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ERRATA

Replace the following figures with revised ones which accompany
. this sheet: Figures 6 (p. 16}, 7 (p. 18}, 13 (p. 38), and 14
(p. 40).

Replace the following tables with revised ones which accompany
this sheet: Tables 5 (p.19 and 20), 14 (p. 41), and 15 (p. 42).

The following corrections are to be made to the original text:

Ppage 2, Figure 2: Generalized geologic map base revised,
see Figure 6. .

page 7, Section 2.2, line 3: Change "The..., intermediate..."”
V to read "Fluvial deposits cover approximately six percent
of the area, younger alluvial fan deposits cover approxi-
mately 14 percent, intermediate..."

s page 25, first 3 lines: Delete first three printed lines,
dupl.cation from page 23.

.page 33, Figure 10: Generalized geologic map base revised,
see Figure 13.

————

-'i--nn MNATIONAL ING




-~

FN-TR-26¢C

FOREWORD

This report was prepared for the Department of the Air Force,
Space and Missile Systems Organization (SAMS0) in compliance
with conditions of Contract No. F04704-77-C-0010, and is a
geotechnical summary of the prime Characterization sites in the
Rio Grande and Highlands Candidate Siting Provinces (CSPs).

The prime site in the Rio Grande CSP is Jornada del Muerto, New
Mexico and the prime site in the Highlands CSP is San Simon

Valley, Arizona.

The report presents representative data obtained from geotechni-
cal field investigations performed at both sites as part of the
Characterization program. The information obtained from these
studies, in combination with data obtained in the Screening

studies, has been used for geotechnical ranking (FN-TR-25).
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1.0 INTRODUCTION

This report presents the results of geotechnical field inves-
tigations performed in the Jornada del Muerto and San Simon
characterization sites, located in central New Mexico in the
Rio Grande Candidate Siting Province (CSP) and in southeastern
Arizona in the Highlands CSP, respectively. These provinces
are two of six selected for geotechnical characterization
studies. This report presents representative data collected
and analyzed for these sites. Access to the remaining data can
be arranged through SAMSO/MNND, Norton Air Force Base,

California.

The Rio Grande CSP lies within the states of New Mexico and
Texas (Figure 1). It is characterized by predominately north
aLu northwest trending mountain ranges separated by fault
controlled closed basins possessing a variety of geologic

and engineering conditions.

The Highlands CSP lies within the states of New Mexico and
Arizona (Fiqure 2) and is characterized by variable geologic
structures and topography. North to northwest trending moun-
tain ranges comprise from 25 to 33 percent of its area.
Drainage is moderately well developed, however, a few basins

are closed and contain playas.

Suitable areas for deployment of MX missile system remaining
after Intermediate Screening were divided into CSPs based on
similar geotechnical characteristics. The results of Inter-

mediate Screening (FN-TR-17) indicated that existing data

T.l-lll NATIONAL INC.
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were not adequate in type or level of detail for follow-on geo-
technical and geo-environmental evaluations, screening, site
selection, and ranking studies. Therefore, the Characterization
studies were developed to provide a rapid, relatively inexpensive
method of gathering geotechnical data in small areas (maximum
about 700 nm2; 2400 km2) which are considered to be represen-

tative of a larger area within the CSP.

Emphasis was placed on the collection of information allowing
characterization of geological units with respect to the
construction aspects of MX missile basing options. Objectives
of the Characterization studies were to obtain data that

address the following geotechnical aspects:

o Surficial geology and terrain
0 Subsurface conditions
o Geophysical properties

o Engineering properties

Although the program originally emphasized data collection
for the trench and horizontal shelter basing modes, the data
were utilized for evaluation of the vertical shelter basing
mode as well. Characterization was, therefore, a refinement
of the screening process whereby the necessary geotechnical
information was developed to support the broader MX system
design activities. These activities were taking place
concurrently and provided a more firm basis from which to
geotechnically rank the remaining suitable area considering

different alternative basing modes.

T.l.ll NATIONMAL INC
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Two Characterization sites (one prime and one supglementary)
were selected within each CSP (Figures 1 and 2). This
report discusses only the prime site within each CSP.

The characterization site selection process began with a
delineation of geotechnically similar areas within each CSp
having analogous depositional and geologic histories,

rock and water depths, and tectonic settings. Once these
areas had been identified, non-geotechnical factors were
applied to delineate the actual Characterization site
boundaries. These non-geotechnical selection factors
included access, proximity to support facilities, environ-

mental sensitivities, and local logistical requirements.

Geologic, geophysical, and soils engineering technigques were
used to determine the surface and subsurface geotechnical
conditions in Jornada del Muerto and San Simon. These
include:

0 Analysis of available data

o Aerial photo interpretation of surficial geologic
units utilizing black and white stereographic
pairs at scales of approximately 1:30,000 (Jornada del
Muerto) and 1:60,000 (San Simon)

o Geologic field check of aerial photo interpretation
and determination of physical properties of the
surficial units at selected field stations

o Shallow and deep seismic refraction, down hole seismic
velocity, and electrical conductivity surveys to obtain

subsurface profile information

Tn:nn NATIONAL ING
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o Gravity and ground magnetic surveys to aid in interpret-
ation of basin configuration
o Drilling and trenching to determine subsurface soil

characteristics and obtain soil samples

o Laboratory testing of soil samples to determine

engineering properties

Prior to initiating any field work, an archeological and
environmental inspection was conducted at each site to ensure
minimal impact to the local environment and to avoid damage to
archeologic and historic sites. To further minimize potential
impacts, all field activities were performed adjacent to

existing roads or other previously disturbed areas.

Site access to the Jornada del Muerto and Salt Basin character-
ization sites in the Rio Grande CSP was coordinated through the
Base Engineers Office, White Sands Missile Range, and the U.S.
Army Corps of Engineers, respectively. Access to characteriza-
tion sites in the Highlands CSP was gained through BLM permits

and the U.S. Army Corps of Engineers.

