tablc 1N 1ulesd SOl S0SEtiIptions,
REto® Yol CLastificotins Syseton SWNESIS. the 08t inetes
Wt fese ENtont ol COEh SOI) SIS, CORPEWRES o0 (R0 Segree of
TWONEQt ian, OS% INGTAR (OIS EONIONE, M8 (oS of vilers
tom e (oiiowing 1000t 0tleldy (eSS @¢y Jenslity., MISLte
SAROAN. P Az de QIS ISwR IO, JIQUIS 1 IBIL, Plostirity
e, wnsentined comgressien, (4100181 conIession, N Siceet

e

Me ecavotobility a9d SUebilitly of evcdvition aidils of »
I IONEAL 0¢ @ VEILiCa! RGNt Wit 9o lwsted (tan 1he SOV -
fove 400 WBiNG SCIINIF YEIEILICS, SSIT TyPpes, Sheef WN¢ v
reesende »f colbios vd WWiIdets. G PO Stion. Prodions
MESUNESteld GWE NG LEONER GICNetione a8 G111 ing of Gotings
0¢E 8190 N ideted ir e evelwdtion.










