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1.0 INTRODUCTION

1.1 FORWARD

This report was prepared for the Department of the Air Force,

Space and Missile Systems Organization (SAMSO), in compliance

with conditions of the statement of work as part of Contract

No. F04701-74-D-0013 and deals with siting of the MX Land Mobile

Advanced ICBM system. This contract was authorized under Program

Element 63305F as described in the 26 February, 1973 Missile X

Program Plan.

This report was prepared for SAMSO by Elaine J. Bell, Charles N.

Partlow and James R. Miller, with final graphics preparation

by Edd V. Joy and James A. Nenneman. Technical review and

partial preparation of this report was performed by Kenneth

L. Wilson and Robert J. Lynn, Senior Geologists and Kenneth

D. Hill, Senior Engineer. TRW Systems personnel monitored the

study for SAMSO.

The overall Geotechnical Evaluation Investigation dealt with

three separate Department of Defense (DoD) areas (Figure 1);

the combined Yuma Proving Grounds/Luke-Williams Bombing and

Gunnery Range (YPG/LWBGR) is the subject of this report

(Volume IIB). Results of the studies for the combined White

Sands Missile Range/Fort Bliss Military Reservation (Volume

IIA) and for the Nellis Air Force Base Bombing and Gunnery

Range (Volume IIC) are presented separately.

Results of the YPG/LWBGR study are presented in a written

format and as large (37" x 42") map and overlay graphics.

.. ..NTIONAL, NO,.
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Written materials for this Geotechnical Evaluation Investigation

are presented in four volumes which specifically consist of:

Volume I - Siting Evaluation Report for the three

siting areas.

Volume IIB - Geotechnical Report Yuma Proving Grounds/

Luke-Williams Bombing and Gunnery Range

(YPG/LWBGR).

Volume III - Recommended Geotechnical Field Investigations

for the three DoD siting areas.

Volume IV - Environmental Assessment Report:

Geotechnical Field Investigations for the

three DoD siting areas.

The purpose of this investigation and general content of each

of the volumes is contained in Section 1.2.

Large map and overlay graphics (with Explanation) were prepared

for use with the four volumes cited above. The overlay

graphics consist of fifteen base maps, designated Y-I

through Y-XV (Figure 2), and seven overlays for each map with

the exception of Y-V and Y-XI which are totally excluded and

have one overlay. Titles of the overlays are:

1. Trench

2. Shelter and Pool

3. Hydrology

4. Soils Engineering

5. Geology

6. Topography

T M-- NATIONAL, ,on.
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7. Ownership and Cultural Features

The first two overlays show non-specific locations of shelters,

pools (aim point system) and trenches (line system). The YPG/

LWBGR graphics have been divided and bound in five individual

volumes, which are identified as follows:

Graphics Volume lIB-I - (Includes Y-I; Y-II; Y-III)

Graphics Volume IIB-2 - (Includes Y-IV; Y-V; Y-VI)

Graphics Volume IIB-3 - (Includes Y-VII; Y-VIII; Y-IX)

Graphics Volume IIB-4 - (Includes Y-X; Y-XI; Y-XII)

Graphics Volume IIB-5 - (Includes Y-XIII; Y-XIV; Y-XV)

1.2 PURPOSE

The purpose of this phase of the study was to:

1. Collect and analyze available geotechnical and related

data including:

a. Geology and Seismology

b. Topography and Terrain Analyses

c. Soils and Soils Engineering

d. Hydrology (surface and groundwater)

e. Climatology

f. Ownership and Cultural Features and Land

Utilization

For convenience, data for these categories are hereafter

referred to as geotechnical data.

2. Report the results of data collection in a useful

and informative format (Volumes IIA, IIB, IIC and

overlays).

"--___ O NATIONAL, 1__0.
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3. Locate potential sites for shelters, vools and trenches

using judgement based upon the results of items 1 and

2 above and criteria developed with SAMSO for the non-

excluded areas (Volume I).

4. Based on items 1, 2 and 3, determine in general what

techniques and methods should be recommended for

geotechnical field investigations in specific DoD

f Iareas (Volume III).

5. Collect and analyze selected environmental data to

provide an environmental assessment of the potential

impacts of the recommended geotechnical field

investigations (Volume IV).

6. Evaluate and rank the DoD land areas from a geotechnical

viewpoint according to their suitability for siting of

the MX system (Volume I).

1.3 SCOPE

The scope of the study is presented in Tasks 1 through 10 of the

"Program Plan for Geotechnical Services" prepared by Fugro

National, Inc. (revised 13 November, 1974) in conjunction with

SAMSO/TRW and includes:

1. Collection and analysis of available geotechnical

data and selected environmental data (Tasks 1, 2, 3,

7 and 8);

2. Analysis of available aerial photographs (Tasks 2 and

3);

3. Brief ground and aerial reconnaissance of the YPG/LWBGR

area to collect additional data and verify geotechnical

.... ... , I
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4 conditions determined during the literature research

(Task 8);

4. Depiction of the data onto large and small graphics

and written description of data within the text and

on Data Summary Sheets (Tasks 4, 5, 6, 9 and 10);

5. Identification, evaluation and ranking of potential

siting areas for the land mobile system (Task 10).

1.4 STUDY APPROACH AND METHODS

The collection and evaluation of existing geotechnical data

from all available sources prior to commencement of field

activities was a primary factor controlling the study approach.

Data were collected from many agencies, institutions and

individuals. Data collection activities included trips to

Luke Air Force Base, Phoenix, Tucson, Yuma and Yuma Proving

Grounds, Arizona; Menlo Park and Sacramento, California; Denver,

Colorado; Vicksburg, Mississippi; and Midland, Texas.

Collected geotechnical data were evaluated to determine their

specific applicability to siting parameters for the MX land

mobile system before inclusion in any of the project reports.

General and region-wide analyses, useful in the overall under-

standing of a siting area, were kept as limited as possible.

Although limited work has been compiled on YPG, a lack of

specific data on LWBGR has necessitated the use of regional

studies and extrapolation from specific studies of adjacent

Bureau of Land Management (BLM) and other public or private~

land areas. The paucity of detailed geologic mapping of both

ON IMAX 00
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YPG and LWBGR dictated the use of aerial photographic interpre-

tation to provide general information in areas of exposed rock

and greater than ten percent grade, and detailed information

in Valley areas. To date, only limited field check of the

aerial photographic analysis of a small portion of YPG has been

completed.

Compiled geotechnical data have been depicted primarily on base

maps and overlays of the size defined by four fifteen-minute

U.S. Geological Survey topographic maps combined into a thirty-

minute map (also referred to as a four-quad sheet). Where

fifteen-minute maps were not available, reductions of larger

scale maps were made to obtain the 1:62,500 scale. Although

much data were collected, they were not extensively depicted

in those areas with surface gradient generally exceeding ten

percent (Section 2.1.6) or areas defined by significantly large

quantity-distance exclusions (Section 2.1.5). The relative

locations of the fifteen four-quad sheets (Y-I through Y-XV)

are shown on the small report graphics and on the topographic

base maps. References in the text to specific overlays are by

the title of the overlay followed by the appropriate Drawing

number, e.g., (Geology, Y-I through Y-III).

Data depicted on the overlays were derived from general,

regional and site-specific studies. All contacts separating

distinct geologic or soils units are shown as solid lines

representing data as they were collected from the literature

or as interpreted from aerial photographs. Depth contours

4 (Hydrology and Geology overlays) and boundaries of drainage
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channels susceptible to flooding (Hydrology overlays) are

dashed and dot-dashed, respectively, since some interpretation

or refinement of the available data was necessary for the

placement of the lines. These lines are queried where contin-

uation of the data could not be made, or where extraoolation

was uncertain.

Text discussion in the Geotechnical Report is limited mainly

to introductory remarks, regional familiarization, qualifying

statements and summary presentation. The text, small graphics

and Data Summary Sheets (Section 3.0) supplement the overlays.

The Data Summary Sheets aid in the interpretation and qualifi-

cation of the data displayed on the overlays. In addition,

they present data which cannot be easily displayed on the

overlays and normally would be incorporated as extensive text.

Important to siting considerations are contiguity of and

accessibility between land areas suitable for siting. The Valley

Analysis Concept (Section 3.0) has been introduced to enhance

data depiction and usability. A valley (designated by capitalized

"V") is a sub-area of the DoD siting area and may be composed

of portions of one or more four-quad sheets for which geo-

technical data may be compiled. It is bounded by one or both

of the following:

1. A hydrologic drainage divide (most often the crest

of an intervening mountain range), and

2. DoD boundary or any other artificially established

boundaries such as public highways, township and

T SRO NATIONAL, INO.
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range lines, or national monument borders.

Typically, a Valley includes an alluvial lowland area and the

flanks of its bordering mountain ranges. A geographic valley,

as designated and named on existing maps, may encompass a

portion of, or include the entire alluvial lowland area of a

Valley. Most often Valley names correspond with the appropriate

geographic valley name.

There are fourteen Valleys within YPG/LWBGR (Figure 2). The

location and identification of each Valley and the Valley

boundaries are depicted on 1:250,000 scale maps contained

within the Valley Analysis (Section 3.0), on the four-quad

base maps and on the small graphics. Valleys within YPG include:

i. La Posa Plain (3.3)

2. Mohave Wash Valley (3.4)

3. Indian Wash Valley (3.5)

4. Castle Dome Plain (3.6)

5. King Valley (3.7)

6. Palomas Plain (3.8)

Valleys within LWBGR include:

7. Yuma Desert (3.9)

8. Lechuguilla Desert (3.10)

9. Mohawk-Tule Valley (3.11)

10. San Cristobal Valley (3.12)

11. Growler-Childs Valley (3.13)

12. Sentinel Plain (3.14)

• o . .. .. . m
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13. Gila Bend Plain (3.15)

14. Vekol Valley (3.16)

The area within a designated Valley which is available for

siting based only on cultural and quantity-distance exclusions

(Section 2.1.5) and general topographic conditions (less than

ten percent grade; Section 2.1.6) is referred to as the siting

valley. The siting valleys within YPG/LWBGR are depicted in

Figure 7 .(Section 2.1.5) and in Sections 3.3 through 3.16.

The relationships among Valleys, geographic valleys and siting

valleys are depicted diagramatically in Figure 3.

T -MNO NATIONAL, 
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2.0 REGIONAL ANALYSIS

2.1 GEOGRAPHY AND DEMOGRAPHY

2.1.1 SITING AREA LOCATION AND DESCRIPTION

YPG/LWBGR is located in southwestern Arizona. YPG lies

completelv within southern Yuma County. LWBGR lies principally

in southern Yuma County, with approximately one-third of the

Range extending eastward into Maricopa and Pima Counties

(Figure 4).

The Gila River Valley (largely non-DoD land) serves as a

natural divide between the YPG and LWBGR portions of the siting

area (Figure 4). There is no DoD land connecting YPG and

LWBGR across this valley.

YPG/LWBGR is comprised of approximately 4,320 square nautical

miles (nm2 ). YPG comprises approximately 58 percent of the

Yuma Test Station, a roughly rectangular area of approximately

1900 nm2 that also includes the Kofa Game Range (745 nm 2 ) and

Imperial National Wildlife Refuge (71 nm 2) . The 1090 nm 2

included in YPG form a roughly "U"-shaped area with maximum

continuous north-south and east-west dimensions of approxi-

mately 50 nautical miles (nm) and 40 nm, respectively (Figure 4).

Approximately 40 nm 2 in the Muggins Mountains in southern YPG

are under transfer to BLM (Figure 4). Elevations in YPG ranqe

from 175 feet at Yuma Test Station Headquarters to 2880 feet

in the nortiern Chocolate Mountains.

The LWBGR is a roughly wedge-shaped area of approximately 3230

nm 2 extending east-west between Ajo and Yuma and includes

the Cabeza Prieta Game Range (1020 nm 2 ). LWBGR has maximum

T -OnO NATIONAL, 
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continuous north-south and east-west dimensions of approxi-

mately 113 nm and 52 nm respectively (Figure 4). Elevations

in LWBGR range from 200 feet in the western Yuma Desert to

4084 feet in the Sand Tank Mountains.

2.1.2 USES OF LAND AND SURFACE WATER

2.1.2.1 Land

Originally established in 1943, under the U.S. Army Corps of

Engineers, YPG is the only U.S. Military general purpose proving

grounds located in desert terrain. Reassigned to the U.S. Army

Materiel Command in 1962, it provides facilities and technical

services for the Signal Corps, Chemical Corps, Corps of

Engineers and Ordinance Corps (Shepard and others, 1955;

Anderson and Italia, 1970). YPG contains two range and test

areas; these are only generally defined and lack specific,

designated boundaries (H. F. Barnett, oral communication, 1975).

The Cibola Range, or Automated Aircraft Armament Range,

generally coincides with the non-rock portion of Indian Wash

Valley (Section 2.2.3, Figure 9). Cibola Range is used for

aircraft armament tests and for testing environmental exposure

and function of chemical munitions. The Kofa Range is defined

as that portion of YPG east of Firing Front Road including

Castle Dome Plain, King Valley and Palomas Plain (Figure 4)

and is used for munitions and weapons testing and ammunition

storage. A third range, the North Cibola Range, has been

proposed for anti-armor testing and will generally coincide

with the non-rock portion of La Posa Plain (Section 2.2.3,

Figure 9). Numerous vehicular test tracks are also present

NO NATIONAL IND,
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within YPG. The Kofa Game Range and Imperial Wildlife Refuge

are under Department of Interior supervision, and are jointly

administered by the Bureau of Sport Fisheries and Wildlife,

U. S. Fish and Wildlife Service and the BLM (U. S. Bureau of

Sport Fisheries and Wildlife, 1974b).

Originally activated in February 1941 as part of the Litchfield

Park Air Base, LWBGR served as a training site for pilots

until deactivation in November 1946. Reactivated in February

1951 following the official designation of Luke Air Force Base

(AFB), the Range remains under primary control of Luke AFB,

near Phoenix, with Gila Bend Auxiliary Field providing combat

and facilities support for training missions in LWBGR. LWBGR

is sub-divided into eight bombing and gunnery ranges. The

western sector is a radio-controlled Air-to-Air Range jointly

administered with and used by the U. S. Marine Corps Air

Station, Yuma, Arizona. The central area which is composed of

the Air-to-Air Range, the North and South Applied Tactics

Ranges, and Target 53, and the East Tactical Range are used

primarily by the Tactical Fighter Training Wing from Luke AFB

for air-to-ground combat exercises. LWBGR is also used for

training pilots of the Federal Republic of Germany. The

Cabeza Prieta Game Range is administered by the U. S. Bureau

of Sport Fisheries and Wildlife (U. S. Fish and Wildlife

Service) in cooperation with the BLM. In addition, small

tracts, encompassing less than one percent (40 nm 2), are

leased by the state and by private individuals within DoD

administered land (U. S. Bureau of Land Management, 1968).

T Sago NATIONAL, 
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Land ownership of areas surrounding YPG/LWBGR boundaries is

divided into federal, state, and private (U.S. Bureau of Land

Management, 1968). The majority of land surrounding YPG/LWBGR

is under federal control, including BLM lands, Organ Pipe Cactus

National Monument, Papago Indian Reservation, Imperial National

Wildlife Refuge, and the Kofa Game Range. Land along the Gila

River Valley and bordering LWBGR on the west is divided among

BLM, state and private ownership. LWBGR is bounded on the south

by the international border between the United States and Mexico.

2.1.2.2 Surface Water

There are no known perennial surface water occurrences within

the YPG/LWBGR boundaries (Shepard and others, 1955; Ross, 1922a,

1922b, 1923). The only important occurrences of surface water

in the vicinity of YPG/LWBGR are along the Colorado and Gila

Rivers and their respective canal systems. The sources for

these waters are outside DoD lands and the water rights are

apparently held by the surrounding communities and/or ranches.

Surface water conditions within YPG/LWBGR are discussed in

Section 2.4.

2.1.3 POPULATION AND POPULATION DISTRIBUTION

The population within YPG/LWBGR is largely transient and consists

primarily of military, civil service, and contractual personnel

totaling approximately 2000. Population in YPG is centered at

the Yuma Test Station Headquarters, and approximately 200

military and civilian personnel are located at the Gila Bend

Auxiliary Field in LWBGR. The population centers adjacent to

YPG/LWBG with their population and distance from the nearest
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range boundary, are listed in Table 1. Civilian transient

population includes visitors to the Imperial Dam Recreation area,

persons traveling through DoD land along U.S. 85 and 95, and

limited visitors to the Cabeza Prieta Game Range.

2.1.4 CULTURAL IMPROVEMENTS

Access to YPG/LWBGR is provided by U.S. 85 from Ajo to Gila Bend,

Arizona and U.S. 95 from Yuma to Quartzsite, Arizona. Numerous

improved dirt roads and unimproved jeep trails lead away from

these highways and from Interstate 8 and U.S. 80 from Yuma to

Gila Bend into various portions of YPG/LWBGR. Camino del

Diablo and a border patrol road, both improved dirt roads, are

parallel and adjacent to the southern boundary of LWBGR.

However, all access to military facilities and installations

within YPG/LWBGR is strictly controlled by the military.

Travel on the public highways which traverse YPG/LWBGR

is generally uncontrolled, but at times may be restricted.

Railroads include the Tucson, Cornelia and Gila Bend Railroad,

which extends north along U. S. 85 from Ajo to Gila Bend,

and, adjacent to YPG/LWBGR, the Southern Pacific Railroad

from Yuma extending northeast to Gila Bend and Phoenix

(Figure 4).

A major electrical transmission line owned and maintained by

the U.S. Bureau of Reclamation originates in Yuma and generally

parallels U.S. 95 (Stubbs and Moore, 1963) which traverses YPG

in a northerly direction (Figure 5). Another major electrical

transmission line parallels U.S. 85 which traverses LWBGR

1""10 NATION 
, NC.

t



19

TABLE 1

Population Centers

Distance from

Population Center* Population** Range

Yuma, Arizona 29,007 5.0 nm

Ajo, Arizona 8,000 4.0 nm

Blythe, California 7,047 7.1 nm

Gila Bend, Arizona 2,500 2.5 nm

Wellton, Arizona 970 2.5 nm

Palo Verde, California 610 7.2 nm

Quartzsite, Arizona 600 7.2 nm

Tacna, Arizona 595 2.0 nm

Ehrenberg, Arizona 400 3.9 nm

Roll, Arizona 80 3.8 nm

Dateland, Arizona 50 2.0 nm

Aztec, Arizona 50 3.5 nm

Sentinel, Arizona 35 2.0 nm

Martinez Lake, Arizona 10 0.2 nm

Dome, Arizona 10 1.7 nm

Cibola, Arizona 10 3.9 nm

*Locations shown on Figure 4.

**Al' population figures based on 1970 census (U.S. Census
Bureau).
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between Ajo and Gila Bend (Lower Colorado River State-Federal

Interagency Group, 1971). Two small networks of transmission

lines extending from Yuma and Gila Bend provide service to the

Gila River Valley area adjacent to YPG/LWBGR (Stubbs and Moore,

1963). A buried gas line and a buried oil pipeline owned and

operated by El Paso Natural Gas Company originate in Yuma and

generally parallel U.S. 95 (Stubbs and Moore, 1963), traversing

YPG. Besides these utilities which are primarily for civilian

use, electrical transmission and telephone systems are present

at Yuma Test Station Headquarters in YPG, and at Gila Bend

Auxiliary Field and Ranges #1 and #2 and along U.S. 85 in LWBGR.

Water canal systems adjacent to YPG/LWBGR include the Gila Main

Canal along the Colorado River, and the Dome and Wellton-Mohawk

Canals in the Gila River Valley (Figure 6).

Several permanent and semi-permanent instrumentation sites,

test sites, target areas, abandoned airstrips and military

contaminated areas are scattered throughout YPG/LWBGR. The

locations of these areas and more information about them, where

known, are presented on the Ownership and Cultural Features

overlays and Data Summary Sheets.

2.1.5 CULTURAL AND QUANTITY-DISTANCE EXCLUSIONS

The major cultural and quantity-distance exclusions which limit

siting areas within YPG/LWBGR are depicted on the appropriate

overlays and include:

1. An 18 nm arc from Yuma, Arizona (Figure 7);

000UNU ATIONAL. ICV J
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2. A corridor, 2965 feet wide, inside and parallel to

the boundary of YPG/LWBR; and

3. Corridors, 1780 feet wide, on each side of Highway

95 in YPG and Highway 85 and the Tucson, Cornelia and

Gila Bend Railroad in LWBGR.

In addition, the following minor quantity-distance and cultural

features were identified within YPG/LWBGR, but are not believed

restrictive to siting:

1. Several small buildings whose locations were determined

primarily from topographic maps. Field examination

of several of these features showed them to be

abandoned.

2. Numerous permanent and semi-permanent military

instrumentation and monitoring sites which are

inhabited on a periodic basis.

2.1.6 GENERAL TOPOGRAPHIC CONDITIONS AND EXCLUSIONS

General topographic conditions for the various landforms present

in the siting area are expressed in terms of topographic grade.

The principal criterion for the exclusion of an area from

siting considerations is the greater than ten percent topographic

grade (5043 ', 528 feet/mile). In YPG this condition occurs

primarily in areas of exposed rock (Section 2.2.3.2) in the

mountains and hills, and also includes the topographically

higher, older alluvial fan surfaces. In LWBGR areas of greater

than ten percent grade include exposed rock in the mountains and

hills, the topographically higher portions of the alluvial

fans and pediment surfaces adjoining exposed rock, and locally

13NO NATIONAL, INC.
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on steep leeward slopes of sand dunes.

A transition zone of five to ten percent grade (2052 ' to 5043 ' ,

264 to 528 feet/mile) occurs immediately adjacent to the areas

of greater than ten percent grade. Small mappable areas of

five to ten percent grade occur sporadically in areas of exposed

rock and the topographically higher portions of the alluvial

fans in YPG/LWBGR. In LWBGR, this also includes most of the

Pinacates Volcanic field and the Sentinel Flow, both areas of

volcanic flow rock (Section 2.2.3.2, Figure 9).

In YPG, the zero to five percent grade range (0 to 2o521; 0 to

265 feet/mile) encompasses the younger alluvial fans, the

topographically lower portions of the older alluvial fans, and

wash areas (Section 2.2.2.6). In LWBGR, the zero to five percent

topographic grade range encompasses essentially all of the

valley areas. Landforms which predominate in this grade range

include alluvial fans and washes. In addition, sand dunes,

playas, and small areas of exposed rock are also present within

this grade range.

The ten percent topographic grade exclusion combined with the

cultural and quantity-distance exclusion (Section 2.1.5) accounts

for approximately thirty-three percent (1407 nm2 ) of the total

area of YPG/LWBGR and comprises the total area excluded from

siting consideration (Figure 7). Of the remaining area,

approximately 57 nm2 is included in the five to ten percent

topographic grade range and approximately 2856 nm2 in the

zero to five percent range.
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2.2 GEOLOGY

2.2.1 GENERAL

YPG/LWBGR lies mainly within the Sonoran Desert section of the

Basin and Range Physiographic Province (Heindl and Lance, 1960).

The Yuma Desert west of the Algodones fault is within the Salton

Trough section of the Basin and Range Physiographic Province

(Mattick and others, 1973; Olmsted and others, 1973) (Figure 8).

The physiography is controlled by, and therefore strongly

reflects, the underlying geologic structure. This area is

characterized by eroded remnants of uplifted fault-block

mountains (horsts) separated by downdropped basins (grabens)

(Millet and Barnett, 1970). Unlike the major portion of the

Basin and Range Province, this is an area of predominantly

open-basin conditions and through-flowing drainages. Valleys

within YPG/LWBGR include La Posa Plain, Mohave Wash Valley,

Castle Dome Plain, King Valley and Palomas Plain in YPG, and

Yuma Desert, Lechuguilla Desert, Mohawk-Tule Valley, San

Cristobal Valley, Growler-Childs Valley, Sentinel Plain, Gila

Bend Plain, and Vekol Valley in LWBGR (Figures 2 and 4).

In YPG, the mountain ranges are irregular in shape and

generally trend west to northwest with granitic and meta-

morphic basement rock dominant in the southern half of the

area and volcanic bedrock dominant in the northern half of

the area (Table 2; Figure 7). Indiar Wash Valley, Castle

Dome Plain and King Valley drain southward toward the Gila

-NlO. NATBINAL. ONO.
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TABLE 2

Dominant Rock Type in Mountains

Mountain Range Dominant Rock Type*

In YPG

Dome Rock Mountains V and S Bedrock
Trigo Peaks V Bedrock/M Basement
Trigo Mountains V Bedrock/M Basement
Chocolate Mountains V Bedrock
Middle Mountains G and M Basement
Castle Dome Mountains V Bedrock/G Basement
Muggins Mountains G and M Basement
Red Bluff Mountain V Bedrock
Palomas Mountains V Bedrock/G Basement
Tank Mountains V Bedrock

In LWBGR

Gila Mountains G and M Basement
Tinajas Atlas Mountains G Basement
Copper Mountains G and M Basement
Cabeza Prieta Mountains V Bedrock/G Basement
Sierra Pinta G and M Basement
Mohawk Mountains M and G Basement
Bryan Mountains G Basement
Agua Dulce Mountains M Basement
Aguila Mountains V Bedrock
Granite Mountains G Basement
Growler Mountains V Bedrock
Crater Range V Bedrock
Childs Mountain V Bedrock
Sauceda Mountains V Bedrock
Sand Tank Mountains V Bedrock/M Basement

*V=Volcanic; S=Sedimentary; G=Granitic; M=Metamorphic;

/=Overlying

Sa. NATIONAL, IN
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River and southwestward toward the Colorado River. These

valleys provide the largest basin-fill area connected by

passes and plains of less than ten percent grade within

YPG (Figure 7).

In LWBGR, the mountain ranges are generally linear with a

northwest trend. Granitic and metamorphic basement rocks

are dominant in the western ranges, volcanic bedrock in the

central ranges, and volcanics overlying granitic rocks in

the eastern ranges (Table 2; Figure 7). The intervening

basins generally drain northward to the Gila River, except

locally in the south-central portion of LWBGR where internal

drainage into small playas has developed, or where drainage

is to the south toward Mexico. All basin-fill areas between

the Gila Mountains on the west and the Sand Tank Mountains

on the east are connected by passes and plains of less than

ten percent grade (Figure 7).

2.2.2 GEOMORPHIC SETTING AND SURFICIAL GEOLOGY

2.2.2.1 General

For at least the past thirty million years (Appendix B)

these basins have been filled by deposits which are the

products of wind, water and gravity erosion of the sur-

rounding mountains (Olmsted, 1968). Basin-fill deposits

present at the surface can be associated with various geo-

morphic features, including (in order of decreasing

abundance) alluvial fans and bajadas (A5), pediments (A6),

Sam.o NATIONAL. INO,
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playas (A4), sand dunes (A3), and terraces (A2) (Appendix B).

These landforms provide the basis for relating the distri-

bution and nature of the surficial deposits and terrain to

the suitability for siting the MX system.

The basin-fill deposits are primarily coarse-grained, with

lesser fine-grained sediments attaining a cumulative thick-

ness of greater than 10,000 feet in the northern end of

Mohawk-Tule Valley (proprietary information, 1974) and the

southern Yuma Desert (Mattick and others, 1973). However,

they are probably no more than 200 feet thick in the western

portions of the YPG (H. F. Barnett, oral communication,

1974). Measured seismic (compressional wave)-velocities

in the basin-fill deposits range from an average of 7500

feet per second (fps) for unconsolidated to semi-consolidated

deposits to an average of 13,000 fps for well-cemented

fanglomerate (Barnett, 1975, in press; Mattick and

others, 1973). The high average seismic velocity (7500

fps) for the unconsolidated deposits probably reflects the

presence of units possessing varying degrees of cementation

(i.e., with caliche). Layers with lower seismic velocities

are probably also present within the basin fill.

Caliche is a secondary accumulation of calcium carbonate

(Pope, 1971) often present as a competent binding and

cementing agent in the near-surface exposures of the oldest

fans. Some calcium carbonate can be found in most soil

profiles throughout southwestern Arizona (Chamberlain,
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1974); however, the degree of development varies with local

conditions. Calichified intervals may also be present at

depth within the basin-fill deposits.

Determination of the nature of these deposits is based on

limited data derived from investigations performed pri-

marily by the U. S. Geological Survey, the U. S. Army Corps

of Engineers, Yuma Proving Grounds, and U. S. Army Natick

Laboratories. Field investigations included limited rotary

drilling and sampling, test pit excavation and geophysical

surveys (gravity, aeromagnetic, seismic refraction and

reflection, and resistivity). Our investigators conducted

a brief ground (YPG) and aerial (fixed-wing at YPG, heli-

copter with landings at LWBG) field reconnaissance, and

aerial photographic analysis.

2.2.2.2 Alluvial Fans and Bajadas

Alluvial fans are the predominant geomorphic feature in

YPG/LWBGR, encompassing approximately 67 percent (1950 nm2)

of the total area of the siting valleys. They occur along

the flanks of all mountain ranges as wedge-shaped deposits

less than a few tens of feet thick at the mountain front

and up to several hundreds of feet thick in the basins.

At least three generations of alluvial fans are present in

YPG/LWBGR. They are identified as A5T, A5QT, and A5Q

(Appendix B) to indicate relative ages within YPG and LWBGR,

but not to imply necessarily that they are correlative

NATIONAL, INC.
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between the two areas, or even between valleys, although

that may be the case. In general, the older and topographi-

cally higher fans occur nearer the mountain fronts and

are moderately dissected and more deeply incised (Table 3)

than the more basinward, younger fan units. These alluvial

fan units consist of poorly sorted, sub-angular boulders,

cobbles and gravels, with sand and silt becoming more

dominant further from the mountain front.

TABLE 3

Degree of Drainage Dissection and Incision

Drainage Density Depth of Drainage Incision
(no. streams per nm) (average in feet)

0 0-50-5

6-10 6-10

11-15 P 11-15
a) I-I

0 16-2016-20
0> 20 M >20

The oldest alluvial fans (AST) generally are preserved as

small fan remnants which have their greatest areal extent

near the Muggins Mountain in YPG (Geology, Y-VI and Y-VII).

These fan deposits generally are topographically higher than

the younger alluvial fans, are moderately dissected, deeply

incised, have well-rounded ridge crests, may be covered by

desert pavement, and appear to be isolated from their source
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area. They are Tertiary in age (Lance, 1960), but cannot

easily be differentiated from Tertiary fanglomerate (well-

cemented fan) without field checking. The oldest fan

deposits, therefore, also include cemented fanglomerate.

Along the east flank of the Gila Mountains (LWBGR) (Geology

Y-VI) and in the vicinity of the Muggins Mountains (YPG),

the oldest fan deposits also include portions of the Kinter

Formation, a mid-Tertiary fanglomerate with basal sedimentary

strata (sandstones, shale, limestones) and thin interbeds of

volcanic and sedimentary material (Wilson, 1933; Lance and

Wood, 1958; Lance, 1960; and Olmsted and others, 1973).

Although these deposits are more extensive in YPG than

LWBGR, their geomorphic expression is consistent through-

out both areas. The AST fans encompass an estimated one per-

cent of the siting valley area within YPG/LWBGR.

The intermediate generation of fans (A5QT) are more exten-

sive than the AST fan deposits throughout YPG/LWBGR

encompass an estimated 25 percent of the siting valleys.

However, geomorphic expression of ASQT within YPG is

different than that within LWBGR. In YPG, the A5QT deposits

are more extensive than the A5T or the youngest (ASQ) fan

deposits. In general, these deposits either flank the

mountain ranges as high, complex ridges averaging one to

two nm in width and extending up to seven nm from the

mountain front, or occur as isolated ridge segments. Topo-

graphically, the A5T deposits are represented by at least

PGINO NATIONAL. INSO.
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three distinct minor topographic levels that are, as a whole,

distinctly intermediate in elevation between the A5Q and

A5T fan deposits. Typically, in YPG, the A5QT deposits are

moderately dissected with semi-rounded ridge crests covered

by nearly continuous desert pavement (a thin residual on lag

gravel resulting from removal of finer particles by wind

or water) consisting of gravel to cobble-size material

possessing a well-developed desert varnish (a thin miner-

alized patina or coating of iron and manganese oxides).

In LWBGR, with the exception of the area south of the Agua

Dulce Mountains and along the flanks of the Sauceda and

Sand Tank Mountains, the surface of A5 QT deposits appear

to represent an "exhumed" calichified level with the

original overlying fan surface material eroded away. In

general, the A5QT deposits discontinuously flank the moun-

tain ranges, but may be present several miles from the

mountain front as isolated remnants. They possess only

minor topographic expression and generally shallow incision,

and appear to be graded to approximately the same base

level as the younger alluvial fans (A5 ). South of the

Agua Dulce Mountains (Geology, Y-XIV) and along the flanks

of the Sauceda and Sand Tank Mountains (Geology, Y-IX and

Y-X) the A5QT deposits are more extensive than elsewhere in

LWBGR. The ASQT fans are topographically higher than the

youngest fans (A5Q) and, south of the Agua Dulce Mountains,

are topographically lower than the oldest fan deposits

*.!
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MT). They are moderately dissected, with rounded ridge

crests covered by well-varnished desert pavement and, in

general, are graded to the same base level as the pediments

in these two areas.

The youngest alluvial fan deposits (A5Q) possess distinctive

geomorphic expression within YPG and LWBGR. The A5Q fans

are actively aggrading in both YPG and LWBGR, and encompass

an estimated 75 percent of the siting valleys. In YPG the

A5Q deposits generally begin at the mountain front or

within areas of A5QT deposits, and extend basinward as

moderately dissected linear areas, generally one to two nm

in width, flanked by the A5QT fan deposits. A5Q deposits

in turn generally flank the modern washes. Interfluvial

areas of A5Q fan surfaces are relatively flat and typically

covered by a desert pavement of pea-size gravel with poorly

developed desert varnish. The A5Q deposits are topograph-

ically lower than the two older fan generations, and are

characterized by at least three distinct minor topographic

levels. Locally, the A5Q deposits may coalesce, such as

along the margin of La Posa Plain (Geology, Y-I and

Y-III); however, a well-developed bajada is lacking.

In LWBGR, the A5Q fans coalesce forming broae gently sloping

alluvial fan surfaces, or bajadas, that grade from areas of

exposed rock, pediment or older fans to the axial portion

of the valleys. A coarse-grained facies of these and

related deposits (A5c and ASCu), where the surface is

o ATIu ,Mo
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estimated to be greater than 70 percent gravel, is generally

found nearer the mountain fronts (Geology, Y-VI through Y-X,

Y-XII through Y-XV) and exhibits deeper drainage incision

than the fine-qrained fan deposits. Coarse-grained

material (gravel, cobbles and boulders) with similar geo-

graphic distribution in the shallow subsurface was observed

during a brief field reconnaissance. Incision is generally

shallow, ranging from six feet near the mountain front to

less than one foot in the central portions of the valley.

Interfluvial areas are covered by a discontinuous desert

pavement of pea-size gravel with scattered cobble-size

material with poorly developed desert varnish.

2.2.2.3 Pediments and Pediment Deposits

Pediments, as defined for this study, are represented by

planated rock shelves generally overlain by a thin mantle

(less than ten feet thick) of sand- to boulder-size residual

or alluvial material (pediment deposits: A6). The pediment

surfaces are slightly to moderately dissected with incision

generally less than five feet and commonly serve as surfaces

of sediment transport. As mapped from aerial photographs,

pediments extend a maximum of seven nm from the mountain

front, or, where overlain by alluvial fan deposits nearer

the mountain front, appear is isolated remnants. Pediments

were mapped in LWBGR along the flanks of the Sand Tank

(Geology, Y-IX and Y-X), Sauceda (Geology, Y-IX and Y-X),

Agua Dulce (Geology, Y-XIV) and Copper Mountains (Geology,

ad A
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Y-VII and Y-VIII) encompassing approximately 67 nm2 . Field

reconnaissance revealed the existence of pediments on the

southwest flank of the Palomas Mountains (YPG; Y-IV and

Y-VII) and on the east flank of the central Sierra Pinta

Mountains (LWBGR; Y-XIII), but their extent could not be

mapped using aerial photographs without the aid of further

field analysis. Byran (1925) suggests the presence of

pediments along the flanks of Baker Peaks (Geology, Y-VI

and Y-VII) along the southwest flank of the Cabeza Prieta

Mountains (Geology, Y-XIII), and at the northern end of

the Gila Mountains (Geology, Y-VI); however, the existence

of these pediments could not be verified by aerial photo-

graphic analysis or during field reconnaissance.

2.2.2.4 Playas

Playas are the lowest areas within enclosed desert drainage

basins generally characterized by almost horizontal vege-

tation-free surfaces of fine-grained sediments that are

periodically inundated (Cooke and Warren, 1973). Playas

(A4Q) in YPG/LWBGR are present in the southern portion of

Mohawk-Tule Valley (Geology, Y-XIII and Y-XIV) and include

Las Playas, Dos Playas, and Pinta Playa, and an unnamed

playa in central Growler-Childs Valley (Geology, Y-VIII).

Other limited areas of ponded drainage exist but lack true

playa characteristics. These include areas south of the

Sentinel Basalt Flow (Geology, Y-VIII and Y-IX) and west

of the Pinacates Volcanic Field (Geology, Y-XIII) where

TSONATIONAL, ONO.
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drainages are dammed by the basalt flows.

Generally small (less than one nm2), the playas are charac-

terized by medium- to fine-grained sediments deposited at

the margins of the alluvial fans. Thus, they are probably

underlain by a sequence of interbedded lacustrine and fine-

grained alluvial sediments (Krinsley and others, 1968).

The generally deep groundwater table in this area suggests

that these playas discharge only surface water derived from

run-off or direct precipitation. Therefore, they may have

a high clay content and an accumulation of calcium carbonate,

but the proportion of saline material is probably low (Cooke

and Warren, 1973).

The present limits of the playas are well known topographically

and geographically, encompassing a total of less than two

nm2 . However, fluctuations in climatic conditions in the

geologic past may have produced intertonguing of the various

alluvial units resulting in sequences of coarse- and fine-

grained materials alternating vertically and horizontally

in the subsurface (Appendix Cj. The presence of fine-

grained silt and clay layers with dispersed saline material

(gypsum) in the subsurface in King Valley (Geology Y-IV and

Y-VII) in YPG (U. S. Army Corps of Engineers, 1972a; Air

Force Weapons Lab, 1973) and the occurrence of playa deposits

in other similar basins in Arizona (Feth, 1964; Kister and

Hardt, 1966; Koester, 1972b; Pierce, 1973) suggest the

existence of playa deposits at depth within YPG/LWBGR.

6
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2.2.2.5 Wind-Blown Sand

Wind-blown sand deposits (A3Q) are found within YPG/LWBGR.

Two semi-stable dune fields (A3dQ) are present in LWBGR:

(1) the Mohawk Dunes along the west flank of the Mohawk

Mountains (Geology, Y-VII) encompass approximately 20 nm2 ,

and (2) the Fortuna Dunes in the Yuma Desert (Geology,

Y-XII) encompass approximately eight nm2 with local relief

of 20 to 30 feet (Olmsted and others, 1973). Large sheets

of sand (A3sQ) are associated with these major dune fields

and may contain local areas of presently active mobile

dunes. These sands were primarily derived by deflation of

Cenozoic Colorado River sediments to the southwest of LWBGR

(Norris and Norris, 1961; Merriam, 1969; Olmsted and others,

1973; Arvidson and Mutch, 1974). The Pinta Sands, a large

sand sheet with local areas of small dunes, encompass

approximately seven nm2 surrounding the Pinacates Volcanic

Field in south-central Mohawk-Tule Valley (Geology, Y-XIII

and Y-XIV).

Shepard and others (1955) state that there are no dunes

within the limits of Yuma Test Station. However, subdued,

stabilized, linear sand dunes were observed in YPG during

a brief field reconnaissance and aerial photographic analysis

and are reported in recent literature (Millet and Barnett,

1970). These dunes are located in the vicinity of Yuma

Test Station Headquarters, within the 18 nm exclusion arc

from Yuma (Ownership and Cultural Features, Y-VI). Barnett

hT 411NO NATIONAL. INC..L,°. °
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(1975, in press) describes these dunes as being

individually oriented northwesterly, generally about 500

feet apart with a mean relief of 2.2 feet and maximum lengths

of two miles. An area of man-made sand dunes is located

just west of U. S. 95 near the southern boundary of YPG.

These are composed of fine-grained basin-fill material,

bulldozed into dune form (Shepard and others, 1955) for

use in vehicular testing programs.

2.2.2.6 Stream Channel and Undifferentiated

Floodplain Deposits

Stream channel (wash) deposits (Al0 ) encompassing approxi-

mately 190 nm2 , are composed of loose sand, gravel, silt

and minor amounts of clay. The dominant grain size depends

on the volume of water discharged by the stream, rates of

flow, channel configuration, source material, and grain size

of the material traversed. Wash deposits average five to

ten feet thick, with a maximum of approximately 30 feet

(Olmsted, 1972). In YPG, with the exception of King Valley

and La Posa Plain where drainage is principally rill wash

or sheet flow, the stream channels are typically flat-

floored, and have 450 to near-vertical banks. Linear

drainages vary in width from a few feet to more than one nm,

with incision averaging about five feet and reaching a

maximum of approximately 20 feet. In LWBGR, primary

drainage channels are generally shallowly incised, except

in the eastern portion of the range where they are typically
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incised to a depth of five to eight feet. Tributary

drainages are generally moderately incised (five to

ten feet) nearer the mountain fronts, becoming shallower

(less than three feet) toward the axial portion of the

basin.

2.2.2.7 Terraces

Terraces are topographic benches within a river valley that

usually represent former levels of the valley floor or flood-

plain. In YPG/LWBGR the terraces (A2Q) are related to the

Colorado and Gila Rivers. Terrace deposits of the Gila

River are present along the southern margin of the YPG

(Geology, Y-VI and Y-VII) and the western half of the

northern boundary of LWBGR (Geology, Y-VII). The surficial

distribution of these Gila River terrace deposits is quite

limited within the YPG/LWBGR boundaries; however, they may

be more extensive in the subsurface, buried beneath a mantle

of alluvial fan material that grades toward the Gila River.

Terrace deposits of the Colorado River are present along

the western flank of the Gila Mountains in LWBGR (Geology,

Y-VI, Y-XI, and Y-XII) becoming more extensive nearer the

River. In YPG, the Colorado River terrace deposits are

present near the Yuma Test Station Headquarters (Geology,

Y-VI) (Olmsted, 1972). These deposits, too, have limited

surficial distribution, are buried by alluvial fan deposits,

and may be more extensive in the subsurface, although total

so I



42

thickness of the terrace deposits is unknown. Terrace

deposits, typically well sorted sand, gilt and gravel

(Shepard and others, 1955) encompass approximately 35 nm
2

(less than two nm2 of the siting valley) of YPG/LWBGR; how-

ever, most of this area is contained within the 18 nm

exclusion arc around Yuma.

2.2.3 ROCK CONDITIONS

2.2.3.1 General

For this study, material considered as rock can be sub-

divided into three categories; these include bedrock,

basement rock and volcanic flow rock (Appendix B). In

general, each of these three rock types possess distinc-

tive characteristics of importance for MX siting consider-

ations, such as seismic response, blast effects, or the

nature of basin-fill deposits derived from them.

The first category, termed bedrock, includes competent

volcanic and sedimentary rocks (including fanglomerates)

which commonly have seismic velocities (p-wave) of 10,000 to

20,400 fps in the Yuma area (Mattick and others, 1973)

and are be ieved to represent the range of bedrock seismic

velocities throughout YPG/LWBGR (Barnett, 1975, in

press).

The second category of rock is basement rock, consisting of

crystalline igneous (granitic) and metamorphic rock (gneisses

and schists), with seismic velocities of 14,000 to 16,000
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and 17,000 to 18,000 fps, respectively. Basement rock in

the Yuma area commonly underlies bedrock and basin-fill

materials (Mattick and others, 1973). Basement rocks,

because of their basal stratigraphic position in the geologic

record, generally infer great age (Precambrian through

Cretaceous; Appendix B). The granite, gneiss and

schist are pre-Tertiary in age (Olmsted, 1972; Olmsted and

others, 1973; Dillon and Haxel, 1975). Available radio-

metric age dates of 1440 million years (m.y.) (Olmsted and

others, 1973) and 73 m.y. (Wasserburg and Lanphere, 1965)

suggest that original crystallization occurred in the Pre-

cambrian with a subsequent metamorphic event in the

Cretaceous.

The third category, volcanic flow rock, is restricted to

extrusive igneous rocks, generally basaltic in composition,

which are commonly flat-lying, geologically young (Quater-

nary or Quaternary-Tertiary) and overlie, or are inter-

bedded with basin-fill materials.

2.2.3.2 Exposed Bedrock, Basement Rock,
and Volcanic Flow Rock

Exposures of bedrock units, exceeding thicknesses of 1000

to 2000 feet, occur primarily in northern YPG and eastern

LWBGR mountain areas where topographic grades exceed ten

percent (Section 2.2.1, Table 2; Figure 9). Bedrock ex-

posures with limited areal extent occur within areas of

lesser topographic grade. In order of decreasing abundance,

P m.O NATIONAL, INC.
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the bedrock units consist predominantly of volcanic rocks

composed of pyroclastic and flow rocks ranging in composi-

tion from rhyolite to basaltic andesite, and sedimentary

rocks composed primarily of sandstone, siltstone and con-

glomerate (Bryan, 1925; Barnett, 1975, in press).

Granitic and metamorphic basement rocks, primarily granitic,

gneissic and schistose and lesser amounts of metasedimentary

rocks are exposed in southern YPG, western LWBGR and eastern-

most LWBGR (Section 2.2.1, Table 2; Figure 9).

The largest exposure of volcanic flow rock is the Sentinel

Basalt Flow which overlies basin-fill deposits and extends

into the Sentinel Plain (Geology, Y-VIII and Y-IX) in the

north-central portion of LWBGR. This flat-lying basalt

encompasses approximately 25 nm2 of LWBGR. Portions of the

flow have been dated as early Quaternary in age (1.71 +

0.25 m.y.; Fugro, 1974).

A second large volcanic flow, overlying basin-fill deposits

in southern Mohawk-Tule Valley (Geology, Y-XIII and Y-XIV),

is a portion of the Pinacates Volcanic Field which is exten-

sively exposed in Mexico. This flat-lying basalt flow

occupies approximately 12 nm2 of LWBGR. Portions of the

field in Mexico were active less than 1000 years before

present(b.p.) (Ives, 1956). These flows generally have

rough surfaces and are composed of multiple flow units.

TfiONIS NATIONAL, INC.
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The presence of such young basalt flows on the surface

suggests that other flows are present in the subsurface;

this is substantiated by well log data (Section 2.4.2;

Figure 12; Well 32; J. F. Ashley, written communication,

1975). The combined area of both exposures of volcanic

flow rock totals less than one percent (37 nm2 ) of the total

surface area of YPG/LWBGR (Figure 9).

An estimated 25 percent (1080 nm2 ) of the total area (4320

n) within YPG/LWBGR consists of bedrock, basement rock

and volcanic flow rock, with the remaining 75 percent

(3240 nm2 ) composed of basin-fill deposits (Figure 9).

In YPG, approximately 32 percent (350 nm2 ) of the total

area (1090 nm2 ) consists of exposed rock with the remaining

68 percent (740 nm2 ) composed of basin-fill deposits. In

LWBGR, approximately 23 percent (730 nm 2 ) of the total area
(3230 nm2 ) consists of exposed rock with the remaining

77 percent (2500 nm2 ) composed of basin-fill deposits.

2.2.3.3 Subsurface Rock Conditions

Depth to bedrock and basement rock within YPG/LWBGR ranges

from zero (surface exposures near the mountain fronts) to

greater than 10,000 feet in the northern Mohawk-Tule Valley

(proprietary data, 1974) and west of the southern Gila

Mountains (Mattick and others, 1973). Geologic sections

(R'-R", S'-S", T'-T", U'-U"; Appendix I) depict the

i
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K
subsurface distribution of units where specific data are

available.

Little is known about the composition and distribution of

the subsurface rock. Water wells generally do not pene-

trate rock which underlies the basin-fill deposits. The

limited well data available indicates the presence of

volcanic bedrock, granitic basement rock, and volcanic flow

rock in the subsurface.

Depth to rock has been contoured within YPG/LWBGR (Air

Force Weapons Lab, 1973); however, well log data, observa-

tions made during field reconnaissance and aerial photo-

graphic analysis indicate some refinement of those contours

is necessary. Determinations similar to those made by

Air Force Weapons Lab (1973) can be derived using regional

geophysical surveys (Turner, 1960; Sauck and others, 1971;

Sauck, 1972; West, 1972; West and Sumner, 1973; and Aiken

and Sumner, 1974) which suggests the Valleys within YPG/

LWBGR are deep basins. Prominent gravity anomaly lows

suggesting deep basins generally appear to correspond

with structural lows interpreted from magnetic anomalies

(Sumner and Aiken, 1973). However, these surveys depict

only the regional configuration rather than local varia-

tions in rock distribution within the basins. Depth to

rock contours (Geology, Y-I through Y-IV, Y-VI through

Y-X, Y-XII through Y-XV) reflect interpretation of geo-

T SUNa NTIOGaL, IM.
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*1 physical studies tempered by well log data and observations

made during aerial photographic analysis and a brief field

reconnaissance. Although contours are drawn for depths to

2000 feet, reliability of information decreases with depth

and in areas lacking well control.