Tl.ﬂll NATIONAL, ING

———




*

-

FN-TR-26¢C

2.0 JORNADA DEL MUERTO SITE

The Jornada del Muerto characterization site covers an area

of 330 nm2 (1132 km2) in Socorro and Sierra counties, New
Mexico. The site is bounded by mountain ranges on the east and
south. The Rio Grande River lies just outside the site area to
the west. Chupadera Mesa lies to the north. A network of
paved and graded roads as well as four-wheel drive trails

provide access within the site.

2.1 SCOPE OF INVESTIGATION

Scope of geologic, geophysical, and soils engineering field
activities performed at the site and laboratory tests performed
on soil samples from the site is presented in Table 1. Detailed
information about the soils engineering field activities (17
borings and seven trenches) is summarized in Tables 2 and 3.

Locations of all the field activities are shown in Figure 3.

2.2 SURFICIAL GEOLOGY AND TERRAIN

Alluvial fan deposits of younger and intermediate age and

eolian sheet sand are the predominant surficial geologic units

within the Characterization site (Figure 3). Fluvial devosits cover approxi-

mately 6 percent of the area, younger alluvial fan deposits cover approximately l4
percent, intermediate alluvial fan deposits cover 22 percent, and

eolian sheet sand covers approximately 45 percent. Playa and

older lacustrine deposits cover approximately three and nine

percent of the surface area, respectively. These deposits do not

represent a large percentage of the surface area, but they are

generally of great thickness and interfinger with alluvial

—Til-nn NATIONAL INC
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i GEOLOGY AND GEOPHYSICS

ENGINEERING

TYee O AcTiviTy | MORSER TF NUWBER OF BORINGS ~[Foe1*he EFTH
Seological mapping 4 13 100 (30)
Shallow refraction 18 3 Joo (81)
Deep refraction 2
Downhole velocity 3
Gravity survey 116

NOMINAL DEPTH

NUMBER OF TRENCHES FEET (METERS)

i 18 (9)

6 18 (6)

ENGINEERING-LABORATORY TESTS

TYPE OF TEST ey TYPE OF TEST NUMBER OF
Moisture/density 23 Uncontined compression 29
Specific gravity 19 Triaxial compression 15
' Sieve analysis 130 Divect shear 30
Hydrometer 53 Compaction 1
Atterberg limits 90 CBR k|
Consolidation 10 Chemical analysis 8

SCOPE OF FIELD AND LABORATORY
ACTIVITIES

JORNADA DEL MUERTO. NEW MEXICD, RIO GRANDE CSP

MX SITING INVESTIGATION TARLE

DEPARTMENT QF THE AIR FORCE - SAMSO 1

e v m e
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soRinG nuwger( TR PERRA L rvee oF omiLL mig usen |TYPERE SARLES®
IM-B-1 102.0 (31.1) Rotary Wash 8, P
IM-B-2 108.0 (32.9) Rotary Wash 8, P, C
JN-8-3 105.0 (32.0) Rotary Wash B, P
JM-B-4 102.5 (31.2) Rotary Wash P
JN-B-5 100.0 (30.5) Rotary Wash B, P
iM-B-6 101.0 (30.8) Rotary Wash B, P
JN-B-7 102.9 (31.2) Rotary Wash p, 0, C
JN-B-8 99.0 (30.2) Rotary Wash B, P
JN-B-9 102.5 (31.2) Rotary Wash 8, P, S
IN-8-10 301.5 (91.9) Rotary Wash B, P
IN-B-11 304.0 (92.7) Rotary Wash B, P
J4-B-12 102.5 (31.2) Rotary Wash B, P
IW-B-13 101.0 (30.8) Ratary Wash 8, P
JM-B-14 102.5 (31.2) Rotary Wash B, P
JH-B-15 302.5 (92.2) Rotary Wash B, P
Jn-8-17 102.0 (31.1) Rotary Wash B, P, S

*P = Pitcher sample (undisturbed)
0 =Fugro Orive sample (relatively undisturbed)
B =Bulk sample (disturbed, but representative)
SS =Split Spoon sample (disturbed, but representative)

C = Rock Core

RI0 GRANDE CSP

ENGINEERING FIELD ACTIVITIES - BORINGS
JORNADA DEL MUERTO, NEW MEXICO

NX SITING INVESTIGATION
DEPARTMENT OF THE AIR FORCE  SAMSQ

TABLE

2

© LIRS ATY Seer—

GRO NATIONAL, IND.
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TRENCH NUNBER

TOTAL DEPTH

STABILITY OF VERTICAL EXCAVATION WALLS

FEET(METERS)
IR-1-2 16.5 (5.0) stable; 15.5-16.5" (4.7-5.0m), stage IT Caliche
IN-T-3 18.0 (5.9) stable; 16.5-18.0" (5.0-5.5m), stage IT Caliche
JH-T-4 18.0 (5.5) stable
IN-7-7 18.0 (5.5) stable; 1-3" (0.3-0.9m) , stage X Caliche
JN-T-8 18.0 (5.5) stable. 0-7" (0-2m)
some sloughing into trench: 7-17" (2.1-5.2m)
stable; 17-18" (5.2-5.5m)
stage I Caliche, 3-9" (0.9-2.7m)
IN-T-12 18.0 (5.9) stable; 3-12° (0.9-3.7m), stage T Caliche
18-T-14 18.5 (5.6) unstable; heavy sloughing, 0~5' (0-1.5m)

stabie; stage I Caliche, 5-10" (1.5-3.0m)
unstable: some sloughing into trench.10-18.5"
(3.0-5.6m)

ENGINEERING FIELD ACTIVITIES ~TRENCHES
JORNADA DEL MUERTO, NEW MEXICO
RIO GRANDE CSP

MX SITING INVESTIGATION Taste

DEPARTMENT OF THE AIR FORCE - SAMSO 3
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deposits in the subsurface within the construction zone. The
alluvial fan deposits are typically silty sands with gravel,
ranging from sandy gravels near the mountain fronts to sandy
silts near the playas. Playa and older lacustrine deposits are
generally clayey silts. These units along with the remaining

surficial units are described in Table 4.

Surface slopes and depths of drainage incision vary with geo-
logic units, both generally increasing with proximity to the
mountain fronts (Table 4). Maximum surface slope is five per-
cent with typical slopes of less than one percent. Drainages
are typically shallow (less than 10 feet; 3 m), with gently
sloping sides except near mountainous areas. Locally they may

be deep (greater than 20 ft; 6 m) and steep sided.

2.3 SUBSURFACE CONDITIONS

2.3.1 Soil Profiles

Varying thicknesses of eolian sheet sand and alluvial fan
deposits typically overlie several hundred feet of older lacus-
trine deposits in the Jornada site. The subsurface conditions
and the composition of the soils with depth are illustrated by
the soil profiles shown in Figures 4 and 5. Eolian sheet sand
and alluvial deposits predominantly consist of coarse-grained
soils whereas lacustrine deposits consist of fine-grained

soils.

2.3.2 Depth to Shallow (<150 ft;<46 m) Rock and Water

Figure 6 shows the portions of the site in which rock and water

are estimated to be encountered within a depth of 150 feet
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THICKNESS

AREAL EXTENT (SITE)

SURFICIAL GEOLOGIC UNIT (a)| GEOLOGIC AGE | FEET [ DESCRIPTIVE NANECS) | o 88 1™ =
(METERS) () nm® (km“)] PERCENT
Fluvial Deposits (A1) Quaternary Unknown Silty Sand with Clay SM 20 (69 6
Eoli1an Deposits Sheet and 0-18 Sand. Silty Sand, Sifty
4 45
Dune Sand (A3s, A3d) luaternary (0-6) Sand with Clay SP. S [ T43 1T
Playa Deposits (A4) Quaternaty Unknown Silt and Clay ML, CL 10 (34) 3
Oider Lacustrine and Playa Quaternary- Clay. Gypsiferous Silt,
Unk . ML, 9
Deposits (Rdo) Tertiary nknown Silty Sand CL.ML. S} 30 (103),
d
Younger Alluvial Fan Quaternary Unknown S1ity and Clayey San M. S 46 (158) 14
Deposits (Ady) with Gravel. Siit, Clay
Intermediate Alluvial Fan Silty Sand with Gravel
u SM 22
Deposits (AS1) Quaternary nknown and Cobbles 13.(30)
Oider Alluvial Fan Quaternary- Sandy Gravel with
U P-
Depostts (ASo) Tertiary nknown Cobbles and Boulders SP-CH 300 !

NOTES:
(a)
(b)
(c)
(d)

designated Al ASy on Figures 3 and 6

(e)
)

Dune sands comprise one percent of the site area.
This gypsiferous deposit occurs extensively in the subsurface.

For generic description of geologic units, see Table A=l.
Far description of USCS, see Table A-2.

For description of stage of caliche, see Figure A~l.
Mixed with A5i deposits in the southerm part of the site;
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REAL EXTENT (SITE) PROPERTIES OF SURFACE MATERIALS SURFACE MORPHOLOGY
2y MAXIMUW | PAVEMENT/ | STAGE OF [ giop [ ORAINAGE | noTES
n° (km“)| PERCENT | GRADATION | CEMENTATION DEPTHS
GRAIN SIZE PATINA | CALICHE (c) | (PERCENT) FEET(METERS)
0 (69) B Well None- Sand None/None I < None (d)
Moderate
Poor- None- o
19 (511) 45 Moderately Sand None./None 1 < < (e)
well Weak
N -
0 (34) 3 Poor one Silt None/None None <1 None
Weak
0 (103), 9 Poor Weak-Strong Sand None/None | None-IT <1 -5 (0-2) | ()
Moderat
6 (158) 14 ° :;f,EIy None-Weak Sand None,None 1 1-4 <1-6 (=<1-D)
Moderately | Moderate~
3 (25 22 - §_75 (7-8)
(250) well-Well Strong Cobbie Poor/Poot o 2-9 5-25 (2-8
Moderately | Moderate- 50-100
3 (10 ] = -
(10) well Strong Boulder None ‘None -1 8-12 (16-33)
DESCRIPTION OF SURFICIAL
GEOLOGIC UNITS
JORNADA DEL MUERTO, NEW MEXICO. RI0 GRANDE csP
4
MX SITING INVESTIGATION T‘:;
2;2' DEPARTMENT OF THE ALR FURCE  SAMSO
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1:250,000
"~ 4 MILES

EXPLANATION

SURFICIAL GEOLOGIC UNITS

A1, A = fluvial and
eolian deposits

Ad Ado ~ playa 2 Ider
.playa and racu’slrinnde goposiﬁ
D ASy - younger alluviat

fan deposits
ASi = intermediate
alluvial fan deposits

ASo -~ older alluvial fan
deposits '

ROCK UNITS
Bl - sedinentary

MI = igneous
SYNBULS

= 2000— Contour indicates approximate depth to granitic
and metamorphic rock, contour interval 2000 feet.
Subsurface depths and configuration based on gravity
interpretation.

e Contour indicates sedimentary and igneous
rock or rock-fike material with p-wave velocities
>7000 fgs at a depth of approximately 150 feet
(hachured side of line indicates reck at <150 feet).
Cosutour location based oa geologic mapping and
sofhysical interpretation.

*apConteur indicctes ground water at a depth of

approximateiy 150 feet (hachured side of tine indicates
sater at <150 feet).

FAULTS

=== ODashed where approximately located
sesece? Dotted where buried, queried where inferred
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below ground surface. Shallow rock comprises approximately

ten percent of the site based on boring, seismic, gravity, geo-
logic, topographic and other available data. Ground water will
be encountered at depths of less than 150 feet (46 m) over
approximately 30 percent of the site area. Atreas of shallow
ground water will generally coincide with the surficial distri-
bution of older lacustine and playa deposits. Elsewhere, local
areas of perched water may also be encountered at Jdepths of

less than 150 feet (46 m).