2.2.4 SEISMO-TECTONIC SETTING

2.2.4.1 Regional Setting

YPG/LWBGR lies within two major geologic provinces, the Gulf

of California (Salton Trough) and the southern Basin and

Range (Figure 10). The Gulf of California Structural

Province is a complex, northwest-trending depression

(Elders and others, 1972; Lomnitz and others, 1972) developed

approximately four million years ago (Sharp, 1972). Accor-

ding to plate-tectonics theory, this is an active area of

crustal spreading along the East Pacific Rise and transform

faulting on the San Andreas shear zone (Atwater, 1970).

The Salton Trough, the on-land extension of the Gulf of

California Province (Biehler and others, 1964), corres-

ponds with a portion of the San Andreas shear zone, which

locally includes the San Jacinto, San Andreas and the

Algodones faults.

The Basin and Range Structural Province is characterized

by northwest-trending uplifted blocks (horsts) and down-

dropped basins (grabens) bounded by normal faults

(Christiansen and Lipman, 1972; Lipman and others, 1972).

I
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These bou gary faults occur within continuous zones or as en

echelon structures with displacements ranging from tens to

several thousands of feet (Wilson and Moore, 1959). Al-

though major deformation occurred during early Mesozoic to

Tertiary time (Appendix B), zones of active seismicity and

Quaternary faulting occur within this province. The major

elements of the Basin and Range Structural Province include

the Jerome-Wasatch structural zone, the Walker Lane-Las

Vegas Valley shear zone, and the Death Valley-Furnace Creek

shear zone. Major elements of the Gulf of California and

the Basin and Range Structural Provinces are summarized

in Table 4. The principal elements that may affect YPG/

LWBGR are discussed in the following sections.

2.2.4.1.1 Principal Seismo-Tectonic Elements of the

Gulf of California Structural Province

The San Andreas fault is the most active single element

within the San Andreas shear zone, and can be traced from

the northwest to the east shore of the Salton Sea where the

surface trace has been obscured by surficial deposits

(Crowell, 1962). Based on the following evidence, the San

Andreas fault may project into the southwest corner of the

Yuma Desert adjacent to LWBGR: (1) alignment of gravity

lows (Biehler, 1964), (2) aeromagnetic anomalies (Biehler

and others, 1964), (3) presence of three recognizable fault

traces at the surface (Babcock, 1971), and (4) two geo-

thermal anomalies (Blake and others, 1973) which align

with the projected trace of the fault.
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The Algodones fault is generally obscured by surficial

deposits; however, the following evidence (Olmsted and

others, 1973) defines its existence in the Yuma Desert:

(1) presence of a 30- to 60-foot high escarpment in the

older basin-fill deposits, (2) the existence of a groundwater

barrier with an associated displacement of the water table

of 30 feet, (3) a steep magnetic and gravity gradient,

and (4) groundwater temperature anomalies. Seismic reflec-

tion profiles suggest possible parallel or en echelon

faults (Mattick and others, 1973) in the vicinity of the

Algodones fault. Shallow exploratory trenching across

the Algodones fault revealed offsets of three to five

feet in subsurface paleosoil units estimated to be approxi-

mately 200,000 years old (Woodward-McNeill, 1974a).

2.2.4.1.2 Principal Seismo-Tectonic Elements in the

Southern Basin and Range Structural Province

The Death Valley-Furnace Creek shear zone (Stewart and

others, 1962) is well defined in Death Valley (Figure 10)

and has been inferred by Hunt (1963) and Hamilton and Myers

(1966) to extend southeastward through the Parker-Blythe area

at the California-Arizona border. However, recent detailed

investigations (Davis and others, 1974; Fugro, 1974a;

Woodward-McNeill, 1974a, b) reveal that the Death Valley-

Furnace Creek shear zone does not extend farther southeast

than the Garlock fault; this intersection occurs in the

Avawatz Mountains approximately 140 nm northwest of YPG/

LWBGR.
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A minor structural element, the Gila Lineament in the Basin

and Range Structural Province, is a northeast-trending

trough (graben) that essentially parallels and encloses

the Gila River Valley. The Gila Lineament extends northeast

from the Gila Mountains through the crystalline basement

rock and apparently pre-dates Basin and Range tectonic

activity. While this lineament is not known to have

associated Cenozoic faulting, it is coincident with a

series of Tertiary-Quaternary volcanic fields including

the Sentinel Basalt Flow (Section 2.2.3.2).

The Texas Lineament (Albritton and Smith, 1956), another

minor structural element, is a poorly defined, diffuse

structural zone postulated to extend northwest from the

Trans-Pecos area of Texas across New Mexico and into

southern Arizona (Wertz, 1970). This lineament is defined

by pre-Quaternary faulting and an apparent alignment of

copper mineralization (Mayo, 1958). Hunt (1963) suggests

an alignment of the Texas Lineament and Walker Lane-Las

Vegas shear zone, however he points out that the geologic

and geophysical basis for the projection is very vague.

2.2.4.2 Structural Geology of YPG/LWBGR

2.2.4.2.1 Faults

The Algodones, Sheep Mountain and several unnamed faults
(Geology, Y-VI and Y-XII) have been identified as capable

faults (Appendix D) within LWBGR. Conservatively,
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the U. S. Nuclear Regulatory Commission (formerly the U. S.

Atomic Energy Commission) definition for capable faults

was utilized due to the presence of nuclear components with-

in the MX system and the potential for damage to the system

by seismic activity or ground rupture.

The major characteristics of the Algodones fault and its

relationship to YPG/LWBGR are defined in Table 4. By

analogy with other faults in the San Andreas Shear Zone,

the Algodones fault is assumed to possess a predominant

strike-slip component. Offsets of gravity anomalies and

reversals in direction of throw along the strike of the

fault, similar to other faults in the San Andreas shear

zone (Mattick and others, 1973) support this assumption.

Vertical components of displacement (dip-slip) have also

been reported (Woodward-McNeill, 1974a). Faults offset

older basin-fill materials along the east (Sheep Mountain

fault; Figure 10) and the west (unnamed faults) flanks

of the Gila Mountains within "he Yuma and Lechuguilla

Deserts in LWBGR (Olmsted and others, 1973; Woodward-

McNeill, 1974a). Age of faulting has been tentatively

dated as less than 200,000 years b.p. with last movement

possibly occurring less than 11,000 years b.p., which

establishes these faults as capable.

The Chocolate Mountain thrust fault system is present in

southern YPG, with exposures in the Laguna, Middle and

G
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Castle Dome Mountains (Figure 7) (Barnett, 1975, in press).

This fault apparently pre-dates Basin and Range tectonism

(early Mesozoic?) (Davis and others, 1975; Dillon, 1975a,

b; Dillon and Haxel, 1975), is not known to have associated

Cenozoic displacements or historic seismic activity, and is

not considered a capable fault.

2.2.4.2.2 Scarps

A low scarp (less than five feet) is present along portions

of a distinct alignment which appears as a lineation on aerial

photographs and trends northwestward across San Cristobal

Valley in LWBGR (Geology, Y-VII and Y-VIII). This

feature was noted during aerial field reconnaissance and

aerial photographic analysis; no ground observations were

made and the origin of the feature is unknown. Several

small magnitude (M=4 to 5) earthquake epicenters are present

in this area (Section 2.2.4.4) but their relationship to

the lineation is unknown.

~.'ult scarps in the old basin fill ranging from three to as

great as 60 feet (Woodward-McNeill, 1974a) have been

reported along the Algodones, Sheep Mountain, and unnamed

faults. Confirmation of the exact nature and extent of the

scarps was not possible with the brief field reconnaissance,

and no aerial photographs were available for analysis.

2.2.4.3 Volcanic Activity

Holocene (Appendix B) volcanic activity has occurred in the

.. .. . . .illi" ... . . . .. ... . .• I , j , ' e, • e , ?
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Pinacates Volcanic Field (Figure 9) south of YPG/LWBGR

(Merriam, 1972; Ives, 1956) Quaternary (Section 2.2.3.2;

Appendix B) volcanic activity has occurred in the Sentinel

Flow (Figure 9) and other volcanic fields (Fugro, 1974b)

aligned with the Gila Lineament. Eastwood (1974) suggests

that, relative to plate tectonics theory, these Quaternary-

Tertiary volcanic fields may be associated with East Pacific

Rise and the intersections of major structural lineaments.

He also suggests a 2.9 percent probability for renewed activity

in the next 0.5 million years within the entire Basin and

Range Province.

2.2.4.4 Seismicity

Judgement of the level of seismicity of a region is dependent

upon the size of earthquakes that have occurred, their fre-

quency of occurrence, and the resulting intensities of

ground shaking. Various regions of the United States have

relatively high levels of seismicity (e.g., coastal California,

Alaska) and others have relatively low levels. The regional

seismicity of the western United States is shown in Figure 11.

Prior to 1968, Arizona lacked a well-developed seismic

detection network. Therefore, locations of epicenters

reported prior to July 1968 are accurate to the nearest 0.1

degree (6 nm) and prior to the middle 1950's probable are

accurate to the nearest 1/2 to 1/4 degree (30 to 15 nm)

(Hileman, 1973). The detection threshold, or minimum magnitude
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earthquake recorded, of this system was approximately

magnitude 4.5 prior to 1945 and about 4.0 until 1968 (Fugro,

1974a, b). Since 1968, earthquake magnitudes as low as

3.0 have been recorded.

Levels of seismicity of three zones that can affect YPG/

LWBGR are summarized in Table 5. These three zones are:

(1) the Salton Trough, including the northwest-trending

elements of the San Andreas shear zone and the Algodones

fault; (2) a north-northwest trending transition zone

extending through central Arizona; and (3) a zone of

diffuse seismicity.

The Salton Trough encompasses the Yuma Desert portion of

LWBGR. Seismic activity is relatively high in this

southeasternmost portion of the San Andreas shear zone

with numerous recorded earthquakes of Richter magnitude

(M) 6 to 7. The Algodones fault is the closest element

of the San Andreas zone, transecting the Yuma Desert in

LWBGR.

The second zone of seismicity trends roughly north-northwest

across central Arizona and consists of a general concen-

tration of earthquakes ranging from recorded magnitude 4

events to an estimated magnitude 8 event. This seismic

zone closely coincides with at least three structural

features: (1) the approximate location of the Jerome-

Wasatch structural zone, (2) the physiographic boundary

- '0 0 N IO AL, IN1' .
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(Transition Zone of Wilson and Moore, 1959) between the

Colorado Plateau and the Basin and Range, and (3) a zone of

known Quaternary faulting and Cenozoic volcanism. The

Sonora, Mexican earthquake (M = 8 est.) of 1887 (Aguilera,

1888) has been related to this zone (Fugro, 1974a), although

Sanford and Toppozada (1974) suggest it may have occurred

within an extension of the Rio Grande Rift Zone.

The third zone which almost entirely encompasses YPG/LWBGR

is characterized by diffuse seismic activity and is bounded

by the above-mentioned two zones. Activity consists pri-

marily of sparse, randomly distributed earthquakes of

magnitude 4 or less. Available data suggests that these

earthquakes cannot be related to any well-defined structural

feature. An apparent concentration of earthquake epicenters

(M = 4 to 5) in the vicinity of the Pinacates Volcanic

Field is apparently due to mislocation. More precise

methods of ep-central location in California and Mexico

after 1964 have relocated many of these events further

south within an area of Quaternary fault activity related

to crustal spreading and a possible southeastward extension

of the San Andreas shear zone.

Only four instrumentally recorded seismic events have

been located within YPG/LWBGR for the period 1927 through

1971 (Figure 10). Located in central LWBGR, two of the

earthquakes (M = 4.4 in 1964 and M = 4.7 in 1963) occurred

R ... N ATINAL., INC.
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in Mohawk-Tule Valley, one (M = 5.0 in 1958) in San Cristobal

Valley and one (M = 4.1 in 1964) in west-central Growler-

Childs Valley. Three recorded seismic events (M = 4.2 in

1950, M = 4.5 in 1951, and M = 4.8 in 1957) are located in

Mexico within 5 nm of the southern boundary of LWBGR

(Latitude 32.0 N; Longitude 113.0 W). In addition, one

event (M less than 5.0 est.) occurred near Wellton in 1935.

The largest recorded earthquakes reported felt in the YPG/

LWBGR area occurred on 31 December, 1934 in Baja, California

(M = 6.4 to 7.1) approximately 50 nm southwest of YPG/

LWBGR and on 18 May, 1940 near El Centro, California

(M = 7.1) approximately 40 nm to the west of YPG/LWBGR.

Little is known about the pre-instrumental (pre-1927) earth-

quake history of the southwest, including YPG/LWBGR, because

of sparse settlement and a lack of records of earthquake

effects. Historic records were first kept at Fort Yuma,

Arizona in 1852, since it was the only potential reporting

station in the immediate area. Table 6 lists pre-1927

earthquakes reported in the vicinity of YPG/LWBGR. The

Modified Mercalli Intensities (MMI; Appendix D) are the

st-rountest reported, and occurred at the locality listed.

Richter magnitudes and distances from YPG/ LWBGR are

estimated. The largest historic earthquake (M = 8 est.)

felt in the YPG/LWBGR area occurred on 3 May, 1887 near

Sonora, Mexico.

PN -- NATIONAL, I.
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TABLE 6

List of Pre-1927 Earthquakes in the
Vicinity of YPG/LWBGR

Approximate
Magnitude/ Distance of

Locality Max. Est. Locality from

Year Date of MMI Intensity (MM) YPG/LWBGR

Imperial Valley SW I
1852 9 Nov. of Fort Yuma, ?/VIII - Ix 6 nm (?)

Arizona

1853 Dec. Fort Yuma, ?/X-XI(?) 6 rnm (?)

Arizona

1857 8 or 9 Fort Yuma, 8+ est./IX(?) 130nm (?)

Jan. Arizona

1871 August Imperial Valley, ?/IX or X 40 nm

California

1887 3 May Sonora, Mexico 8 est./? 150 nm

1915 22 June Imperial Valley 7-7.5 est./IX 6 nm
32.8m, 115.5W

1915 20 Nov. Imperial Valley, ?/VI 40 nm

California

Sources: Coffman and von Hake, 1973; Sturgul and Irwin, 1971; Bonilla,
1967; Townley and Allen, 1939.

2.2.4.5 Seismic Risk

The probability of the occurrence of potentially damaging

earthquakes is of major concern in evaluating the seismic

risk of a region. The factors that influence the deter-

mination of seismic risk are: (1) the size and location of

capable faults; (2) the level of seismicity of the region,

in particular the seismicity associated with capable faults;

and (3) levels and intensities of earthquake induced

-ma s*ATIUUAL. .U.
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vibratory ground motion caused by earthquakes in regions of

concern.

Studies predicting the susceptibility of an area to relative

levels of seismic intensity have been done for the western

United States, and show that nearly all of YPG/LWBGR has a

maximum expected seismic intensity (measured on the MMI

scale) of V to VI (Algermissen, 1969), with a maximum

expected seismic intensity of VII to IX within the Yuma

Desert portion of YPG/LWBGR contained within the Salton

Trough (Richter, 1959). One event occurred in 1935 near

Wellton, producing a maximum MMI of VI and only local

effects. Table 5 (Section 2.2.4.4) summarizes the seismic

risk associated with the three zones of seismicity defined

for YPG/LWBGR.

2.2.4.5.1 Levels of Vibratory Ground Motion

Maximum credible earthquakes are the largest earthquakes

that faults or fault zones are thought capable of producing.

These earthquakes generate maximum levels of vibratory

ground motion (Table 5). The maximum credible shaking that

can occur is at the level that has been observed very near

to the fault break during major earthquakes. Examples of

this very severe level of vibratory ground motion are those

experienced in San Francisco in 1906 (M = 8.3?), in the Fort

Tejon area in 1857 (M = 8+) and in the Lone Pine area

during the 1872 Owens Valley earthquake (M 8+). However,

-!1NO NATIONAL, INX.
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because of the lack of accelerograms obtained very near the

fault break, only estimates of the quantitative level of

ground motion can be made. The estimates of different

investigators show wide discrepancies; it has been estimated

that peaks of acceleration ranging from one-half to more

than one g (g being the acceleration due to gravity) can

be expected.

Maximum credible earthquakes can be estimated for the Salton

Trough and Transition Zone (Table 5). The greatest potential

seismic risk would result from an earthquake associated

with the Salton Trough, along the San Andreas zone, speci-

fically the Algodones fault. The San Andreas zone is

capable of an M = 8+ (Sturgul and Irwin, 1971; Hileman,

1973). Should such an event occur within the southern

portion of the San Andreas zone very close to or within

YPG/LWBGR, peak accelerations ranging from 0.5g to more

than 1.0g can be expected in the vicinity, very near or

directly above the fault break (Housner, 1965; Donovan,

1973).

Attenuation of the vibratory ground motion with increasing

distance from such an event (M = 8) would result in de-

creasing maximum accelerations (e.g., 0.4g at 15 nm, 0.3g

at 30 nm, 0.12g at 60 nm; derived from Schnabel and Seed,

1973). The following recurrence intervals (RI) have

been determined for events less than the maximum credible
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within the southern segment of the San Andreas shear zone:

for M 6, RI = 10 years; for M = 7, RI = 40 years; and for

M = 8, RI = 200 years (Lamar and others, 1973). Effects

of these recurring events on YPG/LWBGR will, of course,

depend upon the distance of the event from the siting area

and the nature of local geologic, groundwater and soil

conditions.

Algermissen (1969) suggests the maximum credible earthquake

within the Transition Zone (the Jerome-Wasatch Structural

zone) would have a magnitude of 7.0 to 8.0, with the

maximum probable earthquake (the largest earthquake likely

to occur within about 100 years) of M = 5.5 in the vicinity

of the closest approach to the complex (Hileman, 1973).

Based on Housner (1965) and Schnabel and Seed (1973), and

closest approach of 60 nm, an event of M = 8.0 would

generate levels of vibratory ground motion of less than

0.2g, and an event of M = 5.5 at this distance would

generate ground shaking levels of less than 0.05g.

The capability for generating high levels of vibratory

ground motion within YPG/LWBGR also exists within the

zone of diffuse seismicity if earthquakes of M = 4.0 to

5.0 occur within YPG/LWBGR. Four such events have beenI
recorded in LWBGR. Vibratory ground motion levels of 0.lg

for M =4 and 0.2g for M = 5 could be expected from such

events as predicted by Donovan (1973). However, recent

POmO NATIONAL, INC.
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accelerograms recorded near surface ruptures associated with

small magnitude events (M less than 5), such as the Bear

Valley earthquake of September 1972 (M = 4.9), indicate

that accelerations can be as large as approximately 0.7g

(determined by Earthquake Engineering Research Laboratory,
California Institute of Technology). The duration of

strong ground motion from such small magnitude earthquakes

would be only about five seconds.

2.2.4.5.2 Teleseismic Events

Distant earthquakes (generally exceeding 100 nm) of M = 5

to 7 and large magnitude (M = 8+) teleseismic events

(distances greater than 540 nm; Richter, 1958) may affect

the siting area. Of primary concern are the long period

waves generated by these distant earthquakes. Resonance

may produce oscillation of pools of water (seiches) or

damage long period structures. The most likely sources for

distant large magnitude earthquakes in the seismically

active portions of the western United States (Figure 11)

are: 1) portions of the San Andreas system lying greater

than 100 nm to the northwest, 2) the Agua Blanca fault

lying approximately 150 nm to the southwest, 3) the Rio

Grande Rift Zone (Figure 10) lying 250 nm east of the

complex, and 4) an area of seismicity 250 to 275 nm to

the north-northwest in north-central Nevada (near Reno).

In addition, teleseismic events of large magnitude

may be associated with the Aleutian and mid-America
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trenches.

2.2.4.5.3 Potential for Surface Displacement

The greatest potential for surface displacement due to

faulting lies in the Yuma and Lechuguilla Deserts. The

existence of fault scarps with significant offsets asso-

ciated with the Algodones, Sheep Mountain and other unnamed

faults, substantiate this potential. Based on Bonilla

(1967) vertical displacements of 3 to 15 feet could occur

on these faults, associated with an earthquake event of

M = 8.

2.2.4.6 Tectonic Subsidence

Subsidence within YPG/ LWBGR due to tectonism has not been

reported. Postulated subsidence occurrences and mechanisms

are discussed in Section 2.4.2.7.

=NO NATIONAL, INO.
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2.3 SOILS ENGINEERING

2.3.1 GENERAL

The soils engineering data and design evaluation information

presented here are derived primarily from Soil Conservation

Service (SCS) reports (Hartman, 1973; Richardson, 1973;

Chamberlain, 1974). These reports delineate various soil and

rock units as generalized soil types on small-scale maps. For

this reason, the SCS map units were adjusted and refined to

conform to the geologic units (Geologic Overlays) derived by

aerial photographic interpretation and limited field observa-

tions, and are presented on the Soils Engineering overlays

(Y-I through Y-IV, Y-VI through Y-X, Y-XII through Y-XV).

Specific engineering information on soil properties from

borings or test pits within YPG/LWBGR is sparse (Appendix F),

but where available, the information was incorporated into the

description of the related map units and onto the Soils

Engineering Data Summary Sheets.

The Soil Conservation Service basically describes soils in

agricultural terms and may incorporate more than one soil

type defined by the Unified Soil Classification System (USCS;

Appendix E). The soil classification assigned to a map unit

(Soils Engineering overlays) represents the predominant soil

type, but not necessarily the only soil type within that parti-

cular map unit.

Soils Engineering Data Summary Sheets (Section 3.0) present

both specific engineering data where available in the

- g,
a '..~



69

literature and engineering design evaluations using the avail-

able data together with engineering judgemnent. Design

information should be considered general rather than specific

for any map unit and used for concept consideration, but not

for specific design.

Data from borings or test pits are presented in Appendix F.

The limited amount of subsurface data did not allow for extra-

polation of soil properties below the surficial five feet.

There is a significant quantity of soils engineering data

available on the Yuma Test Station Headquarters area (U. S.

Army Corps of Engineers, 1952a, 1952b, 1953a, 1953b, 1957a,

1957b, 1960, 1963, 1966, 1968, 1971a, 1973a, 1973b, 1974).

However, this area is excluded and data could not be extra-

polated into the siting valleys with any accuracy.

YPG/LWBGR can be considered, for a regional engineering

discussion, to consist primarily of coarse-grained basin-fill

deposits (including alluvial fan, bajada, pediment, terrace,

floodplain, stream channel and undifferentiated deposits)

which extend basinward from the mountains. Fine-grained basin-

fill deposits (playas' exist adjacent to the alluvial fans

and are of limited areal extent comprising less than one

percent of YPG/LWBGR (Section 2.'.2.4). Wind-blown sands are

also present but comprise less than one percent of the siting

valley area (Section 2.2.2.5).

All major soil types defined by the Unified Soil Classification

System are present in YPG/LWBGR. Coarse-grained basin-'ill

ONOO NATIONAL, INU.
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deposits generally consist of gravel-, sand- and silt-size

material deposited by relatively high energy surface water

flow. Fine-grained basin-fill deposits consist of clay and silt-

size material laid down in a low energy environment. The

wind-blown sands consist of a uniform medium to fine sand.

2.3.1.1 Coarse-Grained Basin Fill

The coarse-grained basin fill encompasses 98 percent of the

siting valley area and is the major soil types within YPG/

LWBGR. Of this total, 91 percent is alluvial fan and undif-

ferentiated deposits, seven percent stream channel and flood

plain deposits and two percent pediments. The average grain-

size distribution of the coarse-grained basin fill is 30 percent

gravel, cobbles and boulders, 40 percent sand, 25 percent silt,

and five percent clay. These percentages will vary depending

upon cEarness to the mountains and/or stream channels,

relative age of the geomorphic surface, process by which the

material was deposited, and the parent material.

The coarse-grained basin-fill areas are generally considered the

most suitable for siting because of the granular nature of

the soils and the absence of near-surface groundwater and

surface water. The portions of these areas which contain

possible design problems are the pediments where rock is

encountered within ten feet of the ground surface, areas where

caliche is present, and stream channels and floodplains where

a high flooding potential exists.
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2.3.1.2 Wind-Blown Sand

Wind-blown, uniformly sized sands are loose and dry, and as

such present some design problems. Construction problems in

these areas include low strength values, erosion and higher

maintenance costs related to certain MX design concepts.

2.3.1.3 Fine-Grained Basin Fill

Playas consist of heterogeneous mixtures of clay, silt and

sand with the clay- and silt-size material (finer than the

#200 sieve) totaling 90 percent. While these soils have a

well-defined surface extent, they may have a greater (presently

unknown) areal extent with increasing depth (Section 2.2.2.4).

The fine-grained basin-fill soils are generally considered to

have more extensive design problems than the coarse-grained

basin fill due to their strength dependence upon moisture

content. Flooding in these areas is also a potential problem.

The fine-grained basin fill and wind-blown sand areas account

for a small percent (less than two) of the YPG/LWBGR siting

valley area. For this reason, these materials do not warrant

extensive discussion. Special design considerations may be

required for roads, excavations and foundations in these areas.

2.3.2 ROAD CONSTRUCTION

Specific design data for road construction, including California

Bearing Ratio values (CBR; American Society for Testing and

Materials, Designation D 1883), AASHO classifications (Appendix

B), and shrink-swell potential, are presented in the Data

j Summary Sheets where available. Since little or no specific

T ONO NATIONAL. INC.
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data are available for actual design values, the following

discussion provides some general information on road design

in YPG/LWBGR based on available soil data and engineering

judgement. Trafficability of unimproved terrain is considered

in the Terrain Analysis (Section 2.6).

For most of the YPG/LWBGR siting valley area it is estimated

that a CBR value of 10 to 20 is reasonable for in-situ material

and a CBR value of greater than 20 and on the order of 30 to

40 can be obtained by scarifying and recompacting the surface

soils. Lower CBR values (lesa than 20) will be obtained in

the playa areas.

Flash flooding (Section 2.4 and Section 2.5) may occur in

gullies and intermittent drainages, requiring either periodic

road repairs or design of costly road structures across these

areas. Maintenance to clear debris deposited by runoff

(2.4.1.5) should also be anticipated. Paved roads with rein-

forced concrete aprons have been placed on the channel invert

but still require maintenance and in some areas have been

completely washed out by flash floods.

Wind erosion and shifting sand in the dune areas will
necessitate periodic road maintenance or some form of surface

stabilization of adjacent dunes. Wind erosion and shifting

soil occurs to a lesser extent (i.e., limited amount of

movement, fine material only) throughout YPG/LWBGR, but is

not considered a significant design problem.

..
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2.3.3 EXCAVATIONS

No test data are available upon which to base design evalua-

tions for excavations. Considerations for making excavations

involve the following factors:

1. stability of excavation side slopes,

2. presence of free groundwater,

3. presence of caliche,

4. presence of unrippable rock (Section 2.2.3), and

5. presence of cobble- and boulder-size material.

Based upon the engineering and geologic classifications of the

surficial soils and engineering judgement, the ease of

excavation for each soil map unit has been evaluated and is

presented in the Data Summary Sheets. The following discussion

provides some general information on excavations in YPG/LWBGR.

Most soils in the coarse-grained basin-f ill areas can be exca-

vated with conventional equipment at a slope angle of 45 to

60 degrees with the horizontal. In the sheet sand areas,

flatter side slopes will be required. Caliche and cobbles or

boulders may be widespread and occur randomly throughout the

older alluvial fan areas and where known to be present

(Section 2.2.2.2), it has been noted on the Data Summary

Sheets. Blasting of caliche has been required in similar

coarse-grained alluvial fan areas north of the siting area.

Near-surface rock (less than 25 feet) may occur along the

mountain flanks. Depth to rock in pediment ar3as is less than

T PONO NATIONAL. RNO.
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ten feet. Map units with near-surface rock are indicated on

the Data Summary Sheets. In addition, subsurface volcanic

flows may be encountered. With the exception of a few seismic

velocity measurements, no information was available on which

to base an evaluation of the methods needed to excavate near-

surface rock.

The static groundwater table is generally greater than 100

feet below the ground surface in YPG/LWBGR (Section 2.4.2.3)

and should not create dewatering problems in excavations.

However, perched water is known to occur in portions of YPG/

LWBGR (Section 2.4.2.4). It is not known to what extent

perched water may be encountered in excavations.

2.3.4 FOUNDATIONS AND STRUCTURAL CONSIDERATIONS

2.3.4.1 General

Depending upon the MX Siting concept selected, foundation

design may or may not be required. If required, important

factors to be considered in foundation design include:

1. bearing capacities,

2. settlement and swell potential, and

3. the corrosivity of the soil.

No specific test data are available on which to base recommenda-

tions for foundation design, but each map unit is evaluated

qualitatively using engineering judgement for relative

foundation analysis. The model considered for foundation

evaluation was a partially buried reinforced concrete struc-

ture with a level floor slab at approximately 24 feet below
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the existing ground surface (TRW Systems Group, 1975).

Although the soil descriptions and properties presented in the

Data Summary Sheets are only considered to be applicable to

a depth of five feet, the soil properties for the foundation

analysis were assumed to extend to the depth of influence of

the foundation. The relative shear strength, compressibility

and expansiveness of each unit were considered and are pre-

sented in the Data Summary Sheets.

The soils within the YPG/LWBGR siting valley area are

generally satisfactory for the support of near-surface founda-

tions, with moderate bearing values on the order of 2 to

6 kips per square foot considered feasible. Exceptions

to this are the playa areas which will support lower values

(1 to 3 kips per square foot). The shrink-swell potential of

the soils throughout the area is generally low (except for

playa deposits), and provisions in design to account for

this condition should be minimal or only required locally.

The alluvial fans are considered to have a moderate compress-

ibility and settlements should be within normal design

tolerances. An exception to this may be in areas of recent

alluvium which are porous and potentially collapsible when

saturated. The collapsible soil condition has been documented

in several arid region studies, however, collapsible soil

areas could not be differentiated within YPG/LWBGR based on

available information. Greater differential settlement is

likely to occur in the playa areas where soil strengths are

considered weaker.

=NO NATIONAL. INC.
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2.3.4.2 Other Considerations

Other structural design considerations such as lateral

pressures on walls and footings, slab support, liquefaction,

and soil-structure interaction during ground shaking due to

earthquakes or blast forces have not been presented. Although

some gross estimates could be made regarding these design

criteria, the information available in the literature is too

sparse for this detailed type of analysis.

2.3.5 SOURCES OF CONSTRUCTION MATERIAL

AND SOIL STABILIZATION

2.3.5.1 General

Potential uses of construction material include:

1. sand and fill material,

2. aggregate for base coarse and concrete,

3. material for rip rap, and

4. material for low permeability pond liners.

Potential uses of the material are listed on the Data Summary

Sheets. Available data were used in evaluating each of the

map unit soil types for use as a construction or stabilization

material.

2.3.5.2 Sand and Fill Material

The suitability of each soil map unit as.a source of sand

and/or fill material was evaluated, with nonexpansive coarse-

grained material containing few fines considered desirable.

In general, the coarse-grained alluvial fans, stream channels

and the limited sand dune areas will provide the best sources

of sand and fill material. Some materials possess desirable

all.
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properties for concrete sand and/or fill, but are given a.1 poor rating in the Data Summary Sheets because of a limited

quantity of easily obtainable material. Near-surface rock

and near-surface groundwater are considered undesirable

properties when identifying easily obtainable sand and fill

material.

2.3.5.3 Aggregate for Base Course,
Concrete and Rip Rap

IWell graded gravels with some sand, and little or no fines
and cobbles, are considered the most desirable material for

concrete aggregate and/or road base course. Stream and wash

channels are good sources of aggregate. Depending upon the

intended use of the material, rock may be blasted and crushed

to obtain a specific size aggregate or rip rap; however, the

economic considerations of blasting and crushing must be

considered. Potential rock and aggregate quarries may be

present within the mountain areas. Caliche has been blasted

and crushed to obtain road base course (New Mexico State

Highway Department, 1972). The quantity, quality and geo-

graphic distribution of caliche is not well known (Section

2.2.2.1). Undesirable conditions for excavating sources of

aggregate include near-surface unrippable rock and ground-

water, both of which limit the amount of easily obtainable

material. In addition, those soil units with sulfates

(deleterious to concrete) and/or high alkalinity (corrosive to

uncoated steel) are noted on the Data Summary Sheets.

T ON NATIONAL, INC.
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2.3.5.4 Material for Impermeable Liners

Desirable soil properties for use as an impermeable liner are

a low permeability and adequate shear strength to remain

stable when saturated. The permeabilities reported in the

literature vary for clayey soils by a factor of 100

due to a wide variation in soil types. This factor could be

significant when evaluating seepage losses from a pool.

Testing will be required to adequately evaluate the material

permeability when recompacted. Generally, the playas are

considered good sources of low permeability material. However,

they account for only one percent of the siting valley area

in YPG/LWBGR and may not provide a sufficient amount of

native material for the pool siting concept.

2.3.5.5 Soil Stabilization

Stabilization of the various soils by the additions of cement

and chemicals is possible. In general, cement can be mixed

with all soils to create a stabilized soil-cement, road base

or surface, although clay soils are more difficult to mix and

require higher percentages of cement.

Asphalt can also be combined with granular materials to create

a stabilized asphaltic! concrete. Polymer compounds are

available as a cementing agent for granular materials, but

are generally quite costly.

Chemical stabilization with cement or lime can be used to

reduce the shrink-swell potential of clays in the playa areas.
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Cement, lime and long-chain polymer chemicals can also be

used to reduce the permeability of soils when mixed and recom-

pacted. Testing of the reactions between the particular

additive and the specific soil to be stabilized will be

necessary for proper design.

* I
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2.4 HYDROLOGY

2.4.1 SURFACE HYDROLOGY

2.4.1.1 General Surface Hydrologic Conditions

Approximately 90 percent (3888 nm2 ) of YPG/LWBGR is located

within the Lower Main Stem Subregion and the remaining ten

percent (432 nm2 ) lies within the Gila Subregion of the Lower

Colorado Hydrologic Basin (Lower Colorado Region State -

Federal Interagency, 1971).

Unlike most of the Basin and Range Province where surface

drainage is typically a closed-basin system draining into

playas, the surface drainage within YPG/LWBGR is through-

flowing to the Gila or Colorado Rivers with only very limited

closed-basin drainage (Table 7, Section 2.4.1.3).

2.4.1.2 Perennial Systems

Perennial systems refer to lakes, rivers, and streams which

contain water throughout the year. There are no known

perennial systems within YPG/LWBGR. The Colorado River,

located less than 0.5 nm west of YPG at its closest approach,

and the Gila River, which separates YPG and LWBGR, are the only

perennial drainages adjacent to the siting area (Figure 4).

The only spring known to exist within YPG/LWBGR is Agua Dulce

Spring in southeastern Mohawk-Tule Valley (Hydrology, Y-XIV).

The slow rate of seepage of this spring provides water for

wildlife in a man-made tank in the Cabeza Prieta Game Range

(U. S. Bureau of Sport Fisheries and Wildlife, 1965b).
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2.4.1.3 Ephemeral Systems

Ephemeral systems include playas, drainages (streams and

washes) and natural reservoirs. Within YPG/LWBGR playas are

confined primarily to small (less than one nm2), topographically

low, indrained areas peripheral to the alluvial fans in

Mohawk-Tule and Growler-Childs Valleys in LWBGR. The length

of time water is retained in the playas depends generally upon

rainstorm duration and intensity, and the runoff characteristics

of the watershed. Playas present in southern Mohawk-Tule

Valley include Las Playas, Dos Playas, and Pinta Playa

(Hydrology, Y-XIII and Y-XIV).

Primary ephermeral drainages are those large drainages commonly

found in the central portion of a Valley, or which drain very

large watershed areas near the mountains. Table 7 lists the

primary ephemeral drainages, their respective Valleys, and

pertinent four-quad areas. They commonly supply intermittent

seasonal (generally summer and fall) water flow in the area.

Generally smaller in size but greater in number are the

secondary ephemeral streams which drain smaller drainage

basins and are the major tributaries to the primary drainages.

Numerous secondary drainages occur throughout YPG/LWBGR

providing periodic flow during and immediately following

intense or long duration rainstorms. Water use restrictions

due to possible non-DoD ownership of primary and secondary

ephemeral stream water rights are not foreseen in YPG/LWBGR.

J Natural reservoirs are naturally occurring depressions that

P UUU NATIONAL, IgN.
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TABLE 7

YPG/LWBGR Surface Drainage Systems

Primary Principal
Ephemeral Drainage Applicable

Valley Drainages Basin Playas Four-Quad

La Posa Plain Tyson Wash Colorado Y-I, Y-III

River

Mohave Wash Ehrenberg Wash Colorado Y-I, Y-II, Y-III
Valley Gould Wash River

Mohave Wash
Mule Wash
Pete's Wash

Trigo Wash
Weaver Wash

Indian Wash Indian Wash Colorado Y-II, Y-III, Y-VI
Valley Los Angeles Wash and

McAllister Wash Gila Rivers

Yuma Wash

Castle Dome Big Eye Wash Gila River Y-II, Y-VI-Y-III
Plain Castle Dome Wash

King Valley - Gila River Y-IV, Y-VII

Palomas Plain Hoodoo Wash Gila River Y-iV

Yuma Desert - Colorado Y-VI, Y-XII

and
Gila Rivers

Lechuguilla Coyote Wash Gila River Y-VI, Y-XII, Y-XIII
Desert

Mohawk-Tule Mohawk Wash Gila River 3 Y-VII, Y-XIII
Valley

San Cristobal San Cristobal Gila River Y-VII, Y-VIII,
Valley Wash Y-XIV

Growler-Childs Daniels Wash Gila River 1 Y-VIII, Y-XIV,
Valley Growler Wash Y-XV

San Cristobal Wash
Ten-Mile Wash

Sentinel Plain Midway Wash Gila River Y-VIII, Y-IX

Ten-Mile Wash

Gila Bend Plain Quilotosa Wash Gila River Y-IX, Y-X

VklSauceda Wash

Vekol Valley Bender Wash Gila River Y-X

T owmn NATIONAL, lEO.
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collect and store water (Bryan, 1920), These natural

reservoirs include rock tanks (depressions formed in rock),

charcos (depressions formed in fine-grained material), and

sand tanks (sand-filled rock tanks). Water may be supplied

by direct precipitation and runoff or by springs. The length

of time that water remains in these features depends on local

conditions (i.e., permeability, source of water; Bryan, 1925a).

Rock tanks are present in the Tinajas Atlas, Sand Tank, Tule,

Crater and Aguila Mountains and Baker Peaks; charcos are present

in Vekol Valley and the Crater Mountains area; sand tanks are

present in the Sand Tank and Crater Mountains (Bryan, 1922b,

1925; Ross, 1922, 1923).

2.4.1.4 Surface Water Quality

Surface water in these ephemeral systems varies from fresh to

moderately saline (Table 8). Total dissolved solids (TDS) are

generally much greater than 500 milligrams per liter (mg/l)

with the principal constituents being chlorides, sodium and

bicarbonate (Lower Colorado River State - Federal Interagency

Group, 1971). Stulik and Moosburner (1969) report a maximum of

7400 mg/l TDS ranging in the Gila Bend Plain with weighted

annual averages from 2890 mg/l in 1964 to 6130 mg/l in 1952,

m.akitiq th, water slightly to moderately saline. The major

contaminants of the surface waters include boron, nitrates and

fluoride, with the latter averaging from three to four mg/l

(Lower Colorado River State-Federal Interagency Group, 1971).

p O.o NATNONL. uON..
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TABLE 8

Classification of Fresh and Saline Water

Water Type Total Dissolved
Solids (mg/l)

Fresh (F) < 1000

Saline > 1000

Slightly saline (SS) 1000 to 3000

Moderately saline (MS) 3000 to 10,000

Very saline (VS) 10,000 to 35,000

Brine (B) >35,000

Source: Robinove, Langford and Brookhart, 1958

2.4.1.5 Runoff Characteristics

Direct runoff is defined as water received at the surface in

excess of the retention (amount of water .iecessary for soil

saturation) loss rate (U. S. Bureau of Reclamation, 1973).

Accurate calculations of the amount of direct runoff which can

occur in YPG/LWBGR are difficult because of the sparseness of

accurate stream gaging data within the siting area. Some

estimates can be made by studying and classifying the general

soil characteristics of the basin and watershed geology and

the physical characteristics of the streams in the area, and by

reviewing runoff studies conducted in similar environments.

Estimates for direct runoff in YPG/LWBGR are based upon:

1) analysis of surface runoff in the western portion of YPG/

LWBGR (Hely and Peck, 1964), 2) analysis of existing records

adjacent to the area (U. S. Geological Survey, 1964, 1965b, 1967,

P=..O NATIONAL, INC.
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1968b, 1969, 1974a; Aldridge, 1970), 3) studies done in

similar desert environments (Davis, 1938; Lowderinilk, 1952;

Benson, 1964; Croft, 1967; Moore, 1968; Rahn, 1968; Baker, 1973),

and 4) general runoff calculations performed by the U. S.

Bureau of Reclamation (1973).

These studies indicate that in the western half of YPG/LWBGR

direct runoff ranges from less than 0.02 inches to greater than

0.5 inches (less than one percent to approximately ten percent*1 of the mean annual precipitation) in the valley areas, with

the larger values generally corresponding to topographically

higher portions of the valley. Greater runoff values ranging

from 0.5 inches to greater than 2.5 inches (approximately 15

percent to greater than 30 percent of the mean annual precipi-

tation) occur in the mountainous areas of greater than ten

percent grade where annual rainfall amounts range from six to

greater than ten inches and infiltration is low due to the

essentially impervious nature of the rock units exposed at the

surface.

Basin areas with nearly impervious soils (playas and~ pediments)

may have higher runoff values (Rahn, 1968) than re. d by

Hely and Peck (1964) for the general valley areas due Lj a

low infiltration rate.

Runoff studies are lacking in the eastern portion of LWBGR.

However, greater runoff values can be expected in this portion

of YPG/LWBGR since it receives a greater annual precipitation

(Section 2.5.1.1) and has extensive areas of pediment (Section

=NO.. NATIONAL, INC.
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2.2.2.3). Based on these factors, direct runoff is estimated

to range from 0.5 inches to greater than 1.8 inches (approxi-

mately nine percent to greater than 30 percent of the mean

annual precipitation) in the valley areas, with the larger

values generally corresponding to topographically higher por-

tions of the valley. Greater runoff values can be expected in

the pediment areas which have a very thin mantle of pediment

deposits and in the mountainous areas of greater than ten

percent grade due to low infiltration rates.

2.4.1.6 Debris Flows

Debris flows are high density (large proportion of sediment

load) and high viscosity (compared to stream flow) masses that

generally are confined to stream channels with limited overland

flow. Typically, debris flows occur following high intensity

rainfalls in areas of high surface runoffs; they are of short

duration (one hour or less) and may consist of either single

or multiple pulses (Croft, 1967). The sediment load may be
derived from soil erosion or channel degradation, or both, with

the average grain size of the sediment load varying from fine-

grained (mudflows) to medium-grained (mud-rock flows) to coarse-

grained (rock flows) depending on the source area and stream

gradient.

High intensity rainfalls (i.e., thunderstorms; Section 2.5.1.1),

direct runoff rates (Section 2.4.1.5) and abundant sediment

sources within YPG/LWBGR suggest a potential for debris flows.

However, there is no known geologic evidence suggesting the

I,
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occurrence of debris flows within YPG/LWBGR in historic time

(H. F. Barnett, oral communication, 1975).

2.4.1.7 Design Flood Determinations

The maximum probable rainfall an area may receive is used to

determine design floods. Information in this section presents

maximum point rainfall values based on studies of probable

maximum general-type storms. YPG/LWBGR lies approximately 375

to 485 nm west of the 1050 meridian which is the dividing

line between rainfall presented as probable maximum general-

type storms and probable maximum precipitation (PMP) (U. S.

Bureau of Reclamation, 1973). Because PMP information is only

available for areas east of the 105 meridian and there is a

lack of detailed existing data for computation of such values

within YPG/LWBGR, PMP values are not presented here.

The probable maximum six-hour point rainfall values for a

general-type storm are based upon approximately 330 design

storm analyses prepared by the Bureau of Reclamation and

numerous other design storm analyses by the National Weather

Service (U. S. Bureau of Reclamation, 1973). These values can

be applied to areas up to 1000 square miles (754 nm2 ). The

probable maximum six-hour point rainfall values for YPG and

LWBGR (west of 1140 meridian) and for LWBGR (east of 1140

meridian) are shown in Table 9. Also included are values for

storm durations of increments less than and greater than six

hours.

I
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TABLE 9

Ranges of Probable Maximum Point Rainfall Values

Duration Probable Maximum Point Rainfall Values General-Type Storm
(Hours)(in inches)]

(Hours) YPG and LWBGR (West of 1140 Meridian) LWBGR (East of 1140 Meridian)

1 1.8 2.1

2 2.9 3.4

4 4.7 5.5

6 6.0 7.0

12 9.2 10.7

18 11.2 13.1

24 12.6 14.7

48 14.5 16.9

Duration Probable Maximum Point Rainfall Values for Thunderstorms

(Hours) (in inches)

YPG/LWBGR

0.25 5.3

0.50 7.8

11.0

2 13.9

3 14.7

Source: U. S. Bureau of Reclamation, 1973
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As mentioned in Section 2.5, thunderstorms account for the most

intense rainfall that occurs in YPG/LWBGR over a short period

of time. The rainfall values for the probable maximum thunder-

storm for YPG/LWBGR are also shown in Table 9 for- areas as large

as 100 square miles (75 nm2) and increments of time less than

and greater than one hour. For design purposes, the probable

maximum thunderstorm rainfall should be assumed to occur

over the upstream area nearest the point of interest forI those drainage basins exceeding 100 square miles in the( area.

The variable topography in the southwestern portions of the

United States greatly influences the flooding potential and

permits only limited transposition of storms. The point values

presented in Table 9 can be applied to areas up to 1000 square

miles for general-type storms and 100 square miles for thunder-

storms by multiplying the point values by the appropriate ratio

shown in Table 10.

2.4.1.8 Flooding Potential

Qualitative flood susceptibility ratings of unknown, high and

extreme have been assigned to the major drainages and landform

surfaces within the siting area based upon the parameters shown

in Tables 11 and 12. Susceptibility to flooding is dependent

upon rainfall intensity and duration, arnd the size and the

runoff characteristics of the contributing drainage basins.

Analysis of those parameters can only be done when more detailed

data are available. The appropriate flood susceptibility

ONO NATUINAL, @no.
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TABLE 10

Conversion of Point Rainfall Values to Area Values

General-Type Storm Thunderstorm

Area Area Ratio

(sq. miles) Ratio (sq. miles)

100 0.90 10 0.80

200 0.82 20 0.72

400 0.71 40 0.63

600 0.68 60 0.57

800 0.66 80 0.52

1000 0.65 100 0.47

Note: Multiply the above values by the appropriate point
rainfall values for area conversion.

Source: U. S. Bureau of Reclamation, 1973
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TABLE 11

Flood Potential Susceptibility Parameters for

Drainage Channels or Systems

Flood Susceptibility Rating

(Overlay Symbol) Description

Extreme (CF2) Documented historic flooding and damage or
significant geologic/geomorphic evidence (e.g.,
channel morphology, depth of incision, over-bank
deposits) suggests periodic torrential water
flow. Predominantly primary drainages.

High (CF) Possible evidence of historic flooding and

specific geologic/geomorphic evidence suggests
periodic torrential water flow. Predominantly
secondary drainages.

Unknown (no symbol) No specific evidence to indicate flooding
potential, and/or drainages in areas not
analyzed, Predominantly minor secondary or
smaller drainages

TABLE 12

Flood Potential Susceptibility Parameters for
Landform Surfaces

Flood Susceptibility Rating
(Overlay Symbol) Description

Extreme (SF2) Historic or significant geologic/geomorphic
evidence of ponded flood waters.

High (SFI) Historic or geologic evidence of significant
overland flow or sheet flooding. Possible
historic or geologic/geomorphic evidence of
ponded flood waters, overland flow or sheet
flooding.

Unknown (no symbol) No sufficient evidence to indicate flooding
potential.

TfO NATIONAL, 1mu.
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symbol (e.g., CF2) designations appear on the Surface Hydrology

Overlays except for Y-V and Y-XI.

In general, the CFl and CF2 drainages correspond to primary

and major secondary drainages which have reported occurrences

of flood water. In addition, evidence was gathered from a

brief field reconnaissance and discussions with personnel at

YPG and Luke AFB who report periodic flash flooding and repair

of roads. Evidence for periodic flooding was noted:

1. Along U. S. 95 from Yuma to Quartzsite traversing

YPG where reinforced concrete aprons have been placed

across the highway to accomodate flood waters;

2. Along U. S. 85 from Gila Bend to Ajo traversing LWBGR,

which showed effects of gullying, previous washouts,

and repairs of the road surface; and

3. Several washouts in improved dirt and paved roads in

the southern portion of YPG.

The above-cited instances are not considered to be all of the

areas susceptible to flooding, rather these are the areas which

were noted in a brief field reconnaissance and aerial photo-

graphic analysis, or which had historic and/or geologic

evidence for flooding.

Landforms were rated based on their susceptibility to flooding,

however, most areas lacked sufficient evidence to indicate

flooding potential. A flood susceptibility rating can be

applied in association with a landform without specific bound-

aries, but it will only apply locally.