2.3.3 Basin Configuration

Geophysical investigations indicate bedrock within 50 feet

(15 m) of the surface near the mountains in the southern part
of the site. Deep seismic lines near the middle of the valley
encountered high velocity materials, probably well indurated

older alluvium, at a depth of 450 feet (140 m).

Gravity data indicate the basement topography of the site is
dominated by a 16,000-foot (4900 m) deep basin that is bounded
on the east by a steep fault and on the west by a gently
sloping plane in the vicinity of the generalized geologic
cross-section (Figure 7). Near the south end of the site, an
east-west trending basement ridge separates the large basin
from a smaller one. Buried basalt from the Jornada Malpais

basalt field may overlie much of this ridge.

2.4 GEOPHYSICAL PROPERTIES
Results of shallow and deep seismic refraction surveys and

downhole velocity surveys are presented in Tables, 5, 6 and 7.
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EXPLANATION
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Predominantly eolian (A3), fluvial (A1) and alluvial (A5) deposits
with minor playa (A4) depesits

Older lacustrine and/or playa (Ado) deposits

-

Jfﬁff; Undifferentiated older basin=fill deposits and sedimentary rocks

Y .
Ff@ . .
l D5 Precambrian metamorphic rock
. —_—— = Approximate geologic contact, gueried where inferred
"} I —— D Fault, dashed where inferred
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7 L subsurtace conditions within the band shown on the location
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= are highly interpretive.
N 0 4+ SEA LEVEL 2. For a detailed description of geologic units see
: Table A-1.
) — =800
4 N\
=-4000 A
- -1600
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LOCATION MAP

Horizontal Scale: 1™~ 2 Miles (3km)
Vertical Scale: 1™ = 4000 (1219m)
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VELOCITY COMPRESSIONAL WAVE AVERAGE THICKNESS COMMENTS

LAYER VELOCITY FPS (MPS) FT (M)
i 2000 (610) 20 (6)
2 4000 (1219) 150 (46)

Begin Saturated

3 6200 (1890) 300 (91) sediments
4 7500 (2286) 700 (213)
5 8000 (2743) Undetermined

DEEP SEISMIC REFRACTION RESULTS ‘
JORNADA DEL MUERTO, NEW MEXICO |
RI0 GRANDE CSP

MX SITING INVESTIGATION
DEPARTMENT OF THE AIR FORCE - SAMSO

TABLE !
6

SRS BATISNAL WG

B




FN=TR=26¢c

[ %] m7
— o -
-t e -
3z —3
=4 o |
=S| 21|€
==
s> 291 8
~=2|zg |=
=g 3 BSEC |
- = 7 3
g=sl o2 (€
TYAUIIN H1d30 ool 2« |8
061 ovl OB g2t oll o0l 06 08 O/ 08 05 oOr O 0 O § g 133 wa"l12: o
“. N _h ) 1 -q 1 .~ [l r f L —L 2 -e. 1 — LM W.nw
gh 0F 3 62 0z 6l 0! g 0 S¥ILIM 2=z |2z (@
xz o = = n
E X=] -
[~ X m
e 3
) (5v¥) oovl (99€) 00Z4 (195) ov8i
01-HO-K(
d (6281) 0009 (ZLE1) o0SY (9v9) 0212 (5¢6) 08OE
s (0£8) S22 (€08 | (5oc) aool
0591 Z-HO-f
d (2102) 0099 (v9z1) 081y | (cos) 0s91
) (£68) 0£62 (619) 0£0Z (1¥¢) 0211
S 1-Ha-Ar
d (¥251) 0005 (£19) 0102
ON AJAUNS
24AL IAVA (S4N) $d4 NOILNAIYISIO ALIZ0TIA 310NN
PO -y —_— oy [ N e » [ .

T 4 s e —— . e




— NN e —

. . —

FN-TR-26¢C

23

Shallow refraction results (Table 5) indicate a surficial layer
having a velocity range between 1200 and 1850 fps (366 and

564 mps) with an average thickness of eight feet (2.5 m).
Velocities greater than 7000 fps (2134 mps) were encountered at
the location of four lines. Five major velocity zones were
observed on the deep seismic lines (Table 6). Velocities

representative of crystalline basement were not observed.

The compressional wave velocities from downhole surveys
{Table 7) do not correspond with those from shallew seismic
refraction (Table 5) due to the anisotropy of the soils and
method of measurement. However, shear wave velocities of the

site soils were obtained from the downhole surveys.

2.5 ENGINEERING PROPERTIES

Engineering properties of the subsoils representing various
geologic units were determined from laboratory tests. The
tests consisted of the following: classification, consolida-
tion, shear strength, compaction, CBR, and chemical. The range
of engineering properties and compressional wave velocityes

are presented in Table 8,

Eolian sheet sand consists of medium dense to dense poorly
graded sands and silty and clayey sands with 'little gravel.
Intermediate alluvial fan deposits consist of dense to very
dense sands and gravels. Younger alluvial fan deposits are
comprised of medium dense to dense silty and clayey sands
with some stiff silts and clays. Older lacustrine deposits

consist of stiff to very stiff silts and clays which are
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ENGINEERING AND
GEOPHYSICAL PROPERTIES

Eolian sheet sand (A3s)

Intermediate alluviai fan

UNIFIED SOIL CLASSIFICATION SYMBOL(S)

SP. SM. SC.