PaRIS NATIONAL., ION.
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In gencral, Lhe topograplhically higher, more dec.ly iiicised,

pediments and fan surfaces exhibit a low to moderate flood

hazard since most runoff would be channelized (Rahn, 196$).

Portions of younger coalescing alluvial fans (baJadas) may have
I a moderate to high susceptibility to flooding because of pos-

sible overbank flooding of the numerous smaller drainages and

sheet flow (Rahn, 1968). Sheet flow predominates over channel

flow in La Posa Plain and King Valley in YPG.

The generally deep groundwater table throughout the area

suggests that the playas present in LWBGR lose water through

evaporation and infiltration of surface water derived from

runoff or direct precipitation. Playas in LWBGR may have high

flood hazard due to the presence of ponded surface water during

or immediately following intense rainstorms.

2.4.2 GROUNDWATER HYDROLOGY

2.4.2.1 General Groundwater Conditions

YPG/LWBGR encompasses portions of two major groundwater

regions. In the larger of these two areas, groundwater flow is

generally toward the Gila River Valley and includes most of the

northwest-trending valleys. In the smaller area, which

includes the western portion of YPG and the Yuma Desert in

LWBGR, groundwater flow is toward the Colorado River Valley.

In both regions, groundwater is known to occur in basin-fill,

perched and rock aquifers.

TP!,N lUA, fI
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j Groundwater level fluctuations cannot be determined for the two

regions within YPG/LWBGR due to insufficient data. Recharge of

the groundwater is supplied by infiltration of surface runoff

and direct precipitation and by underflow from bordering areas.

Discharge of groundwater occurs by evapotranspiration, by

pumping and by underflow to the Gila and Colorado River

Valleys.

2.4.2.2 Distribution and Use of Existing Wells
and Groundwater Data

Approximately 72 active or abandoned wells exist within

YPG/LWBGR (Figure 12). This includes wells located in

excluded areas. No data are available for 19 of these wells

and only limited data are available for the remaining wells

(Appendix G). Those used for water or rock depth, or water

quality determinations (39) are listed in Appendix G. Thirty-

nine wells were plotted on the fifteen four-quad overlays

(Hydrology, Y-I to Y-IV, Y-VI to Y-X, and Y-XII to Y-XV) in

YPG/LWBGR. It was necessary to use wells located within

excluded areas because of the lack of information in non-

excluded areas. Wells located in excluded areas were used

selectively and the data were extended to non-excluded areas

based on geologic judgement of the validity of the extrapola-

tion. The location of wells not used for data depiction are

Slisted in Appendix G.

I !13.



CLC

mm

a ca

)! .m

0 m

me 0

00

33

-0 go

944

M.. --- h op)

APPROXIMATE LOCATION OF

SWARTERT WFTEL OIR FOTER BMORINGI igM 
S I T I N G IN V E S T I G A T I O N .(g

L. INC



96

2.4.2.3 Groundwater in Basin-Fill Aquifers

Fresh groundwater supplies within YPG/LWBGR are found within

the deeper basin fill. Locally as much as 3000 feet thick

and consisting of lenses of gravel, sand, clay and silt, basin

fill forms the major aquifer in YPG/LWBGR (Lower Colorado River

State-Federal Interagency Group, 1971). The greatest and most

consistent yields are obtained from a moderately cemented

conglomerate (fanglomerate?) which usually overlies bedrock

and is present in many of the basins in this area (Wilson, 1934;

Metzger, 1968; Olmsted, 1972; Air Force Weapons Lab, 1973; and

Olmsted and others, 1973).

In general, depth to groundwater within the basin fill de-

creases with decreasing distance from the Gila or Colorado

Rivers. Depths range from 50 to 100 feet marginal to the

Colorado River Valley in Mohave Wash Valley (Hydrology, Y-II)

to at least 1000 feet in La Posa Plain in YPG (Hydrology, Y-III),

and from 100 to 200 feet, marginal to the Gila River Valley,

in north-central LWBGR (Hydrology, Y-VII, Y-VIII) to at least

600 feet in Sentinel Plain (Hydrology, Y-IX).

Water well yields from the basin fill are highly variable

making it practically impossible to accurately predict

groundwater yields from one well to another. This is a result

of a complex depositional history which has resulted in

vertical and lateral variations of the basin-fill deposits.

Well yields in the basin-fill materials, for various casing

and pump sizes, range from less than one to 1100 gallons per

T "-1m11 NATIONAL, 0N.
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minute (Stulik and Moosburner, 1969),

A confined basin-fill aquifer system, confined by clay or

"claystone" deposits, is present in King Valley (Hydrology,

Y-VII) at a depth of 785 to 985 feet, which is below the

static groundwater level (U.S. Army Corps of Engineers, 1972a).

Artesian conditions exist with approximately 150 feet of piezo-

metric head above the base of the confining clay.

2.4.2.4 Perched Conditions

Caliche deposits and clay layers within the basin fill may

produce perched groundwater conditions. Several local perched

water zones have been recognized in YPG/LWBGR, and it is

quite likely that many more are present. Perched zones were

identified in La Posa Plain at depths of 400 to 450 feet and

650 to 700 feet (Turner, 1960), in King Valley at depths of 65

to 90 feet and 120 to 123 feet (U. S. Army Corps of Engineers,

1972a) and in San Cristobal Valley at a depth of 40 to 60

feet (Bryan, 1925). The amount of groundwater that can be

obtained from these intervals depends on the areal extent and

physical nature of these deposits, neither of which is well

known.

2.4.2.5 Groundwater in Rock Aquifers

Groundwater in rock aquifers is unconfined in fractures within

the basement rocks and confined within bedrock strata. Only

four wells are known to tap rock aquifers in YPG/LWBGR. Wells

deriving water from the basement fracture systems have been

ONO MATIONAL, NO.
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reported to generally yield less than 500 gallons per day

(Bryan, 1925). The only well known to tap a confined bedrock

aquifer is in northwest Castle Dome Plain (T5N, R19W, Sec. 19;

Click, 1970; Hydrology, Y-VI). The water-bearing stratum is at

least 200 feet thick, and is probably a volcanic tuff which

underlies a 600-foot thick sequence of vclcanic bedrock.

Artesian conditions exist with appro.:imately 140-foot piezo-

metric head above the base of the confining bedrock volcanics.

Yields of greater than 350 gallons per minute were recorded

during pumping tests (Click, 1970).

2.4.2.6 Water Quality

Chemical analyses of groundwater from wells in the siting area

Valleys allowed a general separation of groundwater into fresh

and saline water based on the amount of total dissolved solids

(TDS) (Section 2.4.1.4, Table 8).

Only limited water quality analyses are available for wells

within YPG/LWBGR (Appendix G). Water derived from basin-fill

and rock aquifers is fresh water, with TDS ranging from 600 to

850 mg/l (Bryan, 1925; Cooley and Click, 1967; and Click, 1970);

perched groundwater may be slightly saline, having 1000 to

1200 mg/l TDS (Bryan, 1925). A primary contaminant is fluor-

ide, which ranges from less than 1.0 mg/l in rock aquifers to

9.0 mg/l in basin-fill aquifers. Other contaminants may be

present in small amounts and include iron, nitrate, boron and

arsenic (Lower Colorado River State-Federal Interagency Group,

1971).
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2.4.2.7 Subsidence

Subsidence due to withdrawal of fluids from the ground has

not been studied within YPG/LWBGR. A potential for subsidence

with possible surface expression such as earth cracks or earth

fissures exists within the area depending on future lowering

of groundwater levels (Omar Loeltz, oral communication, 1974).

Subsidence has occurred in agricultural regions of Arizona

and California where prolonged, heavy pumpage is accompanied

by progressive drawdown of the groundwater table. Where sub-

sidence has occurred in Arizona, it has generally equaled

about four percent of the total groundwater decline, or four

feet of subsidence per 100 feet of groundwater level decline

with a minimum of 200 feet groundwater level decline necessary

for recognizable subsidence (Central Arizona Project, 1974).

No earth cracks have been reported within YPG/LWBGR, however,

earth cracks have been reported in Arizona since 1927 and are

located primarily within a 45 nm wide band trending northwest

from Tucson toward Prescott, Arizona, within approximately 20

nm of YPG/LWBGR. These features have been extensively inves-

tigated (Leonard, 1929; Heindl and Feth, 1955; Pashley, 1961;

Robinson and Peterson, 1962; Winikka, 1964; Kam, 1965; Poland,

1967; Poland and Davis, 1969; Schumann and Poland, 1969;

Mildner, 1970; Pope and others, 1972; Anderson, 1973; Bull,

1973; and Sumner, 1973). Alteration of the distribution of

groundwater (i.e., from subsurface to surface), usually by

pumping and irrigation, results in: 1) consolidation and

T CEO NATIONAL. 
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subsidence at depth due to dewatering and lowering of the

groundwater level by pumping, and 2) rapid suttlement of

the near-surface material due to addition of water at the sur-

face by irrigating (Winikka, 1964). Tensional stresses produced

by shrinkage result in earth cracks or fissures along potential

zones of weakness, such as at. the interface between alluvial

fan and undifferentiated surficial deposits (Bull, 1973a).

These fissures have maximum reported lengths of seven nm and depths

of 60 feet and generally coincide with linear zones of steep

gravity gradients that may reflect buried fault scarps (Schumann

and Poland, 1969). Initially, however, the fissures appear as

narrow cracks one to six inches in width with vertical offsets

of zero to 12 inches (Anderson, 1973) and are reported to have

split concrete roads and curbings (Robinson and Peterson, 1962;

Schumann and Poland, 1969). When earth cracks transect

drainages, water entering the fissures is transmitted verti-

cally and laterally along the crack causing gullying and

slumping (Kam, 1965). Widths of eroded fissures are commonly

five to ten feet, but may be as great as 20 feet (Anderson,

1973).
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2.5 CLIMATOLOGY

2.5. [ GENERAL

Climatic conditions within YPG/LWBGR are primarily a result

of its inland location and latitudinal position. These two

factors combine to produce an arid to semi-arid climate,

characterized by hot summers, mild winters, relatively low

humidity and long periods of aridity separated by thunder-

storms yielding intense rainfalls. Climatic conditions are

fairly uniform throughout YPG/LWBGR, with local variations

due primarily to elevation differences.

TablP 13 lists the climatological recording stations in the

vicinity of the YPG/LWBGR; the station locations are depicted

in Figure 13. Climatological Data Summary Sheets (Appendix

H) were compiled for selected recording stations within and

adjacent to YPG/LWBGR (Figure 13) representing general clima-

tic conditions within the area. Users of the Climatological

Data Summary Sheets, tables, and text are reminded that

conditions at locations other than the selected recording

stations may be significantly different due to local terrain

effects and elevation differences.

The prima1ry sources for data presented on the Climatological

a,t,l Suur,-y ShCets al summari :ed below are 1) the National

oc.anic and Atmospheric Administration (NOAA) Environmental

Data Service, and 2) the Arizona State Climatology Lab.

The U. S. Army Research and Development Division (1953),

Shepard and others (1955), Nelson (1957), Dodd and McPhilimy

T ON-AIOA. IWO.
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(1959), Ohman and Pratt (1966), and Anderson and Italia (1970)

also provide descriptive summaries of the regional climatic

conditions at YPG.

2.5.1.1 Precipitation

The low mean annual precipitation of YPG/LWBGR is controlled

by 1) the inland location of the area, 2) the rain-shadow

effect of the mountain ranges of the west coast of the U. S.,

and 3) the north-south trending mountain ranges within the

siting area. Precipitation occurs principally in the months

of July, August and September and December, January and

February, and is generally in the form of rain, although traces

of snow have been recorded throughout YPG/LWBGR. Generally,

the western area has less average annual rainfall (3.48 inches

at Yuma) than the area to the east (5.47 inches at Gila Bend

and 8.86 inches at Ajo) where elevations are also generally

higher.

August is statistically the month of heaviest rainfall,

although approximately two-thirds of the total annual preci-

pitation occurs during the winter months. Summer rains

usually result from local thunderstorms; while in the winter,

gentler rains over a large area are more common. As much as

2.0 inches of precipitation in a 15-minute period has been

recorded at Gila Bend Auxiliary Field during a summer thunder-

storm (Anderson and Italia, 1970).

PNUO NATIONAL, IND.
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2. 5.1.2 Wind

Wind direction is variable within YPG/LWBGR. In the eastern

portion, westerly winds predominate during the summer and

easterly winds prevail during the remainder of the year with

wind speeds averaging about 10 miles per hour (mph). In the

western portion, southerly winds predominate during the

summer and northerly winds prevail during the remainder of the

year, with wind speeds averaging five to six mph. Maximum

wind gusts of 50 to 60 mph are recorded in the valleys

primarily during the early spring.

2.5.1.3 Temperature

From mid-May to mid-September the daytime temperature in

YPG/LWBGR generally exceeds 100 degrees Farenheit ( F), with

nighttime temperatures usually in the sixties, but often

remaining above 90°F during June, July and August. Summer

soil temperatures may reach 140°F or greater, dropping to 80°F

at night. Winters are mild with daytime temperatures averaging

between 50 and 600 F, dropping to the mid-thirties at night.

A frost-free period of ten to eleven months is common through-

out most of the area, with frost usually occurring in December

and January.

2.5.1.4 Barometric Pressure

Daily and monthly average barometric pressure data are available

for Phoenix and Yuma, Arizona. Average seasonal levels of

station pressure (in inches of mercury) for Phoenix and Yuma,

respectively, are: winter 28.89 and 29.85; spring - 28.73

-- SRO NATIONAL, INO.
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and 29.66; summer - 28.65 and 29.55; and autumn - 28.78 and

29.69. The mean annual station pressure for 1974 is 28.76

inches at Phoenix and 29.69 inches at Yuma. With Phoenix at

1117 feet elevation and Yuma at 199 feet, and with barometric

pressure varying approximately one inch per 950 feet of alti-

tude (Strahler, 1962), these values approximate the range of

average barometric pressure for approximately 90 percent of

the less than ten percent grade area of YPG/LWBGR.

2.5.1.5 Relative Humidity and Evaporation Rate

With an average of approximately 330 and 350 days (90 and 97

percent) of sunshine in the eastern and western portions of

YPG/LWBGR, respectively, and relative humidity of less than

35 percent, the evaporation rate is very high. Pan evapora-

tion has been measured as 120 inches at YPG (Shepard and

others, 1955), or roughly 25 times the average precipitation.

2.5.2 SEVERE WEATHER CONDITIONS

2.5.2.1 General

Severe weather conditions included here are unusual weather

phenomena and are not extremes of the standard climatological

parameters recorded in the Climatological Data Summary Sheets

(Appendix H).

2.5.2.2 Fog

Fog may develop over the western portion of YPG/LWBGR,

particularly during the months of December, January and

February, when reversal of the normal uinter wind pattern

may draw warm, moist air in from the Gulf of California.
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Although usually of short duration (less than five hours), the

resulting fog may limit visibility to as little as one run.

2.5.2.3 Thunderstorms

Thunderstorms in southwestern Arizona occur on an average of

15 days per year, primarily during the months of July through

September. They result in intense rainfalls (as much as 2.0

inches within 15 minutes; Section 2.5.1) and may be accom-

panied by lightning, high winds, dust storms, tornados and

funnel clouds, or hail. No data on average geographic extent

or intensity of these thunderstorms are available.

2.5.2.4 Dust Storms

High winds (up to 60 mph) that accompany thunderstorms and low

pressure storm fronts passing through the area may pick up

dust and sand, creating local dust storms that can limit

visibility to zero in the affected area. Presently, there is

insufficient data available to determine the intensity or

duration of these local storms. Studies are being conducted

at YPG to obtain quantitative data describing these storms

and their effects (Arthur Bell, oral communication, 1974).

2.5.2.5 Tornados and Funnel Clouds

Tornados and funnel clouds may accompany severe thunderstorms.

Since 1960, only three tornados have been reported in the

vicinity of YPG/LWBGR; these reports originated in Yuma on

13 September, 1966, in Casa Grande on 16 July, 1967 and in

Hyder (15 nm east of YPG; latitude 330N) on 4 October, 1972

T =NP. NATIONAL, IN.
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(National Weathei Seivice, 1966a, 1967, 1972). During the

same period, funnel clouds were sighted over Gila Bend on 4

October, 1966 and over Ajo on 13 February, 1968 (National

Weather Service, 1966b, 1968). There is insufficient data

available to determine the intensity or duration of these

phenomena.

2.5.2.6 Hail

Hail may accompany severe thunderstorms. Since 1960, there

have been only four reports of hail 0.5 inches in diameter or

greater in the vicinity of YPG/LWBGR. These reports originated

in Gila Bend on 15 August, 1960 (1.0 inch), in Yuma on 1

November, 1963 (0.9 inch) and on 28 April, 1964 (1.5 inches),

and in Casa Grande on 16 July, 1967 (0.5 inch) (National

Weather Service, 1960, 1963, 1964, 1967).

2.5.2.7 Tropical Storms

From August through October, tropical cyclonic storms (counter-

clockwise similar to hurricanes) occur over the Pacific Ocean

off the coast of Baja, Mexico. These tropical storms gener-

ally dissipate rapidly as they move inland. However, from 3

October to 7 October, 1972 tropical storm "Joanne" moved

across Arizona. This is believed to be the first time in the

reocorded hiistory of the state that a tropical storm has

entered Arizona with its cyclonic air circulation intact

(National Weather Service, 1972). The storm produced abundant

precipitation (between two and three inches), resulting inI extensive flooding and sustained wind speeds of 35 to 40 mph
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across southern Arizona. Tornados were reported in associa-

tion with local thunderstorms that developed within the

tropical storm system (Section 2.5.2.5).

1
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2.6 TERRAIN ANALYSIS

2.6.1 GENERAL

The purpose of the terrain analysis is to rank qualitatively,

using quantitative methods (Table 14; Section 2.6.3.1), the

various geomorphic landforms (alluvial fans and bajadas, playas,

pediments, sand dunes, and terraces) within YPG/LWBGR.

Although movement of the land mobile system components will

not necessarily be restricted to the existing terrain, a

terrain analysis was applied to YPG/LWBGR due to terrain

characteristics which may impose design limitations on, or

greatly increase the cost of design and construction of the

aim point or line concepts of the land mobile system. This

analysis was performed on the entire siting area; however,

it was not refined to the level of analyzing each Valley

(Section 3.0) independently due to the lack of specific

detailed data. The data and analyses presented in Table 14

are based upon limited ground (YPG) and aerial (LWBGR)

reconnaissance field observations; review of aerial photographs

(scale 1:30,000 for YPG; 1:60,000 for LWBGR); pertinent

literature and topographic base maps (scale 1:62,500), and

application of the terrain analysis techniques described by

the U. S. Army Corps of Engineers for preparing desert terrain

analogs (Yuma Test Station served as the base area for these

analogs; van Lopik and Kolb, 1959).

The completed terrain analysis was then compared to similar

terrain and surface materials studies conducted at YPG (Millet

and Barnett, 1970; Barnett, 1975, in preparation).



Rating of the selected landforms is accomplished by;

1. Selecting the major factors to be analyzed based on

surface geometry and near-surface soil characteris-

*1 tics believed critical;

2. Assigning a range of values which describes either

quantitatively or qualitatively the individual

factors which comprise the physical characteristics of

the selected landforms;

3. Subdividing this overall range into three to six

value ranges which were ranked (ordered) from most

suitable (or lowest total) to least suitable (highest

total) condition; and

4. Determining the characteristic factor value range and

totaling the ranking values for each landform.

The resultant rating represents the cumulative analysis

performed on all larniforms. These results presented in Table

14 and Section 2.6.3 should not be considered a substitute for

a more specific analysis based on field related studies.

2.6.2 FACTORS USED IN THE TERRAIN ANALYSIS

The selection of the major factors for the terrain analysis dis-

cussed in the subsections below, was based on surface geometry

and near-surface soil properties believed critical in a

terrain study. Many of the factors and value ranges may imply

more detail than is available based on data collected in this

initial phase of the study. Descriptions are intended to
allow planning activities to proceed until further refinementI of the factors can be made based on future field investigations.

T PONO NATIONAL, INO.



CHANNEL CHAPRACTERI~STICS

CHARACTEFRISTIC Derir~g E <ity Charactristic Relief
Y~u/w~ :~. SLOE I. PRCEN' (ot ra~ic cxtrc)Depth of Inci.sior, (Feet.

LANDFOP.IVvi F. I ue I VaIue, (Avg. )jjRn)FMx
Od Fans >10 4 11-15 3 10-15 3 )20

-jIntern-diate 2-5 1 8-17 3 5-11 2 >20

SYoung (YPG) 1-2.5 1 12->20 3(5 1 10

SBajadas .5-2.5 1 12->20 3 < 5 110
(LWBGR)

ActiveV
Playas~1 ) <. 5 1 <5 1I<5 1 3

AMantled
SPlayas(2 )

Pediments 3-3.5 1 6-8 2 6-9 2 >15

Sand Dunes >10 4 <5 1 <5 2

Lake (2)

SRiver .5 1 < 5 1 <5 1

Value Rank Value Rank Value Rai

Range Range Range

0-3.9 1 0-5 1 0-53

4.0-7.9 2 6-10 2 6-10

8-10 3 11-15 3 11-15

>10 16-20 4 1r-20

> 20 5 >)20

()Playas assumed to be wet.

(2) Not identified in YPG/LW z\3.



CHARAii:RITICSPLAN PROFILE
teristic Ri ...ef Frequen cy of Sloes ..
f Incision (Feet) Greater thin 501 (N ,/r.-I Peakedness Planar Shal - ale Occupai

Rank (3)_ nMax. -in. valuc t Rank CI) R.. u a Ra u (b) [ h -"aRat. -

3 ) 20 10 10-15 3 1 3 L 1 40-60%

2 )20 <5 8-17 3 I 3 L 1 40-60%

1 10 <1 < 5 1 F 2 L 1 >60%

1 10 <1 <5 1 N 1 L 1 > 60%

1 3 <1 0-2 1 N 1 N 3 > 60%

2 )15 <5 6-8 2 F 2 1 2 40-60%

2 )20 5 C 4 I 2 <40%

Tr
1 <5 1 F 2 I 2 > 60%

Value Rank Value Rank Value Rank Value Rank Value Ra

Range Range

0-5 1 0-5 1 No promin- Linear(L) 1 >60%

ent highs 1
6-10 2 6-10 2 or lows (N) Intermediate 40-60%

(I) 2
11-15 3 11-15 3 Flat-topped Non-inr 40%(F) 2 N)nlnar

(N)
16-20 4 16-20 4 Intermediate

(1) 3

> 20 5 ) 20 5 Crested(C) 4

bp



PLAN PROFILE SOIL PROPERTIES

Areal OccuPance Orientation Plan Profile CBR (in-situ) AASHO Classific
au c__-a-n_---VaY-ue--d[- Rank Total = a~bc4d 4 Rank (5) Value Rank(6) Value 3 Rank

40-60% 2 P 1 7 2 >20 1 A-I/A-2 1

40-60% 2 P 1 7 2 )20 1 A-I/A-2 1

>60% 1 P 1 5 1 >20 1 A-2/A-4 3

>60% 1 P 1 4 1 >20 1 A-2/A-4 3

> 60% 1 R 3 8 3 <10 5 A-4/A-6 4

40-60% 2 P 1 8 3 >20 1 A-I/A-2 1

<40% 3 I 2 11 4 10-12 4 A-2 2

> 60% 1 I 2 7 2 15-20 2 A-2/A-4 3

Total Rank
Value Rank Value Rank Value Value Rank Value Rank

Range Range Range

>60% 1 Parallel 1 4-5 1 )20 1 A-1 or A-2 1
(P)

40-60% 2 Intermediate 2 6-7 2 19-15 2 A-2 or A-3 2

(I)
<40% 3 Random 3 8-9 3 12-15 3 A-2 or A-4 3

(R)

10-13 4 10-12 4 A-4 or A-6 4

<10 5 A-6 or A-7 5

-2
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TABLE 14YPG/LWBGR Terrain Analysis

SOIL PROPERTIES TERRAIN ANA.LYSIS RATING

le CBR (in-situ) AASHO Classification
Rank(5) Value 7  Rank(6) Val uej Rank(7) Rank = 1+2+3+4+5+6+7 Evaluation

2 >20 1 A-1/A-2 1 17 Poor

2 >20 1 A-1/A-2 1 13 Fair

1 >20 1 A-2/A-4 11 Good

1 >20 1 A-2/A-4 3 11 Good

3 10 5 A-4/A-6 4 16 Poor

3 >20 1 A-I/A-2 1 11 Good

4 10-12 4 A-2 2 21 Very Poor

2 15-20 2 A-2/A-4 3 11 Good

Rank
Value Rank Value Rank Evaluation
Range Range

1 >20 1 A-I or A-2 1 <12 Good

2 19-15 2 A-2 or A-3 2 12-16 Fair

3 12-15 3 A-2 or A-4 3 16-20 Poor

4 10-12 4 A-4 or A-6 4 > 20 Very Poor

<10 5 A-6 or A-7 5

/
SI,4
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Whenever value ranges for a factor overlap two rankings (Table

14), the predominant value was used; if near equal, the more

conservative (higher) value was used.

2.6.2.1 Slope Characteristics

A slope may be defined as a surface identified or designated

in terms of its angle with the horizontal given in percent as

the tangent of the angle. The characteristic slope of the

major landforms in YPG/LWBGR is based upon the topographic

grade as determined by the average contour interval and topo-

graphic expression. Values ranging from 0% to 10% were rated

(Table 14). Characteristic slopes of the major landform

surfaces typically range as follows: alluvial fans, 0% to 10%;

pediments, 0% to 5%; playas and terraces, 0% to 2%; the upper

reaches of alluvial fans and pediments near the mountain front

exceed 10%; and sand dunes may exceed 10%.

2.6.2.2 Channel Characteristics

Drainage density (topographic texture), characteristic channel

relief (in terms of depth of incision) and frequency of

channel slopes exceeding 50% are the channel characteristics

utilized in this terrain analysis.

The density of drainages is defined as the number of distinct

drainages per nautical mile using available topographic maps

and aerial photographs. The ratings in Table 14 for drainage

density have been adjusted to reflect reconnaissance field

observations and data available in the literature.

j P ** NATIONAL. ING.
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2.6.2.3 Characteristic Plan Profile

The characteristic plan profile is defined as the most common

qcometric profile found within the region based upon selective

sampling in the area. It is the typical profile a landform

may possess. Major elements of the plan profile (Figure 14)

are:

1. The peakedness or degree and extent of the highs

versus the low areas;

2. The planar shape of the landform highs (linear, inter-

mediate, or non-linear);

3. The areal occupance of the crests or peaks as opposed

to the lowlands; and

4. The degree of alignment of these landforms to each

other (parallel intermediate, or random).

2.6.2.4 Soil Properties

The terrain parameters discussed in Sections 2.6.2.1 through

2.6.2.3 deal primarily with the geometric configuration of

individual landforms. Using only the geometric elements in

a terrain analysis would result in a high rating for some

landforms even though their near-surface soil conditions may

make them less suitable. In order to adjust for this, two

soil parameters were selected and applied: the California

Bearing Ratio (CBR) and the AASHO classification (Appendix E).

Engineering judgement based upon the available soils inform-

ation was used to estimate both the in situ CBR values and

AASHO classification. The in situ CBR value gives an

iS-__ • - - .. . ........ . ... ... . I . t ., _ U ' ,
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I
CHARACTERISTIC PLAN PROFILEI Areal Occupance of HighsI  Schematic Profile

60% of area 4
0

40 to 60% of area 4

4-'
4 a

40% of area -

60 farea 0) tV V V V \VV A /V

40 to60% o are 0) ____ ________ ____J___/__
4J

uo40% of area (na .

No pronounced highs
or lows _

ORIENTATION AND PLANAR SHAPE OF FEATURES

!d 0

Non-linear Linear and Non-Linear Linear and

and Random Random and Parallel Parallel

lHighs are considered to be, (a) peaked or crested and exhibiting

characteristic slopes greater than 6 degrees, or (b) flat-topped

prominences on high level areas bounded by slopes in excess of

14 degrees.

Figure 14. The characteristic plan profile is the typical
geometric profile of a landform (van Lopik and Kolb, 1959).

i
I

-1

I
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indication of near-surface soil strength; values exceeding 20

are assumed to be acceptable or would require minimal strength

improvement to support loads imposed by an overland system.

CBR values less than ten are considered unacceptable.

In addition to CBR values, an AASHO classification, estimating

the expected performance of near-surface materials as to work-

ability, shrink-swell potential, shear strength, and relative

drainage characteristics, was assigned. AASHO classifications

$ A-1eand A-2 indicate materials that are assumed to be accept-

abefor use as subgrade, with A-6 and A-7 indicating

unacceptable materials.

2.6.3 RESULTS

2.6.3.1 Evaluation Summary

Surface materials and terrain features have been studied in

YPG (Millet and Barnett, 1970; Barnett, 1975, in preparation).

These two studies examined geologic, geomorphic, topographic

and terrain characteristics of the alluvial areas to determine

their suitability for materiel testing. The following

methods were used: 1) reconnaissance geologic mapping,

2) slope traverses (level surv~eys), 3) aerial photographic

interpretation, 4) topographic map interpretation, and

5selected soil sampling and testing, resulting in a series

of 15-minute maps depicting the surficial materials and

terrain features within YPG. In general, where the portions

of YPG mapped on the Geology overlays coincide with maps

delineating the surface materials and terrain features (Millet

and Barnett, 1970; Barnett, 1975, in preparation), the units
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correspond, and thus reinforce the terrain ratings indepen-

dently derived in this study (Table 14) for the various

landforms present within YPG/LWBGR.

The overall terrain analysis rating was divided into four

categories: Good, Fair, Poor and Very Poor. A good rating

indicates that, in general, movement or construction of the

land-based system would be feasible based upon the presence

of favorable slope and channel characteristics, and upon the

judgement of favorable, near-surface soil conditions. A Very

Poor rating indicates that unfavorable slope, channel and

near-surface material characteristics may prohibit or greatly

restrict development of the system. Fair and Poor are

intermediate ratings and reflect a combination of favorable

and unfavorable characteristics.

Alluvial fan ratings range from Good to Poor. The old fans

(A5T) are rated Poor due to unfavorable channel and plan-

profile characteristics. The intermediate fans (A5Q) are

rated Fair due to unfavorable characteristic slope and channel

characteristics. The young fans and bajadas (A5Q) which are

the predominant landforms within YPG/ LWBGR are rated Good

due to the favorable nature of all factors evaluated.

Playas (assumed to be wet) are evaluated as Poor due piL-

marily to their undesirable near-surface soil properties.

Pediments are rated as Good because of the favorable nature

of almost all factors evaluated.

T -- NO.- NATIONAL, ,NO.
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Sand dunes and those areas of appreciable sand accumulation,

thickness and extent are rated Very Poor due to unfavorable

characteristic slope and plan profile and near-surface soil

properties.

Terraces, which have a very limited areal extent, are rated

l Fair due to their less favorable plan profile and near-surface

soil properties.

2.6.3.2 Use of the Terrain Evaluation

The terrain analysis examines one important geotechnical aspect

of MX siting. It combines an evaluation of critical geomorphic

elements, such as drainage density and landform and channel

morphology, with near-surface soil properties. It includes

none of the other geotechnical constraints, which also have

to be considered in the overall analysis of siting suitability,

and no direct evaluation of the relationship of construction

problems or cost related constraints.
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13.0 VALLEY ANALYSIS
, 3.1 GENERAL

The Valley Anaiy:;is Concept discussed in this section was

devised to allow for presentation of geotechnical data in a

useful and uniform manner unique to an individual Valley.

The data are presented on Data Summary Sheets which are to

* be used in conjunction with the general text and the pertin-

ent four-quad overlays. Table 15 shows the Valleys, their4 total land areas, the area of the siting valley (based

entirely on ten percent topographic grade exclusion and major

cultural and quantity-distance exclusions), and the four-quad

sheet, or portion of four-quad sheets (and overlays) which

the Valley occupies.

3.2 VALLEY ANALYSIS SECTIONS AND DATA SUMMARY SHEETS

Sections 3.3 through 3.16 describe the fourteen individual

Valleys which compose YPG/LWBGR. Each of these sections

consist of:

1. A color topographic base map (scale 1:250,000; 1

inch = approximately 3.5 nm) showing the Valley

boundary, the ten percent topographic grade exclusion

and major culturai and quantity-distance exclusions

(siting valley); and

2. Five data sheets which appear in the following order:

a. Ownership and Cultural Features

b. Topography and Geology

c. Soils Engineering

iNa NATIONAL, INC.



120

TABLE 15

Designated Valleys in YPG/LWBGR Siting Area

Area of
Siting

Text Total Valley Valley Applicable
Valley Name Section Area (nm2 ) (nm2 ) Four-Quad

La Posa Plain 3.3 61 30 Y-I,Y-II

Mohave Wash Valley 3.4 133 78 Y-I,Y-II,Y-III

Indian Wash Valley 3.5 324 69 Y-II,Y-III,Y-VI

Castle Dome Plain 3.6 321 157 Y-III,Y-VI,Y-VII

King Valley 3.7 184 134 Y-IV,Y-VII

Palomas Plain 3.8 67 39 Y-IV

Yuma Desert 3.9 314 ill Y-V,Y-VI,Y-XI,
Y-XII

Lechuguilla Desert 3.10 330 255 Y-VI,Y-VII,Y-XII,
Y-XIII

Mohawk-Tule Valley 3.11 853 683 Y-VI,Y-VII,Y-VIII,
Y-XIV

San Cristobal Valley 3.12 353 319 Y-VII,Y-VIII,Y-XIII
Y-XIV

Growler-Childs 3.13 603 499 Y-VIII,Y-IX,Y-XIV,
Valley Y-XV

Sentinel Plain 3.14 385 322 Y-VIII,Y-IX

Gila Bend Plain 3.15 321 194 Y-IX,Y-X

V\',kol Va] liy 3.16 71 23 Y-X

Totals 4320 2913

.. . . .. .. . .. . . - • _
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d. Surface Hydrology

e. Groundwater Hydrology

The data presented on these Data Summary Sheets include data

obtained from the literature, aerial photographic interpre-

tations, observations made during the brief field reconnaissance

of the area and personal communications with individuals having

specific knowledge or expertise in the Valley area. Quality

of data is presented at the left-hand margin and indicates:

1. Darkened circle - data derived from detailed

studies,

2. Half-darKened circle - estimated values, generally

either extrapolations from detailed studies or

estimates from general studies, and

3. Open circle - insufficient data available for extra-

polation, or no data known to exist.

The REMARKS section may contain numerical quantitities (%;

nm2) where they are the primary response to the DESCRIPTION;

a "0" (zero) numerical quantity indicates that the DESCRIPTION

does not occur in that Valley. Quantity units (nm2 ; ft.) are

indicated in the REMARKS section only when they differ from

those given in the DESCRIPTION. Blank spaces indicate that no

data exist or that no data are available. Where conditions

or features listed in the DESCRIPTION are known not to exist,

"None" is entered under the REMARKS. Subheadings, which do

not apply, are designated by "N/A." Abbreviations used on the

Data Summary Sheets are listed in Table 16.

0
j POg ENATIONAL, INO,
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QUALITYDE CRPT OOF AITAe D E S C R I P T 1 0 N
OF DATA

A. VALLEY AREA, OWNERSHIP AND LAND UTILIZATION

9 1. Area of Valley 6l , - 2  lOa
• a. Area of valley excluded by major cultural

or quantity-distance exclusions and 10%
grade exclusion 3 inm2  53

0 2. Area of Siting Valley (A.1 minus A.l.a) 30m 2  49

* 3. Ownership _oD, U.S. A

0 a. Portion of siting valley with direct DoD 2
ownership 30=n2 100

* b. Co-owners or administrators of co-use land/ Small tract
constraints for state a

0 4. Contiguous BLM or Co-Use Land (area

in nm2) <2000 BL

0 a. Relative location in or adjacent to valley Adjacent to

o b. Present use

B. CULTURAL AND QUANTITY-DISTANCE EXCLUSIONS

* 1. Location of 18 nm Arc (population greater
than 25,000) None

0 2. Location of 3 nm Arc (population greater
than 5,000) None

* 3. Other None

C. CULTURAL IMPROVEMENTS

* 1. Roads/Railroads (name) Unnamed roe

0 a. Relative location in valley Randomly tr

* b. Type and use Unimprovedy

B 2. Utilities (type) None

a. Relative location in valley N/A

* D. MILITARY/GOVERNMENTAL USE AREAS Cibola Rang

* 1. Location and areal extent (nm2 ) Non-rock pag

9 2. Present use None

* 3. Future use Anti-armor I
* 4. Decontamination necessary prior to siting None

E. ADDITIONAL REMARKS

Quality of Data
* Data derived from detailed studies
0 Estimated values
O Insufficient data available



OWN':;ERSHIP AND CULTURAL FEATURES

3.3,1 La Posa Plain (YPG)

I P T I ON

UTILIZATION

61m2 100%

major cultural
Lans and 10% 31m 2  51%
iminus A~~)30n= 2  49%

th ir ct oD30 =2  0%~

of c-u ad Small tracts (sections) periodically leasedl for short term (10 years)
for state or private use (approximately 3 to 4%)

<20001 BLM (La Posa Plain) with minor state and private ownership

jacent to valley Adjacent to Valley east and north of YPG boundary

EXCLUSIONS

pulation greater
None

ulation greater
None

None

Unnamed roads and jeep trails

y Randomly transect Valley

Unimproved; military and restricted civilian

None

N/A

FAS Cibola Range North (proposed)

it (M2) Non-rock portion of Valley; approximately 30 nm2

None

Anti-armor test site (proposed)

Iy prior to siting None
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QUALITY

OF DATA D E S C R I P T I 0 N

A. TOPOGRAPHIC GRADIENT IN SITING VALLEY

* 1. Area with Less than 10% Grade

* 2. Area with 5 to 10% Grade

* 3. Area with 0 to 5% Grade

* 4. Location of Alluvial Passes or Valley
Boundaries Having Less than 10% Grade

I B. ROCK OCNDITINS IN SITN VJ
(BR=Basement, B=Bedrock, VF=Volcanic Flows

1 1. Exposed Rock (category/symbol/litholoi

* a. Location and map area in nm
2

o b. Seismic velocity (p/s in fps)

c. Conditions of volcanic flow

* 2. Pediments (rock type)

a. Location and map area in nm
2

b. Exposure condition

c. Distance into siting valley from rock
exposures (max./min./avg.) (nm)

C. SUBSURFACE ROCK CONDITIONS IN SITING VALL
(BR=Basement, B=Bedrock, VF=Volcanic Flows

1. Depth to Rock (map area in nm2)

O a. 0 to 250 feet (excluding pediments)

10 1) Type

O 2) Seismic velocity (p/s in fps)

o b. 250 to 500 feetI o__ ___ __ __

0 1) Type
O 2) Seismic velocity (p/s in fps)

Ic. 500 to 1000 feet

0 1) Type

0 2) Seismic velocity (p/s in fps)

o d. Greater than 1000 feet

* l)~~~Type ______ ___

O 2) Seismic velocity (p/s in fps)

O e. Unknown

Quality of Data
* Data derived from detailed studies

Estimated values
Insufficient data available

I (



TOPOGRAPHY AND
3.3.2 La Posa PlaJ

ON

3r=2 10%

27rm2  90%

alley Southern end of Valley connects with Mohave Wash Valley by Gould
Grade Wash and Felipe Pass.

Flows)

thology) B/12T/andes-*tic to basaltic volcaics; B/sle/sandstonep shale, conglomerate, !!Mstone

_ _ ~ 3% klong flanks of Trigo Peaks and Castle Dome ountains west and south side

N/A

-None

/A

rock N/A

VALLEY
c Flows)

.II See Ad d itional Remarks (a)

........ S Additional Remarks (a)

13_7 ,4%

16 j. 54 %



TOPOGRAPHY AND GEOLOGY
3.3.2 La Posa Plain (YPG)

2 100%

2 -10%

2 90

them end of Valley connects with Mohave Wash Valley by Gould
and Felipe Pass.

2V/andesitic to basaltic voicanics; B/SMp/andstone, shale, conglomerate, limestone

31, iaong 'f anks of Trigo Peaks and Castle Dome Mountains vest and south sides 'of Valley

0 o N/A

:.+i.......oSee Addition al Remarks (a) "-_, ,,

~ cdtional Remarks (a) - _ _ _ _ _

LI t i

iiiF>

i i



QUALITY R
OF DATA D E S C R I P T 1 0 N

0 2. Rock (Section 2.2.3) in Basin-Fill Deposits

(map area in nm2 )

0 a. Type

0 b. Depth to (ft.)

0 c. Thickness (ft.)

0 d. Seismic velocity (p/s in fps)

D. BASIN-FILL DEPOSITS IN SITING VALLEY

0 1. Undifferentiated Deposits (A; map area 16 54%
in nm2 )

0 a. Thickness (max./min./avg. in ft.)

* b. Lithology Sand, silt,

0 c. Seismic velocity (p/s in fps)

0 2. Alluvial Fan Deposits (A5; map area in nm 2) 13 43%

0 a. Thickness (max./min./avg. in ft.)

0 b. Lithology Sand, silt, I

0 c. Seismic velocity (p/s in fps)

* 3. Playa Deposits (A4; map area in nm2) 0 . 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) WA

* 4. Wind-blown Sand (A3 ; map area in nm
2) N

a. Thickness (max./min./avg. in ft.) N/A

b. Li thoogy N/A

c. Seismic velocity (p/s in fps) N/A

* 5. Pediment Deposits (A6; map ars. in nm2 ) 0 0

a. Thickness (max./min./avg. in ft.1 N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 6. Stream Channel and Floodplain Deposits
(A1 ; map area in nm2 )

0 a. Thickness (max./min./avg. in ft.)

0 b. Lithology

0 c. Seismic velocity (p/s in fps)

CY Quality of Data

0 Data derivea from detailed studies
0 Estimated values
0 Insufficient data available

... . . . . . .. .. . . . .. r.. . .' .. r . . .. .. . . iimm lml i I . .. ! . . .. r i i m 'q'/'



C R I P T I ON

in Basin-Fill Deposits

/S in fps)

BITING VALLEY I
posits (A; map area 16 54%

I./avg. in ft.)

Sand, silt, gravel

/s in fps)

.ts (As; map area in nm 2 ) 13 [ 43 j [_

i./avg. in ft.)

Sand, silt, gravel

pi/ in fps)
map area in nm2 )  0 0[ O

Z.avg. in ft.) N/A

N/A

,/s in fps) N/A

~map area in n 2 ) 0 0L
i./avg. in ft.) N/A

N/A

,/s in fps) WA

A 6; map area in nm2) 00

,./avg. in ft.) N/A

1q/A

;Is in fps) N/A

Floodplain DepositsF ) Present, but not mappable at 1:62,500 scale

%./avg. in ft.)

(p/s in fps)

I n



I

QU'ALITYD SC I IOOF AITA D E S C R I P T 1 0 N
OF DATA

* 7. Terrace Deposits (A2; map area in nm2 ) 11 1 0

a. Thicknhess (-ax./min./avg. in ft.) N/A

b. Li th logy N/A

c. Seismic velocity (p/s in fps) N/A

o 8. General Stummary of Relationships

E. TECTONIC F R.kEWORK OF SITING VALLEY

0 1. Capable or Potentially Capable Fault None

a. Total length (nm) N/A

b. Relative location N/A
c. Type of faulting, regional and local attitudes

(strike and dip) N/A

d. Minimum age of displacement or seismic activity
(y.b.p.) N/A

* 2. Volcanism None

a. Volcanic flows N/A

1) Location and r-ap area in nmR2  N/A

2) Minimum age of volcanic activity N/A
(y.b.p.)

F. SEISMICITY OF SITING VALLEY (Regional seismicity
discussed in Section 2.2.4 of text)

* 1. Relative Pre-Instrumental Historic Activity
(Section 2.2.4) None

o 2. Site Area Seismic Activity (instrumental,
1927-1973; Section 2.2.4)

a. -vents (epicenters) greater than M=6.0 None
o b. Events (epicenters) greater than M=1.0 and less

than M=6.0 None

o c. vents less th.in M=1.0 (includes microearthquakes)

* 3. Maximnum Reported Modified Mercalli Intensity VI

* 4. Source of Possible Ground Acceleration Levels
(Section 2.2.4) Salton Trough

* a. MYxi-um credible level (g) 0,12

* b. most probable level (g) ""

G. Additional Remarks (a) Area extent

>-iality of Data
0 Cata derived from detailed studies
0 Esti-ated values
0 Iosufficient ata available

__ __ __a



N

nm2 ) 0 0

N/A

N/A

N/A

aul t None

N/A
__ _ __ _ __ _ _ N/A

Val attitudes
N/A

smc activity
N/A

None

____ ____ ____ __ /A

N/A

Ity N/A

MI seismicity

ic Activity

None

trumental,

3-6.0 None

=1.0 and less None

lmcroearthquakes)

Li Intensity VI
bration Levels Salton Trough (Zone 1) Transition Zone (Zone 2) Diffuse Seismicity (Zone 3)

0.12 o.os 0.2
(a) 0 05

______________ a) Area extent less than 1%; data insufficient for contouring.

0-

- ~ ' LA.o



SOILS EN.GINEERING
3.3.3 La Posa Plain

SOILS ENGINEERING PROPERTIES (1 )  M UNIT NUMBER

28 31

Unified soil classification (2) GM,SM,ML GM,SM,ML,CL

AASHO soil classification A-l,A-2 or A-4 A-2,A-4 or A-6

Percent passing #4 sieve 40-95 95-100

Percent passing #40 sieve 40-65 30-85

Percent passing #200 sieve 25-50 20-75

Liquid limit/plasticity index 20-30/0-10 0-40/0-25

Surface consistency

Dry density (pcf)

Permeability (cm/sec) l 0
-l to 10- 3  l0 -  t 10

In-situ shear strength (psi)

In-situ angle of internal friction (degrees)

Cohesion (psi)

Shrink-swell potential Low Low to moderate

Coefficient of compressibility (in2/lb.)

In-situ CBR

Recompacted CBR

General surface moisture condition

Compressional wave velocities (fps)

Shear wave velocities (fps)

Deleterious substances Sulfates present

in some areas

ENGINEERING DESIGN EVALUATIONS(l)

Suitability as impermeable membrane when recompacted Poor Poor

Suitability as source of sand/fill material Poor/Fair Poor/Fair

Suitability as source of aggregate/base course Fair/Fair Poor/Poor

Near surface foundation design characteristics Mod. strength Mod. strength
Mod. expan.

Excavation limitations and slope angle Sloughing Ravelling
45o-600 450-600

Explanation , Highly alkaline; (AQ)

No literature available and data not extrAolated 0 corrosive torz uncoated steel,
(SF-SM) No literature available and data extrapolated & poate steea,L iii possible sulfate

SF-SM Data available in literature r corrosion of

0 concrete;
Surface soils only, depth of less than 5 feet " (ASQ)

(2)Related geologic unit(s) shown in Additional

Remarks (e.g. AQ)



QUALITY
OF DATA D E S C R I P T IO N

A. SURFACE WATER IN SITING VALLEY
1 1. Playas; Intermittent and Perennial Lakes None

a. Duration of surface water (wks.) N/A

b. Maximum extent (nm2 ) N/A

c. Water depth (avg. in ft.) N/A

d. Source of water N/A

e. Water quality N/A

* 2. Springs None

a. Duration of flow (wks.) N/A

b. Estimated maximum flow rate (gpm/season) N/A

c. Water quality N/A

3. Rivers or Streams Tyson Wash

* a. Rate (gpm) and duration of flow (wks.) Ephemeral

O b. Water quality

B. HYDROLOGIC CHARACY.. -ICS OF SITING VALLEY

1 1. Drainage Channel (PR=Primary; S=Secondary) Tyson Wash (PR)

*a. Depth of incision (max./min./avg.; ft.) / / 6 to 8

O b. Width (=ax.!=in./avg.; ft.)

c. Gradient (ft./mi.) 20
-Si d gV6I,

d. Channel bottom characteristics cobbles

O e. Channel cross-section (schematic)

* f. Channel spacing (avg. in ft.) Main channel

* g. Preliminary flood susceptibility rating CF1

(Section 2.4.1)

o 2. Preliminary Flood Susceptibility Rating of

Major Landfora Surfaces (Section 2.4.1)

O a. Undifferentiated deposits

O b. Alluvial fans

o c. Playas (active=a; mantled=m)

o d. Pediments

o e. Sand dunes

O f. Terraces (1-i3:ke; r=river)

C. ADDITIONAL REMARKS Observations are base
interpretation of top

Quality of Data
* Data derived from detailed studies
O Estimated values
O Insufficient data available

'-- (
*8



SURFACE HYDROLOGY
3.3.4 La Posa Plain (YPG)

T I O N

Y

d Perennial Lakes None

er (wks.) N/A

N/A

N/A

N/A

N/A

None

) _N/A

rate (gpm/season) N/A

N/A

Tyson Wash Numerous unnamed streams

of flow (wks.) Ephemeral Ephemeral

OF SITING VALLEY

imary; S=Secondary) Tyson Wash (PR) Numerous unnamed washes (SI

./min./avg.; ft.) / / 6 to 8

a ft.)

20 15 to 20
eriacd -g ve, .. .. Sand. gravel_eristics cabbies ,,,

(schematic)

in ft.) Main channel 50 to 100

eptibility rating

eptibility Rating of
s (Section 2.4.1) __
-its _.

led ..)

iver)

Observations are based mainly on a brief aerial reconnaissance and

interpretation of topographic maps and aerial photographs.

p
- -- - - -



- A.

QUALITY
OF DATA D E S C R I P T IO N

A. DEPTH TO GROUNDWATER WITHIN BASIN-FILL
MATERIAL IN SITING VALLEY (Map area
in rM2 )

O i. 0 to 50 feet

O a. 0 to 25 feet

O b. 25 to 50 feet

O 2. 50 to 100 feet
0 3. Greater than 100 feet 16 53% Approxh

0 4. Unknown or not Present 14 47% Unsatur

B. AQUIFER CHARACTERISTICS IN VALLEY
Bu

1 . Type of Aquifer (B=Basin Fill; P=Perched;

R=Rock; u=unconfined; c=confined)

0 a. Map area and extent

o b. Depth to aquifer (ft.) Greater than 900

Q c. Thickness (ft.)

' d. Composition Sand and gravel

O e. Porosity (%)

O f. Specific yield (%)

O g. Transmissivity (f t2/day)

O h. Specific capacity (gpm/ft. of drawdown)

o 1. otal pumpage (ac. ft./unit time)

0 j. Groundwater ownership rights YPG

C. WATER BUDGET FOR VALLEY

O i. Total Recharge (ac. ft./unit time)

O 2. Total Discharge (ac. ft./unit time)

D. ADDITIONAL REMARKS (a) Perched water levels
450- and 650-foot dog

Quality of Data
* Data derived from detailed studies
a Estimated values
O Insufficient data available

/
k _ -



GROUNDWATER HYDROLOGY
..5 La Posa Plain (YPG)

PT ION

THIN BASIN-FILL
Y (Map area

t 16 53% Approximately 900 to greater than 1000 feet

nt 14 47% Unsaturated north of fault

IN VALLEY

Bu P P
Basin Fill; P=Perched; See Additional See Additional

(; c=confined) .(aA ).

t.) Greater than 900 400 650

50 50

Sand and gravel Sand and gravel Sand and gravel

2 /day)

(gpm/ft. of drawdown)
ft./unit time)

Ip rights YPG YPG YPG

ft./unit time)

C. ft./unit time)

(a) Perched water levels caused by clay layers at
450- and 650-foot depths

DS

/i

_ !_ f F ,
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QUALITY
OF DATA DESCRIPTION

A. VALLEY AREA, OWNERSHIP AND LAND UTILIZATION

* 1. Area of Valley 133na 2  100%

* a. Area of valley excluded by major cultural 2
or quantity-distance exclusions and 10% 55ha 41%
grade exclusion

0 2. Area of Siting Valley (A.1 minus A.l.a) 78mm2  59%

* 3. Ownership DoD, U.S. Army, Yuma V

0 a. Portion of siting valley with direct DoD I
ownership 78r= 2  100%

* b. Co-owners or administrators of co-use land/ Small tracts (sectior.
constraints for state or private a

* 4. Contiguous BLM or Co-Use Land (area
in r=n2 ) (00 B

o a. Relative location in or adjacent to valley Adjacent to Valley nor

O b. Present use

B. CULTURAL AND QUANTITY-DISTANCE EXCLUSIONS

* 1. Location of 18 nm Arc (population greater
than 25,000) None

* 2. Location of 3 nm Arc (population greater
than 5,000) None

* 3. Other None

C. CULTURAL IMPROVEMENTS

o 1. Roads/Railroads (name) Unnamed roads and jeep

* a. Relative location in valley Randomly transect val_

* b. Type and use Unimproved; military i

* 2. Utilities (type) None

a. Relative location in valley N/A

* D. MILITARY/GOVERNMENTAL USE AREAS None

1. Location and areal extent (nm2) 2/A

2. Present use N/A

3. Future use N/A

4. Decontamination necessary prior to siting N/A

E. ADDITIONAL REMARKS

Quality of Data
* Data derived from detailed studies
0 Estimated values

0 Insufficient data available

/ ---

,~I -



OW;ERSHIP AN;D CULTURAL FEATURES
3.4,1 Mohave Wash Valley (YPG)

C R I P T 1 0 N

0 LAND UTILIZATION

133nm2  100%

by major cultural 2
mclusions and 10% 55nm 41%

M(A. minus A.l.a) 59n2  %

DoD, U,S. Army, Yuma Proving Grounds

ywithdirectDoDm 2  100%

rators of co-use land/ Small tracts (sections) periodically leased for short.term (10 years)

for state or private use (approximately 3%)

se Land (area -
-_100_ ___

or adjacent to valley Adjacent to Valley north and west oZ 1.,G boundary

'ANCE EXCLUSIONS

(population greater
None

(population greater
None

None

Unnamed roads and jeep trails

Ivalley Randomly transect Valley

Unimproved; military and restricted civilian

None

valley N/A

AREAS None

Itent (nm2 ) A

H/A

Isary prior to siting ./A

//



QUALITY

OF DATA D E S C R I P T IO N

A. TOPOGRAPHIC GRADIENT IN SITING VALLEY

* 1. Area with Less than 10% Grade 78nm2  100%

* 2. Area with 5 to 10% Grade 3n=2 4%

* 3. Area with 0 to 5% Grade 7in; 2  96%

• 4. Location of Alluvial Passes or Valley Southeastern po
Boundaries Having Less than 10% Grade Gould Wash and

B. ROCK CDITIONS IN SITIN VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

0 1. Exposed Rock (category/symbol/litkology) None

a. Location and map area in r=2  0 1 0

b. Seismic velocity (p/s in fps) N/A

c. Conditions of volcanic flow N/A

a 2. Pediments (rock type) None

a. Location and map area in r=2 0

b. Exposure condition N/A

c. Distance into siting valley from rock N/A
exposures (max./min./avg.) (nm)

C. SUBSURFACE ROCK CONDITIONS IN SITING VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

1. Depth to Rock (map area in nm 2)

* a. 0 to 250 feet (excluding pediments)

* 1) Type B

O 2) Seismic velocity (p/s in fps)

* b. 250 to 500 feet 0 -0

1) Type N/A

2) Seismic velocity (p/s in fps) N/A

* c. 500 to 1000 feet 0 m

1) Type N/A

2) Seismic velocity (p/s in fps) N/A

* d. Greater than 1000 feet 0

1) Type N/A

2) Seismic velocity (p/s in fps) N/A

0 e. Unknown 0 0

Quality of Data
* Data derived from detailed studies
0 Estimated values
O Insufficient data available /

I.j|, .-



TOPOGRAPHY AND GEOLOGY
3.4.2 Mohave Wash Valley (YPG)

S C R I P T 1 0 N

IN SITING VALLEY

an 10% Grade 78nm2  100%

% Grade 3nm2  4%

Grade -- S 96%

ial Passes or Valley Southeastern portion of Valley connects with La Posa Plain by
Less than 10% Grade Gould Wash and Felipe Pass.

VALUL

k, VF=Volcanic Flows)

egory/symbo 1/lithology) None

area In = 2  0 0. N/A

(p/s in fps) N/A

icanic flow N/A

type)None

area in,2 0

on N/A

ting valley from rock N/A
/min./avg.) (nm)

•ITIONS IN SITING VALLEY

ock, VF=Volcanic Flows)

p area in nm2)

eoxcluding pediments) 78 100%

ocit (p/s in fps)

N/A

city (p/s in fps) N/A

0, C

N/A

locity (p/s in fps) N/A

000 feet 0- 10________________________

N/A

locity (p/s in fps) N/A

_ _ _ _ _ _ _ _ _ _ 0 i 0

tidies

-- -,_,_ ,



QUALITY
OF DATA D E S C R I P T IO N

O 2. Rock (Section 2.2.3) in Basin-Fill Deposits
(map area in nm2)

o a. Type

O b. Depth to (ft.)

O c. Thickness (ft.)

O d. Seismic velocity (p/s in fps)

D. BASIN-FILL DEPOSITS IN SITING VALLEY

* 1. Undifferentiated Deposits (A; map area
in nm2) I_0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 2. Alluvial Fan Deposits (A5; map area in nm 2) 70

O a. Thickness (max./min./avg. in ft.)

* b. Lithology Sand, silt,

O c. Seismic velocity (p/s in fps)

* 3. Playa Deposits (A4 ; map area in nm
2) 0 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 4. Wind-blown Sand (A3; map area in nm
2 ) 0 L 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 5. Pediment Deposits (A6; map area in nm2 ) 00

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 6. Stream Channel and Floodplain Deposits
(A,; map area in nm2 )

0 a. Thickness (max./min./avg. in ft.)

* b. Lithology Sand, gra

o c. Seismic velocity (p/s in fps)

Quality of Data
t Data derivea from detailed studies

9 Estimated values
0 Tnsufficient data available



DESCRIPTION

tion 2.2.3) in Basin-Fill Deposits
in nm2)

(f t.)

*a (f_ t.) __ _ _ _ __ _ _ _

velocity (p/s in fps)

OSITS IN SITING VALLEY

ntiated Deposits (A; map area L_0
ss (max./min./avg. in ft.) N/A

N/A

velocity (p/s in fps) N/A

Fan Deposits (A5; map area innm2 ) 70 88%

ss (max./min./avg. in ft.)

Sand, silt, gravel; may include fanglomerate

c velocity (p/s in fps)

osits (A4; map area in nm
2) 0 0

SS (max./min./avg. in ft.) N/A

N/A

c velocity (p/s in fps) N/A

Sand (A3 ; map area in nm
2) 0 L..0 I

ss (max./min./avg. in ft.) N/A

N/A
o velocity (p/s in fps) N/A

Deposits (A6; map area in nm 2 ) o ,I .0

ss (max./min./avg. in ft.) N/A

© velocity (p/s in fps) N/A

annel and Floodplain Deposits
area in rnM2 ) 12%

--ss--(max./min./avg. in f.

Sand, gravel, silt

€ velocity (p/s in fps)

iled studies

lable



QUALITY
OF DATA DESCRIPTION

* 7. Terrace Deposits (A2 ; map area in nm
2) 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

O 8. General Summary of Relationships

E. TECTONIC FRAMEWORK OF SITING VALLEY

* 1. Capable or Potentially Capable Fault None

a. Total length (nm) N/A

b. Relative location N/A

c. Type of faulting, regional and local attitudes
(strike and dip) N/A

O d. Minimum age of displacement or seismic activity
(y.b.p.) N/A

* 2. Volcanism None

a. Volcanic flows N/A

1) Location and map area in nuu2  N/A

2) Minimum age of volcanic activity
(y.b.p.) N/A

F. SEISMICITY OF SITING VALLEY (Regional seismicity
discussed in Section 2.2.4 of text)

* 1. Relative Pre-Instrumental Historic Activity
(Section 2.2.4) None

Q 2. Site Area Seismic Activity (instrumental,

1927-1973; Section 2.2.4)

* a. Events (epicenters) greater than M=6.0 None

0 b. Events (epicenters) greater than M=1.0 and less
than M=6.0 None

o c. Events less than M=l.0 (includes microearthquakes)

* 3. Maximum Reported Modified Mercalli Intensity VI

4. Source of Possible Ground Acceleration Levels
(Section 2.2.4) Salton

* a. Maximum credible level (g) 0.12

* b. Most probable level (g)

G. Additional Remarks

4Q Quality of Data
* Data derived from detailed studies
O Estimated values
O Insufficient data available

/



N

r=2) 0 0

N/A

N/A

N/A

lt None

N/A
,_ N/A

Ll attitudes
N/A

mic activity
N/A

None

N/A

N/A

N/A

seismicity

c Activity
None

ftental,

.0 None

.0 and less
None

roearthquakes)

Intensity VI

ation Levels
Salton Trough (Zone 1) Transition Zone (Zone 2) Diffuse Seismicity (Zone 3)

0.12 0.05 0.2

0.05

jS



SOILS ENGINEERING PROPERTIES (1 )  7

Unified soil classification (2) (GM-SM) GM-SM

AASHO soil classification (A-l,A-2) (A-l,A-2)
Percent pa ssing #4 sieve 35-80

Percent passing #40 sieve 30-55
Percent passing #200 sieve 15-

NP/NPLiquid limit/plasticity index

Surface consistency

Dry density (pcf)

Permeability (cm/sec) 10 - 2 to 10

In-situ shear strength (psi)

In-situ angle of internal friction (degrees)

Cohesion (psi)

Shrink-swell potential LoW

Coefficient of compressibility (in2/lb.)

In-situ CBR

Recompacted CBR

General surface moisture condition

Compressional wave velocities (fps)

Shear wave velocities (fps)

Deleterious substances Caliche present Caliche pre
in some ar

ENGINEERING DESIGN .EVALUATIONS(l)

Suitability as impermeable membrane when recompacted (Poor) Poor

Suitability as source of sand/fill material (Fair)/(Fair) Fair/Good

Suitability as source of aggregate/base course (Fair)/(Fair) . Fair/Fair

Near surface foundation design characteristics (High strength) Mod. stren
Low comp.

Excavation limitations and slope angle (Difficult rip- Sloughing

D__ina or blasting) difficult r
Explanation . Highly cemented; Highly alk

No literature available and data not extrapolated (AST) corrosive

(SP-SM) No literature available and data extrapolated uncoated st

SP-SM Data available in literature

(l) o
Surface soils only, depth of less than 5 feet 1

(2) -
Related geologic unit(s) shown in Additional -o

Remarks (e.g. AlQ)

/
L g l



SOILS EN:GIN;EERING
3.4.3 Mohave Wash Valley

(1) MAP JNIT NTIvg Q
2f_________ 7 7

(GM-SM) GM-SM GM, SM, ML GMSM,SPMLCL

(A-1,A-2) (A-1,A-2) A-1,A-2 or A-4 A-7A4A-o

_________-35-80 40:95- 45- 100

-30i-55 -- 40-65- 30-100

15-35 25-50 50-0~

NP/NP 20-30/0-10 l0-4S/NiP-30---

10-i2 to 10 4  10 1 to io0 1 l6':42 toO 4 -

(degrees)

Low Low Low to moderate

2/lb.)

Caliche present Caliche present Sulfates present
in some areas in some areas

ewhen recompacted (Poor) Poor Poor Fair to Poor

1material (Fair)/(Fair) Fair/Good Poor/Fair Fair/Fair

/base cours'e .(Fair)/(Fairj) Fair/Fa'ir Fair/Fair Fair/Fair

racteristics (High strength) Mod. strength Mod. strength Low strength

Low comp. Mod. comp.

le (Difficult rip- Sloughing and/or Sloughing 450-600

1ping or blasting) difficult riopinc 45 0-600 ________

.Nd Highly cemented; Highly alkaline; Highly alkaline; Subject to
an dtano etrpoatd uW A corrosive to corrosive to flooding;
an dtaexraolte uncoated steel; uncoated steel; (AQ)

and ataextapoated 9 (S ACQ) possible sulfate
ature (A4 ASCQ corrosion to

0 concrete;
depth of less than 5 feet (ASQ

t(s) shown in Additional r

;0Cp



QUALITY
OF DATA D E SC RI P TION1

A. SURFACE WATER IN SIT1iNG VALLEY

01. Playas; Intermittent and Perennial Lakes None

a. Duration of surface water (wks.) N/A

b. Maximum extent (rim2 ) N/A

C. Water depth (avg. in ft.) N/A

d. Source of waterN/

e. Water quality N/A

2. Springs None

a. Duration of flow (wk!s.) N/A

h. Estimated maximum flow rate Cpsvao)N/A

C. Water quality N/A

3. Rivers or Streams Ehrenb

Qa. Rate (gpm) and duration of flow (wks.) Ephemer

0 b. Water quality

B. HYDROLOGIC CHARACTERISTICS OF SITING VALLEY

1. Drainage Channel (1PP=Primary; S -Secorvlary) Ehrenbe

o a. Depth of incision (max./rnin./avg.; ft.)

b. Width (max./min./avgj.; ft.) 300-350

G C. Gradient (ft./mi.) 100

d. hanel bottom characteristics Sand, g

e. Channel cross -sectiont (schematic)

f. Channel spacing (avg. in ft.) Primary

g. PrelimInary flood susceptibility rating
(Section 2.4.1)

0 2. Preliminary Flood Susceptibility Rating of
Major Landform Surfaces (Section 2.4.1)

o a. UndiffereritiatLed deposits

o C. Playas (active~.a; mantled-n)

0 d. Pediments

o e. Sand dunes

0 f. Terraces (1--]akc; r~river)

C. AD)DITIONAL~ REMARKS Observal
interpr

Quality of Dat
0 Dat a derived from dlet ailed stu~d ies
Q Estimated Value';
O Insuffi cienot dat-a availabl1e



None 1

N/A

None

N/A

N/A

Ehrenberg Wash Gould Wash Mohave Wash Mule Wash Pete's Wash

Ephemeral Ephemeral Ephemeral Epheneral Ephemeral

Ehrenberg Wash (PR) Gould Wash (PR) Mohave Wash (PR) Mule Wash (PR) Pete's Wash (PR)

300-350/50 est./ 300-350/50 est./ 300-350/50 est./ 200-T50/50 est./ 200-250/50 est./

100 75 50 50 50

Sand, gravel Sand, gravel Sand, gravel Sand, gravel Sand, gravel

Primary drainages, 1 to 3 nmx Secondary drainages, 100 to 200 feet

1CF1 C Fl CFl
of

... .......... ..

. . . . . . . . . . . . . . ... . .. . . . . . . . . . -,.'.. .,..'

Observations are based mainly on a brief aerial reconnaissance and
interpretation of topographic maps and aerial photographs.

A-1



SURFACE HYDROLOGY
3.4.4 Mohave Wash Valley (YPG)

---------- ---

Pete's Wash Trigo Wash Weaver Wash Numerous unnamed streams

Ephemeral Ephemeral -. Ephemeral 

Pete's Wash (PR) Trigo Wash (PR) Weaver Wash (PR) Numerous unnamed washes (S)

St./ 200-250/50 est./ 300-350/50 est./L 300-350/50 est./
50 60 75 50 to 75

Sand, gravel Sand, gravel Sand, gravel Sand, gravel

I. ...



QUALITY
OF DATA D E S C R I P T IO N

A. DEPTH TO GROUNDWATER WITHIN BASIN-FILL
MATERIAL IN SITING VALLEY (Map area
in Miu2 )

O 1. 0 to 50 feet 1 1%

0 a. 0 to 25 feet 0 0

o b. 25 to 50 feet 1 1%

O 2. 50 to 100 feet 12 164

O 3. Greater than 100 feet

Q 4. Unknown or not Present 65 83% Unknown,

B. AQUIFER CHARACTERISTICS IN VALLEY

O 1. Type of Aquifer (B=Basin Fill; P=Perched;
R=Rock; u=unconfined; c=confined)

o a. Map area and extent

O b. Depth to aquifer (ft.)

O c. Thickness (ft.)

O d. Composition

O e. Porosity (%)

O f. Specific yield (%)

O g. Transmissivity (f t./day)

O h. Specific capacity (gpm, 't. of drawdown)

O i Ttal pu-page (ac. ft./unit time)

O j. Groundwater ownership rights

C. WATER BUDGET FOR VALLEY

O i. Total Recharge (ac. ft./unit time)

O 2. Total Discharge (ac. ft./unit time)

D. ADDITIONAL REZARKS

Quality of Data
* Data derived from detailed studies
O Estimated values

O Insufficient data available

-I I i
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GROUN:DWATER HYDROLOGY
3.4.5 Mohave Wash Valley (YPG)

1ION

IN-FILL
areaI

1I1

0 0

________ 12 164

65 83% Unknown, but probably greater than 100 feet, if present

EY

Fill; P=Perched;

nfined)

of drawdown)

t time)

ttme

uit time)



QUALITY
OF DATA D E S C R I P T I 0 N

A. DEPTH TO GROUNDWATER WITHIN BASIN-FILL
MATERIAL IN SITING VALLEY (Map area
in rn 2 )

O 1. 0 to 50 feet I 1%

0 a. 0 to 25 feet 0 0

0 b. 25 to 50 feet 1 Ir

0 2. 50 to 100 feet 12 164

O 3. Greater than 100 feet

0 4. Unknown or not Present 65 83%

B. AQUIFER CHARACTERISTICS IN VALLEY

O 1. Type of Aquifer (B=Basin Fill; P=Perched;
R=Rock; u=unconfined; c=confined)

0 a. Map area and extent

O b. Depth to aquifer (ft.)

O c. Thickness (ft.)

0 d. Composition

O C, Porosity (%)

O f. Specific yield (%)

O g. Transmissivity (ft./day)

O h. Specific capacity (gpm/ft. of drawdown)

O i. Total pumpage (ac. ft./unit time)

O j. Groundwater ownership rights

C. WATER BUDGET FOR VALLEY

O 1. Total Recharge (ac. ft./unit time)

O 2. Total Discharge (ac. ft./unit time)

D. ADDITIONAL REMARKS

Quality of Data
* Data derived from detailed studies
* Estimated values
O Insufficient data available

-
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GROUZ-DWATER HYDROLOGY
3.4.5 Mohave Wash Valley (YPG)

SIN-FILL
area

0 0

_____ _12 164

65 83% Unknown, but probably greater than 100 feet, if present

LEY

Fill; P=Perched;

onf ined)

*of drawdown)

ts

(unit time)

./unit time)
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QUALITY
OF DATA D E S C R I P T 1 0 N

A. VALLEY AREA, OWNERSHIP AND LAND UTILIZATION

1 1. Area of Valley 324nm2  100%

* a. Area of valley excluded by major cultural
or quantity-distance exclusions and 10% 255nm 2  79% ApproxU
grade exclusion

* 2. Area of Siting Valley (A.1 minus A.l.a) 69nm2 21%

* 3. Ownership DoD, U.S, Army, YumaPro

• a. Portion of siting valley with direct DoD 2 I
ownership 69ra2 _100% I

* b. Co-owners or administrators of co-use land/ Small tracts (sections)
constraints for state or private use

O 4. Contiguous BLM or Co-Use Land (area

in nm2) <10 BLM (Castle D

* a. Relative location in or adjacent to valley Adjacent to Valley east 4

O b. Present use

B. CULTURAL AND QUANTITY-DISTANCE EXCLUSIONS

• 1. Location of 18 nm Arc (population greaterthan 25,000) Southern portion of ValL

0 2. Location of 3 nm Arc (population greater
than 5,000)

* 3. Other 1780 foot exclusion co

C. CULTURAL IMPROVEMENTS

0 1. Roads/Railroads (name) Us, 95
a. Relative location in valley Trends north-south, tr

and southeast corner of

0 b. Type and use .Improvedj public hli

* 2. Utilities (type) Natural gas and oil pi

* a. Relative location in valley Parallel and adjacent
also in YPG Headquarter

* D. MILITARY/GOVERNMENTAL USE AREAS Cibola Range
1. Location and areal extent (m2) Northern non-rock porti

Mountainslapprximatel
* 2. Present use Aircraft armament tests

O 3. Future use

0 4. Decontamination necessary prior to siting Contaminated with 2.75

E. ADDITIONAL REMARKS

Quality of Data
* Data derived from detailed studies
a Estimated values
O Insufficient data available

/



O'WNERSHIP AND CULTURAL FEATURES
3.5.1 Indian Wash Valley (YPG)

N

TION

324nm2  100%

al
0% 255nm2  79% Approximately 1.5nm2 under transfer to BL?4, along western boundary

*1.a)69nm 2  21%

DoD, U.S. Army, Yuma Proving Grounds

DoD9nm2 100

land/ Small tracts (sections) periodically leased for short term (10 years)
for state or private use (approximately 2%)

y10 BLM (Castle Dome Plain)

11 ey Adjacent to Valley east of YPG boundary, restricted by Kofa Game Range

DNS

greater
Southern portion of Valley from Yuma, Arizona

eater None

-TSO foot exclusion corridor along U,S, 95

US, 95 Unnamed roads and jeep trails

Trends north-south, transects nor-h-eastt
and southeast corner of ValleL Randomly_ transect Valley-Improved and Un'proved, military an-
.Improved; public higbway_ -__ estricte&_.civiliat...
Natural gas and oil pipelines, electrical transmission lines and telephone system

Parallel and adjacent to son ines anYe-e-p'Fo-ne 'systed
also in YPG Headquarters area in southern portion of Valley extending from U.S. 95

Cibola Range
Northern non-rock portion of Valley bounded by Chocolate and Middle

....... Mountainslapproximately 30 nm
2

Aircraft armament tests and air~to-ground missile firing

siting Contaminated with 2.75 rocket, 20 and 40 nm shells and flechette increments

~ I .



QUALITY
OF DATA D E S C R I P T I 0 N

A. TOPOGRAPHIC GRADIENT IN SITING VALLEY

0 1. Area with Less than 10% Grade 69nm2  100%

* 2. Area with 5 to 10% Grade 2nm2  3%

0 3. Area with 0 to 5% Grade 67nm2

0 4. Location of Alluvial Passes or Valley East central port
Boundaries Having Less than 10% Grade by Los Angeles and

B. ROCK ONDITIMS IN SITING VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

* 1. Exposed Rock (category/symbol/lithology) Ione

a. Location and map area i n Mi 2  0 0
b. Seismic velocity (p/s in fps) N/A

c. Conditions of volcanic flow N/A

* 2. Pediments (rock type) None

a. Location and map area in nm2  0 0

b. Exposure condition N/A

c. Distance into siting valley from rock N/A
exposures (max./min./avg.) (nm)

C. SUBSURFACE ROCK CONDITIONS IN SITING VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

1. Depth to Rock (map area in nm 2)

* a. 0 to 250 feet (excluding pediments) 65

* 1) Type BR, B

O 2) Seismic velocity (p/s in fps)

* b. 250 to 500 feet 4 6%...

o 1) Type BR, B

O 2) Seismic velocity (p/s in fps)

* c. 500 to 1000 feet 0 J 0

1) Type WA

2) Seismic velocity (p/s in fps) N/A

* d. Greater than 1000 feet 0 0

1) Type N/A

2) Seismic velocity (p/s in fps) N/A

& e. Unknown 0 0

Quality of Data
* Data derived from detailed studies
o Estimated values
O Insufficient data available



TOPOGRAPHY AND GEOLOGY
3.5.2 Indian Wash Valley (YPG)

C R I P T I 0 N

SITING VALLEY

10% Grade 69nm 2  100%

ade 2nm2  3%

ade 67nm= 97_ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ _

Passes or Valley East central portion of Valley connects with Castle Dome Plain
oSS than 10% Grade by Los Angeles and Indian Washes.

• VF=Volcanic Flows)

ry/symbol/lithology) l-one

in rm2 0 0 N/A

s in fps) N/A

c flow N/A

) None

in o I/A

N/A

valley from rock N/A
./avg.) (nm)

ONS IN SITING VALLEY
, VF=Volcanic Flows)

area in rm2)

udng pediments) 65 9 I

BR, B

T (p/s in fps)

BR, B

y (p/s in fps)

0 0

N/A

ty (p/s in fps) N/A

feet 0 I O0 ~
N/A

ty (p/s in fps) N/A

jI



QUALITY
OF DATADE C I T O

o 2. Rock (Section 2.2.3) in Basin-Fill Deposits
( map area in nm2)

o a. Tp

0 b. Depth to (ft.) -____

0 c. Thickness (ft.)

o d.Seismic velocity (p/s in fps)

D. BASIN-FILL DEPOSITS IN SITING VALLEY

* 1. Undifferentiated Deposits (A; map area 0 0
in nru2 ) _____ __ ___

a. Thickness (max./m~in./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

0 2. Alluvial Fan Deposits (A5; map area in nm2) 50 L 72%

o a. Thickness (max./min./avg. in ft.)

0 b. Lithology Sand, silt,I

o c. eismilc velity (p/s in* fps)

* 3. Playa Deposits (A4; map area in nm
2) 0J 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 4. Wind-blown Sand (A 3 ; map area in nm2) 01 0

a' . Thickness (max./min./avg. in ft.) N/A

c. Seismic velocity (p/s in fps) N/A

* . Pediment Deposits (A6; map area in nm2 ) 00

a. Thickness (max./riin./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 6. Stream Channel and Floodplain Deposits 1 8

(A,; map area in nm2) 1928

o a Tickness (mx./min./avg. in ft.)

o b. Lithology Sand, silt,

0 c. Seismic velocity (p/s in fps)

Quality of Data
0 Data derivea from detailed studies
*) Estimated values

0 insufficient data available



DESCRIPTION

2.2.3) in Basin-Fill Deposits
2)

ty (p/s in fps)

IN SITING VALLEY

.ed Deposits (A; map area 0 0

x./min./avg. in ft.) N/A

_______ ______ ______N/A _ _ _ _ _ _ _ity (p/s in fps) N/A

eposits (A5; map area in nm2 50 72%

./min./avg. in ft.)

Sand, silt, gravel

ity (p/s in fps)

(A 4 ; map area in nm2) .... . 0 -

./min./avg. in ft.) N/A

N/A

ity (p/s in fps) N/A

d(3;mparea in nm2) 0 -.-.- -----0--..

./min./avg. in ft.) N/A

N/A

ocity (p/s in fps) N/A

sits (A6; map area in n 2 ) - 0
;Ec./xin./a v g.- -in ft.) N/A_______________

N/A

Dcity (p/s in fps) N/A
l and Floodplain Deposits 19 1hin nm2) 19 28%

ax./min./avg, in ft.)

Sand, silt, gravel
'city (p/s in fps)

I studies- /

-- a J , a,, ,



QUALITY
OF DATA D E S C R I P T IO N

* 7. Terrace Deposits (A2 ; map area in nm
2) 0

o a. Thickness (max./min./avg. in ft.) N/A

O b. Lithology N/A

O c. Seismic velocity (p/s in fps) N/A

o 8. General Summary of Relationships

E. TECTONIC FRAMEWORK OF SITING VALLEY

0 1. Capable or Potentially Capable Fault None

a. Total length (rim) N/A

b. Relative location N/A

c. Type of faulting, regional and local attitudes
(strike and dip) N/A

d. Minimum age of displacement or seismic activity
(y.b.p.) N/A

* 2. Volcanism None

a. Volcanic flows N/A

1) Location and map area in =nm2  N/A

2) Minimum age of volcanic activity
(y.b.p.) N/A

F. SEISMICITY OF SITING VALLEY (Regional seismicity

discussed in Section 2.2.4 of text)

0 1. Relative Pre-Instrumental Historic Activity
(Section 2.2.4) None

* 2. Site Area Seismic Activity (instrumental,
1927-1973; Section 2.2.4)

a. Events (epicenters) greater than M=6.0 None

0 b. Events (epicenters) greater than M=1.0 and less
than M=6.0 None

O c. Events less than M=1.0 (includes microearthquakes)

0 3. Maximum Reported Modified Mercalli Intensity VI to VII

O 4. Source of Possible Ground Acceleration Levels
(Section 2.2.4) Salton TV

0 a. Maximum credible level (g) 0.25

0 b. Most probable level (g)_

!G. Additional Remarks

Quality of Data
0 Data derived from detailed studies
Q Estimated values
O Insufficient data aAyilable



2) 0 o

N/A

N/A

SN/A

It None

N/A

N/A

attitudes
N/A

c activity
N/A

None

N/A

N/A

____ ____ ____ N/A

seismicity

Activity
None

mental,

.0 None

.O and less
None

;e arthquakes)

Intensity VI to VII(?)

Ition Levels
Salton Trough (Zone 1) Transition Zone (Zone 2) Diffuse Seismicity (Zone 3)

0.25 0.05 0.2

0.05

V . (~-



3.5.3

SOILS ENGINEERING PROPERTIES (1 )  MAP UNIT

27 28,
(2)

Unified soil classification )m-SM GM, SM&.

AASHO soil classification A-1, A-2 A-i, A-12,

Percent passing #4 sieve 35-80 40-95

Percent passing #40 sieve 30-55 40-65

Percent passing #200 sieve 15-35 25-50

Liquid limit/plasticity index NP/NP 20-30/0-10

Surface consistency

Dry density (pcf)

Permeability (cm/sec) 10 - 2 to 10-4 I0 10 to IO-

In-situ shear strength (psi)

In-situ angle of internal friction (degrees)

Cohesion (psi)

Shrink-swell potential Low Low

Coefficient of compressibility (in 2/lb.)

In-situ CBR

Recompacted CBR

General surface moisture condition

Compressional wave velocities (fps)

Shear wave velocities (fps)

Deleterious substances Caliche present Sulfates
in some areas in some a

ENGINEERING 
DESIGN EVALUATIONS(l)

Suitability as impermeable membrane when recompacted Poor Poor

Suitability as source of sand/fill material Fair/Good Poor/Fair

Suitability as source of aggregate/base course Fair/Fair Fair/Fair

Near surface foundation design characteristics Mod, strength Mod. str

Low comp.

Excavation limitations and slope angle Sloughing and/or Sloughing
difficult rippinc 450-600

Explanation Highly alkaline; Highly al
No literature available and data not extrapolated corrosive to corrosiveNo literature available and data not extrauncoated steel; uncoated
No literature available and data extrapolated (AS; AScQ) possible

SP-SM Data available in literature corrosion

(1) o concretes
Surface soils only, depth of less than 5 feet (ASQ)

(2)
Related geologic unit(s) shown in Additional
Remarks (e.g. AlQ) __

/~



SOILS ENGINEERING
3.5.3 Indian Wash Valley

EERING PROPERTIES (1) MAP UNIT NUMBER

27 28. 33

classification (2) GMSM GM, SML M -CM,SM,SP ML,CL

sification A-l, A-2 A-i, A-2, or A-4 A-2 A-4,A-6.

#4 sieve 35-80 40-95 45-100

#40 sieve 30-55 40-65 50-100

#200 sieve 15-35 25-50 50-100

lasticity index NP/NP 20-30/0-10 10-45/NP-30

tency

f)

(cm/sec) 10-2 to 10- 4  10-l to 10-3  10-2 to 10-,

strength (psi)

of internal friction (degrees)

potential LOW Low Low to moderate

f compressibility (in2/lb.)

e moisture condition

wave velocities (fps)

locities (fps)

stances Caliche present Sulfates present
in some areas in some areas

DESIGN EVALUATIONS(l)

impermeable membrane when r-compacted Poor Poor Fair to Poor

source of sand/fill material Fair/Good poor/Fair Fair/Fair

source of aggregate/base course Fair/Fair Fair/Fair Fair/Fair

foundation design characteristics Mod, strength Mod, strength Low strength

Low comp. Mod. comp.

tations and slope angle sloughing and/or Sloughing 450_600
difficult rippi 450-600

W Highly alkaline; Highly alkaline; Subject to
oroiv ocorrosive to flooding;

literature available and data not extrapolated to corrosive to
E uncoated steel; uncoated steell (AlQ)

literature available and data extrapolated r (A5; A5c possible sulfate

available in literature Q corrosion of
0 concrete;

Surface soils only, depth of less than 5 feet :; (A5Q)

Related geologic unit(s) shown in Additional
Remarks (e.g. AlQ)

• . 1 . .. . .. ... I ,, I , " " 8 , '-4



QUALITY
OF DATA D E S C R I P T IO N

A. SURFACE WATER IN SITING VALLEY
1 1. Playas; Intermittent and Perennial Lakes None

a. Duration of surface water (wks.) N/A

b. Maximum extent (nm2) N/A

c. Water depth (avg. in ft.) N/A

d. Source of water N/A

e. Water quality N/A

2. Springs None

a. Duration of flow (wks.) N/A

b. Estimated maximum flow rate (gpm/season) N/A

c. Water quality N/A

o 3. Rivers or Streams Indian Wash

* a. Rate (gpm) and duration of flow (wks.) Ephemeral

O b. Water quality

B. HYDROLOGIC CHARACTERISTICS OF SITING VALLEY

O 1. Drainage Channel (PR=Primary; S=Secondary) Indian Wash (PR)

O a. Depth of incision (max./min./avg.; ft.)

O b. Width (max./min./avg.; ft.) 3000/50/

O c. Gradient (ft./mi.) 50

O d. Channel bottom characteristics Gravel, sand, cobbles

O e. Channel cross-section (schematic)

f. Channel spacing (avg. in ft.) Primary drainages,

g. Preliminary flood susceptibility rating
(Section 2.4.1) CFl

O 2. Preliminary Flood Susceptibility Rating of
Major Landform Surfaces (Section 2.4.1)

O a. Undifferentiated deposits

O b. Alluvial fans

O c. Playas (active=a; mantled=m)

o d. Pediments

O e. Sand dunes

O f. Terraces (l=lake; r=river)

C. ADDITIONAL REMARKS Observations are bas

interpretation of t

Quality of Data
* Data derived from detailed studies

O Estimated values
O Insufficient data available

L • /



S

3..5.4 Indian Wa

None _

NA 
I________

N A __ _ _ _ _ _ __ _ _ _ _

N/A

N/A

N/A

N/A

Indian Wash Los Angeles Wash McCalliste-r Wash Yuma Wash Numerous V

Ephemeral Ephemeral Ephemeral Ephemeral Ephemeral

Indian Wash (PR) Los Angeles Wash (PR) McCallist r Wash (PR) Yuma Wash (PR) Numerous .

3000/50/ 1500/50/ 3000501 150/50/

50 50 50 6Q 50 to 75

Gravel, sand, cobbles Gravel, sand Gravel, sand, cobbles Gravel, sand Gravel, sal

Primary drainages, 1 to 3 nm; Secondary drainagesr 100 to 200 feet

Fl I~~~CF'lf1. ~F1 F ~ CFI

. .-- .......

servations are based mainly on a brief field reconnaissancu and
terpretation of topographic maps and aerial photographs.

p ~ .4



SURFACE HYDROLOGY

3..5.4 Indian Wash Valley (YPG)

- - :-- 4----------

Angeles Wash McCallist-r Wash Yuma Wash Numerous unnamed streams

emeral Ephemeral Ephemeral Ephemeral

Angeles Wash (PR) McCallist r Wash (PR) Yuma Wash (PR) Numerous unnamed washes (S)

/ /3to5

l50/ 3000/50/ 15oo/50/

50 6G 50 to 75

vel, sand Gravel, snd, cobbles Gravel, sand Gravel, sand

I Secondary drainagesy 100 to 200 feet

on a brief field reconnaissancu and
r maps and aerial photographs.

LM



QUALITY
OFDATA DE SC RI P TIO N

A. DEPTH TO GROUNDWATER WITHIN BASIN-FILL
MATERIAL IN SITING VALLEY (Map area
in m2 )

0 1. 0to 50 feet 0 0

O a. 0 to25 feet 0 0

* b. 25 to 50feet 0 0

0 2. 50 to 100 feet 3 4%

O 3. Greater than 100 feet 17 25% 100

0 4. Unknown or not Present 49 71% U

B. AQUIFER CHARACTERISTICS IN VALLEY

* 1. Type of Aquifer (B=Basin Fill; P=Perched; s
R=Rock; u=unconfined; cconfined)

0 a. Map area and extent]

0 b. Depth to aquiifer (ft.)

o c. Thickness (ft.)

* d. Composition Sand and gravel

o e. Porosity M%

o f. Specific yield()

o g. Transmissivity (f t?/day)

o h. Specific capacity (gpam/ft. of drawdovn)

o i. Total pumpage (ac. ft./unit time)

* j. Groundwater ownership rights YPG

C. WATER BUDGET FOR VALLEY

o 1. Total Recharge (ac. ft./unit time)

o 2. Total Discharge (ac. ft./unit time)

D. ADDITIONAL RE.MARKS

Quality of Data
* Data derived from detailed studies
a Estimated values
o insufficient data available



GROUND11ATER HYDROLOGY
3.5.5 Indian Wash Valley (YPG)

-FILL

o 0

a 0

o 0

3 - -- 4%

17 25% 100 to~ 200 feet

49 71% Unknown, but probably greater than 200 feet, if present

gP=Perched; B
ied) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

,and and gravel

awdown)

)7

YPG

time)

t ime)
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QUALITY

OF DATA D E S C R I P T 1 0 N

A. VALLEY AREA, OWNERSHIP AND LAND UTILIZATION

0 1. Area of Valley 321nm2  100%

0 a. Area of valley excluded by major cultural
or quantity-distance exclusions and 10% 164nm2  51% Approxh
grade exclusion

* 2. Area of Siting Valley (A.1 minus A.l.a) 157ru 2  49%

* 3. Ownership DoD, U.S. Army, Yuma Pra

* a. Portion of siting valley with direct DoD 157nm2 100%
ownership .......

* b. Co-owners or administrators of co-use land/ Small tracts (sections)
constraints for state or private use i

* 4. Contiguous BLM or Co-Use Land (area 20-25 BLM (Castle
in r=2)

a a. Relative location in or adjacent to valley Adjacent to Valley north4
.... Rangel-adjacent-toV

0 b. Present use

B. CULTURAL AND QUANTITY-DISTANCE EXCLUSIONS

* 1. Location of 18 rn Arc (population greater Southwestern portion of
than 25,000)

* 2. Location of 3 nm Arc (population greater None
than 5,000)

* 3. Other 1780 foot exclusion corr

C. CULTURAL IMPROVEMENTS

* 1. Roads/Rai'lroads (name) U's. 95
Parallel and adjacent toa. Relative location in valley western boundary_..

* b. Type and use Improved; public highway

* 2. Utilities (type) Natural gas and oil pipell
Parallel and adjacne-R-E -

0 a. Relative location in valley lines also along south Po2
0 D. MILITARY/GOVERNMENTAL USE AREAS

* 1. Location and areal extent (n 2 ) Approximately northern tl

0 2. Present use Munitions and weapons teal

O 3. Future use
S4. Decontamination necessary.priorContaminated with -661

necessary prior to siting 175 rm and 8-inch shls •
E. ADDITIONAL REMARKS

Quality of Data
* Data derived from detailed studies
* Estimated values
0 Insufficient data available

/
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3.6.1 Castle Dorme Plain (YPG)

N

PION

321nm2  100%

al
164nm2  51% Approximately 40nm2 under transfer to BLX (M-iggins Mtns.)

1.a)157nm2  49%

DoD, U.S. Army, Yuma Proving Grounds
~157nm 2  100%

land/ Small tracts (sections) periodically leased for short term (10 years)
for state or private use (approximately 2%)

20-25 BLM (Castle DoNe Plain; north and Mohawk Valley;south)

ley Adjacent to Vailey northwest of YPG boundary (10-12nm
2) limited by Kofa Game

e ... Rangeadjcentto Valley southeast of YPG boundary (10i12n- _.

LS

,reater Southwestern portion of Valley from Yuma, Arizona

eater None

1780 foot exclusion corridor along US, 95

Roads (Firing Front, South Pole-line and

U.S. 95 'North Boundary) and jeep trails

Parallel and adjacent to I Parllel - ly bdarie a ndomly

western boundary, . transect Valley.
Improved and unimproved dir. roads

Improved; public highway _ milita andrestr icted- civilian_

Natural gas and oil pipelines, electrical transmission lines and telephone lines

Parallel and adjacefnf6;-.79S, -el Vrlcal transnissmi - n ine s - and - telephone

lines also along south Pole-line --l and north boundary road

Approximately northern two-thirds of Valley; 
approximately 250nm.2

Munitiors and weapons testing and armunition storage

siting Contaminated With - -i h mortar, 2.75 rocket, 105 mm, 155 m,

175 r .and 8-inc shells and flechette incremete

v



QUALITY
OF DATA D E S C R I P T IO N

A. TOPOGRAPHIC GRADIENT IN SITING VALLEY

* 1. Area with Less than 10% Grade 157nm 2  100%

* 2. Area with 5 to 10% Grade 2n= 2  1%

* 3. Area with 0 to 5% Grade 155nm2  99%

* 4. Location of Alluvial Passes or Valley We .tsrn portion o!
Boundaries Having Less than 10% Grade Ang! -es and India,

King Valley acros:

B. RCCK CONDITIONS IN SITING VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

1 1. Exposed Rock (category/symbol/lithology) BR/IlMp, MMp/gneii

a. Location and map area in 
2

O b. Seismic velocity (p/s in fps)

c. Conditions of volcanic flow N/A

0 2. Pediments (rock type) None

a. Location and map area in rnm 2  - 0 .0--
b. Exposure condition N/A

c. Distance into siting valley from rock N/A
exposures (max./min./avg.) (nm)

C. SUBSURFACE ROCK CONDITIONS IN SITING VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

1. Depth to Rock (map area in nm2 )

o a. 0 to 250 feet (excluding pediments) 15 1- 0%I

0 1) Type BR, B

o 2) Seismic velocity (p/s in fps)

0 b. 250 to 500 feet

* 1) Type BR, B

o 2) Seismic velocity (p/s in fps)

0 c. 500 to 1000 feetI i

O 1) Type .R,S

O 2) Seismic velocity (p/s in fps)

o d. Greater than 1000 feet 0 , 0

1) Type N/A

2) Seismic velocity (p/s in fps) N/A

e C. Unknown1489

Quality of Data
* Data derived from detailed studies
o Estimated values
O Insufficient data available

/L. '.. a .



TOPOGRAPHY AND GEOLOGY

3.6.2 Castle Dome Plain (YPG)

157nrn 2  100%

2nm2  1%

155nm2  99%

ley Western portion of Valley connects with Indian Wash Valley by Los
ade Angeles and Indian Washes. Northern and eastern contiguous wih

King Valley across Valley boundary.

lows)
logy) BR/IIMP, Mbp/gneiss, schist, granitics

I . . I lo- flans of Muqgins and Castle Dome Mountains and randomly
1 j 1%J|istributed mainly in eastern one-half of Valley,

N/A

None

N/A

N/A

ALLEY
lows)

15 10%

BR, B

I ]See Additional Remarks (a)

BR, B

See Additional Remarks (a)

,BR,_B_ ........ .. _ _ _ _ _ _ _ _ _ _ _

0 0 II_
N/A

N/A

141 89% jGreater than 250 feetr data insufficient for contouring

LM
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QUALITY
OF DATA D E S C R I P T I 0 N

O 2. Rock (Section 2.2.3) in Basin-Fill Deposits(map area in nm2)

a. Type in )

0 b. Depth to (ft.)

O c. Thickness (ft.)

O d. Seismic velocity (p/s in fps)

D. BASIN-FILL DEPOSITS IN SITING VALLEY

* 1. Undifferentiated Deposits (A; map area
in nm2 ) 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 2. Alluvial Fan Deposits (A5; map area in nm 2 ) 147

O a. Thickness (max./min./avg. in ft.)

* b. Lithology Sand, sit

O c. Seismic velocity (p/s in fps)

0 3. Playa Deposits (A4; map area in rnm2 )

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

0 4. Wind-blown Sand (A3 ; map area in nm
2) 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 5. Pediment Deposits (A6; map area in nm2) 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 6. Stream Channel and Floodplain Deposits 9
(A,; map area in nm2)

O a. Thickness (max./min./avg. in ft.)

* b. Lithology Sand, sill

0 c. Seismic velocity (p/s in fps)

C-A Quality of Data
0 Data derivea from detailed studies
* Estimated values
o Insufficient data available

.'. '*9



DESCRIPTION

in 2.2.3) in Basin-Fill Depositsma2)

ft.)

(ft.)

locity (p/s in fps)

ITS IN SITING VALLEY

iated Deposits (A; map area
0 0

(max./min./avg. in ft.) N/A

N/A

locity (p/s in fps) N/A

Deposits (A5; map area in nm 2 ) l47 93% __

(max./rin./avg. in ft.)

Sand, silt, gravel; includes fanglomerate

locity (p/s in fps)

its (A4 ; map area in nm 2) G 0

(max./min./avg. in ft.) N/A

______N/A

locity (p/s in fps) N/A

Sand (A3 ; map area in nm2 ) 0 L0---__
(max./nin./avg. in ft.) N/A

N/A

velocity (p/s in fps) N/A

Oposits (A6; map area in nm 2 )  0

w (max./min./avg. in ft.) N/A

v _N/A

elocity (p/s in fps) N/A

nnel and Floodplain Deposits 9 6%I
rea in nm2 ) 9i

* (max./min./avg. in ft.)

r Sand, silt, gravel

velocity (p/s in fps)

led studies

able

/



QUALITY D E S C R I P T IO N
OF DATA

0 7. Terrace Deposits (A2 ; map area in nm
2) 0 0

a. Thickness (mA./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

O 8. General Summary of Relationships

E. TECTONIC FRAMEWORK OF SITING VALLEY

* 1. Capable or Potentially Capable.Fault Mone

a. Total length (nm) N/A
b. Relative location N/A

c. Type of faulting, regional and local attitudes
(strike and dip) N/A

d. Minimum age of displacement or seismic activity
(y.b.p.) N/A

* 2. Volcanism None

a. Volcanic flows N/A

1) Location and map area in nm2  N/A

2) Minimum age of volcanic activity
(y.b.p.) N/A

F. SEISMICITY OF SITING VALLEY (Regional seismicity
discussed in Section 2.2.4 of text)

0 1. Relative Pre-Instrumental Historic Activity
(Section 2.2.4) None

"2. Site Area Seismic Activity (instrumental,
1927-1973; Section 2.2.4)

0 a. Events (epicenters) greater than M=6.0 None

* b. Events (epicenters) greater than M-1.0 and less
than M=6.0 None

O c. Events less than M=1.0 (includes micreartbqi

* 3. Maximum Reported Modified Mercalli Intensity V1 to VII ?)