SP. SM, SC, GP. CM

GENERAL PROPERTIES

DRY DENSITY pel(kg md) 100-120 (1602=1922) 95133 (1528217
MOISTURE CONTENT %) 1-17 7-19
DEGREE OF SATURATION () D B 47-83
SPECIFIC GRAVITY 2.64=2.66 2.68-2.11
DEGREE OF CEMENTATION None te moderate Moderate to st
COMPRESS1ONAL WAVE VELOCITIES fps(mps) 1420-3220 (433-981; 1000-7200 (305-:
ELECTRICAL CONDUCTIVITY (mhos m) DNA ONA
GRAIN SIZE DISTRIBUTION )
BOULDERS >12 inches(30cm) 0-5 0-3
COBBLES 3 to 12 inches(8to 30cm) 0-5 p-10
GRAVEL 0-12 0-90
SAND 50-97 5-95
SILT AND CLAY 3-50 t_48
PLASTICITY DATA
L1QUID LINIT 20+ 24-26
PLASTICITY INDEX NP-7 NP-12
COMPRESSIBILITY DATA
COMPRESSION AT 4 ksf(192kN/m2) ') ONA ONA
SWELL OR COLLAPSE UPON SATURATION (%) N ONA
SHEAR STRENGTH DATA ‘
UNCONF INED COMPRESS|ON kst(kN m’) DNA 20% (962
CD TRIAXIAL COMPRESSION c=0-1 0ksf (48 kN m2), P=34"-39" DNA
DIRECT SHEAR kst (kN nd) 0.7-5.5 (34=763) 2 5-1.7 (120="6
COMPACTION AND CBR DATA |
MAXIMUM DRY DENSITY pctfkg md) 125-138 (20022211 DNA
OPTIMUM MOTSTURE CONTENT “) 6.0-8.5 DNA
CBR AT 80% RELATIVE COMPACTION 16t ONA

ONA - DATA NOT AVAILABLE (INSUFFICIENT DATA OR TESTS NOT PERFORMED)

——
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GEILOGIC UNITS

ediate alluvial tan deposyts (AS1) Younger alluvial fan deposits (ADy) Otder lacustiine deposits (Ado)
. SP. SM, SC, GP. GM. GC SM. SC. M
’ ML O CL. ML SC
[ 95-133 (152202130) 80-116(1281-1858) 84-120(1346-1922)
7-19 4-20 3-43
4,-83 19-49 10~-89
2.68-2.717 2.67-2 172 2.59-2 13
Moderate ta strong Nene to weak Weak to strong
1000-7200 (305-2199) 1500-3100 (457 -1945) 1700-6750 (518=2057)
ONA DNA ONA
N
0-3 0-3 0
0-10 0-10 0
0-90 0-20 0-19
5-95 1-15 5-95
°-48 10-85 5-95
24-26 24-21 21-68
NP-12 NP-12 NP-31
ONA DNA 1549
ONA
DNA 0 1-3 0(Swell)
% 20% (96
r** D;A ) 0.75%(36¢) 0.5-8.2 (24-393)
- S : ONA c=0-1.5 kst (72 kN m2), =18 -34
— 9- (120~569) ONA 1.7-6.7(81=321)
ONA
- 136 (2179 ¢) 121-126 (1936=20'8)
§.0% 9.0-9.
_ oM A 18 ¢

RANGE OF ENGINEERING AND
GEOPHYSICAL PROPERTIES
JORNADA DEL MUERTO. NEW MEXICO, R10 GRANDE csp
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-comprised—of-mediumdense to dense-sitty—and clayey-sands"
with-seme—stiff-silts and clays. Older lacustrine deposits:}
~constst 6f stiff "to very stiff silts and-clays which are-
moderately compressible. Eolian sheet sand and intermediate
alluvial fan deposits possess moderately high shear strengths;
younger alluvial fan and older lacustrine deposits possess
moderate shear strengths. The site soils are generally neither
expansive nor collapsible. Range of the gradation of the four

geologic units is shown in Figures 8 and 9.

Results of chemical tests on soil samples are shown in Table 9.
The test results indicate that sulfate attack of soils on con-

crete will be "severe."

Representative logs of three borings and three trenches from
the site are contained in Appendix B. Results of the shear
strength and CBR tests performed on soil samples from the
site and a summary of all the laboratory tests performed on
soil samples obtained from boring JM-B-11l are also included

in Appendix B.
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3.0 SAN SIMON SITE

The San Simcn characteriztion site covers an area of 715 nm2
(2452 km2) in Graham and Cochise counties, Arizona. The site
is bounded by mountain ranges on the east and west. The valley
extends beyond the bounds of the site to the north and south.
Major streams within the site drain toward the Gila River to
the north. The site is accessible via Interstate 10 along the
southern edge and via state route 666 along the western edge.

A network of graded roads and four-wheel drive trails provides

access within the site.

3.1 SCOPE OF INVESTIGATION

Scope of geologic, geophysical, and soils engineering field
activities performed at the site and laboratory tests performed
on soil samples from the site are presented in Table 10.
Detailed information about the soils engineering field activi-
ties (13 borings and seven trenches) is summarized in Tables 11
and 12. Locations of all the field activities are shown in

Figure 10.

3.2 SURFICIAL GEOLOGY AND TERRAIN

Alluvial fan deposits of younger and intermediate age and older
lacustrine deposits are the predominant surfjcial geologic
units within the San Simon site (Figure 10). Younger alluvial
fans cover approximately 35 percent of the area, intermediate
alluvial fans cover 25 percent, and older lacustrine deposits
cover 30 percent. The alluvial fan deposits are typically silty
sands with gravel, ranging from sandy gravels near the mountain

front to sandy silts near the valley interiors. The lacustrine
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GEOLOGY AND GEOPHYSICS

ENGINEERING

NUMBER OF NOMINAL DEPTH
TYPE OF ACTIVITY ACTIVITIES NUMBER OF BORINGS FEET (METERS)
Geological mapping
stations 43 ! 25 (8)
Shallow referaction 12 9 50 (15)
Conductivity 12 2 100 (30)
1 300 (91)

NUMBER OF TRENCHES

NOMINAL DEPTH
FEET (METERS)

2 10 (3)
5 12 (4)
ENGINEERING-LABORATORY TESTS
TYPE OF TEST el TYPE OF TEST NUMBER OF

Moisture/density 135/99 Unconfined compression 9
Specific gravity 4 Triaxial compression 4
Sieve analysis 66 Direct shear 24
Hydrometer 50 Compaction [}
Atterberg limits 37 CBR 2
Consolidation 4 Chemical analysis 6

SCOPE OF FIELD AND LABORATORY
ACTIVITIES

SAN SIMON VALLEY, ARIZONA, HIGHLANDS CSP

MX SITING INVESTIGATION
DEPARTMENT OF THE AIR FORCE

TABLE

SANSO 10
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soRiG wwaeR|  TETALBERR 1 rvee oF omacL mig usep |TTPETF SIALES®
$8-B-1 302.5 (82.2) Rotary wash 0. P
$§-8-2 72.5 (22.1) Rotary wash 0, P
$5-8-3 50.9 (15.5) Hollow Stem Auger s, D
$5-8-4 51.0 (15.5) Hollow Stem Auger D
$8-8-5 55.5 (18.9) Hollow Stem Auger D
$§-B-6 51.0 (15.9) Hollow Stem Auger D B
$S-8-7 45.0 (13.7) Hollow Stem Auger D
§$3-8-8 54.0 (16.5) Rotary Wash D
$5-8-9 48.0 (14.6) Hollow Stem Auger ]
$8-8-10 20.0 (6.1) Hollow Stem Auger B. D
$S-8-11 101.5 (30.9) Rotary Wash D, P
$§-8-12 61.0 (18.6) Rotary Wash !}
$8-8-13 50.0 (15.2) Hollow Stem Auger ]

* P =Pitcher sample (undisturbed)
D =Fugro Drive sample (relatively undisturbed)
B=Bulk sample (disturbed, but representative)

$S = Split Spoon sample (disturbed, but representative)

ENGINEERING FIELD ACTIVITIES - BORINGS
SAN SIMON VALLEY, ARIZONA

HIGHLANDS CSP

WX SITING INVESTIGATION
DEPARTMENT OF THE AIR FORCE  SAMSC 1"

TARLE
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TRencH wuweeR | JETIETTY STABILITY OF VERTICAL EXCAVATION WALLS
$8-T-1 11.5 (3.5) stabie
$3-1-2 12.5 (3.8) | stable
§3-T-3 12.0 (3.7) | stable
$3-T-4 10.2 (3.1) stable , some sloughing at 3.5-9.5'(1.1-2.9m)
$8-1-5 12.5 (3.8) | stable
$3-T-6 12.8 (3.9) | stable
$5-1-7 10.2 (3.1) | stable

SAN SIMON VALLEY, ARIZONA
H1GHLANDS CSP

ENGINEERING FIELD ACTIVITIES -~ TRENCHES

MX SITING INVESTIGATION
DEPARTMENT OF THE Alk FORCE SAMSQ
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EXPLANATION

SURFICIAL GEOLOGIC UNITS

: [::] Al A2 A3 = stream channel,
terrace and eolian deposils

[] A4 - lacustrine deposits

[::] ASy - younger alluvial fan
deposits

E::] A5i - intermediate alluvial
fan deposits

ROCK UNITS
| - igneous

== Faull, dashed where approximately
located

SYNBOLS

® Bering

sen Shailew seisaic
refraction line

o= Trench

1:408 000 $5-0-8
9 ses
(approximate) 2 $3-5(R)-8
$3-3(R)-8

©® $3-8-7
28-8(R)=7 o*°*

33-8(R )-"M
-4
> S8

$8-8-190"

NOTE: For.dctailod description of geologic
units, see Table A-l.

GENERALIZED GEOLOGIC NAP AND
FIELD ACTIVITY LOCATIONS
SAN SIMON, ARIZOMA, WIGNLANDS CSP
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deposits are very coarse along the periphery of the valley but
are fine grained along the valley axis. These units along with

the remaining surficial units are described in Table 13.

Surface slopes and depths of drainage incision vary with geo-
logic units, both generally increasing with proximity to the
mountain fronts (Table 13). Maximum observed surface slope
was three percent with typical slopes of less than one percent.
Drainages are typically shallow (less than 10 ft; 3 m) with
gently sloping sides except near mountainous areas and in the

older lacustrine material.

3.3 SUBSURFACE CONDITIONS

3.3.1 Soil Profiles

Silty and clayey sands and gravels are the predominant surfi-
cial soils which are typically underlain by several hundred
feet of clay and silty clay deposits throughout much of the
valley. The general subsurface conditions are illustrated by
two representative soil profiles shown in Figures 11 and 12.
The percentage of fines generally increases towards the valley
basin. Cobbles and boulders are encountered only in the close

proximity of mountain fronts,

3.3.2 Depth to Shallow (<150 ft; <46 m) Rock and Water

Figure 13 shows portions of the site in which rock and water
are estimated to be encountered within a depth of 150 feet
(46m) below ground surface. Shallow rock exists in approxi-
mately five percent of the site based on boring, seismic,

gravity, geologic, topographic, and other available data.
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Quaternary Unknown Sand and Siit SN, ML 50 (172) 1
- CL, ML
- t d’ ’ '
Quaternary= | o nown [ C123. Stit, Sand. Gravel f s ™t qany | 30
Tertiary with cobbles and boulders| po_py
ilt d,
Quaternary Unknown i ‘y sand, Sand SM, SP | 243 (833) 35
with Gravel
Quaternary Unknown | Silty Sand with Gravel SH 179 (614) 25




AL EXTENT (SITE)