* 4. Source of Possible Ground Acceleration Levels
(Section 2.2.4) Salton Trougi

* a. Maximum credible level (g) 0.3

*b. Most probable level (g)

G. Additional Remarks (a) Well # 1
Quality of Data data insi

0 Data derived from detailed studies
• N 0 Estimated values

0 Insufficient data available

/



0 N4

rn 2 ) 0 0

____ ___ ___ ___ N/A

_____ _____ ____ N/A

ault None

____ ___ ___ ___ N/A

a'L attitudes
N/A

Isic activity
N/A

None

N/A

N/A

ity
____ ___ ____ ___ N/A

1I seismicity

ric Activity
None

rumental1

.0 None

None

croearthquakes)iIntensity VI to VII M?

ration Levels
-Salton Trough (Zone 1) Transition Zone (Zone 2) Diffuse Seismicity (Zone 3)

0.3 0.05 0.2

___ __ ___ __ __0105

(a) Well # 11 indicated depth to basement rock of 705 feeti
data insufficient for contouring.



SOILS ENGINEERING PROPERTIES(') 26 27

(2)
Unified soil classification (GM-SN) GM-SM

AASHO soil classification (A-i, A-2) A-1, A-2
Percent passing #4 sieve 35-80
Percent passing #40 sieve 30-55

Percent passing #200 sieve 15-35

Liquid limit/plasticity index NP/NP

Surface consistency _ _

Dry density (pcf)

Permeability (cm/sec) 10-2 tof0-4

In-situ shear strength (psi)

In-situ angle of internal friction (degrees)

Cohesion (psi)

Shrink-swell potential Low

Coefficient of compressibility (in2/lb.)

In-situ CBR

Recompacted CBR

General surface moisture condition

Compressional wave velocities (fps)

Shear wave velocities (fps)

Deleterious substances Caliche present Caliche presen
in some areas

ENGINEERING DESIGN EVALUATIONSi)M

Suitability as impermeable membrane when recompacted (Poor) Poor

Suitability as source of sand/fill material (Fair)/(Fair) Fair/Good

Suitability as source of aggregate/base course (Fair)/(Fair) Fair/Fair

Near surface foundation design characteristics (High strength) Mod. strength
Low coup.

Excavation limitations and slope angle Difficult rip- Sloughing and/

.ping or blasting) difficult ri
Explanation .s Highly cemented; Highly alkali

No literature available and data not extrapolated I (ASt) corrosive to

No literature available and data extrapolated uncoated steel~(ASQT; A~cQ)

Data available in literature

Surface soils only, depth of less than 5 feet 4
(2)Related geologic unit(s) shown in Additional

Remarks (e.g. AlQ)

/



SOILS ENGINEERIN:G
3.6.3 Castle Dome Plain

1) MAP UNIT NUMBER
26__ __27 233

(GM-SM) GM-SM GM,SM,ML GMSM,SP,ML,CL

(A-i, A-2) A-i, A-2 A-i,A-2 or A-4 A: 3A-4 A-6 or

35-80 40-95 45-100
30-55 40-65 30-100
15-35 25-50 50-100

NP/NP_ 20-30/0-10 10-45/NP-30

10 - 2 to '10- 4  10 - 1 to 10 - 3  10-2 to 10-4

n (degrees)

Low Low Low to moderate
in2/b.)

on

Caliche present Caliche present Sulfates present

in some areas in some areas

ONS(l)

ane when recompacted (Poor) Poor Poor Fair to Poor

1 material (Fair) /(Fair) Fair/Good Poor/Fair Fair/Fair
te/base course (Fair)/(Fair) Fair/Fair Fair/Fair Falr/Falr

racteristics (High strength) Mod. strength Mod. strength Low strength

Low comp. Mod. coop.

angle ifficult rip- Sloughing and/or Sloughing 45°-600
ping or blastinq) difficult rippinc 450-600

.Highly cemented; Highly alkaline; Highly alkaline; Subject to
le and data not extrapolated (ASt) corrosive to corrosive to floodings

1e and data extrapolated uncoated steel; uncoated steel; (AlQ)
rature 1 (ASQT; AScQ) possible sulfate

corrosion to
0 concretel

depth of less than 5 feet .

unit(s) shown in Additional Q

.i o... '0



QUALITY
OF DATA D E S C R I P T I O N

A. SURFACE WATER IN SITING VALLEY
1 1. Playas; Intermittent and Perennial Lakes None

a. Duration of surface water (wks.) N/A

b. Maximum extent (nm2) N/A

c. Water depth (avg. in ft.) N/A

d. Source of water N/A

e. Water quality N/A

* 2. Springs None

a. Duration of flow (wks.) N/A

b. Estimated maximum flow rate (gpm/season) N/A

c. Water quality N/A

* 3. Rivers or Streams Big Eye Wash

* a. Rate (gpm) and duration of flow (wks.) Ephemeral

O b. Water quality

B. HYDROLOGIC CHARACTERISTICS OF SITING VALLEY

Q 1. Drainage Channel (PR=Primary; S=Secondary) Big Eye Wash

Q a. Depth of incision (max./min./avg.; ft.) / / 4

o b. Width (max./min./avg.; ft.) 1500/100 est./

0 c. Gradient (ft./mi.) 40

* d. Channel bottom characteristics Gravel, sand,

a e. Channel cross-section (schematic) 1F

O f. Channel spacing (avg. in ft.)

O g. Preliminary flood susceptibility rating
(Section 2.4.1)

0 2. Preliminary Flood Susceptibility Rating of
Major Landform Surfaces (Section 2.4.1)

o a. Undifferentiated deposits

* b. Alluvial fans SF1

O c. Playas (active=a; mantled--m)

O d. Pediments

0 e. Sand dunes

O f. Terraces (l=lake; r=river)

C. ADDITIONAL REMARKS Observations be
interpretation i

Quality of Data
* Data derived from detailed studies
O Estimated values
o Insufficient data available

/
.... ... . ..... , ... _ , ,, j " Y ,, -i - . . . ... ...



SURFACE HYDROLOGY
3.6.4 Castle Dome Plain (YPG)

SLakes None
N/A

N/A
N/A

N/A

None

mson) N/A

N/A

Big Eye Wash Castle Dome Wash Numerous unnamed streams

Ephemeral Ephemeral Ephemeral

VALLEY
odary) Big Eye Wash (PR) Castle Dome Wash (PRI Numerous unnamed washes (PR and S)
It.) / /4 / /4 / /3to

1500/100 est./ 1500/25/

40 30 to 40 40 to SO

Gravel, sand, cobbles Gravel, sand, cobbles Gravel, sand, cobbles

ting

CF1 Unknown to CFI

Rating of
2.4.1)

SFI

Observations based mainly on a brief field reconnaissance and
interpretation of topographic maps and aerial photograph$

D
-J I '



QUALITY
OF DATA D E S C R I P T IO N

A. DEPTH TO GROUNDWATER WITHIN BASIN-FILL
MATERIAL IN SITING VALLEY (Map area
in rn2)

O 1. 0 to 50 feet

O a. 0 to 25 feet

O b. 25 to 50 feet

O 2. 50 to 100 feet

Q 3. Greater than 100 feet 142 90% 20

o 4. Unknown or not Present is i0% unU

B. AQUIFER CHARACTERISTICS IN VALLEY

0 1. Type of Aquifer (B=Basin Fill; P=Perched; Bu
R=Rock; u=unconfined; c=confined)

O a. Map area and extent

• b. Depth to aquifer (ft.) 507

0 c. Thickness (ft.) 198

* d. Composition Fine gravel and sand

O e. Porosity (%)

0 f. Specific yield (%)

O g. Transmissivity (ft?/day)

* h. Specific capacity (gpm/ft. of drawdown) 350 (during pumping

O i. Total pumpage (ac. ft./unit time)

o j. Groundwater ownership rights YPG

C. WATER BUDGET FOR VALLEY

O 1. Total Recharge (ac. ft./unit time)

O 2. Total Discharge (ac. ft./unit time)

D. ADDITIONAL REMARKS (a) Rock aquifer is

Quality of Data
* Data derived from detailed studies
0 Estimated values
O Insufficient data available

-A /



GROUNDWATER HYDROLOGY

3.6.5 Castle Dome Plain (YPG)

T I ON

BASIN-FILL
04 area

142 90% 200 to 500 feet

15 10% Unknown, but probably greater than 300 feet, If present

VALLEY

n Fill; P=Perched; Du Rc
c=confined) See Additional Remarks (a)

507 780

198 Greater than 220

Finegravel and sand Volcanic tuff (1 2 T)

y) -

ft. of drawdown) 350 (during pumping testsl

it time)

ghts YPG YPG

./unit time)

./unit time)

(a Rock aquifer is confined bedrock stratum
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QUALITY
OF DATA D E S C R I P T I O N

A. VALLEY AREA, OWNERSHIP AND LAND UTILIZATION

* 1. Area of Valley 184nm2  100%

* a. Area of valley excluded by major cultural
or quantity-distance exclusions and 10% 5On= 2  27%
grade exclusion

* 2. Area of Siting Valley (A.I minus A.l.a7 134nm2 73% Al

* 3. Ownership DoD, U.S. Army, Yuma

0 a. Portion of siting valley with direct DoD 134r= 2  100%
ownership

• b. Co-owners or administrators of co-use land/ Small tracts (sectic
constraints for state or private

Q 4. Contiguous BLM or Co-Use Land (area 10 BIA (King N
in nm2) 0

0 a. Relative location in or adjacent to valley Adjacent to Valley s

o b. Present use

B. CULTURAL AND QUANTITY-DISTANCE EXCLUSIONS

* 1. Location of 18 nm Arc (population greater No
than 25,000)

* 2. Location of 3 nm Arc (population greater No
than 5,000) None

* 3. Other None

C. CULTURAL IMPROVEMENTS

1. Roads/Railroads (name) Unnamed roads and je

0 a. Relative location in valley Randomly transect Va

O b. Type and use Improved and unimprc

* 2. Utilities (type) None

a. Relative location in valley N/A

* D. MILITARY/GOVERNMENTAL USE AREAS Kofa Range

* 1. Location and areal extent (nm2) Entire Valley; 184m

* 2. Present use Munition and weapo

o 3. Future use

* 4. Decontamination necessary prior to siting Contaminated with 2

E. ADDITIONAL REMARKS

Quality of Data
* Data derived from detailed studies
*) Estimated values
O Insufficient data available

I,.. I



OWNERSHIP AND CULTURAL FEATURES
3.7.1 King Valley (YPG)

184nm2  100%

50m 2  27%

134rm2  73% Approximately 3nm2 under transfer to BLM, along southern boundary

DoD, U.S. Army, Yuma Proving Grounds

134=2 J 100% _

Small tracts (sections) periodically leased for short term (10 years)
for state or private use (approximately 2-3%)

10j B (King Valley)

Adjacent to Valley southwest of YPG boundary

None

None

None

Unnamed roads and jeep trails

Randomly transect Valley
Improved and unimproved dirt; military and restricted civilian

None

N/A

Kofa Range

Entire Valley; 184nm2

Munition and weapons testing; testing of NASA equipment

Contaminated with 2.75 rocket, 155 run, 175 mm, and 8-inch shells, and flechette increments

-mom"



QUALITY
OF DATA D E S C R I P T I O N

A. TOPOGRAPHIC GRADIENT IN SITING VALLEY

* 1. Area with Less than 10% Grade 134nm 2  l00%

0 2. Area with 5 to 10% Grade 2nm2  1%

* 3. Area with 0 to 5% Grade 132nm2  99%

* 4. Location of Alluvial Passes or Valley Western portion conti1
Boundaries Having Less than 10% Grade Northern and eastern pc

B. ROCK CX TICNS IN SITING VALLE
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

a 1. Exposed Rock (category/symbol/lithology) B/I2T/ andesitic to ban

* a. Location and map area in r=2 2

O b. Seismic velocity (p/s in fps)

c. Conditions of volcanic flow N/A

Q 2. Pediments (rock type)

a a. Location and map area in nm2  27I Io

0 b. Exposure condition Thin mantle of pediment

O c. Distance into siting valley from rock
exposures (max./min./avg.) (nm)

C. SUBSURFACE ROCK CONDITIONS IN SITING VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

1. Depth to Rock (map area in nm 2)

0 a. 0 to 250 feet (excluding pediments) 33 25%

o 1) Type BR, B

O 2) Seismic velocity (p/s in fps)

o b. 250 to 500 feet 27 20%

0 1) Type LR, B

O 2) Seismic velocity (p/s in fps)

0 c. 500 to 1000 feet 25 19%

4 1) Type B., B

O 2) Seismic velocity (p/s in fps)

o d. Greater than 1000 feet 45 34%

0 1) Type SR, B

O 2) Seismic velocity (p/s in fps)

O e. Unknown 0 - 0

Quality of Data
* Data derived from detailed studies
O Estimated values
0 Insufficient data available

/
= ... . . . _ . . . . . . _ . . . .. .. . .



TOPOGRAPHY AND GEOLOGY
3.7.2 King Valle (YPG)

134nm2  100%

2rm2  1%

132nrm2  99%
Western portion contiguous with Castle Dome Plain across Valley boundaries
Northern and eastern portions contigious with Palomas Plain across Valley bQundaries.

]) B/1 2 T/ andesitic to basaltic volcanics

2 Ilk Along flanks of Castle Dome, Palomas and Tank jountains

N/A

2 L 1 Aong flank of Paimas Mountains
Thin mantle of pediment deposits

y

3 2___

BR, B

2 -

25 19%

bR, 3B

BR, B

.,/ .
0 l .... S°



QUALITY
OF DATA D E S C R I P T I 0 N

O 2. Rock (Section 2.2.3) in Basin-Fill Deposits
(map area in nm2) i

O a. Type

O b. Depth to (ft.)

O C. Thickness (ft.)

O d. Seismic velocity (p/s in fps)

D. BASIN-FILL DEPOSITS IN SITING VALLEY
* 1. Undifferentiated Deposits (A; map area 0 0

in nM2)

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

0 2. Alluvial Fan Deposits (A5; map area in nm2 ) sat
O a. Thickness (max./min./avg. in ft.)
Q b. Lithology Sand, Silt, grave

O c. Seismic velocity (p/s in fps)
0 3. Playa Deposits (A4 ; map area in nm 2) 01

a. Thickness (max./in./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

0 4. Wind-blown Sand (A3 ; map area in nm 2) 0
a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 5. Pediment Deposits (A6; map area in nm2 )

o a. Thickness (ma./min./avg. in ft.)
o b. Litholoqy

O C. Seismic velocity (p/s in fps)

* 6. Stream Channel and Floodplain Deposits
(A1 ; map area in nm2 ) 54 40%

O a. Thickness (max./min./avg. in ft.)

Sb oSand, silt, grai

0 c. Seismic velocity (p/s in fps)

Nk Quality of Data
0 Data derivea from detailed studies
a Estimated values
O Insufficient data available

. . . • .



ION

PFill Deposits

map area 0 0

N/A
N/A

~N/A

p area in nm 2 ) 78 58%

N-)E
Sand, Silt, gravel

Lin nm2) l
N/A

______________N/A

i _..... L
N/A__ _ __

h in nm 2) 0 0
pt. ) N/A

N/A

N/A

rea in n=2 )  TExtent unknown along south flank of Palomas Montains

ft. )

z Deposits I
5 4 40%

Sand, silt, gravel

a ~.~g



* 7. Terrace Deposits (A2 ; map area in nm
2)

a. Thickness (max./min./avg. in ft.)

b. Lithology

c. Seismic velocity (p/s in fps)

O 8. General Summary of Relationships

E. TECTONIC FRAMEWORK OF SITING VALLEY

* 1. Capable or Potentially Capable Fault

a. Total length (nm)

b. Relative location

c. Type of faulting, regional and local attitudes
(strike and dip)

d. Minimum age of displacement or seismic activity
(y.b.p.)

* 2. Volcanism

a. Volcanic flows

1) Location and map area in nm2

2) Minimum age of volcanic activity
(y.b.p.)

F. SEISMICITY OF SITING VALLEY (Regional seismicity
discussed in Section 2.2.4 of text)

* 1. Relative Pre-Instrumental Historic Activity
(Section 2.2.4)

* 2. Site Area Seismic Activity (instrumental,
1927-1973; Section 2.2.4)

0 a. Events (epicenters) greater than M=6.0

* b. Events (epicenters) greater than M=1.0 and less

than M=6.0

o c. Events less than M=1.0 (includes microearthquakes)

* 3. Maximum Reported Modified Mercalli Intensity

* 4. Source of Possible Ground Acceleration Levels
(Section 2.2.4)

* a. Maximum credible level (g)

* b. Most probable level (g)

G. Additional Remarks



-
-

ON

in nm2 ) 0 0

,N/AN/A

Fault None

1__ __ __ __ __ N/A

N/A

Pisinic activity

N/A

None

_ _ _ N/A
_ _ _ N/A

4ty
N/A

41l sei smicity

tinc Activity
None

trumental,

None

None

aicroearthquakes)

all Intensity VI
eration Levels N

_____________Salton Trough (Zone 1) Transition Zone (Zone 2) Diffuse Seismicity (Zone 3)

-_- '2 t.. .- .. .. .... .0,25 0 n ess-0O,2S 0.050,



SOILS ENGINEERING PROPERTIES ( 1 } MAP UNIT Nua
27 28

Unified soil classification (2) GM-SM GM,SM,ML

AASHO soil classification A-1, A-2 A-I,A-2,or A

Percent passing #4 sieve 35-80 40-95

Percent passing #40 sieve 30-55 - 40-65--

Percent passing #200 sieve 15-35 25-50

Liquid limit/plasticity index NP/NP 20-30/0-10

Surface consistency

Dry density (pcf)

Permeability (cm/sec) 10-2 to 10 - 4 . ... to 10-

In-situ shear strength (psi)

In-situ angle of internal friction (degrees)

Cohesion (psi)

Shrink-swell potential Low Low

Coefficient of compressibility (in2/lb.)

In-situ CBR

Recompacted CDR

General surface moisture condition

Compressional wave velocities (fps)

Shear wave velocities (fps)

Deleterious substances Caliche present Sulfates p
in some areas in somea-_

ENGINEERING DESIGN EVALUATIONSMi)

Suitability as impermeable membrane when recompacted Poor Poor

Suitability as source of sand/fill material Fair/Good Poor/Fair

Suitability as source of aggregate/base course Fair/Fair Fair/Fair
Near surface foundation design characteristics Mo. "Strength Mod. St

Low comp.

Excavation limitations and slope angle Sloughing and/or Sloughing

difficult ripping 450-600

Explanation w High alkaline; High alkalExplanatio 0 corsiet
corrosive torrosive

No literature available and data not extrapolated uncoated steel; uncoated s
(SP-SM) No literature available and data extrapolated L (A5QT; A5cQ) possibleIiiiilX corrosion
SP-SM Data available in literature r concsetei,

(1)0 (ASQ)
2 Surface soils only, depth of less than 5 feet .
Related geologic unit(s) shown in Additional
Remarks (e.g., AlQ)

/ .



SOILS ENGINEERING
3.7.3 Kina Valley

ING PROPERTIESM()________ MAP UNIT NUMBER
27 28 33

tsif ication (2) GM-SM GM,SM,ML GM,SM,SP,ML,CL

A-2, .A -4,A-6 or--
pification A-1, A-2 A-1,A-2,or A-4 _ A-7
1#4 sieve 35-80 40-95 45-100

1#40 sieve 3055 40-65 30-100

#200 ieve~ 15-35 25-50 50-100
Wsticity index NP/NP 20-30/0-10 10'45/NyP-30

W/sec) 10-2 to 10-4  10-1 to 10-3 10-2 to 1-

strength (psi)

of internal friction (degrees)

otential WOW LOW Wv to moderate

compressibility (in 2 /lb.)

D moisture condition

Zave velocities (fps)

ocities (fs

Wtances Caliche present Sulfates present
in some areas in some areas

DES IGN EVALUATIONS (1

impermeable membrane when recompacted Poor Poor Fair to Poor

source of sand/fill material Fair/~Good Poor/Fair Fair/Fair

source of aggregate/base course Fair/Fair Fair/Fair Fair/Fair

Dunda-ti-on design characte'ristic-s - Mod' Strength Mod, strength tow strength

- ---.--. -- Low camp. _ ___ Mod. camp.

Itations and slope ang-le sloughing and/or sloughing 450-60 0
difficult rippin 450-.600_________

wn High alkaline; High alkalinel Subject to
corsv o corrosive to floodingi

Literature available and data not extraoolated '~uncoated steel; uncoated steels (Al Q
Literature available and data extrapolated (A5Q~i A5CQ) possible sulfate

avaiablein lteraurecorrosion of
i avilale n lieraureconcrete;

Surface soils only, depth of less than 5 feet 0 (AS2)
kelated geologic unit(s) shown in Additional
ftemarks (e.g., AlQ)

/ - ,-A



QUALITY
OF DATA D E S C R I P T IO N

A. SURFACE WATER IN SITING VALLEY
1 1. Playas; Intermittent and Perennial Lakes None

a. Duration of surface water (wks.) N/A

b. Maximum extent (nm2) N/A

c. Water depth (avg. in ft.) N/A

d. Source of water N/A

e. Water quality N/A

* 2. Springs None

a. Duration of flow (wks.) N/A

b. Estimated maximum flow rate (gpm/season) N/A

c. Water quality N/A

o 3. Rivers or Streams Numerous unnamed streams

* a. Rate (gpm) and duration of flow (wks.) Ephemeral

O b. Water quality

B. HYDROLOGIC CHARACTERISTICS OF SITING VALLEY

O 1. Drainage Channel (PR=Primary; S=Secondary) Numerous unnamed washes

* a. Depth of incision (max./min./avg.; ft.) 5/less than 1/0.5 to 1

0 b. Width (max./min./avg.; ft.) / /3to 4

o c. Gradient (ft./mi.) 20 to 30

o d. Channel bottom characteristics Sand, gravel

O e. Channel cross-section (schematic)

f. Channel spacing (avg. in ft.) 15 to 20

O g. Preliminary flood susceptibility rating
(Section 2.4.1)

O 2. Preliminary Flood Susceptibility Rating of Area mapped as AlQ in ce_
Major Landform Surfaces (Section 2.4.1) subject to rill wash

0 a. Undifferentiated deposits

O b. Alluvial fans

O c. Playas (active=a; mantled--m)

O d. Pediments

O e. Sand dunes

O f. Terraces (l=lake; r=river)

C. ADDITIONAL REMARKS Observations are based
interpretation of topog

Quality of Data
* Data derived from detailed studies
0 Estimated values
O Insufficient data available

/
/,
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SURFACE HYDROLOGY
3.7.4 Kinq Valley (YPG)

SP T I ON

VALLEY
and Perennial Lakes None
water (wks.) N/A

N/A

I ft.) N/A

N/A
N/A

None

N/A

Low rate (gpm/season) N/A

N/A

Numerous unnamed streams

dion of flow (wks.) Ephemeral

CS OF SITING VALLEY
-nPrimary; S=Secondary) Numerous unnamed washes
max./min./avg.; ft.) 5/less than 1/0.5 to 1
g-; ft.) / / 3 to 4

20 to 30

acteristics Sand, gravel

on (schematic)

9. in ft.) 15 to 20

usceptibility rating

isceptibility Rating of Area mapped as AlQ in central King Valley
ices (Section 2.4.1) subject to rill wash

posits

antled--m)

-river)

Observations are based mainly on a brief field reconnaissojice and
interpretation of topographic maps and aerial photcgraphs.

- - *1
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QUALITY
OF DATA D E S C R I P T IO N

A. DEPTH TO GROUNDWATER WITHIN BASIN-FILL
MATERIAL IN SITING VALLEY (Map area
in in2)

S1. 0 to 50 feet 0 0

0 a. 0 to 25 feet 0 0

0 b. 25 to 50 feet 0 0

* 2. 50 to 100 feet 0 0

O 3. Greater than 100 feet 119 89% Less th

* 4. Unknown or not Present 15 11% Unknown

B. AQUIFER CHARACTERISTICS IN VALLEY

1 1. Type of Aquifer (B=Basin Fill; P=Perched; Bc
R=Rock; u=unconfined; c=confined)

0 a. Map area and extent

0 b. Depth to aquifer (ft.) 785

0 c. Thickness (ft.) 200

O d. Composition Clay and sand

O e. Porosity (%)

O f. Specific yield (%)

O g. Transmissivity (ft2/day)

O h. Specific capacity (gpm/ft. of drawdown)

O i. Total pumpage (ac. ft./unit time)

* j. Groundwater ownership rights YPG

C. WATER BUDGET FOR VALLEY

0 1. Total Recharge (ac. ft./unit time)

O 2. Total Discharge (ac. ft./unit time)

D. ADDITIONAL REMARKS (a) Perched water levels

Quality of Data
0 Data derived from detailed studies
* Estimated values
O Insufficient data available



GROUNDWATER HYDROLOGY
3.7.5 King Valley (YPG)

ION

IN-FILL
area

o o
o 0

o 0

o o

119 89% Less than 200 to 300 feet

15 11% Unknown, but probably greater than 300 feet, if present

EY

Fill; P=Perched; Bc P p
onfined) See Additional Remarks- (a)

785 65 120

200 25 3

Clay and sand Sand Sand

* of drawdown)

t time)

bts YPG

unit time)

/unit time)

(a) Perched water levels caused by clay layers
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OWNERSHIP
3,8,1

QUALITY I

OF DATA DESCRIPTION

A. VALLEY AREA, OWNERSHIP AND LAN4D UTILIZATION

* 1. Area of Valley 67nm2  100%

* a. Area of valley excluded by major cultural

or quantity-distance exclusions and 10% 28nm 2  42%

grade exclusion

* 2. Area of Siting Valley (A.1 minus A.l.a) 39nm2 58%

0 3. Ownership DoD, U,S, Army, Yuma Pr

*a. Portion of siting valley with direct DoD 39nm2 100%
o w n e r s h i p . ....

* b. Co-owners or administrators of co-use land/ None
constraints

* 4. Contiguous BLM or Co-Use Land (area > IB (Palomas P

in nm 2) B-000

0 a. Relative location in or adjacent to valley Adjacent to Valley east

O b. Present use

B. CULTURAL AND QUANTITY-DISTANCE EXCLUSIONS

* 1. Location of 18 nm Arc (population greater None
than 25,000)

* 2. Location of 3 nm Arc (population greater None
than 5,000)

* 3. Other None

C. CULTURAL IMPROVEMENTS

0 1. Roads/Railroads (name) Unnamed roads and jeep

0 a. Relative location in valley Randomly transct Valley I

0 b. Type and use Unimproved; military and

* 2. Utilities (type) None

a. Relative location in valley N/A

* D. MILITARY/GOVERNMENTAL USE AREAS Kofa Range

* 1. Location and areal extent (nm2 ) Entire Valley, 67rnm2

* 2. Present use Limited munitions and we

O 3. Future use

O 4. Decontamination necessary prior to siting

E. ADDITIONAL REMARKS

Quality of Data
0 Data derived from detailed studies
a Estimated values

0 Insufficient data available

/
• ., .............. ' I I , ' 'I' ' " -"" '*4



OWNERSHIP AND CULTURAL FEATURES
3,8,1 Palomas Plain (YPG)

DESCRIPTION

OWNERSHIP AND LAND UTILIZATION

Valley 67nm2  1OO

of valley excluded by major cultural
tity-distance exclusions and 10% 28m 2  42%
exclusion

Siting Valley (A.1 minus A.l.a) 39nm2  580

P DoD, US, Army, Yuma Proving Grounds

on of siting valley with direct DoD 0
ship 39nm2  I00_
ers or administrators of co-use land/

raints

US BLM or Co-Use Lad r >1000 BL (Palomas Plain)

tive location in or adjacent to valley Adjacent to Valley east and north of YPG boundary

nt use

QUANTITY-DISTANCE EXCLUSIONS

n of 18 nm Arc (population greater No
,000) None

of 3 -. t Arc (population greater None
000)

None

ROVEMENTS

ailroads (name) Unnamed roads and jeep trails

tive location in valley Randomly transect Valley

and use Unimproved; military and restricted civilian

es (type) None

tive location in valley N/A

RNMENTAL USE AREAS Kofa Range

n and areal extent (nm 2  Entire Valley, 67rm2

use Limited munitions and weapons testing

use

ination necessary prior to siting

REMARKS

tailed studies

alaole

//
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QUALITY
OF DATA D E S C R I P T IO N

A. TOPOGRAPHIC GRADIENT IN SITING VALLEY

* 1. Area with Less than 10% Grade 39n2 100%

0 2. Area with 5 to 10% Grade lnm 2  3%

* 3. Area with 0 to 5% Grade 38nm 2  97%

* 4. Location of Alluvial Passes or Valley
Boundaries Having Less than 10% Grade Southern and western portion

B. ROCK CONDITIMS IN SITIN= VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

* 1. Exposed Rock (category/symbol/lithology) B/12T/andesitic to basaltic

* a. Location and map area in nm2  1 3% Along flan]

O b. Seismic velocity (p/s in fps)

c. Conditions of volcanic flow N/A

Q 2. Pediments (rock type) None

a. Location and map area in nm2  0 0 N/A

b. Exposure condition N/A

c. Distance into siting valley from rock
exposures (max./min./avg. ) (nm) N/A

C. SUBSURFACE ROCK CONDITIONS IN SITING VALLEY

(BR=Basement, B=Bedrock, VF=Volcanic Flows)

1. Depth to Rock (map area in nm2)

* a. 0 to 250 feet (excluding pediments) 28 71% 11 1
0 1) Type BR, B

O 2) Seismic velocity (p/s in fps)

O b. 250 to 500 feet ..... ........

o 1) Type

O 2) Seismic velocity (p/s in fps)

O c. 500 to 1000 feet

o 1) Type

O 2) Seismic velocity (p/s in fps)

O d. Greater than 1000 feet I _

o 1) Type

O 2) Seismic velocity (p/s in fps)

e. Unknown 10 "26% Greater thl

Quality of Data
0 Data derived from detailed studies
o Estimated values
O Insufficient data available

/



TOPOGRAPHY AND GEOLOGY3.8.2 Palomas Plain (YPG)

N

39rm2 100%

In. 2  3%
38nm2  97%

Iley
ade Southern and western portions contiguous with King Valley across Valley boundary

Flows)

ology) B/I2T/andesitic to basaltic volcanics

1 3% Along flanks of Tank and Palomas Mountains

N/A

None

0 0 N/A

N/A

N/A

VALLEY
Flows)

28 -l 71%

-BR, B

I

10 j 6% Greater than 250 feet, maximum depth unknown

/ -
_____

... . "11]"'1 J I



QUALITY
OF DATA D E S C R I P T I 0 N

O 2. Rock (Section 2.2.3) in Basin-Fill Deposits
(map area in nm2)

O a. Type

O b. Depth to (ft.)
0 c. Thicness (ft.)

O . esmcvelocity (p/s in fps)

D. BASIN-FILL DEPOSITS IN SITING VALLEY
0 1. Undifferentiated Deposits (A; map area

in nm2) 0 0

a. Thickness (max./min./avg. in ft.) N/A

._Lithology____________________ N/A

c. Seismic velocity (p/s in fps) N/A

0 2. Alluvial Fan Deposits (A5; map area in nm2) 38 97%

O a. Thickness (max./min./avg. in ft.)
* b. Lithology Sand, silt, gr4

O c. Seismic velocity (p/s in fps)

* 3. Playa Deposits (A4; map area in nm2 )  0 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A
0 4. Wind-blown .Sand (A3 ; map area in nm 2)

a.(hicess (max./min./avg. in ft.) N/A
b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A
0 5. Pediment Deposits (A6; map area in nm2 ) 0 0

a. Thickness (max./min./avg. in ft.) N/A
b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A
0 6. Stream Channel and Floodplain Deposits

(A,; map area in nm2 )

0 a. Thickness (max./min./avg. in ft.)
0 b. Li thology

0 C. Seismic velocity (p/s in fps)

Quality of Data
0 Data derivea from detailed studies

• Estimated values
0 Insufficient data available



S C R I P T I 0 N

3) in Basin-Fill Deposits I_____________________

/s in fps)

SITING VALLEY

posits (A; map area
0 0_ 

_

./avg. in ft..) N/A ________

NIA

(ps in fps) N/A ___ __ _____

its (A;map area in nm2 )

[n./avg. in ft.)___

Sand, silt, gravel

(s in fps)

ma rain =~2)_ o]
./avg. in ft.) N/A___

./av. inft.)N/A

(p/s in fps) N/A

(A; map area in nx2) 0l

in N/A

n./av. inft.)N/

~(p/s in fps) N/A___ ___ _______

Floodplain Deposits
WR2) IPresent, but not mappable at 1:62,500 scale
Kn./avg. in ft.)

(p/s infps)



QUALITY DESCRIPTION
OF DATA

0 7. Terrace Deposits (A2 ; map area in nm
2) 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

o 8. General Summary of Relationships

E. TECTONIC FRAMEWORK OF SITING VALLEY

0 1. Capable or Potentially Capable Fault None

a. Total length (nm) N/A

b. Relative location N/A

c. Type of faulting, regional and local attitudes
(strike and dip) N/A

d. Minimum age of displacement or seismic activity
(y.b.p.) N/A

* 2. Volcanism None

a. Volcanic flows N/A

1) Location and map area in rm2  N/A

2) Minimum age of volcanic activity
(y.b.p.) N/A

F. SEISMICITY OF SITING VALLEY (Regional seismicity

discussed in Section 2.2.4 of text)
* 1. Relative Pre-Instrumental Historic Activity

(Section 2.2.4) None

* 2. Site Area Seismic Activity (instrumental,
1927-1973; Section 2.2.4)

* a. Events (epicenters) greater than M=6.0

0 b. Events (epicenters) greater than M=1.0 and less
than M=6.0 None

O c. Events less than M=1.0 (includes microearthquakes)

* 3. Maximum Reported Modified Mercalli Intensity VI

o 4. Source of Possible Ground Acceleration Levels
(Section 2.2.4) Salton

0 a. Maximum credible level (g) 0.12

o b. Most probable level (g)

G. Additional Remarks

Quality of Data
0 Data derived from detailed studies
0 Estimated values
0 Insufficient data available

- . -- -~ -- a_______________________________________



I,

N

nm2) o o

N/A

N/A
-' '. N/A

ult None

N/A
N/A...

a attitudes
N/A

pic activity
N/A

None

N/A

N/A

__ 
_ N/A

seismicity

c Activity
None

Lunental,

6.0 None

1.0 and less
None

roearthquakes)

I Intensity VI

stion Levels
Salton Trough (Zone 1) Transition Zone (Zone : Diffuse Seismicity (Zone 3)

0.12 0.05 0.2

_____ _____ ____0.05

.. ,,, ~ o



SOILS ENGINEERING
3.8.3 Palomas Plain

SOILS ENGINEERING PROPERTIES(1) MAP UNIT N.MBER

27

Unified soil classification (2)

AASHO soil classification A-l, A-2

Percent passing #4 sieve 35-80

Percent passing #40 sieve 30-55

Percent passing #200 sieve 15-35

Liquid limit/plasticity index NP/NP

Surface consistency

Dry density (pcf)

Permeability (cm/sec) i2 to 10

In-situ shear strength (psi)

In-situ angle of internal friction (degrees)

Cohesion (psi)

Shrink-swell potential LoW

Coefficient of compressibility (in2/lb.)

In-situ CBR

Recompacted CBR

General surface moisture condition

Compressional wave velocities (fps)

Shear wave velocities (fps)

Deleterious substances Caliche present
in some areas

ENGINEERING DESIGN EVALUATIONS(1)

Suitability as impermea.ble membrane when recompacted Poor

Suitability as source of sand/fill material Fair/Good

Suitability as source of aggregate/base course -- Fair/Fair
Near -surfacefoun'dation design characteristics .... Mod. strength .

Low comp.

Excavation limitations and slope angle Sloughing and/or
difficult ripping

Explanation 4 Highly alkaline;

No literature available and data not extrapolated M corrosive to

(SP-SM) No literature available and data extrapolated M ad el

SP-SM Data available in literature

(1) 0

(2)Surface soils only, depth 
of less than 5 feet

Related geologic unit(s) shown in Additional "

Remarks (e.g., AlQ)

NE.. ,.



QUALITY
OF DATA D E S C a I P T IO N

A. SURFACE WATER IN SITING VALLEY
1 1. Playas; Intermittent and Perennial Lakes None

a. Duration of surface water (wks.) N/A

b. Maximum extent (nm2 ) N/A

c. Water depth (avg. in ft.) N/A

d. Source of water N/A

e. Water quality N/A

* 2. Springs none

a. Duration of flow (wks.) N/A

b. Estimated maximum flow rate (gpm/season) N/A

c. Water quality N/A

* 3. Rivers or Streams Hoodoo Wash

* a. Rate (gpm) and duration of flow (wks.) Ephemeral

O b. Water quality

B. HYDROLOGIC CHARACTERISTICS OF SITING VALLEY

O 1. Drainage Channel (PRtPrimary; S=Secondary) Hoodoo Wash (PR)

O a. Depth of incision (max./min./avg.; ft.) I

o b. Width (max./min./avg.; ft.) 200/75 est./

* c. Gradient (ft./mi.) 40 to 50 40

d. Channel bottom characteristics Sand, gravel S

* e. Channel cross-section (schematic)

o f. Channel spacing (avg. in ft.) Primary drainages, 0.,

o g. Preliminary flood susceptibility rating
(Section 2.4.1)

O 2. Preliminary Flood Susceptibility Rating of
Major Landform Surfaces (Section 2.4.1)

O a. Undifferentiated deposits

O b. Alluvial fans

O c. Playas (active=a; mantled--m)

O d. Pediments

O e. Sand dunes

O f. Terraces (l=lake; r=river)

C. ADDITIONAL REMARKS Observations are based
interpretation of topo

Quality of Data
* Data derived from detailed studies
O Estimated values
O Insufficient data available

/



SURFACE HYDROLOGY
3.8.4 Palomas Plain (YPG)

PT I 0 N

LEY
md Perennial Lakes None

ter (wks.) N/A
N/A

N/A

N/A

None

N/A

rate (gpm/season) N/A

N/A

Hoodoo Wash Numerous unnamed streams

m of flow (wks.) Ephemeral Ephemeral

OF SITING VALLEY

imary; S=Secondary) Hoodoo Wash (PR) Numerous unnamed washes CPR and S)

./min./avg.; ft.)

ft.) 200/75 est./

40 to 50 40 to 50

aristics Sand, gravel Sand, gravel

(schematic)

in ft.) Primary drainages, 0.5 to 1 nm; Secondary drainages, 100 to 200 feet

eptibility rating

eptibility Rating of
s (Section 2.4.1)

its

Led=m)

wer)

Observations are based mainly on a brief field reconnaissance and
interpretation of topographic maps and aerial photographs.

/



QUALITY
OF DATA D E S C R I P T IO N

A. DEPTH TO GROUNDWATER WITHIN BASIN-FILL
MATERIAL IN SITING VALLE! (Map area
in nm2 )

O 1. 0 to 50 feet

O a. 0 to 25 feet

O b. 25 to 50 feet

o 2. 50 to 100 feet

O 3. Greater than 100 feet

* 4. Unknown or not Present 39 100%

B. AQUIFER CHARACTERISTICS IN VALLEY

O 1. Type of Aquifer (B=Basin Fill; P=Perched;
R=Rock; u=unconfined; c=confined)

O a. Map area and extent

O b. Depth to aquifer (ft.)

O c. Thickness (ft.)

O d. Composition

O e. Porosity (%)

O f. Specific yield (%)

O g. Transmissivity (ft./day)

O h. Specific capacity (gpm/ft. of drawdown)

O i. Total pumpage (ac. ft./unit time)

O j. Groundwater ownership rights

C. WATER BUDGET FOR VALLEY

O 1. Total Recharge (ac. ft./unit time)

O 2. Total Discharge (ac. ft./unit time)

D. ADDITIONAL REMARKS

Quality of Data
* Data derived from detailed studies
* Estimated values

O Insufficient data available

/



GROUNDWATER HYDROLOGY
3.8.5 Palomas Plain (YPG)

ION

BASIN-FILL
area

39 100% Unknown, but probably greater than 100 feet, if present

LEY

Fill; P=Perched;
oonfined)

)I

* of drawdown)

t time)

ts

unit time)

/unit time)

_ I
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QUALITY
OF DATA D E S C R I P T I O N

A. VALLEY AREA, OWNERSHIP AND LAND UTILIZATION

* 1. Area of Valley 314nm2  100%
* a. Area of valley excluded by major cultural

or quantity-distance exclusions and 10% 203nm2  65%
grade exclusion

2. Area of Siting Valley (A.1 minus A.l.a) lllnm 2  35%

* 3. Ownership DoD, U.S. Air Force,

0 a. Portion of siting valley with direct DoD lllnm2 100%

ownershipI
* b. Co-owners or administrators of co-use land/ Entire Valley co-a;

constraints U.s. Marine Corps 0

O 4. Contiguous BU4 or Co-Use Land (area 20 BIN (Yua
in nm2) 2 (-a

* a. Relative location in or adjacent to valley Adjacent to Valley

O b. Present use

B. CULTURAL AND QUANTITY-DISTANCE EXCLUSIONS

* 1. Location of 18 nm Arc (population greater Northern and weste
than 25,000)

* 2. Location of 3 nm Arc (population greater
than 5,000) None

* 3. Other None

C. CULTURAL IMPROVEMENTS

0 1. Roads/Railroads (name) Unnamed roads and jo

* a. Relative location in valley Subparallel and adj

* b. Type and use Unimproved1 mili

* 2. Utilitie (type} None

a. Relative location in valley N/A

* D. MILITARY/GOVERNMENTAL USE AREAS Air-to-Air Range
* 1. Location and areal extent (nm2 ) Entire Valley, 314r
* 2. Present use Radio controlled a

- . -. Yuma..
O 3. Future use

* 4. Decontamination necessary prior to siting Ordnance present,

E. ADDITIONAL REMARKS

Quality of Data
• Data derived from detailed studies
* Estimated values
O Insufficient data available

/
/. .



OWNERSHIP AND CULTURAL FEATURES
3.9.1 Yuia Desert (LWBGR)

ON

314nm2  100%

203rm2  65%

a) lllnm 2  35%

DoD, U.S. Air Force, Luke AFB

1 I"m2  100%

d/ Entire Valley co-administered: Luke AFB, Litchfield Park, and
U.S. Marine Corps Air Station, Yuma

20 BLM (Yuma Desert)

y Adjacent to Valley north of LWBGR boundary

eater Northern and western portion of Valley from Yuma, Arizona
ter

None

None

Unnamed roads and jeep trails

Subparallel and adjacent to west flank of Gila and Tinajas Atlas Mountains

Unimproved; military and restricted civilian

None

N/A

Air-to-Air Range

Entire Valley, 314m
2

Radio controlled air-to-air combat training conducted by U.S, Marine Corps Air Station,
uma_....

iting Ordnance present, but type unknown

ri I



QUALITY

OF DATA D E S C R I P T IO N

A. TOPOGRAPHIC GRADIENT IN SITING VALLEY

* 1. Area with Less than 10% Grade 111m 2  100%

* 2. Area with 5 to 10% Grade Inmt  1%

0 4. Location of Alluvial Passes or Valley Eastern portion of

Boundaries Having Less than 10% Grade Cipriano and Tinaj

B. ROCK C0DITIOCNS IN SITI= VALUY

(BR=Basement, B=Bedrock, VF=Volcanic Flows)

I . Exposed Rock (category/symbol/lithology) BR/I1Mp/granitics

* a. Location and map area in nm2

O b. Seismic velocity (p/s in fps)

c. Conditions of volcanic flow N/A

0 2. Pediments (rock type) None

a. Location and map area in nz2  0j 0

b. Exposure condition N/A

c. Distance into siting valley from rock N/A
exposures (max./min./avg.) (nm)

C. SUBSURFACE ROCK CONDITIONS IN SITING VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

1. Depth to Rock (map area in nm2 )

0 a. 0 to 250 feet (excluding pediments) 33 30%
* 1) Type BR

o 2) Seismic velocity (p/s in fps)

0 b. 250 to 500 feet 21 . .9%].

* 1) Type BP

O 2) Seismic velocity (p/s in fps)

c. 500 to 1000 feet 21 19%T

* 1) Type BR

O 2) Seismic velocity (p/s in fps)
d. Greater than 1000 feet 35 3

* 1) Type BR

O 2) Seismic velocity (p/s in fps)

* e. Unknown 0 0

Quality of Data
* Data derived from detailed studies
* Estimated values
O Insufficient data available

(



TOPOGRAPHY AND GEOLOGY
3.9.2 Yuma Desert (LWBGR)

I P T IO N

ING VALLEY

% Grade 111 2  100%
de ln 2

- 110n 2  99%

asses or Valley Eastern portion of Valley connects with Lechuguilla Desert by
than 10% Grade Cipriano and Tinajas Altas Passes.

=Volcanic Flows)

/symbol/lithology) BR/IMp/granitics

jjn 1= 2  1 L I%- t Along west flanks of Gila and Tinajas Atlas Mtns.

Infps)

flow N/A

None

in=2 0 0 /A

l1ey from rock N/A
vg. ) (nm)

IN SITING VALLEY
=Volcanic Flows)

a in rim 2 )

pediments) 33 f7
BR

p/s in fps)

BIQ_9]f_ __
BR

p/s in fps)

BR

p/s in fps)

. oo31%

BR

(p/s in fps)
-0



D. BASIN-FILL DEPOSITS IN SITING VALLEY

1. Undifferentiated Deposits (A; map area
in znm 2 )_______ ___

a. Thickness (max./min./avg. in ft.)

b. Lithology

c. Seismic velocity (p/s in fps)

2. Alluvial Fan Deposits (A5; map area in nm2)

a. Thickness (max./miri./avg. in ft.)

b. Lithology ___

c. Seismic velocity (p/s in fps)

3. Playa Deposits (A4; map area in nm
2 )

a. Thickness (max./min./avg. in ft.)

b. Lithology

c. Seismic velocity (p/s in fps)

4. Wind-blown Sand (A 3; map area in nm2)

a. Thickness (max./min./avg. in ft.)

b. Lithology

c. Seismic velocity (p/s in fps)

5. Pediment Deposits (A6; map area in niE 2)

a. Thickness (max./min./avg. in ft.)

b. Lithology

c. Seismic velocity (p/s in fps)

6. Stream Channel an6. Floodplain Deposits
(A,; map area in nm2)

a. Thickness (max./min./avg. in ft.)

b. itoogy

c. Seismic velocity (p/s in fps)



FSCR I PT I ON

.3) in Basin-Fill Deposits

(p/s in fps)

SN SITING VALLEY

Deposits (A; map area 1

inin./avg. in ft.)

silt, sand, gravel; may be calicified

(p/s in fps)

Dsits (A5; map area in nm2 ) 104 J 94% j
rin./avg. in ft.)

Sand, silt, gravel

7(p/s in fps)

V4i map area in nm2) 0 10O _.

fin./avg. in ft.) N/A
N/A

(p/s in fps) N/A

(A3 ; map area in nm 2 ) . .

min./avg. in ft.) //30

Sand, silt

(p/s in fps)

(A6; map area in nm2) 0 0 _ ....... .

rin./avg. in ft.) N/A

(p/s in fps) N/A
nd Floodplain DepositsSFoln esPresent, but not mappable at 1:62,000 scale

rain./avg. in ft.)

S(p/s in fps)

es

/ .



7. Terrace Deposits (A2 ; map area in nm
2 )

a. Thickness (max./in./avg. in ft.)

b. Lithology

c. Seismic velocity (p/s in fps)

8. General Summary of Relationships

E. TECTONIC FRAMEWORK OF SITING VALLEY

1. Capable or Potentially Capable Fault

a. Total length (nrm)

b. Relative location

c. Type of faulting, regional and local attitudes
(strike and dip)

d. Minimum age of displacement or seismic activity
(y.b.p.)

2. Volcanism

a. Volcanic flows

1) Location and map area in nm2

2) Minimum age of volcanic activity

(y.b.p.)

F. SEISMICITY OF SITING VALLEY (Regional seismicity
discussed in Section 2.2.4 of text)

1. Relative Pre-Instrumental Historic Activity
(Section 2.2.4)

2. Site Area Seismic Activity (instrumental,

1927-1973; Section 2.2.4)

a. Events (epicenters) greater than M=6.0

b. Events (epicenters) greater than M=1.0 and less
than M=6.0

c. Events less than M=1.0 (includes microearthquakes)

3. Maximum Reported Modified Mercalli Intensity

4. Source of Possible Ground Acceleration Levels
(Section 2.2.4)

a. Maximum credible level (g)

b. Most probable level (g)



ON

nm2) o o

N/A

N/A

N/A

ault Algodones Fault (capable)

ApproximatelX 60

Transects central portion of Valley

eal attitudes
Strike-slip; strike N40°W; high angle

Lsmic activity
Last displacement approximately 200,000

None

N/A

N/A

ty
N/A

1 seismicity

ic Activity
Low

rumental,
None

-6.0 None

.0 and less

1croearthquakes)

i Intensity VIII

ration Levels
Salton Trough (Zone 1) Transition Zone (Zone 2) Diffuse Seismicity (Zone 3)

0,75+ 0.05 0,2

0.05



SOILS ENGINEERING PROPERTIES(1 ) 27 28

Unified soil classification (2) GM-SM GM,.SMML

AASHO soil classification A-i, A-2 A-1,A-2, a

Percent passing #4 sieve 35-80 40-95

Percent passing #40 sieve 30-55 40-65

Percent passing #200 sieve 15-35 25-50

Liquid limit/plasticity index NP/NP 20-30/0-10

Surface consistency

Dry density (pcf)

Permeability (cm/sec) 10-2 to 10 10-1 to 10

In-situ shear strength (psi)

In-situ angle of internal friction (degrees)

Cohesion (psi)

Shrink-swell potential Low LoW

Coefficient of compressibility (in2/lb.)