PROPERTIES OF SURFACE MATERIALS

SURFACE MORPHOLOGY

TARLE

13

2 MAXIMUM | PAVEMENT/ | STAGE OF DRAINAGE | NoTES
(kn?)| PERCENT | GRADATION |CEMENTATION SLOPE
GRAIN SIZE PATINA | CALICH DEPTHS
Poor- Weak- )
(48) ? Mod:;T:ely Moderate Gravel None/None I-II < 12-15 (4=5) | ()
(24) | Poor Strong Boulder None/None O-11T < 1 0-5 (0-1.5)
(11 1 Poos None-Weak Sand None ‘None None <} 0-5 (0-1.5)
(713N 30 Poor Weak-Strong Cobble None/None I-a 12 10-15 (3-5) | (&)
Poor-
(833) 35 Muder?:ely None-Weak Gravel None/None None-I = | 0-2 (0-0 6)] (1)
we
(G14)) 25 Well Weak- Boulder Poot,/P None=ITT 1
Moderate oor one- -3 0-6 (0-2) | ()
DESCRIPTION OF SURFICIAL
GEOLOGIC UNITS
SAN SIMON VALLEY. ARVZONA. HIGHLANDS cse
2;)* WX SITING INVESTIGATION
QEPARTMENT OF THE AIR FQRCE  SAWSO
- GRO NATIONAL INC.
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EXPLANATION

SURFICIAL GEOLOGIC UNITS

Alo,A2 A3 - older fluvial,
terrace and eolian deposits

Ado - older lacustrine deposits

109°45°

oo

329437 ASy - younger alluvial fan

deposits

ASi = intermediate alluvial

fan deposits_

ROCK UNITS
| - igneous
: 32°%0/

1: 409,000

1= 6 MILES

(appnxinm(

SYNBOLS

1008 contour isdicates approximate
depth to older velsanic, granitic and
sstamerphic reck, contour 92°13/
interval 1008 feet. Subsurface depths
and configuration based on gravity
intsrpretation.

«» «» Coatensr indicates igneous, and
sstamerphic reck or rock-like material with ;
p-uave nluitio:»fmﬂﬂ(:‘psnat : dg:th 1:t|_ icates .
spproximntaly 158 feet (hachured side of line indical .

fock 81 <158 fest). Contour location based on geolegic NOTE F::t:"‘”"‘; :‘ls":il:”"" of geologic
mapping énd geophysical interpretation. ) v , 368 Table A=1.

N
L4

apoap?Conteur indicates ground water at a depth of ]

mtuiutg‘ 150 feet (hachured side of line indicate GENERALIZED GEOLOGIC MAP AND

seter at <150 feet, queried whare data insulficient). SELECTED SUBSURFACE FEATURES
FAULTS SAN SIMON, ARIZONA, HIGHLANDS CSP
—«==Daghed where approximately Io_clud #X SITING INVESTIGATION rieunt
-++---7 Dotted where buried, queried where inferred DEPARTWENT OF THE AiR Fonce - sauso | 13
(interpreted from gravity data) NATION ]
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Ground water occurs at depths of less than 150 feet (46 m) over
approximately 45 percent of the San Simon site. However,
extrapolation of known data indicates shallow ground water may

be encountered over an additional 20 percent of the site.

3.3.3 Basin Configuration

Results of the gravity survey were used to define the basin
configuration (Figure 13). The basin appears to be a deep
trough which has been uplifted and faulted in the central part
of the valley (Figure 14). The trough is #oproximately

R "~ feet deep (3050m) in the northern portion and 7000 feet
deep (2130 m) in the southern portion. Steep gradients on both
sides of the valley indicate that the basin is fault controlled.
A section through the central portion of the valley perpendi-
cular to the valley axis shows a horst-graben structure with a
maximum depth of about 4500 feet (1377 m) in the graben. This
structure is located in the uplifted area in the south-central
portion of the trough. The subsurface basin configuration is

illustrated in Figure 14.

3.4 GEOPHYSICAL PROPERTIES

Results of the shallow seismic refraction and electrical conduc-
tivity surveys are shown in Tables 14 and 15{ Observed seismic
velocities ranged from 1000 to 6330 fps (305 mps to 1930 mps).
Surface layer velocities ranged from 1000 to 1440 fps (305 mps
to 439 mps). This layer is 25 feet (8 m) thick, although it is
typically about 5 feet (1.5 m) thick at other locations. Low

velocity (<2000 fps; 610 mps) layers at SS-S-6 and 9 extend to
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APPROXIMATE A
ELEVATION

1200 - 4000

- 3000

800

T

FEET

2000

METERS

400

1000

—
[—]

SEA LEVEL -~

NOTES:

1 The cross section is generally representative of
subsurface conditions within the band shown on the
jocation map. Due to the limited density of available
data and the sparseness of nev’'y acquired data, the
subsurface conditions are highly interpretive.

2. For a detailed description of geologic units

see Table A=l

ORAINAGE

A
)

EXPLANATION

Undifferentiated basin=fill deposits

Predominantly alluvial (AS) deposits, with eolian (J
and stream terrace (A2) deposits

Older lacustrine (Ado) deposits
Undifferentiated older basin=fill deposits

Undifferentiated igneous and metamorphic rock
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s = F3ylt, dashed where inferred from gravity interpretati




JOUNIVHO ——

Hori

Vert

Vert

0
H

0

STATUTE MILES

KILOMETERS

GENERA

CEPAR'WE

AP

LOCATION M

w0
-
o~
)

o€ 60}

eolian (AJ) and minor older fluvial (Alg)

>

inferred

terpretation




DRAINAGE

APPROXIMATE
ELEVATION

3000 o

~ 800

FEET

2000 -

METERS

- 400
1000 -

L SEA LEVEL

(=)
[

Horizontal Scale: 1"= 2 Miles (3 km)
Vertical Scale: 1™ =1008" (305 m)
Vertical Exaggeration: 10.5X

HORIZONTAL SCALE

STATUTE MILES 2 4

| J

.

~
-
o

KILOMETERS 0

GENERAL 1ZED GEOLOGIC CROSS SECTION
SAN SIMON VALLEY, ARIZONA
HIGHLANDS CSP

MX SITING INVESTIGATION FiGuRe
DEPARTMENT OF THE AIR FORCE  SAMSU 14

ATIONAL ING.