In-situ CBR

Recompacted CBR

General surface moisture condition

Compressional wave velocities (fps)

Shear wave velocities (fps)

Deleterious substances Caliche present Sulfate
in some areas in some

ENGINEERING DESIGN EVALUATIONS(l)

Suitability as impermeable membrane when recompacted Poor Poor

Suitability as source of sand/fill material Fair/Good Poor/Fair

suitability as source of aggregate/base course Fair/Fair Fair/Fair
Near surface foundation design characteristics " i odstrength Mod. str

Low 4 (mp.

Excavation limitations and slope angle Sloughing and/or Sloughin
difficult ripping 450-60°

Explanation . Highly alkaline# High al
corrosive to corrosive

i S No literature available and data not extrapolated AE uncoated steele uncoated(S-S) No literature available and data extrapolated (AST possible

SP-SM Data available in literature T corrosi
(1) concrete#

Surface soils only, depth of less than 5 feet 4 (ASQ)
Related geologic unit(s) shown in Additional "
Remarks (e.g., Ak)}

I
- !.



SOILS ENGINEERING
3.9.3 Yuma Desert

11) MAP UNIT NUMBER
27 28 30 31

GM-SM GM,SM,ML SP-SM CM,SM,ML.CL

A-i, A-2 A-l,A-2, or A-4 A-2 A-2,A-4,or A-6
35-80 40-95 45-100

30-55 40-65 30-85

15-35 25-50 20-75

NP/NP 20-30/0-10 0-40/0-25

10 - to 10 .I0 -l to .10-3  10 " to 10-  10-1 to 10-4

(degrees)

Low Low Low Low to moderate
-i2/b-)

I)

Caliche present Sulfate present
in some areas in some areas

te when recompacted Poor Poor Poor Poor

L material Fair/Good Poor/Fair Good/Fair Poor/Fair

/base course Fair/Fair Fair/Fair Poor/Fair Poor/Poor

racteristics Mod. strength Mod. strength Mod. stre,.'jth Mod. strength
Low comp. High camp. Mod. expan.

ngle Sloughing and/or Sloughing Severe sloughing Ravelling

difficult ripping 450-600 450-600

Highly alkalinel High alkaline; Possible wind CA)
1n corrosive to corrosive to erosion and

and data not extrapolated 10 areas of high
uncoated steel; uncoated steel; compressibility;

and data extrapolated ' (AS T ) possible sulfate

ature T corrosion of (A3Q)

0concrete;
depth of less than 5 feet ', (A5Q)
it(s) shown in Additional "

I
0~, -.-" , t ' "



QUALITY
OF DATA D E S C R I P T I 0 N

A. SURFACE WATER IN SITING VALLEY
0 1. Playas; Intermittent and Perennial Lakes None

a. Duration of surface water (wks.) N/A

b. Maximum extent (,m2) N/A

c. Water depth (avg. in ft.) N/A

d. Source of water N/A

e. Water quality N/A

* 2. Springs None

a. Duration of flow (wks.) N/A

b. Estimated maximum flow rate (gpm/season) N/A

c. Water quality N/A

0 3. Rivers or Streams Numerous unnamed stre=

o a. Rate (gpm) and duration of flow (wks.) Ephemeral

O b. Water quality

B. HYDROLOGIC CHARACTERISTICS OF SITING VALLEY

* 1. Drainage Channel (PR=Primary; S=Secondary) Numerous unnamed wash

O a. Depth of incision (max./min./avg.; ft.)

O b. Width (max./min./avg.; ft.)

c. Gradient (ft./mi.) 40 to 80

* d. Channel bottom characteristics Sand, gravel

o e. Channel cross-section (schematic)

* f. Channel spacing (avg. in ft.) 100 to 200

o g. Preliminary flood susceptibility rating
(Section 2.4.1)

O 2. Preliminary Flood Susceptibility Rating of

Major Landform Surfaces (Section 2.4.1)

O a. Undifferentiated deposits

O b. Alluvial fans

O c. Playas (active=a; mantled=m)

0 d. Pediments

0 e. Sand dunes

o f. Terraces (l=lake; r=river)

C. ADDITIONAL REMARKS Observations are based

interpretation of to

Quality of Data

* Data derived from detailed studies
o Estimated values
O Insufficient data available

I
. ..- 1.-V



SURFACE HYDROLOGY
3.9.4 Yuma Desert (LWBGR)

P T I O N

EY
d Perennial Lakes None

ter (wks.) N/A

N/A

~t.) N/A

N/A

N/A

None

N/A

rate (gpm/season) N/A

N/A

Numerous unnamed streams

;n of flow (wks.) Ephemeral

OF SITING VALLEY

-.imary; S=Secondary) Numerous unnamed washes (Si

p./min./avg.; ft.)

pft.)

40 to 80

teristics Sand, gravel

_(schematic)

in ft.) 100 to 200

ceptibility rating

ceptibility Rating of
es (Section 2.4.1)

*its

tled--m)

Iver)

Observations are based mainly on a brief aerial reconnaissance and
interpretation of topographic maps and limited aerial photographs.

1 , :"



QUALITY
OF DATA D E S C R I P T IO N

A. DEPTH TO GROUNDWATER WITHIN BASIN-FILL
MATERIAL IN SITING VALLEY (Map area
in rnm2)

O 1. 0 to 50 feet

0 a. 0 to 25 feet

O b. 25 to 50 feet

O 2. 50 to 100 feet

* 3. Greater than 100 feet 109 98%

O 4. Unknown or not Present 2 2%

B. AQUIFER CHARACTERISTICS IN VALLEY

O 1. Type of Aquifer (B=Basin Fill; P=Perched; Bu
R=Rock; u=unconfined; c=confined) I

O a. Map area and extent J
0 b. Depth to aquifer (ft.) 285 (minimm)

O c. Thickness (ft.)

* d. Composition Sand and gravel

o e. Porosity()

0 f. Specific yield()

* g. Transmissivity (ft?/day) 40,000 to 107,

O h. Specific capacity (gpm/ft. of drawdown)

O i. Total pumpage (ac. ft./unit time)

* j. Groundwater ownership rights U.S. Bureau of

C. WATER BUDGET FOR VALLEY

O 1. Total Recharge (ac. ft./unit time)

O 2. Total Discharge (ac. ft./unit time)

D. ADDITIONAL REMARKS

Quality of Data
* Data derived from detailed studies
* Estimated values

O Insufficient data available

I/
_____ ____ _____ __ e



GROUNDWATER HYDROLOGY
3.9.5 Yuma Desert (LWBGR)

1 ION

BASIN-FILL
Wlparea

109 98% Less than 300 to 500 feet

2 2% Unknown, but probably greater than 500 feet, if present

VALLEY

n Fill; P=Perched;
-:confined) B

285 (minimum)

Sand and gravel

y) 
40,000 to 107,000

t.of drawdown)

1ghts U.S. Bureau of Reclamiation owns wells; Luke APR

./unit time)

t./unit time)



-3 ___________

I * p



QUALITY
OF DATA D E S C R I P T IO N

A. VALLEY AREA, OWNERSHIP AND LAND UTILIZATION

0 1. Area of Valley 330m 2  100%

* a. Area of valley excluded by major cultural 2
or quantity-distance exclusions and 10% 75n 23%
grade exclusion

* 2. Area of Siting Valley (A.1 minus A.l.a) 255nm2  77%

* 3. Ownership DoD, U.S. Air Force,

0 a. Portion of siting valley with direct DoD 255rn 2  100%
ownership
--------................-.... .-.--.-- ~-.Entire valley co-adiiI

0 b. Co-owners or administrators of co-use land/ Air Saion cm-
constaintsAir Station, Ya. S

constraintsvison of U.SFishai

0 4. Contiguous BLM or Co-Use Land (area
in rm2) 20 BLH (Mohawk

0 a. Relative location in or adjacent to valley Adjacent to Valley no

O b. Present use

B. CULTURAL AND QUANTITY-DISTANCE EXCLUSIONS

* 1. Location of 18 nm Arc (population greater Northwestern portion
than 25,000)

* 2. Location of 3 nm Arc (population greater None
than 5,000)

* 3. Other None

C. CULTURAL IMPROVEMENTS

O 1. Roads/Railroads (name) Camino del Diablo and

* a. Relative location in valley Parallel south

O b. Type and uste Unimprovedl military A

* 2. Utilities(type) None

a. Relative location in valley N/A

* D. MILITARY/GOVERNMENTAL USE AREAS Air-to-Air Range

1 1. Location and areal extent (nm 2 ) Entire Valley, 330n 2

* 2. Present use Padio €ontrollea "a~r-
Marine Corps Air StAL

o 3. Future use

0 4. Decontamination necessary prior to siting Ordnance present, but

E. ADDITIONAL REMARKS

Quality of Data
* Data derived from detailed studies
* Estimated values

O Insufficient data available

S . ,|



OWNERSHIP AND CULTURAL FEATURES
3.10.1 Lechuguilla Desert (LWBGR)

ION

330na 2  100%

75nm 23%

- 2.a) 255nm 77%

DoD, U.S. Air Force, Luke AFB

255nm 21 100%

land/ Entire Valley ~co-administeredl Luke AlfBii;Vtch-field Pais, and U.S. Marine Corps
Air Station, Yuma. Southeastern portion (Cabeza Prieta Game Range) under super-

_visi'on of U.S~ Fish and Wildlife Sevc;!Ioime;aloxin90nm

20 J LM (Mohawk Valleyl

iey Adjacent to Valley north of LWBGR boundary

eater Northwestern portion of Valley from Yuma, Arizona

at e r None

None

Camino del Diablo and Border Patrol Road unnamed roads and jeep trails

anec a ~i I iey, pre oin-nantly i
Parallel south DoD bqgundekgX - orthwest-southeast directions
Unimprovedl military and restricted civilian

No no

N/A

Air-to-Air Range
Entire Valley, 330= 2

R'adio 66nirolleii *i-t-arcit trainin~g condiite-&'bYff7Sd -
Marine Corps Air Stat~ion,,,Yum

aitiqng Ordnance present, but type unknown



QUALITY
OF DATA D E S C R I P T I 0 N

A. TOPOGRAPHIC GRADIENT IN SITING VALLEY

* 1. Area with Less than 10% Grade

* 2. Area with 5 to 10% Grade

* 3. Area with 0 to 5% Grade

* 4. Location of Alluvial Passes or Valley
Boundaries Having Less than 10% Grade

B. ROCK CONDITIONS IN SITING VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

* 1. Exposed Rock (category/symbol/lithology)

* a. Location and map area in 1=
2

O b. Seismic velocity (p/s in fps)

c. Conditions of volcanic flow

0 2. Pediments (rock type)

O a. Location and map area in rm2

O b. Exposure condition

O c. Distance into siting valley from rock
exposures (max./min./avg.) (nm)

C. SUBSURFACE ROCK CONDITIONS IN SITING VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

1. Depth to Rock (map area in nm 2)

0 a. 0 to 250 feet (excluding pediments)

0 1) Type

O 2) Seismic veloc'ty (p/s in fps)

O b. 250 to 500 feet
o 1) Type

O 2) Seismic velocity (p/s in fps)

O C. 500 to 1000 feet

o 1) Type

O 2) Seismic velocity (p/s in fps)

O d. Greater than 1000 feet

O 1)Type

0 2) Seismic velocity (p/s in fps)

0 e. Unknown

Quality of Data
* Data derived from detailed studies
0 Estimated values
O Insufficient data available

/-if° __•. .. - . .. ..... .. . . . .. .i , .. . . . .. . . . . - 1 r ' * " - , . . -



TOPOGRAPHY AN;D GEOLOGY
3.10.2 Lechuguilla Desert (LWBGR)

255nm2  100%

4n2 2%
.... 4r~ 2 . _ _

251nm 2  98% -1

Western portion of Valley connects with Yuma Desert by Cipriano and Tinajas Altas Passes
Eastern portion contiguous with Mohawk-Tule Valley across Valley boundary

BR/I2Mps, MMp/andesitic to basaltic volcanics; gneiss, schist
.. ... _ -I",---"-- Alo flanks of Gila, Tinajas Atas, Copper, Cabeza Prieta and Tule Mountains,

3 I | 1% Welon Hills, and as isolated masses in southeast portion of Valley.

None

0 0 IN/A _ _ _

N/A

N/A

118 46%

BR

, L,.I7 _._

134 53% j Greater than 250 feet, maximum depth unknown

i unknow



QUALITY
OF DATA D E S C R I P T I O N

O 2. Rock (Section 2.2.3) in Basin-Fill Deposits

(map area in nm2)

o a. Type

o b. Depth to (ft.)

O C. Thickness (ft.)

0 d. Seismic velocity (p/s in fps)

D. BASIN-FILL DEPOSITS IN SITING VALLEY

1 1. Undifferentiated Deposits (A; map area 0
in nm2 )
a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 2. Alluvial Fan Deposits (A5; map area in nm2) 244

O a. Thickness (max./min./avq. in ft.)

* b. Lithology Sands,

O c. Seismic velocity (p/s in fps)

* 3. Playa Deposits (A4 ; map area in ran 2 ) 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 4. Wind-blown Sand (A3 ; map area in nm 2 )

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

0 5. Pediment Deposits (A6; map area in nm2 ) 0

a. Thickness (max./min./avg. in ft.) N/-

b. Lithology N/A ___

c. Seismic velocity (p/s in fps) N/A

* 6. Stream Channel and Floodplain Deposits
(A; map area in nm 2)

O a. Thickness (max./min./avg. in ft.)

0 b. Lithology sand,
0 c. Seismic velocity (p/s in fps)

Quality of Data
0 Data derivea from detailed studies

*0 Estimated values
O Insufficient data available /



R I P T I ON

Basin-Fill Deposits

in fps)

ING VALLEY

its (A; map area

in ft.) N/A

N/A

In FfPs _/A

(A5; map area in nIm2} 244 95%

. in ft.)

Sand, silt, gravel; may be calichified; may include fanglomerate
in fps0

g. in ft.) N/A

N/A

in fps) N/A

p area in r=2) 0o 0 - - -
.in ft.) N/A

N/A

in fps) N/A

map area in 0MR2 J 0
: in ft.) N/ ____________

N/A

in fps) N/A

dplain Deposits

in .... -

Sand, silt, gravel

in fps)

._qwdM



QUALITY DESCRIPTION
OF DATA

* 7. Terrace Deposits (A2 ; map area in nm
2) 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

O 8. General Summary of Relationships

E. TECTONIC FRAMEWORK OF SITING VALLEY

O 1. Capable or Potentially Capable Fault Sheep

0 a. Total length (nim) 20 (min
0 b. Relative location In nort
0 c. Type of faulting, regional and local attitudes

(strike and dip) Trends

O d. Minimum age of displaqement or seismic activity
(y.b.p.)

* 2. Volcanism None

a. Volcanic flows N/A

1) Location and map area in nm2  NA
2) Minimum age of volcanic activity N/A

(y.b.p.)

F. SEISMICITY OF SITING VALLEY (Regional seismicity
discussed in Section 2.2.4 of text)

* 1. Relative Pre-Instrumental Historic Activity
(Section 2.2.4) LoW

* 2. Site Area Seismic Activity (instrumental,
1927-1973; Section 2.2.4)

o a. Events (epicenters) greater than M=6.0 None
* b. Events (epicenters) greater than M=1.0 and less

than M=6.0 None
O c. Events less than M=1.0 (includes microearthquakes)

0 3. Maximum Reported Modified Mercalli Intensity vii to

* 4. Source of Possible Ground Acceleration Levels Salton
(Section 2.2.4)

* a. Maximum credible level (g) 0.48
O b. Most probable level (g)

1G. Additional Remarks

Quality of Data
IQ' * Data derived from detailed studies

% 0 Estimated values
M 0 Insufficient data available

____ ___ ____ ___ ___ ____ ___ ___ ____ ___ __
t•dI



ON

in nm2 ) 0 0

)_ _N/A
N/A
N/A

Fault Sheep Mountain Fault (potentially capable)

20 (minimum)

In northwest portion of Valley
al attitudes Trends approximately N50°1

-ismic activity

None

N/A

__/__A

ity N/A

al seismicity

rc Activity

trumental,

M--6.0 None

1=1.0 and less
None

microearthquakes)

Ili Intensity VII to VIII(?)

ration Levels Salton Trough (Zone 1) Transition Zone (Zone 2) Diffuse Seismic Lty (Zone 3)

0.48 o.o5 0.2

0.05

_______________________ .5_________________

......... ...... / .. i * ' "



SOILS ENGINEERING PROPERTIES(-') 26______

Unified soil classification (2) (GM-SM) G

AASHO soil classification (A-l,A-2) IA-iD

Percent passing #4 sieve_3:

Percent passing #40 sieve 30- 5

Percent passing #200 sieve 15-3S

Liquid limit/plasticity index NP/NP

Surface consistency

Dry density Cpcf)

Permeability (cm/sec) -102

In-situ shear strength (psi)

In-situ angle of internal friction (degrees)

Cohesion (psi)

Shrink-swell potential

Coefficient of comnpressibility (in2/lb.) Low

In-situ CBR

Recompacted CBR

General surface moisture condition

Compressional wave velocities (fps)

Shear wave velocities (fps)

Deleterious substances Caliche present Callc
in soo

ENGINEERING DESIGN EVALUATIONSMl

suitability as impermeable membrane when recornpacted (Poor) Poorl

Suitability as source of sand/fill material (Fair)/(Fair) Fair/42

Suitability as source of aggregate/base course .. (Fair)/(Fair) Fair/Fl

Near surface foundation design characteristics (Hg srngh Md
Low CO

Eix-cavati-on-limitat-ions and _slope _angl1e"__ (Difficult rip- SlougN

_______________________________________________ ,ping or blasting) diff co

Explanation Highly cemented; Highly
w (AST) corroW

11No literature available and data not extraoolated 'U

(-S) No literature available and data extrapolated A(AS Qr1

SP-SM Data available in literature
(1) 0
(2 )Surface soils only, depth of less than 5 feet '1

Related geologic unit(s) shown in Additional -
Remarks (e.g. AlQ)



SOILS ENGIN1EERING
3.10.3 Lechuguilla Desert

MAP UNIT NUMBER
26 27 28 29 VA

(GM-SM) GM-SM GM,SM,ML (GM-SM) GM,SM,SP,ML.CL

(A-1,A-2) A-1, A-2 A-1,A-2, or A-4 (A-1, A-2) A-2,A-4,A-6,A-7

35-80 40-95 45-100.

30-55 40-65 50-100

- 15-35 25-50 --- 10-...0.

NP/NP 20-30/0-10 10-45/NP-30

- io-2 to_ j to 1o -10- 2 to '10.
- .. ... . . . .

Low Low Low to moderate

Caliche present Caliche present Sulfates present

in some areas in some areas

(Poor) Poor Poor (Poor) Fair to Poor

(Fair)/(Fair) Fair/Good Poor/Fair (Fai:)/ (Good) Fair/Fair

(Fair) /(Fair) Fair/Fair Fair/Fair (Fair)/(Fair) Fair/Fair

(High strength) Mod, strength Mod. strength (mod. strength) Low strength
Low comp. Mod. comp.

(Difficult rip- Sloughing and/or Sloughing (Difficult rip- 450-600
ping or blasting) difficult ripping 450-60°  ping or blasting)

Highly cemented; Highly alkalinel Highly alkaline; Depth to rock Subject to
(AST) corrosive to corrosive to is less than flooding;

rapolated uncoated steel; uncoated steel; 10 feet; (AIQ)
Lated (ASQT; A5CQ) possible sulfate (A6Q)

corrosion of
concretet0

n 5 feet ' (A5Q)
itional "

I .- .. : __ . .. , ---- :. .- € I . "



QUALITY
OF DATA D E S C R I P T IO N

A. SURFACE WATER IN SITING VALLEY
1 1. Playas; Intermittent and Perennial Lakes None

a. Duration of surface water (wks.) N/A
b. Maximum extent (nm2 ) N/A
C. Water depth (avg. in ft.) N/A

d. Source of water N/A

e. Water quality N/A

2. Springs None

a. Duration of flow (wks.) N/A

b. Estimated maximum flow rate (gpm/season) N/A

c. Water quality N/A

* 3. Rivers or Streams Coyote Wash N]

a. Rate (gpm) and duration of flow (wks.) Ephemeral Ephf

O b. Water quality

B. HYDROLOGIC CHARACTERISTICS OF SITING VALLEY
1 1. Drainage Channel (PR=Primary; S=Secondary) Coyote Wash (PR) Nn

* a. Depth of incision (max./min./avg.; ft.) / / 3 to 4

* b. Width (max./min./avg.; ft.) 3000/50 est./

C. Gradient (ft./mi.) 30 30 1
o d. Channel bottom characteristics Sand, gravel Sa

* e. Channel cross-section (schematic) Z

* f. Channel spacing (avg. in ft.) Main channel

o g. Preliminary flood susceptibility rating
(Section 2.4.1) CFl

O 2. Preliminary Flood Susceptibility Rating of
Major Landform Surfaces (Section 2.4.1)

o a. Undifferentiated deposits

O b. Alluvial fans

O c. Playas (active=a; mantled=m)

O d. Pediments

O e. Sand dunes

O f. Terraces (l=lake; r=river)

C. ADDITIONAL REMARKS Observations are based ma
interpretation of topogr

Quality of Data
* Data derived from detailed studies
0 Estimated values
o Insufficient data available

,/



SURFACE HYDROLOGY
3.10.4 Lechuguilla Desert (LWBGR)

P T I O N

VALLEY
and Perennial Lakes None

water (wks.) N/A
N/A

ft.) N/A
N/A

N/A
None

.1 _ ___ ____ ___ ___ N/A

ow rate (gpm/season) N/A

N/A

Coyote Wash Numerous unnamed streams

ion of flow (wks.) Ephemeral Ephemeral

CS OF SITING VALLEY
&Primary; S=Secondary) Coyote Wash (PR) Numerous unnamed washes (S)

Zx./min./avg.; ft.) / / 3 to 4

.; ft. ) 3000/50 est./

30 30 to 50

-teristics Sand, gravel Sand, gravel

(schematic)

1. in ft.) Main channel

isceptibility rating
CP1

sceptibility Rating of
ces (Section 2.4.1)

sits

mtled--m)

tiver)

Observations are based mainly on a brief aerial reconnaissance and
interpretation of topographic maps and aerial photographs.

/-
.. .. 11 . . .. .. , ., ., . .. .. . . .. .... . g' a ."



QUALITY
OF DATA D E S C R I P T IO N

A. DEPTH TO GROUNDWATER WITHIN BASIN-FILL
MATERIAL IN SITING VALLEY (Map area
in nm2 )

o 1. 0 to 50 feet

0 a. 0 to 25 feet

O b. 25 to 50 feet

o 2. 50 to 100 feet

Q 3. Greater than 100 feet 162 64% Less

0 4. Unknown or not Present 93 36% Unk

B. AQUIFER CHARACTERISTICS IN VALLEY

O 1. Type of Aquifer (B=Basin Fill; P=Perched;
R=Rock; u=unconfined; c=confined)

O a. Map area and extent J
O b. Depth to aquifer (ft.)

O c. Thickness (ft.)

o d. Composition

o e. Porosity (%)

O f. Specific yield (%)

o g. Transmissivity (f t?/day)

O h. Specific capacity (gpm/ft. of drawdown)

o i. Total pumpage (ac. ft-./unit time)

o j. Groundwater ownership rights Luke AFB

C. WATER BUDGET FOR VALLEY

O 1. Total Recharge (ac. ft./unit time)

O 2. Total Discharge (ac. ft./unit time)

D. ADDITIONAL REMARKS

Quality of Data

* Data derived from detailed studies
a Estimated values

O Insufficient data available

. =maw
Hu . . . . ... ' :k ,it * '47 I '.. 

' ' 1



GROUNDWATER HYDROLOGY
3.10.5 Lechuguilla Desert (LWBGR)

OASIN-FILL

162 64%- Less than 300 to 400 feet

93 36% Unknown, but probably greater than 400 feet, if present

ILLEY

Fill; P=Perched;

confined)

of drawdown)

it time)

hts Luke AFE

unit time)

/unit time)
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QUALITY
OF DATA DESCRIPTION

A. VALLEY AREA, OWNERSHIP AND LAN-D UTILIZATION

* 1. Area of Valley 853nm2  100%

* a. Area of valley excluded by major cultural 2
or quantity-distance exclusions and 10% 170nm 20%
grade exclusion

* 2. Area of Siting Valley (A.1 minus A.l.a) 683nm 2  80%

* 3. Ownership DoD, U.S. Air Force#

* a. Portion of siting valley with direct DoD 683r=2 100%

ownershispre ae~
* b. Co-owners or administrators of co-use land/ Co-administered are l

contrantsapproximately 600ra-
constraints (Cabeza Prieta Game I

* 4. Contiguous BLM or Co-Use Land (area 20 BLN (Mohawk

in nm2)

* a. Relative location in or adjacent to valley Adjacent to Valley n

o b. Present use

B. CULTURAL AND QUANTITY-DISTANCE EXCLUSIONS

* 1. Location of 18 nm Arc (population greater None
than 25,000)

* 2. Location of 3 nm Arc (population greater None
than 5,000)

* 3. Other None

C. CULTURAL IMPROVEMENTS

0 1 . Roads/Railroads (name) Camino del Diablo and

* a. Relative location in valley Parallel south DoD bg

O b. Type and use Unimproved; military

* 2. Utilities(type) None

a. Relative location in valley N/A

0 D. MILITARY/GOVERNMENTAL USE AREAS Air-to-Air Range
2  Entire Valley except

* 1. Location and areal extent (nm2  approximately 600n= 2

0 2-.Present use Radio controlled aIL-
2 e ducted by U.S. MarJM

o 3. Future use

O 4. Decontamination necessary prior to siting Contamination presenl

E. ADDITIONAL REMARKS

Quality of Data
* Data derived from detailed studies
* Estimated values

O Insufficient data available



OWNERSHIP AND CULTUPAL FEATURES
3,11,1 MohawkTule Valley (LWBGR)

!2

853ran2  100%

2
17Ohm 20%

683nm2  80%

DoD, U.S. Air Force, Luke AFB

683r= 2  100%

Co-administered areai Luke AFB, Litchfield Park and U.S. Marine Corps Air Station, Yuma,
approximately 600nm2 in western and northern portion of Valley. Southfern Ialf of Valley
(Cabeza Prieta Game Range) supervised by U.S. Fish and Wildlife Service, approx. 500nm

20 BLM (Mohawk Valley)

Adjacent to Valley north of LWBGR boundary

r None

None

None

Camino del Diablo and Border Patrol Road Unnamed roads and jeep trails

Parallel south DOD boundary Transect Valley, predominantly north-
aI - south along its axis

Unimproved; military and restricted civilian ,_......

None

N/A

Air-to-Air Range Air-to-Air Range
Entire Valley except southern Mohawk Valley; Southern Mohawk Valleyl
approximately 600nm

2  approximately 250ran
2 2

... Radio conirollea air-t-air-combat-tr-ain-ing- on- Air-to-air and air-to-groun conmatri
ducted by U.S. Mar n.gCorpsAirStation,_. Ma .pilot training_ Luke AFB

kng Contamination present, but type unknown Contamination present, but type unknown

I U~ -



QUALITY
OF DATA D E S C R I P T I 0 N

A. TOPOGRAPHIC GRADIENT IN SITING VALLEY

* 1. Area with Less than 10% Grade 683nm2  100%

* 2. Area with 5 to 10% Grade un.2  2%

* 3. Area with 0 to 5% Grade 672jm - 98%

* 4. Location of Alluvial Passes or Valley Western portion
Boundaries Having Less than 10% Grade Eastern portion

B. ROCK OONDITIONS IN SITING VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

* 1. Exposed Rock (category/symbol/lithology) BR, B, VF/Il.,PV

* a. Location and map area in r=2  8%

O b. Seismic velocity (p/s in fps)

* c. Conditions of volcanic flow Pinacates Volca

* 2. Pediments (rock type) BR; crystaline
a. Location and map area in nm2  7

* b. Exposure condition Very thin mantL4

c. Distance into siting valley from rock 1 nm/0.5/O.S
exposures (max./min./avg.) (nm)

C. SUBSURFACE ROCK CONDITIONS IN SITING VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

1. Depth to Rock (map area in nm 2)

0 a. 0 to 250 feet (exluding pediments) 207 30%

0 1) Type BR, B

o 2) Seismic velocity (p/s in fps)

o b. 2 to 500 feet

o Type

0 2) Seismic velocity (p/s in fps)

O c. 500 to 000 feet

0 1)Type

O 2) Seismic velocity (p/s in fps)
0 d. Greater than 1000 feet[

0 1) Type

0 2) Seismic velocity (p/s in fps)

0 e. Unknown 461 68%

Quality of Data
* Data derived from detailed studies
O Estimated values
O Insufficient data available

/.... ,,4



TOPOGRAPHY AND GEOLOGY
3.11.2 Mohawk-Tule Valley (LWBGR)

3=2 100%[

IIr 2%L98%
stern portion contiguous with Lechuguilla Desert across Valley boundary
tern portion contiguous with San Cristobal and Growler-Childs Valley across Valley boundary

B, VF/I.p, mmN, I2T, 13oT/granitics, gneiss, schist, andesitic to basaltic volcanics, basalt

1% 1 Along flanks of Copper, Cabe2a Prieta, Sierra Pinta, Mohawk, and Agua Dulce Mountains

cates Volcanic Field: Low, rugged topography, may have thin mantle of basin-fill deposits

j crystaline

.% South flank of Agua Dulce Motntains

ry thin mantle of deposits

nWo. 5/0.S

7 30%

I B

..68. Grae hn20fe, aiu et nnw



QUALITY
OF DATA D E S C R I P T I O N

o 2. Rock (Section 2.2.3) in Basin-Fill Deposits

(map area in nm2)

O a. Type

o b. Depth to (ft.)

O c. Thickness (ft.)

O d. Seismic velocity (p/s in fps)

D. BASIN-FILL DEPOSITS IN SITING VALLEY

* 1. Undifferentiated Deposits (A; map area 558 81%
in nm 2 ) 1___

O a. Thickness (max./min./avg. in ft.)

* b. Lithology Silt, sand, gram

O c. Seismic velocity (p/s in fps)

* 2. Alluvial Fan Deposits (A5; map area in nm 2 ). A

O a. Thickness (max./min./avg. in ft.)
* b. Lithology Sand, silt, gra

O c. Seismic velocity (p/s in fps)

* 3. Playa Deposits (A4 ; map area in nm
2) 2J 1%

O a. Thickness (max./min./avg. in ft.)

* b. Lithology Clay, sand, siltj

O c. Seismic velocity (p/s in fps)

* 4. Wind-blown Sand (A3; map area in nm
2 ) 27 J 4q

O a. Thickness (max./min./avg. in ft.)

* b. Lithology Sand, silt

O c. Seismic velocity (p/s in fps)

* 5. Pediment Deposits (A6; map area in nm 2 ) 7

o a. Thickness (max./min./avg. in ft.)

* b. Lithology Sand, gravel

O c. Seismic velocity (p/s in fps)

* 6. Stream Channel and Floodplain Deposits
(A,; map area in nm2) 26 4%

0 a. Thickness (max./min./avg. in ft.)

Lithology Sand, silt, graw

0 c. Seismic velocity (p/s in fps)

Quality of Data
0 Data derivea from detailed studies
0 Estimated values

O Insufficient data available

--.
...... ... . . . . 2 J . f"



DESCRIPTION - -
Dm E

fn 2.2.3) in Basin-Fill Deposits ii

(ft. )
(ft.)

locity (p/s in fps)

SITS IN SITING VALLEY

iated Deposits (A; map area 558 81%

(max./min./avg. in ft.)

___Silt, sand, gravel

elocity (p/s in fps)

an Deposits (A5 ; map area in nm2). J .... ____

(max./min./avg. in ft.)

Sand, silt, gravel, and cobbles; may be calichified
velocity (p/s in fps)

its (A4 ; map area in nm 2 ) 2J 1%j

(max./min./avg. in ft.)

Clay, sand, silt

velocity (p/s in fps)

Sand (A3 ; map area in nm2) 27"JI 4%j
(max./min./avg. in ft. )

Sand, silt

velocity (p/s in fps)

posits (A6; map area in m 2)7 1
(max./rain./avg. in ft.)

Sand, gravel

velocity (p/s in fps)

nel and Floodplain Deposits
ea in nm2 ) 26 4%

(max./min./avg. in ft.)

Sand, silt, gravel

velocity (p/s in fps)

led studies

le



Q UA L ITYD E S C R I P T 1 0 NOF DATADESCRIPTION

* 7. Terrace Deposits (A2 ; map area in rm
2 ) x0 i

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

O 8. General Summary of Relationships

E. TECTONIC FRAMEWORK OF SITING VALLEY

O 1. Capable or Potentially Capable Fault None j
a. Total length (rn) N/A

b. Relative location N/A

c. Type of faulting, regional and local attitudes

(strike and dip) N/A

d. Minimum age of displacement or seismic activity
(y.b.p.)

• 2. Volcanism

* a. Volcanic flows Pinacates Volc

1) Location and map area in rn2  Along south centi

* 2) Minimum age of volcanic activity Approximately 24,
(y.b.p.)

F. SEISMICITY OF SITING VALLEY (Regional seismicity
discussed in Section 2.2.4 of text)

0 1. Relative Pre-Instrumental Historic Activity Low

(Section 2.2.4)

o 2. Site Area Seismic Activity (instrumental,
1927-1973; Section 2.2.4)

0 a. Events (epicenters) greater than M=6.0 None

b. Events (epicenters) greater than M=1.0 and less

than M=6.0 M=4.7 in 1963;

o c. Events less than M=1.0 (includes microearthquakes)

* 3. Maximum Reported Modified Mercalli Intensity VI

* 4. Source of Possible Ground Acceleration Levels
(Section 2.2.4) Salton Trough (

* a. Maximum credible level (g) 0.35

O b. Most probable level (g)

G. Additional Remarks

Quality of Data
* Data derived from detailed studies
0 Estimated values
0 Insufficient data available

/



F2) o o

N/A

N/A

t None

N/A__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

N/A

attitudes
N/A

activity

Pinacates Volcanic Field

Along south central DoD boundary; approximately 10

Approximately 24,000

Neismicity

Activity LOW

ntal,

None

0 and less
M=4.7 in 1963; M=4.4 in 1964

- ar thquakes)

Intensity VI

° ion Levels __________Salton Trough (Zone 1) Transition Zone (Zone 2) Diffuse Seismicity (Zone 3)

0.35 0.05 0.2

___________0.05

[ .o~o ,



SOILS ENGINEERING PROPERTIES(1) 2b

Unified soil classification (2) (GM-SM)

AASHO soil classification (A-1, A-2)

Percent passing #4 sieve

1.Percent passing #40 sieve
Percent passing #200 sieve

Liquid limit/plasticity index

Surface consistency

Dry density (pcf)

Permeability (cm/sec)

1In-situ shear strength (psi)

In-situ angle of internal friction (degrees)

Cohesion (psi)

Shrink-swell potential

Coefficient of compressibility (in2/lb.)

In-situ CBR

Recompacted CBR

General surface moisture condition

Compressional wave velocities (fps)

Shear wave velocities (fps)

I Deleterious substances Caliche present

ENGINEERING DLSIGN EVALUATIOS(l)

Suitability as impermeable membrane when recompacted (Poor)

Suitability as source of sand/fill material (Fair)/(Fair)

I Suitability as source of aggregate/base course (Fair)/(Fair)

Near surface foundation design characteristics (High strength)

Excavation limitations and slope angle (Difficult rip-

ing or blasting)

Explanation Highly cemented;
(A5)

No literature available and data not extrapolated T

(SP-SM) No literature available and data extrapolated

SP-SM Data available in literature
(1)S

Surface soils only, depth of less than 5 feet "
(2).

Related geologic unit(s) shown in Additional
Remarks (e.g. AlQ)

I m/.. .



MAP UNIT NUMBER _

_ _ _ _27 28 29 30

(GM-SM) GM-SM GM, SM, ML (GM-SM) SP-SM GM,SMML,CL

(A-i, A-2) A-i, A-2 A-i, A-2, or A-4 (A-l, A-2) A-2 A-2,A-4, or A-6

35-80 40-95 45-100

30-55 40-65 30-85

15-35 25-50 20-75

NP/NP 20-30/0-10 0-40/0-25

10- 2 to 10
-4  10-I to 1 0 3  10-I to 10 10-I to -4

Low Low Low Low to moderate

Caliche present Caliche present Sulfate present
in some areas in some areas

(Poor) Poor Poor (Poor) Poor Poor

(Fair)/(Fair) Fair/Good Poor/Fair (Fair)/(Good) Good/Fair Poor/Fair

. (Fair) / (Fair) Fair/Fair Fair/Fair (Fair)/(Fair) Poor/Fair Poor/Poor

(High strength) Mod. strength Mod. strength (Mod. strength) Mod, strength Mod. strength
Low comp. High comp. Mod. expan.

(Difficult rip- Sloughing and/or Sloughing (Difficult rip- Severe Ravelling
ing or blasting) difficult ripping 450-600 ping or blasting) sloughing 450_ o

Highly cemented; High alkaline; High alkaline; Depth to rock Possible wind

(A5 corrosive to corrosive to less than 10 erosion and (AQ)

T uncoated steel; uncoated steel; feet; very high

AQT Apossible sulfate compressibility;
(A5QT; A5cQ) corrosion of (A6Q (A3Q)

concrete;
(A5Q)



SOILS ENGINEERING

3.11.3 Mohawk-Tule Valley

MAP UNIT NUMBER _33 34
28 "29 30 i1 33 34

ML (GM-SM) SP-SM GM,SM,MLCL GMSMSPML,CL (ML-CL)

-2, or A-4 (A-l, A-2) A-2 A- ,A-4,A-6. or (A-4 or A-6)

45-100 45-100

30-85 30-100

20-75 "50-100

-10 0-40/0-25 10-45/NP-30

oi0- 3  10-1 to 10 - 3  i0-i to 10-4 10-2 to 10

Low Low to moderate Low to moderate

e present
e areas

(Poor) Poor Poor Fair to Poor (Fair)

air (Fair)/(Good) Good/Fair Poor/Fair Fair/Fair NA(Poor)

air (Fair)/(Fair) Poor/Fair Poor/Poor Fair/Fair NA/(Poor)

trength (Mod. strength) Mod, strength Mod. strength Low strength Low strength

High comp. Mod. expan. Mod, comp. Mod. comp.

ing (Difficult rip- Severe Ravelling 450 -600 (>60° )

ping or blasting) sloughing 45060__

ikaline; Depth to rock Possible wind Subject to Subject to

ive to less than 10 erosion and (AQ) flooding; possible

ed steel; feet; very high (Al flooding;

le sulfate (A6  compressibility; (A4

son of (A3Q)

e;



QUALITY
OF DATA D E S C R I P T I O N

A. SURFACE WATER IN SITING VALLEY

* 1. Playas; Intermittent and Perennial Lakes Pinta Playa Lo.

O a. Duration of surface water (wks.)

0 b. M!aximum extent (nm2 ) 0.5

O c. Water depth (avg. in ft.)

0 d. Source of water Direct precipitati

o e. Water quality

* 2. Springs Agua Dulce Spring

* a. Duration of flow (wks.) Perennial ?)

* b. Estimated maximum flow rate (gpm/season) Less than 10 gal/

o c. Water quality

* 3. Rivers or Streams Mohawk Wash

o a. Rate (gpm) and duration of flow (wks.) I phemeral

O b. water quality

B. HYDROLOGIC CHARACTERISTICS OF SITING VALLEY

0 1. Drainage Channel (PR=Primary; S=Secondary) Mohawk Wash (PR)

0 a. Depth of incision (max./min./avg.; ft.) / / 3 to 4

o b. Width (max./min./avg.; ft.) 1500/75 est./

* c. Gradient (ft./mi.) 20

0 d. Channel bottcm characteristics Sand, gravel. cob]

* e. Channel cross-section (schematic)

* f. Channel spacing (avg. in ft.) Main channel

o g. Preliminary flood susceptibility rating
(Section 2.4.1) CF1

a 2. Preliminary Flood Susceptibility Rating of
Major Landform Surfaces (Section 2.4.1)

o a. Undifferentiated deposits

o b. Alluvial fans

* c. Playas (active=a; mantled=m) a: SF1

o d. Pediments

o e. Sand dunes

O f. Terraces (l=lake; r=river)

C. ADDITIONAL REMARKS Observations are.
interpretation of

Quality of Data
• Data derived from detailed studies
* Estimated values
O Insufficient data available /

• , ' a , ' ,'","k
" '
-



SURFACE HYDROLOGY
3.11.4 Mohawk-Tule Valley (LWBGR)

P T I O N

ALLEY Unnamed playa in south-
and Perennial Lakes Pinta Playa Los Playas Dos Playas central portion of Valley

ater (wks.)

0.5 1 0.5 0.25

ft.) I_:_

Direct precipitation and surface run-off

Agua Dulce Spring

Perennial (?)
>w rate (gpm/season) Less than 10 gal/day

Mohawk Wash Numerous unnamed streams

Lon of flow (wks.) Ephemeral Ephemeral

'S OF SITING VALLEY

Primary; S=Secondary) Mohawk Wash (PR) Numerous unnamed washes (S)
ax./min./avg.; ft.) / / 3 to 4 3/ /3_to 4

- ft.) 1500/75 est./

20 20 to 30

cteristics Sand. gravel, cobbles Sand, gravelt cobbles

n (schematic) -

in ft.) Main channel

sceptibility rating

CFi

3ceptibility Rating of
:es (Section 2.4.1)

DsitS

ntled--m) a: SF1

river)

Observations are based mainly on a brief aerial reconnaissance and
interpretation of topcgraphlic maps and aerial photographs.

"lll-I I II II i ' -I . - ' - "



QUALITY
OF DATA D E S C R I P T I O N

A. DEPTH TO GROUNDWATER WITHIN BASIN-FILL
MATERIAL IN SITING VALLEY (Map area
in m 2 )

O i. 0 to 50 feet

O a. 0 to 25 feet

O b. 25 to 50 feet

O 2. 50 to 100 feet

O 3. Greater than 100 feet 193 28% Led

O 4. Unknown or not Present 490 72% Uni

B. AQUIFER CHARACTERISTICS IN VALLEY

* 1. Type of Aquifer (B=Basin Fill; P=Perched; Ru
R=Rock; u=unconfined; c=confined) See Additional Remar-

O a. Map area and extent

* b. Depth to aquifer (ft.) 225

O c. Thickness (ft.)

• d. Composition Granite basement rock

o e. Porosity (%)

O f. Specific yield (%)

O g. Transmissivity (ft?/day)

O h. Specific capacity (gpm/ft. of drawdown)

O i. -Total pumpage (ac. ft./unit time)

0 j. Groundwater ownership rights U.S. Bureau of Sport

C. WATER BUDGET FOR VALLEY

O I. Total Recharge (ac. ft./unit time)

O 2. Total Discharge (ac. ft./unit time)

D. ADDITIONAL REMARKS (a) Rock aquifer is

Quality of Data
* Data derived from detailed studies
O Estimated values
O Insufficient data available

/



GROUNDWATER HYDROLOGY
3.11.5 Mohawk-Tule Valley (LWflGR)

1I0N

SIN-FILL
area

193 28% Less than 200 to 400 feet

490 72% Unknown, but probably greater than 400 feet, if present

"EY

Fill; P=Perched; R
nfiried) See Additional Remarks (a)

225

Granite basement rock UIlMpl

of drawdown)

,t time)

ts U.S. Bureau of Sport Fisheries and Wildlife owns well; Luke AFB

nit time)

nit ime)(a) Rock aquifer is fracture system
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QUALITY
OF DATA D E S C R I P T 1 0 N

A. VALLEY AREA, OWNERSHIP AND LA4D UTILIZATION

* 1. Area of Valley 353jm2  100%

* a. Area of valley excluded by major cultural 2
or quantity-distance exclusions and 10% 34nm 10%
grade exclusion

* 2. Area of Siting Valley (A.1 minus A.l.a) 319nm2  90%

* 3. Ownership DoD, U.S. Air Force

* a. Portion of siting valley with direct DoD 319nr 2 Ilo%
ownership I _I

* b. Co-owners or administrators of co-use land/ Southern portion (C
constraints and Wildlife Servi

0 4. Contiguous BLM or Co-Use Land (area 20 BLU
in nm 2 )

0 a. Relative location in or adjacent to valley Adjacent to Valley

O b. Present use

B. CULTURAL AND QUANTITY-DISTANCE EXCLUSIONS

* 1. Location of 18 nm Arc (population greater No
than 25,000)

* 2. Location of 3 nm Arc (population greater
than 5,000) None

* 3. Other None

C. CULTURAL IMPROVEMENTS

0 1. Roads/Railroads (name) Unnamed roads and j

* a. Relative location in valley Transect Valley; p

* b. Type and use Unimproved; mili

* 2. Utilities (type) None
a. Relative location in valley N/A

* D. MILITARY/GOVERNMENTAL USE AREAS Air.to-Air Range

* 1. Location and areal extent (nm2 ) Southern portion of
approximately 200 M

* 2. Present use Air-to-air and ir
o.3..Future.u... ... pilot training con

0 3. Future use

* 4. Decontamination necessary prior to siting Contamination press

E. ADDITIONAL REMARKS

Quality of Data
* Data derived from detailed studies
* Estimated values

O Insufficient data available

/



CWNERSHIP AND CULTURAL FEATURES
3.12.1 San Cristobal Valley (L BGR)

N

TION

35,3n~m2  100%

al 2
0% 34nm 10%

l.a) 319= 2  90%

DoD, U.S. Air Force, Luke AFB

DOD 319n°2 100%

land/ Southern portion (Cabeza Prieta Game Ran e) supervised by U.S. Fish
and Wildlife Service; approximately 75m'

20]_L_

r ley Adjacent to Valley north of LWBGR boundary

ONS

greater No

reater NnNone

None

Unnamed roads and jeep trails

Transect Valley; predominantly northwest-southeast direction along mountain flanks

Unimproved; military and restricted civilian

None

N/A

Air-to-Air Range Target 53
Southern portion of Valley; Northern portion of Valley;

approximately 200 nm2  _ __,.approximately. 
1 -0 nm2

Air-to-air and air-t-g-round combat and Air-to-ground target u n
pilot training conducted by-Luke-AMB,

... .............. ......... Co tam'ination present,

o siting Contamination present, but types unknown r obut types unknown

* .. . .w



QUALITY
OF DATA D E S C R I P T IO N

A. TOPOGRAPHIC GRADIENT IN SITING VALLEY

1 1. Area with Less than 10% Grade 319nm2  100%

* 2. Area with 5 to 10% Grade 4 2

* 3. Area with 0 to 5% Grade 315nm2  99%

* 4. Location of Alluvial Passes or Valley Western portion
Boundaries Having Less than 10% Grade Eastern portion

B. ICK 00NDITINS IN SITING VALU
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

1 1. Exposed Rock (category/symbol/lithology) B/12T/andesitic

* a. Location and map area in =m2  .

O b. Seismic velocity (p/s in fps)

c. Conditions of volcanic flow N/A

* 2. Pediments (rock type) None

a. Location and map area in =m2  00

b. Exposure condition N/A

c. Distance into siting valley from rock
exposures (max./min./avg.) (nm) N/A

C. SUBSURFACE ROCK CONDITIONS IN SITING VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

1. Depth to Rock (map area in nm 2)

* a. 0 to 250 feet (excluding pediments) 987 1%
S-1) Type BR, B

o0 2) Seismic velocity (p/s in fps)

O b. 250e to 500 feet

o 1) Type

O 2) Seismic velocity (p/s in fps)

0 C. 500nto feet feet

o 1) Type

0 2) Seismic velocity (p/s in fps)

0 d. Greater than 1000 feetfI; .
0 1) Type

o 2) Seismic velocity (p/s in fps)

e . Unknowni 8

Quality of Data
* Data derived from detailed studies
o Estimated values

O Insufficient data available /



TOPOGRAPHY AND GEOLOGY
3.12.2 San Cristobal Valley (LWBGR)

ION
1 0 N

EY[
319nmZ 100%

-4nuu2 ___

315nm2  9 1

Valley Western portion contiguous with Growler-Childs Valley across Valley boundary
% Grade Eastern portion contiguous with Mohawk-Tule Valley across Valley boundary

ic Flows)

lithology) B/12T/andesitic to basaltic volcanics

1% Along flanks of Mohawk, Bryan, Granite and Aguila Mountains

N/A

None

- j, 0Z L FN/A
N/A

rock
m) N/A

ING VALLEY
ic Flows)

2)

BR, B

ra)

)

220 ...68"% Greater than 250 feet, maximum depth unknown

A i q



QUALITY
OF DATA D E S C R I P T I O N

O 2. Rock (Section 2.2.3) in Basin-Fill Deposits

(map area in nm2)

o a. Tp

0 b. Depth to (ft.) _____

0 c. Thickness (ft.)

0 d. Seis-mic velocity (p/s in fps)

D. BASIN-FILL DEPOSITS IN SITING VALLEY

0 1. Undifferentiated Deposits (A; map area 110 34%
in nm 2 ) __--_

* a. Thickness (max./min./avg. in ft.)