T e e e N
-~ - -

V)




FN=TR-26¢

1IN330 pInOs Y201 YoIyM ye yjdep WNW(U(W 3y} Bu wWIGlep O) pawiojied sem uo(je{M3jes yidap UO(SN|IXE Y30s € v Z e e.
‘pajsajep sem (jeliajew 8yl |-490./4901) sdj pgopl UBYl Jeieesd Ayys0jea € yiim sake| 40 edejioiuy BUIIOBII0I OU §| o m it “
TWAY3LNI K130 o .l.
081 00 0l 0zl 01l .l 06 09 O/ 03 05 0y OC OZ 0l § 0 43 |=0 2 |
—i o U TS N— TR I N W h%)\. 1 4 .n|v MP W
5 o 6¢ o 52 0z Gl if g o ssum |57 .7 |2
ot > n|U w
(W) 1334 wwm..“_iﬁvmml (00£) 0001 ¢ m.b.% 5 g m
== - < T
=< -«
WHM <z |€
=S £
BWH o X 2
(Y5 PP z .
(¥2) 8L - |« (0gp1) 089¥ »|< (025) 069! WSE) fes-ss| | 2= |22 g
0611 =3 - "
(8r) 951 - (0L81) 08¥S < (081) 0852 elu-s-ss| | = | 5% (@
- -t x
- KOOV | ) _o_ > a
(08) 91 (068) 0262 (o0) ooez  »{000N |j-s-ss | & s
€ | - |« (0691) 0¥SS sl @ sar = O | gs-ss
(z5) oLl - (05¥1) 05L > (ovL) 0zve >0 8-5-ss
a9 sg1| - (0211) 089¢ < (000) 0622 N VT
(19) 561 - (0£6) 060¢ -l (088) 0922 »f 00 | g-5-ss
(5v) gp1 - (0v6) 00I¢ >l (0ch) 00V1 §-5-§8
_ (019} p_o—
() 861 - (0221) 000P Ml p-5-55
- 039 | (028) | o—eo
(62) 96 (0£61) 0€EQ >l (099) 0812 ooy 1 BEE) | e-s-ss
o) | - (0811) 0B8E -« (069) 0822 WO 1555
(s8) 511 - (0221) 066¢ = 01 over | (-s-ss
AMR_: YELZ)L ALIJ0T3A
dd 000L .
o1 maza | " (SdM) 44 NOILNGIYISIO ALIJOIIA ON 3N 1
NOISNIJX3] SHOLIV¥43Y JINSI3S
X304 , ¥34330
. —_—— — S B

A

P

-

USRI s s el o T 5n A e




.
—— [ ] Papmannnt

S— a_ b -

FN~TR-26c

ACTIVITY AVERAGE
tocaTions | CONBULTIVTY
fl-1 0.021
-2 0.014
R-3 0.016
f-4 0.014
-5 0.038
f-B 9.032
R-1 0.047
R~3 0.019
R-9 0.118 *Resistivity was determined using a Schlumberger
Array at each location where a seismic refraction
R~ 8.01 survey was conducted.
a-11 0.129 **Conductivity is the inverse of resistivity.
) Numbers presented are the average of values
determined to a depth of 50 feet, computed as
R-13 0.074 foilows:
Average
Conductivity =(C|t]+0212+....+cntn) 50 feet
Where
Avarage
C::dugtivity =mhos/m
c‘ through €= Conductivity (mhos.m) of
(ayers ! through n
t, theough t =Thickness (fest) of layefs
1 through n to 50 feet
CONDUCTIVITY SURVEY RESULTS
SAN SIMON VALLEY, ARYZONA
HIGHLANDS CSP
WE SITING INVESTIGATION TABLE
SiaasTVEN' b TWE RIS ECRCE SAWSO 15
GRO NATIONAL INC.
- et W AT OO s -
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depths of 40 feet (12 m). Average conductivities for the upper

50 feet (15 m) of soil are between 0.011] and 0.129 mhos/m.

3.5 ENGINEERING PROPERTIES

Laboratory tests were performed to determine the engineering
properties of soil samples obtained from the various geologic
units. The testing program consisted of classification, con-
solidation, shear strength, compaction, CBR and chemical. The
range of engineering and geophysical prcoperties of predominant

geologic units is presented in Table 16,

Younger and intermediate alluvial fan deposits could not be
differentiated at depth, and they were combined into one unit
(AS) due to their similar grain size and engineering properties.
These deposits consist predominantly of dense to very dense,
silty and clayey sands, and gravels which are only slightly

compressible and have high shear strengths.

Older lacustrine deposits were generally encountered at depths
below alluvial fan deposits. These deposits are predominantly
stiff to very stiff clays and silty clays near the valley
interiors and coarse sandy gravels along the periphery. Clays
and silty clays are expansive when saturated, only slighty com-
pressible and have high shear strengths. Gravels are generally
coarse to very coarse and mixed with cobbles and boulders which

are relatively incompressible and have very high shear strengths.

The gradation ranges of the geologic units are shown in

Figure 15. Table 17 shows the results of chemical tests on

-fmuo NATIONAL. INC

BN T e
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ENGINEERING AND
GEOPHYSICAL PROPERTIES

—

Younger and intermediate a
1an deposits (ASy and A9

luvial
)

Older lacustsine depes

UNIFIED SOIL CLASSIFICATION SYMBOL(S) SN. SC. GM, GC. GP. CL CL. CH HL. S
GENERAL PROPERTIES ‘
DRY DENSITY pcf(kg m) 90-122 (1442~1954) 85-117 (1362=15
MOISTURE CONTENT ) 2-28 2-30
DEGREE OF SATURATION ) 25-85 %0
SPECIFIC GRAVITY 63270 o 2 63-2 68
DEGREE OF CEMENTATION None to moderate Weak to strons
COMPRESSIONAL WAVE VELOCITIES fps(mps) 1000-4680 (305~1426) 1050-2920 (320=8:
ELECTRICAL CONDUCTIVITY (mhos m) DNA 005 - 181
GRAIN SIZE DISTRIBUTION (%)
BOULDERS >12 inches(30cm) 0-10 0
COBBLES 3 to 12 inches(8to 30cm) 0-25 0-5
GRAVEL 0-55 0-20
SAND 0-90 