O b. Lithology

O c. Seismic velocity (p/s in fps)

0 2. Alluvial Fan Deposits (As; map area in nm 2) 175 54%

O a. Thickness (max./min./avg. in ft.)

* b. Lithology Sand, silt,

O c. Seismic velocity (p/s in fps)

* 3. Playa Deposits (A4 ; map area in nm
2 ) 0 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 4. Wind-blown Sand (A3 ; map area in nm
2) 4 1%

O a. Thickness (max./min./avg. in ft.)

O b. Lithology Sand, silt, gr

O c. Seismic velocity (p/s in fps)

* 5. Pediment Deposits (A6; map area in nm2 ) I
a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) NA

* 6. Stream Channel and Floodplain Deposits
(A,; map area in nm2) 28 9%

O a. Thickness (max./min./avg. in ft.)

0 b. Lithology Sand, silt,

0 c. Seismic velocity (p/s in fps)

cQuality of Data

* Data derived from detailed studies

0 Estimated values /
O Insufficient data available

. . .. . .. . .I ...... . . . .. . " . .. . .. ... . .... I' . *j ' " .... "-' .:



DESCRIPTION

2.2.3) in Basin-Fill Deposits
nm2 )

(ft.)

ocity (p/s in fps)

ITS IN SITING VALLEY

ated Deposits (A; map area 110 34%

(max./min./avg. in ft.)

locity (p/s in fps)

Deposits (A5; map area in nm
2 ) 125 54_

(max./min./avg. in ft.)

Sand, silt, gravel

locity (p/s in fps)

ts (A 4 ; map area in nm 2 ) 0 I O L[
(max./min./avg. in ft.) N/A

N/A

locity (p/s in fps) N/A

;and (A3; map area in nm2) 4 4..i -

(max./min./avg. in ft.)

Sand, silt, gravel; may be calichified

locity (p/s in fps)

posits (A6; map area in nm2) 0 0

(max./min./avg. in ft.) N/A

N/A

locity (p/s in fps) N/A
el and Floodplain Deposits 2ea ~2 28 9%
ta in =m2 )I.
(max./min./avg. in ft.)

Sand, silt, gravel

-locity (p/s in fps)

id studies /



QUALITY
OF DATA D E S C R I P T I O N

0 7. Terrace Deposits (A2 ; map area in nm
2)

O a. Thickness (max./min./avg. in ft.)

b. Lithology Sand, sil

O c. Seismic velocity (p/s in fps)

0 8. General Summary of Relationships

E. TECTONIC FRAMEWORK OF SITING VALLEY

* 1. Capable or Potentially Capable Fault None

a. Total length (nm) N/A

b. Relative location N/A

c. Type of faulting, regional and local attitudes N/A
(strike and dip)

d. Minimum age of displacement or seismic activity
(y.b.p.) N/A

* 2. Volcanism None

a. Volcanic flows N/A

1) Location and map area in nm2  N/A
2) Minimum age of volcanic activity N/A

(y.b.p).)

F. SEISMICITY OF SITING VALLEY (Regional seismicity
discussed in Section 2.2.4 of text)

O 1. Relative Pre-Instrumental Historic Activity
(Section 2.2.4) Low

2. Site Area Seismic Activity (instrumental,
1927-1973; Section 2.2.4)

O a. Events (epicenters) greater than M=6.0 None

* b. Events (epicenters) greater than M=l.O and less M=5.0 in 19%
than M=6.0

O c. Events less than M=1.0 (includes microearthquakes)

* 3. Maximum Reported Modified Mercalli Intensity Iv

4. Source of Possible Ground Acceleration Levels
(Section 2.2.4) salton Troug

o a. Maximum credible level (g) 0.21

* b. Most probable level (g)

G. Additional Remarks

Quality of Data
1 0 Data derived from detailed studies

0 Estimated values
0 Insufficient data available

I.



ION

n 2) f n1 ]
Sand, silt, gravel; may be calichified

ps

Fault None

N/A

N/A
local attitudes

N/A

seismic activity N/A

None

N/A

N/A

vity N/A

nal seismicity

.oric Activity

Low

istrumental,

2 M=6.0 None

M=l.0 and less M=5.0 in 1958

microearthquakes)

;ll Intensity IV
|leration Levels

Salton Trough (Zone 1) Transition Zone (Zone 2) Diffuse Seismicit.y (Zone 3)
0.21 0.05 0.2

0.05

L~mmI



SOILS ENGINEERING PROPERTIES
(1  27 28

Unified soil classification (2) GM-SM GM, SM, C

AASHO soil classification A-1, A-2 A-l, A-2,,
Percent passing 44 sieve 35-80 40-95

Percent passing #40 sieve 30-55 40-65

Percent passing #200 sieve 15-35 25-50

Liquid limit/plasticity index NP/NP 20-30/0-i

Surface consistency

Dry density (pcf) _

Permeability (cm/sec) 10-2 to 10 - 4  I0 - 1 to l

In-situ shear strength (psi)

In-situ angle of internal friction (degrees)

Cohesion (psi)

Shrink-swell potential Low Low

Coefficient of compressibility (in2/lb.)

In-situ CBR

Recompacted CBR

General surface moisture condition

Compressional wave velocities (fps)

Shear wave velocities (fps)

Deleterious substances Caliche present Sulfate p
in some areas in some a

ENGINEERING DESIGN EVALUATIONS()

Suitability as impermeable membrane when recompacted Poor Poor

Suitability as source of sand/fill material Fair/Good Poor/Fair

Suitability as source of aggregate/base course Fair/Fair Fair/Fail

Near surface foundation design characteristics mod. strength Mod. stre
Low comp.

Excavation limitations and slope angle Sloughing and/or Sloughing
difficult ripping 450-600

Explanation Highly alkaline; Highly a]

No literature available and data not extrapolated corrosive to corrosiv

(SP-SM) No literature available and data extrapolated (A5QT; A5cQ) possible

SP-SM Data available in literature corrosio
r.concrete

(1Surface soils only, depth of less than 5 feet (ASQ)
(2 )Related geologic unit(s) shown in Additional "

Remarks (e.g. AlQ)
i | , n ,

I



SOILS ENGINEERING
3.12.3 San Cristobal Valley

____________ ~~~MAP UNIT NJU.-BER ______ ________

27 28 30 31 L233

GM, SM, ML SP-SM GYI,sm,ML CL (SM-IML) GM,SM,SP,ML,CL

A-2 A-i, A-2,or A-4 A-2 A-2, A-4, or A-6 (A-2 or A-4) A-2,A-4A- rA'

4-545-100 '45-100

40-65 30-85 30-100

5 25-50 2 0-75 50-100.
20-30/0-10 0-40/0-25 10-4 5/NP- 30

to 10-4 -- 10-1 to 10-3  i1 - to 10- ic01 to 10~ 0 to -

LOW LOW Low to moderate Low to moderate

iche present Suifate present
some areas in some areas

-Poor Poor Poor (Poor) Fair to Poor

/ood - Poor/Fair GodFir Poor/Fair (Fa ir)/(Good) Fair/Fair
FirFair/Fair Poor/Fair Poor/Poor (Fair)/(Fair) Fair/Fair

*strength Mod. strength Mod. strength mod. strength Low strength
comp. *mod. comp. Mod. expan. Mod. comip.

ghing and/or Sloughing Severe sloughing Ravelling
icult ripping 450O 4 50..-6040O~

yalkalinel Highly alkaline; Possible wind (AQ) (A2 Q Subject to
osive to corrosive to erosion; areas floQg
ated steel; uncoated steel; of high compres-fodn

MYA~, possible sulfate sibilitY;(A)
QTcorrosion of (A3Q)

concrete;
(ASQ)
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QUALITY
OF DATA D E S C R I P T IO N

A. SURFACE WATER IN SITING VALLEY
1 1. Playas; Intermittent and Perennial Lakes None

a. Duration of surface water (wks.) N/A
b. Maximum extent (nm2 ) N/A

c. Water depth (avg. in ft.) N/A

d. Source of water N/A

e. Water quality N/A

2. Springs None

* a. Duration of flow (wks.) N/A

b. Estimated maximum flow rate (gpm/season) N/A

c. Water quality N/A

* 3. Rivers or Streams San Cristobal

* a. Rate (gpm) and duration of flow (wks.) Ephemeral

0 b. Water quality

B. HYDROLOGIC CHARACTERISTICS OF SITING VALLEY

* 1. Drainage Channel (PR=Primary; S=Secondary) San Cristobal
0 a. Depth of incision (max./min./avg.; ft.) / / 2 to 3

0 b. Width (max./min./avg.; ft.) 3000/100 est.j

0 c. Gradient (ft./mi.) 20

0 d. Channel bottom characteristics Sand. gravel

* e. Channel cross-section (schematic)

o f. Channel spacing (avg. in ft.) Main channel

* g. Preliminary flood susceptibility rating(Section 2.4.1) CFi

O 2. Preliminary Flood Susceptibility Rating of

Major Landform Surfaces (Section 2.4.1)

O a. Undifferentiated deposits

O b. Alluvial fans

O c. Playas (active=a; mantled--m)

O d. Pediments

O e. Sand dunes

O f. Terraces (1=lake; r=river)

C. ADDITIONAL REMARKS Observations 4
interpretatial

Quality of Data
* Data derived from detailed studies
0 Estimated values
O Insufficient data z ailable

/--------.



SURFACE HYDROLOGY
3.12.4 San Cristobal Valley (LWBGR)

P T I ON

Y
d Perennial Lakes None

ter (wks.) MN,

_ _ _ _N/A

.3 N/A
____ ___ ___ ____ ___ ___ N/A

____ ___ ___ ____ ___ ___ N/A

None

) __________________________ N/A

rate (gpm/season) N/A

N/A

San Cristobal Wash Numerous unnamed streams

of flow (wks.) Ephemeral Ephemeral

OF SITING VALLEY
_ imary; S=Secondary) San Cristobal Wash (PRI Numerous unnamed washes (S)
./min./avg.; ft.) / / 2 to 3 / / 1 to 2

j ft.) 3000/100 est./

20 20 to 30

teristics Sand. gravel Sand. gravel

(schematic)

in ft.) Main channel

eptibility rating
CFl

eptibility Rating of
s (Section 2.4.1)

its

led--m)

ver)

Observations are based mainly on a brief aerial reconnaissance and
interpretation of topographic maps and aerial photographs.

ILv



QUALITY
OF DATA D E S C R I P T IO N

A. DEPTH TO GROUNDWATER WITHIN BASIN-FILL
MATERIAL IN SITING VALLEY (Map area
in r=2)

O 1. 0 to 50 feet

O a. 0 to 25 feet

O b. 25 to 50 feet

O 2. 50 to 100 feet

o 3. Greater than 100 feet 249 78%

* 4. Unknown or not Present 70 22%

B. AQUIFER CHARACTERISTICS IN VALLEY

o 1. Type of Aquifer (B=Basin Fill; P=Perched; P
R=Rock; u=unconfined; c=confined) See Additional Rkeu

O a. Map area and extent

0 b. Depth to aquifer (ft.) 40

* c. Thickness (ft.) 20

* d. Composition Sand

O e. Porosity (%)

O f. Specific yield (%)

O g. Transmissivity (f t2/day)

O h. Specific capacity (gpv/ft. of drawdown)

O i. Total pumpage (ac. ft./unit time)

o j. Groundwater ownership rights Luke APB

C. WATER BUDGET FOR VALLEY

O 1. Total Recharge (ac. ft./unit time)

O 2. Total Discharge (ac. ft./unit time)

D. ADDITIONAL REMARKS (a) Perched water
60- and great

Quality of Data

* Data derived from detailed studies
0 Estimated values
0 Insufficient data available

II ll, ,,,,, , " ,J , ' , ,U
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GROUNDWATER HYDROLOGY
3.12.5 San Cristobal Valley (LWBGR)

I ON

IN-FILL

24% 78% Less than 200 tI 400 feet

70 22% Unknown, but probably greater than 400 feetp if present

LEY

Fill; P=Perched; P P
onfined) See Additional Remarks (a) See Additional Remarks (a)

40 122

20

Sand Sand and gravel

. of drawdown)

t time)

ts Luke AFS

nit t ime)

'/unit time)

(a) Perched water levels caused by clay layers and calitche Ci at
60- and greater than 122-foot depths.

- - - 2 ~ I
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QUALITYDE C I T OQUALITYD E S C R I P T 1 0 Ni
OF DATA

A. VALLEY AREA, OWNERSHIP AND LAND UTILIZATION

1 1. Area of Valley 603uJ

* a. Area of valley excluded by major cultural
or quantity-distance exclusions and 10% 104=1
grade exclusion

* 2. Area of Siting Valley (A.1 minus A.l.a) 499ra

* 3. Ownership DoD,

* a. Portion of siting valley with direct DoD 499_.
ownership

* b. Co-owners or administrators of co-use land/ SoutI
constraints Fish

0 4. Contiguous BLM or Co-Use Land (area 45
in nm2 )

0 a. Relative location in or adjacent to valley Adja.

O b. Present use

B. CULTURAL AND QUANTITY-DISTANCE EXCLUSIONS

* 1. Location of 18 nm Arc (population greater
than 25,000) None

0 2. Location of 3 nm Arc (population greater None
than 5,000)

* 3. Other 1780

C. CULTURAL IMPROVEMENTS

O 1. Roads/Railroads (name) U'S'

0 a. Relative location in valley of.

0 b. Type and use .Imp

0 2. Utilities (type) El

O a. Relative location in valley Par

* D. MILITARY/GOVERNMENTAL USE AREAS Air
Sou

1 1. Location and areal extent (nm2) app

Air* 2. Present use anS

o 3. Future use

0 4. Decontamination necessary prior to siting Or

r E. ADDITIONAL REMARKS

Quality of Data
* Data derived from detailed studies
Q Estimated values
0 Insufficient data available



~ATION 1
603nm2  100%

tural
10% 104nm2  17%

.a) 499un2 83%

DoD, US. Air Force, Luke AFB

DoD 2 I
499ru 1 0 0%

e land/ Southern portion (Cabeza Prieta Game Range) supervised by U.S.
Fish and Wildlife Service; approximately 300nm~

I5 B ' _ __ _ _ _ _ _

valley Adjacent to Valley north of LWBGR boundary

'ONS

greater Nn

teaterNone

1780 foot exclusion corridor along U.S. 85

U.S. 85 Unnamed roads and jeep trails
Transects west-cenral 'porio I
of Valley, trends. north-south_ .. ... ,-andomly ta~et~Vie

Unimproved and im~proved; militaryJmproved1 public higha I__ _and..,estri~cted .civilian

Electrical transmission lines

Parallel and adjacent to U.S. 85 and extending to Range #1

Air-to-Air Range Target 53 North Tactical Ra
Southern Growler Valley; Northwestern portion of Valley; -Northern Childs V
approximately 200 nm2  .~apoimately lOn2approximately_100

" ~~ Air-tQiairtan$ 'i'r---to-aroun9 Eombat Air-to-ground target training Air-to-ground taand pilot tann nuce y ue FB onutd yLkeiF onweKbyJ

Or ancepresent ut Ordance present,.siting Ordance present, but type unknown peet u
______________________________________ type unknown J t pe unknown

t - _ _t



OWNERSHIP AND CULTURAL FEATURES
3.13.1 Growler-Childs Valley (LWBGR)

Ssupervised by U.S.

r . . ... . . .

Unnamed roads and jeep trails

L Unimproved and improved; military
P&--aTd.estricted...civilian ... -..... ~~. .

ding to Range #1

Target 53 North Tactical Range South Tactical Range
Northwestern portion of Valley; !.Northern Childs Valley; Central portion of Valley;

vproximately 100nm2  approximately loonym2  
__~ approximately_200nn 2

Air-to-ground target training Air-to-ground tarcfet training Air-to-ground target training

dBRan eW-presenti, but- &&nepeet .ut bidance -present,bu
tvve unknown type unknown type-unknown

/ _ _



QUALITY
OF DATA D E S C R I P T I O N

A. TOPOGRAPHIC GRADIENT IN SITING VALLEY

* 1. Area with Less than 10% Grade 499nm2 100%

• 2. Area with 5 to 10% Grade 18nm2  4%

* 3. Area with 0 to 5% Grade 481nm2  96%

* 4. Location of Alluvial Passes or Valley Western portion
Boundaries Having Less than 10% Grade Eastern portion

B. ROCK 00DITIC1S I SITING VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

* 1. Exposed Rock (category/symbol/lithology) B/12T, I2Mp/andes

* a. Location and map area in nm2  3%

O b. Seismic velocity (p/s in fps)

• c. Conditions of volcanic flow

* 2. Pediments (rock type)

a. Location and map area in nm2  8 L 1,
* b. Exposure condition Thin mantle of p

* c. Distance into siting valley from rock
exposures (max./in./avg.) (nm) 4/0.5/2

C. SUBSURFACE ROCK CONDITIONS IN SITING VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

1. Depth to Rock (map area in nm 2 )

0 a. 0 to 250 feet (excluding pediments) 134

o 1) Type BR, B

O 2) Seismic velocity (p/s in fps)

O b. 250 to 500 feet .

o 1) Type

O 2) Seismic velocity (p/s in fps)

O c. 500 to 1000 feet

o 1)Type

O 2) Seismic velocity (p/s in fps)

O d. Greater than 1000 feet 7 [

o 1) Type

O 2) Seismic velocity (p/s in fps)

e C. unknown 354 71%

Quality of Data
* Data derived from detailed studies
0 Estimated values
O Insufficient data available

/



TOPOGRAPHY AND GEOLOGY
3.13.2 Growler-Childs Valley (LWBGR)

4%

96%
ion contiguous with San Cristobal and Mohak-Tule Valleys across Valley boundary
ion contiguous with Sentinel Plain across V'alley boundary

/andesitic to basaltic volcanics

1%i Along flanks of Aguila, Granite, Aqua Dulce, Crater, Childs, Growler and Little Ajo Mountatns ,

1% Adjacent to Childs Mountain

e of pediment deposits

F_ ,T -,

1 Greater than 250 feet, maximum depth unknown

AD-



QUALITY D
OF DATA DES CR I PT I O

O 2. Rock (Section 2.2.3) in Basin-Fill Deposits

(map area in nm2)

o a. Type

o b. Depth to (ft.)

O c. Thickness (ft.)

O d. Seismic velocity (p/s in fps)

D. BASIN-FILL DEPOSITS IN SITING VALLEY

0 1. Undifferentiated Deposits (A; map area
in nm2) 274 55%

0 a. Thickness (max./min./avg. in ft.)

o b. Lithology Sand, silt,

O c. Seismic velocity (p/s in fps)

* 2. Alluvial Fan Deposits (A5; map area in nm2 ) 185 370

O a. Thickness (max./min./avg. in ft.)

0 b. Lithology Sand, silt,

O c. Seismic velocity (p/s in fps)

* 3. Playa Deposits (A4 ; map area in nm
2) 1 1%

O a. Thickness (max./min./avg. in ft.)

O b. Lithology Sand, silt

O c. Seismic velocity (p/s in fps)

) 4. Wind-blown Sand (A3 ; map area in nm
2 ) 00

.aThickness- (max./min./avg. in ft.) N/A

b. ith ol'ogy_ N/A

c. Seismic velocity (p/s in fps) N/A

* 5. Pediment Deposits (A6; map area in nm2) 8 1%

0 a. Thickness (max./min./avg. in ft.)

Sb. Lithology -Sand, graveI

O c. Seismic velocity (p/s in fps)

0 6. Stream Channel and Floodplain Deposits
(AI; map area in nm2) 28 5%

0 a. Thickness (max./min./avg. in ft.)

0 b. Lithology Sand, gravel,

C1 0 c. Seismic velocity (p/s in fps)

Quality of Data
* Data derivea from detailed studies
* Estimated values
O Insufficient data availableL ' I



DESCRIPTION

2.2.3) in Basin-Fill Deposits
2)

ity (p/s in fps)

S IN SITING VALLEY I
ed Deposits (A; map area 274 55%

x./min./avg. in ft.)

" _ _Sand, silt, gravel

ity (p/s in fps)

Deposits (A5; map area in nm 2 ) 37%

./min./avg. in ft.)

Sand, silt, gravel

ity (p/s in fps)

(AA4; map area in T=2)

x./min./avg. in ft.)

Sand, silt

ty (p/s in fps)

, nd (A 3 ; map area in nm2) o0 0 __

ix./min./avg. in ft.) N/A

ocity (p/s in fps) N/A

sits (A6; map area in nm2) 8 %

uax./min./avg. in ft.)

Sand, gravel
ity (p/s in fps)

1i and Floodplain Deposits
in r im2) 2 8  5%

max./min./avg. in ft.)

Sand, gravel, silt

locity (p/s in fps)

I studies

* I,



QUALITY D E S C R I P T IO N
OF DATA

0 7. Terrace Deposits (A2 ; map area in nm
2) 0 7 0

a. Thickness (max./min./avg. in ft.) L_ A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

O 8. General Summary of Relationships

E. TECTONIC FRAMEWORK OF SITING VALLEY

* 1. Capable or Potentially Capable Fault None

a. Total length (nm) N/A

b. Relative location N/A

c. Type of faulting, regional and local attitudes N/A
(strike and dip)

d. Minimum age of displacement or seismic activity N/A
(y.b.p.)

* 2. Volcanism None

a. Volcanic flows N/A

1) Location and map area in Xn2  N/A

2) Minimum age of volcanic activity N/A
(y.b.p.)

F. SEISMICITY OF SITING VALLEY (Regional seismicity
discussed in Section 2.2.4 of text)

0 1. Relative Pre-Instrumental Historic Activity
(Section 2.2.4)

o 2. Site Area Seismic Activity (instrumental,
1927-1973; Section 2.2.4)

O a. Events (epicenters) greater than M=6.0 None

0 b. Events (epicenters) greater than M=.0 and less M=4.1 in 1
than M=6.0

O c. Events less than M=1.O (includes microearthquakes)

* 3. Maximum Reported Modified Mercalli Intensity VI

* 4. Source of Possible Ground Acceleration Levels
(Section 2.2.4) Salton Trol

* a. Maximum credible level (g) 0.15

0 b. Most probable level (g)

G. Additional Remarks

C% Quality of Data
0 Data derived from detailed studies
0 Estimated values

O Insufficient data available

/
• I JI I'



2) 0 0

N/A
L N/A

t None

N/A
___________ N/A

attitudes 
N/A

c activity N/A

None

N/A

N/A

N/A

seismicity

Activity

rental,

0 None
.0 and less

eM=4.1 in 1964

oearthquakes)

Intensity VI

tion Levels
Salton Trough (Zone 1) Transition Zone (Zone 2) Diffuse Seismic ity (Zone 3)

0.1s 0.1 0.2

0.05

I--



I

I SOILS ENGINEERING PROPERTIES(1) 26

Unified soil classification (2) (GM-SM)

AASHO soil classification (A-i, A-2)

Percent Passing #4 sieve

Perce.nt pass.i.n.g # 4 0 si eve

Percent passing #200 sieve

II Liquid limit/plasticity index

Surface consistency

Dry density (pcf)

Permeability (cm/sec)

In-situ shear strength (psi)1
In-situ angle of internal friction (degrees)

Cohesion (psi)

Shrink-swell potential

Coefficient of compressibility (in2/lb.)

In-situ CBR

I Recompacted CBR

.... ....... .... .. - -. . ,.. . ... ... ...., .. ....... . ... ._.. . ... _ . ... .. .. ... .. . .. ...... ... . ..... ... .. ...General surface moisture condition

Compressional wave velocities (fps)

Shear wave velocities (fps)

j Deleterious substances Caliche present

ENGINEERING DESIGN EVALUATIONS(I)

Suitability as impermeable membrane when recompacted (Poor)

Suitability as source of sand/fill material (Fair)/(Fair)

Suitability as source of aggregate/base course (Fair)/(Fair)

Near surface foundation design characteristics (High strength)

Fxcavation limitations and slope angle (Difficult rip-

ling or blasting

Explanation Highly cemented

No literature available and data not extrapolated (A5T)

, (SP-SM) No literature available and data extrapolated

SP-SM Data available in literature

(1)0
Surface soils only, depth of less than 5 feet -4

• "Related geologic unit(s) shown in Additional "
Remarks (e.g., AlQ)

".



3.13.3 Grow]

____________________________MAP UNIT NUMBER

1 26 27 28 23133

(GM-SM) . M-SM GM, SM, ML (GM-SM) GM, SM,I !L, CL GM,SM,SP,ML,Ct

(A-1, A-2) A-1, A-2 A-l,A--2,or A-4 A-1, A-2 A-2, A-4 or A-6 A-2,A-4 or A-6

35-80 40-95 45-100 4-0

30-55 40-65 38530-100

15-35 25-50 20-75 50-100

NP/NP 20-30/0-10 0-40/0-25 lo-45/NP-30

10-2 to 10-4  101to 03 10-1 t 104 0 2 to

Low Low Low to moderate Low to moderat

Caliche present Caliche present Sulfate present
in some areas in some areas

(Poor) Poor Poor (Poor) Poor Fair to Poor

.jai)(ar Fair/Good Poor/Fair (Fair)/(Good) Poor/Fair Fair/Fair

(Fair)/(Fair) Fair/Fair Fair/Fair (Fair)/(Fair) Poor/Poor Fair/Fair

*(High strength) Mod, strength Mod, strength (Mod, strength) Mod, strength
Low comp. Mod. expan. Low strength

.... .... Mod. comp.

(Difficult rip- Sloughing and/or Sloughing .(Difficult rip- Ravelling
ling or blasting) dif ficult rippin 450-600 ing or blasting) 450,.600 450-.600

Highly cemented. Highly alkaline; Highly alkaline Depth to rock AQ) ujett

(AS) crrsie o orosveto less than 10 Sbett
(5)croietcorsv to feet; channel floodS

uncoated steel; uncoated steel;- (A6Q. (AlQ
(ASQT; A~cQ) possible sulfate QQ

corrosion of
concrete;
(A5 Q



SOILS EllNGINEzERIING
3.13.3 Growler-Childs Valley

MAP UNIT NUMBER ___ _____ _______

28 29 31 33 34

GM, SM, ML (GM-SM) GM, SM, I L, CL GM,SM,SP,ML,CL (?4L-CL)

2A-1,A-2,or A-4 A.-1, A-2 A-2, A-4 or A-6 A-2,A-4 or A-6 (A-4 or A-6)

40-95 45-100 45-100

40-65 30-85 30-100 A-4 or A-6

25-50 20-75 50-100

20-30/0-10 0-40/0-25 10-45/NP-30

10-4 10-1 to 10-3 10-1 to 10-4 1-2 to

Low Low to moderate Low to moderate

[present Sulfate present
areas in some areas

Poor (Poor) Poor Fair to Poor (Fair)

od Poor/Fair (Fair)/(Good) Poor/Fair Fair/Fair NA/(Poor)

r F air/Fa .ir (Fair)/(Fair) Poor/Poor Fair/Fair NA/ (Poor)

ength Mod, strength (Mod. strength) Mod. strength
Mo.expan. Low strength (Low strength)

Mod. comp. (Mod. comp.)
and/or Sloughing fDifficult rip- Ravelling

t rippind 450-.600 ing or blasting) 450-600 450-.600 > >600)

ikaline; Highly alkaline Depth to rock (AQ) Subject to Subject to
e to corrosive -to less than 10 canlfodn ~sbefodn
steel; uncoated steel, feet; canlfodn osbefodn

CQ) possible sulfate (A6 Q (Al Q) (A4 Q
* corrosion of

concrete;
*(A5 Q)

N 3



QUALITY
i OF DATA D E S C R I P T I O N

A. SURFACE WATER IN SITING VALLEY
0 1. Playas; Intermittent and Perennial Lakes Unnam

O a. Duration of surface water (wks.)

0 b. Maximum extent (nm2) 0.5

0 c. Water depth (avg. in ft.)

0 d. Source of water Dire

O e. Water quality

0 2. Springs None

a. Duration of flow (wks.) N/A

b. Estimated maximum flow rate (gpm/season) N/A

c. Water quality _ N/A

3. Rivers or Streams Danie

G a. Rate (gpm) and duration of flow (wks.) Ephe-

O b. Water quality

j B. HYDROLOGIC CHARACTERISTICS OF SITING VALLEY

0 1. Drainage Channel (PR=Primary; S=Secondary) Dani

O a. Depth of incision (max./min./avg.; ft.) /

0 b. Width (max./min./avg.; ft.) 1500

G c. Gradient (ft./mi.) 30 t

Q d. Channel bottom characteristics Grayv

. ChanQnelcross-section (schematic)-

f. Channel spacing (avg. in ft.) Main

g. Preliminary flood susceptibility rating
(Section 2.4.1)

0 2. Preliminary Flood Susceptibility Rating of
Major Landform Surfaces (Section 2.4.1) CFl

o a. Undifferentiated deposits

O b. Alluvial fans

O c. Playas (active=a; mantled=m)

O d. Pediments

O e. Sand dunes

O f. Terraces (l=lake; r=river)

C. ADDITIONAL REMARKS Obs
Iint

Quality of Data
0 Data derived from detailed studies
G Estimated values
O Insufficient data availableI /-



3.13.4 Growler

Lakes Unnamed playa (west-central portion of Valley)

0.5

Direct precipitation and surface run-off

None

N/A
n)N/A __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_N/A

Daniels Arroyo Growler Wash San Cristobal Wash Ten-Mile Was]:

) Ephemeral Ephemeral Ephemeral Ephemeral

LEY

ry) Daniels Arroyo (PR) Growler Wash (PR) San Cristobal Wash (PR) Ten-Mile Wash (PR)

_______4 / 4to 5

____ 1500/50 est./ 3000/75 est./ 3000/100 est./ 1500/75 est./

30 to40 20 20 10 to 20

Gravel, sand Gravel, sand Gravel, sand Gravel, sand

*Main channel Main channel Main channel Main channel
... ... .............. -'i.- i1;ii . i.i2 i.!,,,

rting of.4.1i) CFlI~ ~ ~

. .........

Observations are based mainly on a brief aerial reconnaissance and,
interpretation of topographic maps and aerial photographs.

-%v * __ , xI __ _



SURFACE HYDROLOGY
3.13.4 Growler.-Childs Valley (LWBGR)

tral portion of Valley)

surface run-off

Growler Wash San Cristobal Wash Ten-Mile Was! I4umerous unnamed streams

Ephemeral Ephemeral Ephemeral 4phemeral

Growler Wash (PR) San Cristobal Wash (PR) Ten-Mile Wasi (PR) numerous unnamed washes (S)_

13000/75 est./ 3000/100 est./ 1500/75 est./ !

20 20 10 to 20 l0 to 40

Gravel, sand Gravel. sand Gravel, sand Gravel, sand

-Main channel Main channel Main channel

. .... ... ............

Cr1 CFl CFl

mainly on a brief aerial reconnaissance and
aphic maps and aerial photographs.

Ii



QUALITY
OF DATA D E S C R I P T IO N

A. DEPTH TO GROUNDWATER WITHIN BASIN-FILL
MATERIAL IN SITING VALLEY (Map area
in rm2)

O 1. 0 to 50 feet

O a. 0 to 25 feet

O b. 25 to 50 feet

O 2. 50 to 100 feet
3. Greater than 100 feet 318

0 4. Unknown or not Present 181

B. AQUIFER CHARACTERISTICS IN VALLEY

o 1. Type of Aquifer (B=Basin Fill; P=Perched;
R=Rock; u=unconfined; c=confined)

O a. Map area and extent

* b. Depth to aquifer (ft.)

O c. Thickness (ft.)

0 d. Composition Sand 4

O e. Porosity (%)

O f. Specific yield (%)

0 g. Transmissivity (ft2/day)

O h. Specific capacity (gpm/ft. of drawdown)

O i. Total pumpage (ac. ft./unit time)

o) j. Groundwater ownership rights Luke

C. WATER BUDGET FOR VALLEY

O i. Total Recharge (ac. ft./unit time)

O 2. Total Discharge (ac. ft./unit time)

D. ADDITIONAL REMARKS (a)

Quality of Data
* Data derived from detailed studies
* Estimated values
O Insufficient data available

/
"- . . . .. .. .. .. . .. I r ,f, ,. ,, , . .. . . . J ..I I . . -i "



I 4

GROUNDWATER HYDROLOGY
3.13.5 Growler-Childs Valley (LWBGR)

PT I ON

IN BASIN-FILL
Cap area

318 64% Less than 200 to 500 feet

out 181 36% Unknown, but probably greater than 500, if present

IN VALLEY

4asin Fill; P=Perched; Bu Ru
2; c=confined) see Additional Remarks (At

460 12

Sand and gravel Granitic basement rock UlPrI

/day)

yq/ft. of drawdown)

rt./unit time)

Lp rights Luke AFB

ft./unit time)

ft./unit time)

(a) Rock aquifer is fracture system

I7

I, -

Ss * -" .. . . . , '| =
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QUALITY DESCRIPTION
OF DATA

A. VALLEY AREA, OWNERSHIP AND LA14D UTILIZATION

2* 1. Area of Valley 385nm 100%

* a. Area of valley excluded by major cultural
or quantity-distance exclusions and 10% 63nm2  16%
grade exclusion

* 2. Area of Siting Valley (A.1 minus A.l.a) 322r= 2  84-

* 3. Ownership DoD, U.S. Air Fo

• a. Portion of siting valley with direct DoD 2 I
ownership 322__ _ 100%

O b. Co-owners or administrators of co-use land/ Along north DoD baq
constraints on DoD property -

* 4. Contiguous BLM or Co-Use Lard (area 175 BI A (Sent
in nm2)

o a. Relative location in or adjacent to valley Adjacent to Valley

O b. Present use

B. CULTURAL AND QUANTITY-DISTANCE EXCLUSIONS

* 1. Location of 18 nm Arc (population greater
than 25,000)

0 2. Location of 3 nm Arc (population greater
than 5,000) None

* 3. Other 1781) foot exclus$

C. CULTURAL IMPROVEMENTS

o 1. Roads/Railroads (name) U.S. 85

a. Relative location in valley Transects Valley
.. approximately no

o b. Type and use Improve4 public

* 2. Utilities(type) Electrical tran

* a. Relative location in valley Parallel and adja

* D. MILITARY/GOVERNMENTAL USE AREAS North Tactical

* 1. Location and areal extent (nm2  West-central port

* 2. Present use Air-to-ground

O 3. Future use
o 4. Decontamination necessary prior to siting Ordance present,

E. ADDITIONAL REMARKS

Quality of Data
0 Data derived from detailed studies
* Estimated values
0 Insufficient data available

~ *1~./



OWNERSHIP A'ND CULTUPAL FEATURES
3.14.1 Sentinel Plain (LWBGR)

f2

385nm2  100%

63n2 16%

322na2  84%

DoD, U.S. Air Force, Luke APB

322r= 2  100%

Along north DoD boundary, near Range #11, farmers have apparently encroached
on DoD property - legal status unknown

175 BLR (Sentinel Plain)

Adjacent to Valley north of LWBGR boundary

r

r
None

1781 foot exclusion corridor along U.S. 85

Tucson, Cornelia and
U.S. 85 Unnamed roads and jeep trails Gila Bend Railroad
Transects Valley Transects Valleyapproximately north-south Randomly transect Valley a!oxirnatel norh-south

ImproveI public higwayediio untmp-rove4i Private; unrestricted.b highway [_and restricted civilian
Electrical transmission lines

Parallel and adjacent to U.S. 85 and extending to Range #2

North Tactical Range

West-central portion of Valley; approximately 60nm
2

Air-to-ground target training conducted by Luke APB

ng Ordance present, but type unknown

V



QUALITY
OF DATA D ESC RI P TIO N

A. TOPOGRAPHIC GRADIENT IN SITING VALLEY

*1. Area with Less than 10% Grade 322rm 2  100%

2. Area with 5 to 10% Grade 4=~2 I

03. Area with 0 to 5% Grade 318ruu2  99%
* oatcno duilPse rVle Western portion contiguous

Boundaries Having Less than 10% Grade Eastern portion contiguous

B. ROMK CODITIMS - IN SITING VALE

(BR=Basement, B=Bedrock, VF=Volcanic Flows)

I 1. Exposed Rock (category/symlbol/lithology) B/13gT/basalt; VF/12T/ande

*a. Location and map area in nm2  27 ~8% ,Aongfl.

* b. Seismic velocity (p/s in fps)
_______ - - -. Sentinel 'Basa1TtM-07-M

*c. Conditions of volcanic flow hill ~adiajdrainage of

0 2. Pediments (rock type) __

*a. Location and map area in pnm 2  5 2%13~~
* b. Exposure condition Thin to non-existent mariti

* c. Distance into siting valley from rock

exposures (max./mir./avg.) (nm) 7/0.5/3.5

C. SUBSURFACE ROCK CONDITIONS IN SITING VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

1. Depth to Rock (map area in n 2)

*a. 0 to 250 feet (excluding Pediments) 92 128% 1 1
01) Type BR, B, VP

0 2) Seismic velocity (p/s in fps)

o b. 20to 500 f' .et __ 111
o01 Type

o 2) Seismic velocity (p/s in fps)

o500 to 1000 feet

o 1) Type

0 2) Seismic velocity (p/s in fps)

0 d. Greater than 1000 feet.- 11111
o 1) Type

0 2) Seismic velocity (p/s in fps)

* e. Unknown 198 62% GretI

Quality of Data
* Data derived from detailed studies
* Estimated values
o insufficient data available



TOPOGRAPHY AND GEOLOGY
3.14.2 Sentinel Plain (LWBGR)

-122n=2 1 ?9%1
4ri2 I

318 2  99%

Western portion contiguous with Growler-Childs Valley across Valley boundary
Eastern portion contiguous with Gila Bend Plain across Valley boundary

B/I3QT/basalt; NFF/12T/andesitic to basaltic volcanics

27 Along flanks of Crater Range and Sauceda. Fountains, within Sentinel Flow, 24nm2

-senti ,.a el' Basilt Flow: Fairly smooth low topography with scattered low relief
hi_.1_Is~x ad drainage of basin-fill deposts Pmay have th&41nantlg (10%).

5 2% Along flanks of Sauceda Mountains

Thin to non-existent mantle of pediment deposits

7/0. 5/3.5

S92 128%
BR, B, VF

1 9 8 I I 2 .. .... 2 0 e , m i m d t

198 I62% | j Greater than 250 feet, nmaximum depth unknc(fl

:- -.. .. .... .... .. .. .. L, ... .. ." -"j 'I



QUALITY
OF DATA D E S C R I P T 1 0 N

O 2. Rock (Section 2.2.3) in Basin-Fill Deposits
(map area in nm2)

o a. Type

O b. Depth to (ft.)

0 c. Thickness (ft.)

0 d. Seismic velocity (p/s in fps)

D. BASIN-FILL DEPOSITS IN SITING VALLEY

0 1. Undifferentiated Deposits (A; map area
in nm2 ) 132 4

O a. Thickness (max./min./avg. in ft.)

a b. Lithology Sand, siltf

O c. Seismic velocity (p/s in fps)

* 2. Alluvial Fan Deposits (A5; map area in nm 2) 153

O a. Thickness (max./min./avg. in ft.)

a b. Lithology S~nd, silt,

O c. Seismic velocity (p/s in fps)

0 3. Playa Deposits (A4 ; map area in nm
2 ) 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 4. Wind-blown Sand (A3 ; map area in nm
2 ) 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A
* 5. Pediment Deposits (A6; map area in nm 2)

O a. Thickness (max./min./avg. in ft.)

* b. Lithology Sand, grav

O c. Seismic velocity (p/s in fps)

* 6. Stream Channel and Floodplain Deposits I
(A,; map area in nm2) 5

O a. Thickness (max./min./avg. in ft.)

0 b. Lithology Sand, silt,

0 c. Seismic velocity (p/s in fps)

-Quality of Data
0 Data derivea from detailed studies
* Estimated values
O Insufficient data available

. . ....... . .. .. ...' , , ,-*_-. i ' ,



D E S C R I P T i 0 N

2.2.3) in Basin-Fill Deposits

t.)

(f t.)

betity (p/9 in fps)

ITS IN SITING VALLEY

ated Deposits (A; map area

132 41%
(mx./min./avq. in ft.)

Sand, silt, gravel

locity (p/s In fps)

D.posits (AS; map area in m2) 153 47

(m.x./min./avq. in ft.)

______Si~nd, silt, gralyel

mloity (p/ in fps)

its (AV; map area in tim2 ) 0 0

(maIx./min./,vq. in ft.) N/A

N/A

locity (p/s in fps) N/A

Sand (Al; map area in nm2) 0 a

I (m.ux.!'nn./avq. in ft.) N/A

N/A _ _ _ _ _ _ _ _ __ _ _ _ _ _ _

Welh-i t y (p/s in fps) N/A_______ ___________

spo~its CAb; map area in nm2) 5 2%I
S(m~x./min./.ivq. in ft.)

F Sand, gravel

mieocity (1/-% in fps)

fnl and Floodplain Deposits
ea in nm 2 ) 5 2%

Sand, silt, gravel

vwl_,'-ity (p/s in fps)

I l ,tuit,1 S

ibt.

/ . ,



QUALITY D E S C R I P T IO N
OF DATA

* 7. Terrace Deposits (A2 ; map area in nm
2 ) I

O a. Thickness (max./min./avg. in ft.) N/A

O b. Lithology N/A

O c. Seismic velocity (p/s in fps) N/A

O 8. General Summary of Relationships

E. TECTONIC FRAMEWORK OF SITING VALLEY

Q 1. Capable or Potentially Capable Fault None

a. Total length (nm) N/A
b. Relative location N/A

c. Type of faulting, regional and local attitudes N/A
(strike and dip)

d. Minimum age of displacement or seismic activity N/A
(y.b.p.)

* 2. Volcanism

* a. Volcanic flows Sentinel

* 1) Location and map area in Tm2 Along nc

* 2) Minimum age of volcanic activity 1.7 mill

(y.b.p.)

F. SEISMICITY OF SITING VALLEY (Regional seismicity
discussed in Section 2.2.4 of text)

1 1. Relative Pre-Instrumental Historic Activity None
(Section 2.2.4)

0 2. Site Area Seismic Activity (instrumental,
1927-1973; Section 2.2.4)

* a. Events (epicenters) greater than M=6.0 None

* b. Events (epicenters) greater than M-1.0 and less

than M=6.0 None

O c. Events less than M=1.0 (includes microearthquakes)

* 3. Maximum Reported Modified Mercalli Intensity V to VI

o 4. Source of Possible Ground Acceleration Levels
(Section 2.2.4) Salton

* a. Maximum credible level (g) 0.12

O b. Most probable level (g)

SG. Additional Remarks

Quality of Data
0 Data derived from detailed studies

N Estimated values

O Insufficient data available

__ _ _ _ _ _ _ _ _ _ _ _ _/



ON

in nM2) 0 1 0

______________ N/A
N/A

N/A

Fault None

N/A

N/A

Dal attitudes N/A

_lsmic activity N/A

Sentinel Flow

Along northern portion of Valley; approximately 25

ty 1.7 million

1 seismicity

wic Activity None

trumental,

N=6.0 None

N=1.0 and less
None

croearthquakes)

1i Intensity V to VI (?)

ration Levels Salton Trough (Zone 1) Transition Zone (Zone 2) Diffuse Seismicity (one 3)

0.12 0.1 0.2

0.01

/oA

9 .',



SOILS ENGINEERING PROPERTIES ( 2)
27 2

Unified soil classification (2) GM-SM GM, SM1

AASHO soil classification A-l,A-2 A-l,A-

Percent passing" #4 sieve 35-80 40-9S

Percent passing #40 sieve 30,55 40-6S

Percent passing #200 sieve 15.35 25-50

Liquid limit/plasticity index NP/NP . .... 20-30

Surface consistency

Dry density (pcf)

Permeability (cm/sec) 10"2 to 10-4  10
-1 4

In-situ shear strength (psi)

In-situ angle of internal friction (degrees)

Cohesion (psi)

Shrink-swell potential Low Low

Coefficient of compressibility (in2/lb.)

In-situ CBR

Recompacted CBR

General surface moisture condition

Compressional wave velocities (fps)

Shear wave velocities (fps)

Caliche present SulfatA
Deleterious substances inlsohe ares in sain some areas in sowA

ENGINEERING DESIGN EVALUATIONS(M)

Suitability as impermeable membrane when recompacted Poor Poor

Suitability as source of sand/fill material Fair/Good Poor

Suitability as source of aggregate/base course Fair/Fair Fair/

Near surface foundation design characteristics Mod. strength Mod.

Excavation limitations and slope angle Sloughing and/or Slou
difficult rippin 450

Explanation . Highly alkaline; Highi

No literature available and data not extrapolated corrosive toi ' uncoated steel, uncoaj
(SP-SM) No literature available and data extrapolated (ASQT; A5CQ) poss

Data available in literature col(1) ' o0 concm

tSurface soils only, depth of less than 5 feet -4 (A5Q)|

s olRelated geologic unit(s) shown in Additional -!
Remarks (e.g., A-)

LA*;



SOILS ENGINEERING
3.14.3 Sentinel Plain

______________MAP UNIT W.I4BER

_______27 28 29 31 33

GM-SM GM, SM, ML. (GM-SM) GM,SM,ML*CL GMSX, ML.U,CL
__ ,I .- - - .- - --- -- - .1--. A-2,A-4 Aa-6

A-1,A-2 4.-l,A-2 or A-4 (A-1, A-2) A-2,A-4, or A-6 or A-7 ___

35-80 40-95 0400 45-100

30-55 40-65 50-85 30-100
15v-35 25-50 20-75, 50-100

NP/NP 20-30/0 -10 0-.40/0.25 10-45/NP-30

10,,2to 10,4  10-1 to 10-3 0-L~- to 10-4  
- 0o2 to L4

Low LOW Low to moderate Low to moderate

Caliche present Sulfates present
in some areas in some areas

dPoor Poor -(Poor) Poor Fair to Po or

- Fair/ood Poor/Fair (Fair)/ (Good) Poor/Fair Fair/Fair

Fair/Fair Fair/Fair (Fair)/(Fair) Poor/Poor Fair/Fair

Mod, strength Mod, strength (Mod. strength) Mod, strength Low strength
Low comp. Mod. expan. kod. Comp.

Sogigand/or Slug ITi (Difficult rip- Ravelling
dif ficult rippinc 450-600 ~ ing or blasting) 450-600 450-.600

*~Highly alkaline; Highly alkaline; Depth to rock (AQ) Sbett
Igroltd~ corrosive to corrosive to less than 10floig

poaed A uncoated steell uncoated steelp feet1  (Alg)
patdA5QT; A5cQ) possible sulfate (A6 Q)

corrosion of
0 concrete$

"hn 5 feet *j ASQ
hdditional



QUALITY
OF DATA D E S C R I P T IO N

A. SURFACE WATER IN SITING VALLEY
1 1. Playas; Intermittent and Perennial Lakes None

a. Duration of surface water (wks.) N/A
b. Maximum extent (nm2) N/A
c. Water depth (avg. in ft.) N/A

d. Source of water N/A

e. Water quality N/A

* 2. Springs None

a. Duration of flow (wks.) N/A

b. Estimated maximum flow rate (gpm/season) N/A

C. Water quality N/A

3. Rivers or Streams Midway Wash

* a. Rate (gpm) and duration of flow (wks.) Ephemeral

O b. Water quality

B. HYDROLOGIC CHARACTERISTICS OF SITING VALLEY

0 1. Drainage Channel (PR=Primary; S=Secondary) Midway Wash (PR)

o a. Depth of incision (max./min./avg.; ft.)

* b. Width (max./min./avg.; ft.) 1500/50 est./

* c. Gradient (ft./mi.) 20

d. Channel bottom characteristics Gravel, sand

o e. Channel cross-section (schematic)

o f. Channel spacing (avg. in ft.)

* g. Preliminary flood susceptibility rating CF1
(Section 2.4.1)

O 2. Preliminary Flood Susceptibility Rating of

Major Landform Surfaces (Section 2.4.1)

O a. Undifferentiated deposits ....

O b. Alluvial fans

O c. Playas (active=a; mantled=m)

O d. Pediments

O e. Sand dunes

O f. Terraces (l=lake; r=river)

C. ADDITIONAL REMARKS Observations are
interpretation of

Quality of Data
* Data derived from detailed studies
* Estimated values
O Insufficient data available

/



SURFACE HYDROLOGY

3.14.4 Sentinel Plain (LI'BGR)

N

unial Lakes None

N/A

N/A

N/A

____ ___ ___ ___ N/A'

None

N/A

-,/season) N/A

N/A

Midway Wash Ten-Mile Wash Numerous unnamed streams

r (wks.) Ephemeral Ephemeral Ephemeral

'ING VALLEY
wecondary) Midway Wash (PR) Ten-Mile Wash (PR) Numerous unnamed washes (PR and S)

-g.; ft.)

1500/50 est./ 1500/75 est./

20 10 to is 10 to 30

Gravel, sand Gravel, sand Gravel, sand

LC)

-y rating CFI CF1

Ity Rating of
ion 2.4.1)

Observations are based mainly on a brief aerial reconnaissance and
interpretation of topographic maps and aerial photographs.



QUALITY
OF DATA D E-S C R I P T IO N

A. DEPTH TO GROUNDWATER WITHIN BASIN-FILL
MATERIAL IN SITING VALLEY (Map area
in m 2)

O 1. 0 to 50 feet

0 a. 0 to 25 feet

0 b. 25 to 50 feet

O 2. 50 to 100 feet

* 3. Greater than 100 feet 275 85%

o 4. Unknown or not Present 47 15%

B. AQUIFER CHARACTERISTICS IN VALLEY

0 1. Type of Aquifer (B=Basin Fill; P=Perched;
R=Rock; u=unconfined; c=confined) Bu

O a. Map area and extent

* b. Depth to aquifer (ft.) 408

O c. Thickness (ft.)

* d. Composition Sand and gravel

O e. Porosity (%)

O f. Specific yield (%)

O g. Transmissivity (ft?/day)

O h. Specific capacity (gpm/ft. of drawdown)

o i.0Total pumpage (ac. ft./uit ti)

* j. Groundwater ownership rights Luke AFB

C. WATER BUDGET FOR VALLEY

O I. Total Recharge (ac. ft./unit time)

O 2. Total Discharge (ac. ft./unit time)

D. ADDITIONAL REMARKS

Quality of Data
* Data derived from detailed studies
* Estimated values
O Insufficient data available

______ ______ _"_1 ___ll ___......_____ ,___ .. ... ..... . - - .| • . t!| 1



GROUNDWATER HYDROLOGY
3.14.5 Sentinel Plain (LWBGR)

-N

KN-FILL
Kern

275 85% Less than 200 to 600 feet

47 15% Unknown, but probably greater than 600 feet, if present

BY

.11; P=Perched;
fined) Bu

408

Sand and gravel

f drawdown)

Luke AFS

Lt time)

it time)
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QUALITY V A SCRIPTION~~~~~OF DATADESCRIPTION

A. VALLEY AREA, OWNERSHIP AND LAND UTILIZATION

1 1. Area of Valley 321nm2

* a. Area of valley excluded by major cultural
or quantity-distance exclusions and 10% 127nm
grade exclusion

0 2. Area of Siting Valley (A.1 minus A.l.a) 194m

* 3. Ownership DoD,
0 a. Portion of siting valley with direct DoD 194nm

ownership

0 b. Co-owners or administrators of co-use land/ None
j constraints

0 4. Contiguous BLM or Co-Use Land (area 200
in nm2 )

Q a. Relative location in or adjacent to valley Adjac

O b. Present use

B. CULTURAL AND QUANTITY-DISTANCE EXCLUSIONS

0 1. Location of 18 nm Arc (population greater None
than 25,000)

0 2. Location of 3 nm Arc (population greater None
than 5,000)

* 3. Other 1780

C. CULTURAL IMPROVEMENTS

1 1. Roads/Railroads (name) U.S'

ITran
a. Relative location in valley of V

Q b. Type and use Imp

S 2. Utilities (type) Elec,

* a. Relative location in valley Adjii I D. MILITARY/GOVERNMENTAL USE AREAS Gila

1f i. Location and areal extent (nm2 ) app

I * 2. Present use P

O 3. Future use

0 4. Decontamination necessary prior to siting -

E. ADDITIONAL REMARKS

Quality of Data
0 Data derived from detailed studies
* Estimated values

O Insufficient data available /

- A



OWNERSHIP AND CU,
3.15.1 Gila Ben

ON

321nm2  100%

127nm2  40%

a) l94nm2  60%

DoD, U.S. Air Force, Luke AFB

194n n 2  100% 1
d/ None

200 BLM

ey Adjacent to Valley north of LWBGR boundary

ater None

t er None

1780 foot exclusion corridor along U.S. 85

U.S, 85 Unnamed roads and jeep trails Tucson, Cornelia and G
Transects northwest port.onn Transects northwest pa
of Valley; approximately north-south Randomly transect Valley approximately northeas

mo pb hhImproved and unimproved; milit, r9' aprxmtlynrhaImproved;public highwa .and restricted civilian Private; unrestricted:

Electrical transmission line

Adjacent to US. 85 and at Gila Bend Auxiliary Field

Gila Bend Auxiliary Field East Tactical Range
Northwest end of Valley; Central portion of yalley;
approximately 1.5nm 2  approximately 200nm
Provides facilities and combat Air-to-ground target training
support for Luke AF.B .conductedb Luke AFB

ting Ordance present, but type unknown

. A



OWNERSHIP AND CULTURAL FEATURES
3.15.1 Gila Bend Plain (LWBGR)

Luke AFB

rth of LWBGR boundary

................... .... .... ....... .....

rridor along U.S. 85

Unnamed roads and jeep trails Tucson, Cornelia and Gila Bend Rai'lroad

Transects nortestr1n~v±iy
ly north-south Randomly transect VallAey approximately northeast-southwest.

Impjrov .ed and unimproved; military'
ay adrtrte ciiinPrivate;unetit........

d at Gila Bend Auxiliary Field

ield East Tactical Range
ey; Central portion of alleyl

approximately 2O0nm .. .....
d combat irtgoudtarget training'

qpnducted bLueAPB........

Ordance present, but type unknc wn



QUALITY
OF DATA D E S C R I P T I 0 N

A. TOPOGRAPHIC GRADIENT IN SITING VALLEY

* 1. Area with Less than 10% Grade 194nnm2 100%

* 2. Area with 5 to 10% Grade 2nm2  1%

* 3. Area with 0 to 5% Grade 192nm2  99%

* 4. Location of Alluvial Passes or Valley
Boundaries Having Less than 10% Grade Western porti

B. RUCK CONDITINS IN SITING VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

* 1. Exposed Rock (category/symbol/lithology) BR/MP/gneiss

O a. Location and map area in = 2  10 5%

O b. Seismic velocity (p/s in fps)

c. Conditions of volcanic flow N/A

* 2. Pediments (rock type)

* a. Location and map area in rn 2  31 6%

* b. Exposure condition Thin to non-e

* C. Distance into siting valley from rock 7/0.5/4
exposures (max./min./avg.) (nm)

C. SUBSURFACE ROCK CONDITIONS IN SITING VALLEY

(BR=Basement, B=Bedrock, VF=Volcanic Flows)

1. Depth to Rock (map area in nm 2)

0 a. 0 to 250 feet (excluding pediments) 58 30%

0 1) Type BR, B, VF

O 2) Seismic velocity (p/s in fps)

0 b. 250 to 500 feet

O 1) Type

O 2) Seismic velocity (p/s in fps)

O c. 500 to 1000 feet

0 1) Type

O 2) Seismic velocity (p/s in fps)

0 d. Greater than 1000 feet

o 1) Type
O 2) Seismic velocity (p/s in fps)

e e. Unknown 95 491

Quality of Data
* Data derived from detailed studies
a Estimated values
O Insufficient data available

S-, ----- ~ a/



TOPOGRAPHY AND GEOLOGY
3.15.2 Gila Bend Plain

O N

Y1
194.nm 2 100%

jn 1%

192nm 2 9

Gadle Western portion contiguous with Sentinel Plain across valley boundary.

c Flows)

ithology) BR/M.m,#gneiss, schist

___________- ~ 5I~lo9_fanks of Sauceda and Sand Tank Mountains

N/A

31 1% Aogfanks of Sauceda and Sand Tank Mountains

Thin to non-existent mantle of pediment deposits

rock 7/0.5/4

GVALLEY
ic F lows)

5 58 - 3F20%

BR, B, VP

95 F 49-- -Greater than 250 feet, maximum depth unknown

'a t _



QUALITY
OF DATA D E S C R I P T 1 0 N

0 2. Rock (Section 2.2.3) in Basin-Fill Deposits
(map area in nm2)

0 a. Type Basalt (13

0 b. Depth to (ft.) 632

* c. Thickness (ft.) Greater th

O d. Seismic velocity (p/s in fps)

D. BASIN-FILL DEPOSITS IN SITING VALLEY

0 1. Undifferentiated Deposits (A; map area 6
in nm 2 )

O a. Thickness (max./in./avg. in ft.)

* b. Lithology Sand, silt

o c. Seismic velocity (p/s in fps)

* 2. Alluvial Fan Deposits (A5; map area in nm2 ) 143

O a. Thickness (max./min./avg. in ft.)

0 b. Lithology Sand, sil

O c. Seismic velocity (p/s in fps)

* 3. Playa Deposits (A4 ; map area in nm
2 ) 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 4. Wind-blown Sand (A3 ; map area in nm
2 ) 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

A 5. Pediment Deposits (A6; map area in M2 ) 30L
O a. Thickness (max./min./avg. in ft.)

0 b. Lithology Sand, s'

o c. Seismic velocity (p/s in fps)

*6. Stream Channel and Floodplain Deposits
(A1l; map area in m2) 5~..1

o a. Th ickness (mx/min. /avg. in ft.)

* b. Li0lg Sand. 81

o C. Seismic velocity (p/s in fps)

Quality of Data
0 Data derivea from detailed studies
* Estimated values
O Insufficient data available

.......... ...__________________________"___________"



2.2.3) in Basin-Fill Deposits
imu2)

Basalt (I3)

632

t.) Greater than 14

ity (p/s in fps)

TS IN SITING VALLEY

ted Deposits (A; map area 6 3%

x/invg in~~ ii 7ftL.K)
.d v iSand, silt, gravel

ity (p/s in fps)

Deposits (A5; map area in nm2 ) 143 .

(Max./min./avg. in ft.)

Sand, silt, gravel; may be calichified

ity (p/s in fps)

ts (A4; map area in nm2 ) 0 ......... _0_

(max./min./avg. in ft.) N/A

N/A
ocity (p/s in fps) N/A

and (A3 ; map area in nm2 ) 0 101
(max./min./avg. in ft.) N/A

N/A

aocity (p/s in fps) N/A

posits (A6; map area in nm2) 30 5

(max./min./avg. in ft.)

Sand, silt, gravel
ilocity (p/s in fps)

mel and Floodplain Deposits
ia in T=m2) 5 3%

(max./min./avg. in ft.)

Sand, silt, gravel
;locity (p/s in fps)

i studies

Dole

/ . .



* 7. Terrace Deposits (A2 ; map area in nm
2) 0

a. Thickness (max./nin./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) "/A

o 8. General Summary of Relationships

E. TECTONIC FRAMEWORK OF SITING VALLEY

* 1. Capable or Potentially Capable Fault None

a. Total length (nm) N/A

b. Relative location N/A

c. Type of faulting, regional and local attitudes
(strike and dip) N/A

d. Minimum age of displacement or seismic activity N/A
(y.b.p.)

* 2. Volcanism None

a. Volcanic flows N/A

1) Location and map area in nm2  N/A

2) Minimum age of volcanic activity N/A
(y.b.p.)

F. SEISMICITY OF SITING VALLEY (Regional seismicity

discussed in Section 2.2.4 of text)

o 1. Relative Pre-Instrumental Historic Activity
(Section 2.2.4) None

0 2. Site Area Seismic Activity (instrumental,
1927-1973; Section 2.2.4)

a. Events (epicenters) greater than M=6.0 None

b. Events (epicenters) greater than M=1.0 and less
than M=6.0 None

c. Events less than M=1.0 (includes microearthquakes)

* 3. Maximum Reported Modified Mercalli Intensity v to vI CI

* 4. Source of Possible Ground Acceleration Levels Salton Ti
(Section 2.2.4) __aonT

* a. Maximum credible level (g) 0.1

o b. Most probable level (g)

G. Additional Remarks

Quality of Data
* Data derived from detailed studies
0 Estimated values
O Insufficient data available



N

1m2) 0

, N/A

N/A

ault None

_N/A

N/A
attitudes

N/A

sic activity N/A

None

N/A

N/A

ty N/A

1 seismicity

ic Activity None

rumen ta l,

6.0 None

1.0 and less
None

croearthquakes)

11 Intensity v to VI ?)

ration Levels Salton Trough (Zone 1) Transition Zone (Zone 2) Diffuse Seismicity (Zone 3)

0.1 0.15 0.2

0.05

SIi ._ i .



SOILS ENGINEERING PROPERTIES (1 }

26 27

Unified soil classification (2) (GM-sM) GM-SM

AASHO soil classification (A-i, A-2) A-i, A-2

Percent passing 4 sieve 3 5-80

Percent passing #40 sieve 30-55

Percent passing #200 sieve 15-35

Liquid limit/plasticity index NP/NP

Surface consistency

Dry density (pcf)
Permeability (cm/sec) 10 - 2 to 10-4

In-situ shear strength (psi)

In-situ angle of internal friction (degrees)

Cohesion (psi)

Shrink-swell potential Low

Coefficient of compressibility (in2/lb.)

In-situ CBR

Recompacted CBR

General surface moisture condition

Compressional wave velocities (fps)

Shear wave velocities (fps)

Deleterious substances Caliche present Caliche prese
in some areas

ENGINEERING DESIGN EVALUATIONS(1)

Suitability as impermeable membrane when recompacted (Poor) Poor

Suitability as source of sand/fill material (Fair)/(Fair) Fair/Good

Suitability as source of aggregate/base course (Fair) / (Fair) Fair/Fair

Near surface foundation design characteristics (High strength) Mod. strength

Low comp.
Excavation limitations and slope angle Difficult rip- Sloughing an.

ping or blasting) difficult
Explanation Highly cemented; Highly alkal

No literature available and data not extrapolated U (AST) corrosive to
(5 ciuncoated st(SP-SM) No literature available and data extrapolated (A te Asoe

SP-SM Data available in literature

(1) 0
Surface soils only, depth of less than 5 feet v

(2}Related geologic unit(s) shown in Additional 0
Remarks (e.g. Ak)

/



SOILS ENGINEERING

3.15.3 Gila Bend Plain

MAP UNIT NUMBER

26 27 28 29 31 33

) GM-SM CGM,SM,ML (GM-SM) GM, SM,ML, CL GM,SM,SP,ML,CL

A-2) A-i, A-2 A-1,A-2 or A-4 (A-i, A-2) A-2,A-4 or A-6 A-2,A-4,A-6,A-7

35-80 40-95 45-100 45-100

30-55 40-65 30-85 30-100

15-35 25-50 20-75 50-100

NP/NP 20-30/0-10 0-40/0-25 10-45/NP- 30

10 - 2 to 10 - 4  10-1 to 10 - 3  
. io-to 10. . 10-2 to10-4

Low Low Low to moderate Low to moderate "

-e present Caliche present Sulfates present
in some areas in some areas

Poor Poor (Poor) Poor Fair to Poor

,)/(Fair) Fair/Good Poor/Fair (Fair)/(Good) Poor/Fair Fair/Fair

)/(Fair) Fair/Fair Fair/Fair (Fair /(Fair) Poor/Poor Fair/Fair
strength) Mod, strength Mod. strength Mod. strength Mod. jtrength Low strength

Low comp. Mod. e )an. Mod. comp.

icult rip- Sloughing and/or Sloughing (Difficult rip- Ravelling
or blasting) difficult ripping 450-60

° 0ina or blasting 450-600 450-609

- cemented; Highly alkaline; Highly alkaline; Depth to rock (AQ) Subject to
corrosive to corrosive to less than 10 flooding,
uncoated steel; uncoated steel; feet; (AIQ)
(A5gT; A5cQ) possible sulfate (A6Q)

corrosion of
concretet
(AS..



QUALITY
OF DATA D E S C R I P T IO N

A. SURFACE WATER IN SITING VALLEY
0 1. Playas; Intermittent and Perennial Lakes None

a. Duration of surface water (wks.) N/A

b. Maximum extent (nm2) N/A

c. Water depth (avg. in ft.) N/A

d. Source of water N/A

e. Water quality N/A

S2. Springs None

a. Duration of flow (wks.) N/A

b. Estimated maximum flow rate (gpm/season) N/A

c. Water quality N/A

G 3. Rivers or Streams Quilotosa Wash

* a. Rate (gpm) and duration of flow (wks.) Ephemeral

O b. Water quality

B. HYDROLOGIC CHARACTERISTICS OF SITING VALLEY

a 1. Drainage Channel (PR=-Primary; S=Secondary) Quilotosa Wash

* a. Depth of incision (max./min./avg.; ft.) / / 5 to 7

a b. Width (max./mn./avg.; ft.? /50'est./200

c. Gradient (ft./mi.) 40

d. Channel bottom characteristics Gravel, sand,

e. Channel cross-section (schematic)

O f. Channel spacing (avg. in ft.)

o g. Preliminary flood susceptibility rating |
(Section 2.4.1) CF

o 2. Preliminary Flood Susceptibility Rating of

Major Landform Surfaces (Section 2.4.1)

0 a. Undifferentiated deposits

O b. Alluvial fans

O c. Playas (active=a; mantled-m)

O d. Pediments

O e. Sand dunes

O f. Terraces (l=lake; r=river)

C. ADDITIONAL REMARKS Observations

interpretation

Quality of Data
0 Data derived from detailed studies
o Estimated values
0 Insufficient data available

/
.. . . . . . ... . . . . . . .. . ~lN . . . .. ... .. . It. . . l -. , r: '"



SURFACE HYDROLOGY
3.15.4 Gila Bend Plain (LWBGR)

jal Lakes None

N/A

N/A
N/A

N/A
N/A

None

N/A

season) N/A

N/A

Quilotosa Wash Sauceda Wash Numerous unnamed streams

vhs.) Ephemeral Ephemeral Ephemeral

G VALLEY

ocondary) Quilotosa Wash (PR) Sauceda Wash (PR) Numerous unnamed washes (S)
• ft.) 5 to 7 / 5 t 7

/50"est./200 to 300 /50 est./20o to_300
40 40 40 to 50

Gravel, sand, cobbles Gravel, sand, cobbles Gravel, sand, cobbles

rating CFl CFl

y Rating of
in 2.4.1)

Observations are based mainly on a brief aerial reconnaissance and
interpretation of topographic maps and aerial photographs.

6m~



QUALITY
OF DATA DE SC RI P TIO N

A. DEPTH TO GROUNDWATER WITHIN BASIN-FILL
MATERIAL IN SITING VALLEY (Map area
in Ml2)

0 1. 0Oto 50 feet

o a. 0Oto 25 feet

o b. 25 to 50feet

o 2. 50 to 100 feet

0 . Getrta 0 feet 55 28%

O 4. Unknown or not Present 139 72%

B. AQUIFER CHARACTERISTICS IN VALLEY

o 1. Type of Aquifer (B=Basin Fill; P=Perched; BU
R=Rock; u=unconfined; cconfined)

o a. Map area anidextent ___

* b. Depth to aquifer (ft.) 255 (minimum)

9 c. Thickness (ft.) 30 (minimum)

o d. ompostionSand and gravel

o e. Porosity()

o f. Specific yield()

o g. Transmissivity (f t?/day)

o h. Specific capacity (gpu/ft. of drawdown)

o 1. Total pumpage (ac. ft./unit time)

* j. Groundwater ownership rights Luke AFB; Gila B

C. WATER BUDGET FOR VALLEY

o 1. Total Recharge (ac. ft./unit time)

o 2. Total Discharge (ac. ft./unit time)

D. ADDITIONAL REMARKS (a) Rock aquifer

Quality of Data
* Data derived from detailed studies
* Estimated values
o Insufficient data available



GROUN4DWATER HYDROLOGY
3.15.5 Gila Bend Plain (LWBGR)

55 28% Less than 300 to 400 feet

139 72% Unknown, but probably greater than 400 feet if present

erched; Bu Ru
See Additional Remarks (a)

255 (minimumn) 60

30 (minimum)

Sand and gravel _____Granitic basemient rock (Ilpe)

Luke AFB; Gila Bend AFAF

(a) Rock aquifer is fracture system





OWNEJ
3.

QUALITY DESCRIPTION
OF DATA

A. VALLEY ARLA, OWNERSHIP AND LAND UTILIZATION

0 1. Area of Valley 71nm2  100%

0 a. Area of valley excluded by major cultural 2
or quantity-distance exclusions and 10% 48m 68%
grade exclusion

* 2. Area of Siting Valley (A.1 minus A.l.a) 23nm2  32%

* 3. Ownership DoD, U.S, Air Force,

• a. Portion of siting valley with direct DoD 23nm2  100%
ownership

* b. Co-owners or administrators of co-use land/
constraints None

o 4. Contiguous BLM or Co-Use Land (area 175 BLM (Vekol
in nm2)

0 a. Relative location ip or adjacent to valley Adjacent to Valley

O b. Present use

B. CULTURAL AND QUANTITY-DISTANCE EXCLUSIONS

* 1. Location of 18 nm Arc (population greater None
than 25,000)

0 2. Location of 3 nm Arc (population greater
than 5,000) None

* 3. Other None

C. CULTURAL IMPROVEMENTS

0 1. Roads/Railroads (name) Unnamed roads and J

o a. Relative location in valley Randomly transect V

0 b. Type and use Unimproved; military

* 2. Utilities (type) None

a. Relative location in valley N/A

* D. MILITARY/GOVERNMENTAL USE AREAS None

1. Location and areal extent (nm2) N/A

2. Present use N/A

3. Future use N/A

4. Decontamination necessary prior to siting N/A

E. ADDITIONAL REMARKS

Quality of Data
* Data de-rived from detailed studies
* Estimated values
0 Insufficient data available

ran/
* *+ - L: r l 
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.I

OWNERSHIP AND CULTURAL FEATURES
3.16.1 Vekol Valley (LWBGR)

DESCRIPTION

OWNERSHIP AND LAND UTILIZATION

Valley 71nm2  100%

of valley excluded by major cultural
tity-distance exclusions and 10% 48n 2  68%
exclusion

Siting Valley (A.1 minus A.l.a) 23nm2  32%

DoD, U.S, Air Force, Luke AFD

on of siting valley with direct DoD 23nm 2  C % 1
ship I_ _ _ _ _ _ _ _ _ _ _ _ _

sers or administrators of co-use land/
:raints

ous BLM or Co-Use Land (area 175 BM (Vekol Valleyl

e location in or adjacent to valley Adjacent to Valley north and east of LWBGR boundary

t use
QUANTITY-DISTANCE EXCLUSIONS

of 18 nm Arc (population greater000o) one

of 3 nm Arc (population greater
00) None

None

ROVEMENTS

iiroads (name) Unnamed roads and jeep trails

ve location in valley Randomly transect Valley

and use Unimproved; military and restricted civilian

I (type) None

yve location in valley N/A

:RNMENTAL USE AREAS None

and areal extent (rin2) N/A

use N/A

le N/A

Lnation necessary prior to siting N/A

4ARKS

led studies

lable

/ I . . .
A C"



QUALITY

OF DATA D E S C R I P T IO N

A. TOPOGRAPHIC GRADIENT IN SITING VALLEY

* 1. Area with Less than 10% Grade 23nm2  100%

* 2. Area with 5 to 10% Grade 0 0

* 3. Area with 0 to 5% Grade 23nm2  100%

04. Location of Alluvial Passes or Valley
Boundaries Having Less than 10% Grade

B. ROCK CO0)ITIMNS IN SITIG VAIU
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

* 1. Exposed Rock (category/symbol/lithology) BR/IlC/granitic

* a. Location and map area in =j2  14 4%

O b. Seismic velocity (p/s in fps)

c. Conditions of volcanic flow N/A

* 2. Pediments (rock type)

* a. Location and map area in pjM
2  161 OI

0 b. Exposure condition Thin to non-exd

0 c. Distance into siting valley from rock 4/0.5/3
exposures (max./min./avg.) (nm)

C. SUBSURFACE ROCK CONDITIONS IN SITING VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

1. Depth to Rock (map area in nm 2)

0 a. 0 to 250 feet (excluding pediments) 6 I 26%]

O 1) Type BR, 8

O 2) Seismic velocity (p/s in fps)

O b. 250 to 500 feet

o 1) Type

o 2) Seismic velocity (p/s in fps)

0 c. 500 to 1000 feet J
o 1) Type

O 2) Seismic velocity (p/s in fps)
O d. Greater than 1000 feet

o 1) Type

o 2) Seismic velocity (p/s in fps)

0 e. Unknown

Quality of Data
* Data derived from detailed studies
o Estimated values
O Insufficient data available

/_
i~4 g



TOPOGRAPHY A!:D GEOLOGY

3.16.2 Vekol Valley

R I P T IO N

ITING VALLEY

0% Grade 23nm2  100%

ade o 0

de 23nm2  100%

Passes or Valley
s than 10% Grade

VF=Volcanic Flows)

/symbol/lithology) BR/IiRC/granitics; B/I!./andesitic to basaltic volcanics

aini r2 1% . Alog flanks of Sand Tank Mountains

in fps)

Ic flow N/A

in 16 Along flanks of Sand Tank Mountains

Thin to non-existent mantle of pediment deposits

valley from rock 4/0.5/3
/avg. ) (nm)

;S IN SITING VALLEY
VF=Volcanic Flows)

wea in nm 2 )

ding pediments) ,26%

BR, B

(p/s in fps)

(p/s in fps)

(p/s in fps)

_ tI7...

(p/s in fps)

. ./. I

/ I I. --- !



QUALITY
OF DATA DESCRIPTION

O 2. Rock (Section 2.2.3) in Basin-Fill Deposits
(map area in nm2)

o a. Type

0 b. Depth to (ft.)

O C. Thickness (ft.)

O d. Seismic velocity (p/s in fps)

D. BASIN-FILL DEPOSITS IN SITING VALLEY

* 1. Undifferentiated Deposits (A; map area
in nm 2 ) 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 2. Alluvial Fan Deposits (A5; map area in nm 2 ) 6 26

O a. Thickness (max./min./avg. in ft.)
* b. Lithology Sand, silt.

O c. Seismic velocity (p/s in fps)

* 3. Playa Deposits (A4; map area in nm
2 ) 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 4. Wind-blown Sand (A3 ; map area in nm
2 ) 0

a. Thi-ckness-max./min./avg, in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

* 5. Pediment Deposits (A6; map area in nm 2) 16 7(

O a. Thickness (max./min./avg. in ft.)

0 b. Lithology Sand, grav

O c. Seismic velocity (p/s in fps)

* 6. Stream Channel and Floodplain Deposits
(A,; map area in nm2)

O a. Thickness (max./min./avg. in ft.)

O b. Lithology

0 c. Seismic velocity (p/s in fps)

C'i Quality of Data

0 Data derivea from detailed studies
5 Estimated values
0 Insufficient data available

• , .



2.3) in Basin-Fill Deposits j___

(p/s in fps)

IN SITING VALLEY

Deposits (A; map area

F/min./avg. in ft.) N/A

N/A

r (p/s in fps) N/A

sits (A5; map area in nm2) 6J 26% I_ ___

/min./avg. in ft.)

Sand, silt, gravel; may include fanglomerate
(p/s in fps)

4; map area in nm2) 0 1 0 1_

.in./avg. in ft.) N/A

N/A

(p/s in fps) N/A
(A3 ; map area in rm2) .... 0..._....- 0

;in./avg. in ft.) N/A

__,_N/A

(p/s in fps) N/A

(A 6; map area in n2) 16 70

min./avg. in ft.)

Sand, gravel

(p/s in fps)

d Fodli Deoits
t m2 ) Present, but not mappable at 1:62,500 scale

in./avg. in ft.)

(p/s in fps)

es

- __ __ _ v~ * 1.- ! * .. :.ml-, m



QUALITY D E S C R I P T IO N
OF DATA

* 7. Terrace Deposits (A2 ; map area in nm
2 ) 0

a. Thickness (max./min./avg. in ft.) N/A

b. Lithology N/A

c. Seismic velocity (p/s in fps) N/A

O 8. General Summary of Relationships

E. TECTONIC FRAMEWORK OF SITING VALLEY

0 1. Capable or Potentially Capable Fault None

a. Total length (nm) N/A
b. Relative location N/A

c. Type of faulting, regional and local attitudes N/A
(strike and dip)

d. Minimum age of displacement or seismic activity
(y.b.p.) N/A

* 2. Volcanism None

a. Volcanic flows N/A

1) Location and map area in nm2  N/A

2) Minimum age of volcanic activity N/A
(y.b.p.) ___/

F. SEISMICITY OF SITING VALLEY (Regional seismicity
discussed in Section 2.2.4 of text)

* 1. Relative Pre-Instrumental Historic Activity None
(Section 2.2.4)

o 2. Site Area Seismic Activity (instrumental,
1927-1973; Section 2.2.4)

O a. Events (epicenters) greater than M=6.0 None

0 b. Events (epicenters) greater than M=.0 and less None
than M=6.0

0 c. Events less than M=1.O (includes microearthquakes)

O 3. Maximum Reported Modified Mercalli Intensity V to V1

* 4. Source of Possible Ground Acceleration Levels

(Section 2.2.4) Salton

* a. Maximum credible level (g) 0.05

* b. Most probable level (g)

G. Additional Remarks

Quality of Data
* Data derived from detailed studies
0 Estimated values
O Insufficient data available

/I
L.~ * 7



ION

jn nzm2 ) 0 0

)_ _ N/A
N/A

Fault None

N/A
N/A

FCal attitudes 
N/A

smic activity N/A

None

N/A

N/A

wty N/A

mal seismicity

)tic Activity None

strumental,

N=6.0 None

N=1.0 and less
None

microearthquakes)

Ili Intensity V to V1 C?)
ieration Levels • . ... . ,,.-

Salton Trough (Zone 1) Transition Zone (Zone 2) Diffuse Seismicity (Zone 3)

0.05 0.20
____ ___ ____ ___ ___ ___ ____ ___ ____ ___ 0.1

p

. , . . . 'Ik j l .. , ' ' ' ,



SOILS ENGINEERING PROPERTIES (I }  MAP
2 26

(2)
Unified soil classification (GM-SM) GM-SM

AASHO soil classification (A-1,A-2) A-lA-2

Percent passing #4 sieve 35-80

Percent passing #40 sieve 30-55

Percent passing #200 sieve 15-35

Liquid limit/plasticity index NP/NP

Surface consistency

Dry density (pcf)

Permeability (cm/sec) 10 - 2 -to0

In-situ shear strength (psi)

In-situ angle of internal friction (degrees)

Cohesion (psi)

Shrink-swell potential Low

Coefficient of compressibility (in2/Ib.)

In-situ CBR

Recompacted CBR

General surface moisture condition

Compressional wave velocities (fps)

Shear wave velocities (fps)

Deleterious substances Caliche present Caliche p
in some a

ENGINEERING DESIGN EVALUATIONS(I}

Suitability as impermeable membrane when recompacted (Poor) Poor

Suitability as source of sand/fill material (Fair)/(Fair) Fair/Good

Suitability as source of aggregate/base course (Fair)/(Fair) Fair/Fair

Near surface foundation design characteristics (High strength) Mod. stren
Low coup.

Excavation limitations and slope angle (Difficult rip- Sloughing

ping or blasting) difficult

Explanation Highly cemented; Highly alk
(AST) corrosive

No literature available and data not extrapolated 0 corosive
(SP-SM) No literature available and data extrapolated 9 (ASQT;

SP-SM Data available in literature

Surface soils only, depth of less than 5 feet o
( 2 )Related geologic unit(s) shown in AdditionalV

Remarks (e.g. AlQ) _______L, -/



SOILS EMGINEERING
3.16.3 Vekol Valley

RING PROPERTIES (1) MAP UNIT NUMBER
__26 27 29

assification (2 )  (GM-SM) GM-SM (GM-SM)

ification (A-1A-2) A-1,A-2 _(A-,A-2)

#4 sleve 35-80

#40 sieve . .30-55

#200 sieve 15-35

asticity index NP/NP

ency

f)

cm/sec) 10-  to 10-4

strength (psi)

of internal friction (degrees)

tential L7w

compressibility (in2/lb.)

ce moisture condition

wave velocities (fps)

tocities (fps)

Istances Caliche present Caliche present
in some areas

DESIGN EVALUATIONS (1)

x impermeable membrane when recompacted (Poor) Poor (Poor)

x source of sand/fill material (Fair)/(Fair) Fair/Good (Fair) /(Good)

x source of aggregate/base course (Fair)/(Fair) Fair/Fair (Fair)/(Fair)

ioundaio-hae t (High strength) Mod. strength (Mod. strength)
Low comp.

itat ons and slope angle (Difficult rip- Sloughing and/or (Difficult rip-
-ping or blasting) difficult rippinc ping or blasting)

Highly cemented; Highly alkaline; Depth to rock

literature available and data not extrapolated (A5T) corrosive to less than 10
literature available and data extrapolated uncoated steel; feet;l~iterature available and data extrapolated A (A5QT; ASCQ} (A6 Q)

t available in literature

0
-Surface soils only, depth of less than 5 feet

-Related geologic unit(s) shown in Additional '
Remarks (e.g. Ak)

/ . -



QUALITY
OF DATA D E S C R I P T IO N

A. SURFACE WATER IN SITING VALLEY
0 1. Playas; Intermittent and Perennial Lakes None

a. Duration of surface water (wks.) N/A
b. Maximum extent (n=u2 ) N/A

c. Water depth (avg. in ft.) N/A

d. Source of water N/A

e. water quality N/A

* 2. Springs None

a. Duration of flow (wks.) N/A

b. Estimated maximum flow rate (gpm/season) N/A

c. Water quality N/A

O 3. Rivers or Streams Bender Wash.

o a. Rate (gpm) and duration of flow (wks.) Ephemeral

O b. Water quality

B. HYDROLOGIC CHARACTERISTICS OF SITING VALLEY

1 1. Drainage Channel (PR=Primary; S=Secondary) Bender Was

* a. Depth of incision (max./min./avg.: ft.)

b. Width (max./min./avg.; ft.) 100/25 esti

c. Gradient (ft./mi.) 100

* d. Channel bottom characteristics Gravel, sa

* e. Channel cross-section (schematic)

* f. Channel spacing (avg. in ft.) Main channe

O g. Preliminary flood susceptibility rating
(Section 2.4.1)

O 2. Preliminary Flood Susceptibility Rating of
Major Landform'Surfaces (Section 2.4.1)

0 a. Undifferentiated deposits

0 b. Alluvial fans

O c. Playas (active=a; mantled--m)

O d. Pediments

O e. Sand dunes

O f. Terraces (l=lake; r=river)

C. ADDITIONAL REMARKS Observati
interpreta

Quality of Data
* Data derived from detailed studies
0 Estimated values
0 Insufficient data available

~ * a /



SURFACE HYDROLOGY
3.16.4 Vekol Valley (LWBGR)

TI ON

Y
Perennial Lakes None

(wks.) N/A
N/A

I N/A
_ _ _ _ _N/A

N/A

None

N/A

rate (gpm/season) N/A

N/A

Bender Wash Numerous unnamed streams

i of flow (wks.) Ephemeral Ephemeral

OF SITING VALLEY

bnary; S=Secondary) Bender Wash (PRI Numerous unnamed washes (S

./min./avg.; ft.)

ft.) 100/25 est./50 to 75

100 50 to 100
*ristics Gravel, sand, cobbles Gravel, sand, cobbles

(schematic) -

in ft.) Main channel

eptibility rating

eptibility Rating of

z (Section 2.4.1)

its

led=m)

ver)

Observations are based mainly on a brief aerial reconnaissance and
interpretation of topographic maps and aerial photographs.

/ / ...IL



GROU:D|
3.16.5 Vekol

QUALITY
OF DATA D E S C R I P T IO N

A. DEPTH TO GROUNDWATER WITHIN BASIN-FILL
MATERIAL IN SITING VALLEY (Map area
in rn2)

o I. 0 to 50 feet

o a. 0 to 25 feet

O b. 25 to 50 feet

O 2. 50 to 100 feet

O 3. Greater than 100 feet

o 4. Unknown or not Present 23 100%

B. AQUIFER CHARACTERISTICS IN VALLEY

o 1. Type of Aquifer (B=Basin Fill; P=Perched;
R=Rock; u=unconfined; c=confined) See Addi

O a. Map area and extent

O b. Depth to aquifer (ft.)

o c. Thickness (ft.) 158

0 d. Composition Granitic basement a

O e. Porosity (%)

O f. Specific yield (S)

O g. Transmissivity (f t?/day)

O h. Specific capacity (gpm/ft. of drawdown)

O i. Total pumpage (ac. ft./unit time)

O j. Groundwater ownership rights Luke AFS

C. WATER BUDGET FOR VALLEY

o i. Total Recharge (ac. ft./unit time)

o 2. Total Discharge (ac. ft./unit time)

D. ADDITIONAL REMARKS (a) Rock aquifer

Quality of Data
* Data derived from detailed studies
O Estimated values
O Insufficient data available



GROUN~DWATER HYDROLOGY
3.16.5S Vekol Valley (LWBGR)

D ES CR1I P T I ON

DEPTH TO GROUNDWATER WITHIN BASIN-FILL

MATERIAL IN SITING VALLEY (Map area
in m2 )
1. 0 to 50 feet

a. 0 to 25 feet

b. 25 to 50 feet

2. 50 to 100 feet

3. Greater than 100 feet

4. Unknown or not Present 23 T100% Unow

S.AQUIFER CHARACTERISTICS IN VALLEY

1. Type of Aquifer (B=Basin Fill; P=Perched; Ru
R=Rock; u~unconfined; c=confined) See Additional Remarks (a)

a. Map area and extent____j____________

b. Depth to aquifer (ft.)

c. Thickness (ft.) 158

d. Composition Granitic basement rock (IlpC)

e. Porosity()

f. Specific yield()

g. Transmissivity (f t?f day)

h. Specific capacity (gp/ft. of drawdown)

i. Total pumpage (ac. ft./unit time)

j. Groundwater ownership rights Luke AFB

r.WATER BUDGET FOR VALLEY

1. Total Recharge (ac. ft./unit time)

2. Total Discharge (ac. ft./unit time)

r.ADDITIONAL REMARKS (a) Rock aquifer is fracture system

k ity of Data
bata derived from detailed studies
tstimated values

_____________________________________data___ I available___________________



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Dle Enotered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
BEFORE COMPLETING FORM

. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

Volume II b

4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED

Geotechnical Report 3eotechnical Investigation
Yuma Proving Grounds/Luke Williams 4ay 1974 through June 1975

Bombing and Gunnery Range 6 PERFORMING ORG. REPORT NUMBER

MX Siting Investigation N 74-066-EG
7. AUTHOR(s) 4. CONTRACT OR GRANT NUMER(s)

Kenneth L. Wilson James R. Miller F 04701-74-D-0013
Robert J. Lynn Elaine J. Bell
Kenneth D. Hill Charles N. Partlow

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK

Fugro National, Inc. AREA I WORK UNIT NUMBERS

730 East Third Street
Long Ueach, California 90802

II. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Space and Missile Systems Organization 30 June 1975
(AFSC) 13. NUMBER OF PAGES122 plu

Norton Air Force Base, California data sheets and appendices
14. MONITORING AGENCY NAME & AODRESS(II different from Controlling Office) 15. SECURITY CLASS. (of this report)

Unclassified
SAME

IS&. DECLASSIFICATION. DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

(1) SAMSO Norton AFB, California
(1) TRW Norton AFB, California
(1) TRW One Space Park, Redondo Beach, California

17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, If different from Report)

Same

IS. SUPPLEMENTARY NOTES

None

19. KEY WORDS (Continue on reverse aide If neceesry and identify by block number)

Sheleter concept Nevada Land Mobile
Pool concept New Mexico Missile
Trench concept Arizona
MX siting investigation DoD lands (over)

20. ABSTRACT (Continue on reverse side If neceeay end identify by block number)

The report presents the results of a review of existing geo-
technical information regarding YPG/LWBGR. The available
informatiot- is presented in Data Summary Sheets and on maps and
overlays at a scale of 1:62,500. Subjects covered are soils
engineering, surface and groundwater hydrology, topography and
geology, and cultural and ownership features. The study is for
MX siting considerations.

DD , FJN7 1473 EOITION OF I NOV 6 IS OSOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Deta Entered)



UNCLASSIFIED
SECURITY CLASSIFICATION OF TiS PAGI[hMn DA 90#m00

19.. Key words contined

Quantity distance exclusions
Geotechnical siting
Groundwater
Soils engineering
Geology
Environmental assessment
Siting area

I

'' UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(sfl' Data Rntered)

- a



APPENDIX A

BIBLIOGRAPHY

ADDENDUM TO BIBLIOGRAPHY

SOURCES OF PERSONAL COMMUMINCATION

I+ g e.i



BIBLIOGRAPHY: YUMA PROVING GROUNDS, LUKE-WILLIAMS BOMBING AND

GUNNERY RANGE AND VICINITY, ARIZONA

* Note: Asterisk designates reference cited in text.

* Aguilera, J. G., 1888, Sonora, Mexico earthquake of May 3, 1887:
Anales del Ministerio de Fomento, v. 10, p. 5-56.

* Aiken, C. L. V., and Sumner, J. S., 1974, Geophysical investi-

gations in the Basin and Range Province in Arizona:
Geol. Soc. America, v. 6, no. 3, p. 137-138.

* Air Force Weapons Lab, 1973, MX siting study: Hill-Wendover-

Dugway Complex, Utah; Nellis-Nevada Test Site Complex,
Nevada; Luke-Yuma Complex, Arizona: Air Force Systems
Command, Kirtland A.F.B., New Mexico, 30 November 1973,
128 p.

Albers, J. P., 1966, Belt of sigmoidal and right-lateral faultirg
in the western Great Basin: Geol. Soc. America Bull., v. 78,
p. 143-156.

* Albritton, C. C., Jr., and Smith, J. F., 1956, The Texas Lineament:
Internat. Geol. Congress, Mexico City, Sec. 5, p. 501-518.

* Aldridge, B. N., 1970, Floods of November 1965 to January 1966
in the Gila River Basin, Arizona and New Mexico and adjacent
basins in Arizona: U.S. Geol. Survey Water-Supply Paper
1850-C, 176 p.

* Algermissen, S. T., 1969, Seismic risk studies in the United
States: Proc. 4th World Conf. on Earthquake Engineering,
Assoc. Chilena de Sismologia e Ingeneria Antisimica,
Santiago, Chile, 1, p. 14-27.

Algermissen, S. T., and Perkins, D. M., 1972, Technique for
seismic zoning: general consideration and parameters:
Proceedings for the International Conference on Micro-
zonation for Safer Construction Research and Application,
v. 2, p. 865-878.

Allen, C. R., Grantz, A., Brune, J. N., Clark, M. M., Sharp,
R. V., Theodore, T. E., Wolfe, E. W., and Wyss, M., 1968,
The Borrego Mountain earthquake, April 8, 1968: California
Div. Mines and Geol., Mineral Information Service, v. 21,
no. 7, p. 103-106.

Allison, E. C., 1964, Geology of areas bordering Gulf of California,
in Marine geology of the Gulf of California, a symposium:
Am. Assoc. Petroleum Geologists Mem. 3, p. 3-29.

American Association Petroleum Geologists, 1973, Imperial Valley
regional geology and geothermal exploration: Am. Assoc.
Petroleum Geologists, Trip 2, 1973 Ann. Mtg., 56 p.

A-1

T ONO NATIONAL, INA.



Anderson, D. L., 1972, The San Andreas fault: Sci. Am., v. 225,
no. 5, p. 53-68.

* Anderson, E. B., and Italia, S., 1970, Deployment area survey
report Luke-Williams Bombing and Gunnery Range and the
Yuma Proving Ground: SAMSO Report No. TOR-0066 (S5851)-7,
63 p.

* Anderson, S. L., 1973, Investigation of the Mesa earth crack,
Arizona, attributed to differential subsidence due to
groundwater withdrawal: Arizona State Univ., unpub. MS
thesis, 111 p.

Andrews, D. A., 1937, Ground-water in Avra-Altar Valley, Arizona:
U.S. Geol. Survey Water-Supply Paper 796-E, 180 p.

Anstey, R. L., 1965, Physical characteristics of alluvial fans:
U.S. Army Natick Lab Tech. Report ES-20, 109 p.

Antevs, Ernst, 1952, Arroyo-cutting and filling: Jour. Geol.,
v. 60, no. 4, p. 375-385.

, 1962, Late Quaternary climates in Arizona: Am.
Antiq., v. 28, p. 193-198.

Anthony, H. E., 1928, Field book of North American mammals:
G. P. Putnam, Sons, New York, 625 p.

Arizona Threau of Mines, 1958, Geologic map of Yavapai County,
Ari-ona: Arizona Bur. Mines.

, 1959, Geologic map of Cochise County, Arizona:
Arizona Bur. Mines.

, 1962a, Map of outcrops of Laramide (Cretaceous-

Tertiary) rocks in Arizona: Arizona Bur. Mines.

, 1962b, Map of outcrops of Pre-Cambrian rocks in
Arizona: Arizona Bur. Mines.

, 1962c, Map of outcrops of Tertiary and Quaternary
ignpous rocks in Arizona: Arizona Bur. Mines.

, 1962d, Map of outcrops of Paleozoic and Mesozoic rocks

in Arizona: Arizona Bur. Mines.

, compiler, 1962e, Folio of geologic and mineral maps
of Arizona: Arizona Bur. Mines.I 1962f, Index map for geologic cross-sections of
Arizona: Arizona Bur. Mines.

Arizona State Highway Dept., 1959, Arizona highway bridge record,
Jan. 1, 1959: Arizona Highway Dept., Planning Survey Div.,
67 p.

A-2

, r t



Arizona State Highway Dept., 1972, Flexible pavement design:
Arizona State Highway Dept., Materials Div., p. 1-18,
p. 141-145.

Armstrong, C. A., and Yost, C. B., 1958, Geology and ground
water resources of the Palomas Plain-Dendora Valley area,
Maricopa and Yuma Counties, Arizona: Arizona State Land
Dept., Water Resources Report no. 4, 49 p.

* Arvidson, R. E., and Mutch, T. A., 1974, Sedimentary patterns

in and around craters from the Pinacate volcanic field,

Sonora, Mexico: Geol. Soc. America Bull., v. 85, no. 1,
p. 99-104.

* Asphalt Institute, 1969, Soils manual for design of asphalt

pavement: Asphalt Inst., Maryland, 269 p.

* Atwater, Tanya, 1970, Implications of plate tectonics for the
Cenozoic evolution of western North America: Geol. Soc.
America Bull., v. 81, p. 3513-3536.

Austin, C. F., 1961, Impulse loading of rock targets to produce
fracture patterns similar to naturally occurring radial dike
systems: New Mexico Bur. Mines and Mineral Resources,
Reprint Series no. 12, 6 p.

* Babcock, E. A., 1971, Detection of active faulting using oblique

infrared aerial photography in the Imperial Valley, California:
Geol. Soc. America Bull., v. 82, no. 11, p. 3189-3196.

, 1974, Geology of the northeast margin of the Salton
Trough, Salton Sea, California: Geol. Soc. America Bull.,
v. 85, p. 31-332.

Babcock, H. M., 1972, Bibliography of the U.S. Geological Survey
water resources reports for Arizona, May 1965 through June
1971: Arizona Water Comm. Bull. 2, 60 p.

Babcock, H. M., and Kendall, K. K., 1948, Geology and resources
of the Gila Bend Basin, Maricopa County, Arizona: U.S.
Geol. Survey open-file report, 26 p.

Babcock, H. M., and Sourdry, A. M., 1968, Records of well logs,
water analyses and maps showing locations of wells in
Wellton-Mohawk area, Yuma County, Arizona: U.S. Geol.
Survey open-file report, 39 p.

Babcock, H. M., Brown, S. C., and Hem, J. D., 1947, Geology and
groundwater resources of the Wellton-Mohawk area, Yuma
County, Arizona: U.S. Geol. Survey open-file report, 22 p.

Baker, A. A., Dane, C. H., and Reeside, J. B., Jr., 1936,
Correlation of the Jurassic Formations of parts of Utah,
Arizona, New Mexico, and Colorado: U.S. Geol. Survey Prof.
Paper 183, 66 p.

A-3

IINONATINALINC.



Baker, C. L., 1911, Notes on the later Cenozoic history of the
Mojave Desert region in southeastern California: Univ.
California, Dept. Geol. Bull., v. 6, no. 15, p. 333-383.

* Baker, V. R., 1974, Geomorphic effects of floods in central
Texas and their application in recognizing flood hazards:
Geol. Soc. America Abs., v. 6, no. 7, p. 640-641.

Balchin, W. G. V., and Pye, N., 1955, Piedmont profiles in the
arid cycle: Geol. Assoc. London Proc., v. 66, p. 167-181.

Bancroft, H., 1911, Reconnaissance of the ore deposits in north

Yuma County, Arizona: U.S. Geol. Survey Bull. 451, 130 p.

* Barnett, H. F., (in press), Surface materials and terrain features
of Yuma Proving Ground, U.S. Army Topo Lab, Ft. Belvoir.

Bassett, A. M., and Kupfer, D. H., 1964, A geologic reconnaissance
in the southea'tern Mojave Desert, California: California
Div. Mines and Geol. Spec. Report 83, 43 p.

Baumhoff, M. A., and Heizer, R. F., 1965, Postglacial climate
and archaeology of the desert southwest, in Wright, L. A.,
Frey, J. C., eds., Quaternary of the United States:
Princeton Univ. Press, p. 697-707.

Bell, J. W., 1973, Report to Fugro on A.N.P.P. sites - literature
search: Fugro, Inc., Report, 34 p.

Benn, R. 0., and Link, L. E., 1972, Effects of environment on
seismic intrusion detector performance, preliminary report:
Misc. paper, M-72-4, 31 p.

Benn, R. 0., and Rush, E. S., 1970, Terrain factors and factor

classes for the terrain traverse for the AMC mobility
research program: Waterways Experiment Station, Memo
for Record, 4 p.

* Benson, M. A., 1964, Factors affecting the occurrence of floods
in the southwest: U.S. Geol. Survey Water-Supply Paper
1580-A, 72 p.

Benson, L., and Darrow, R., 1954, The trees and shrubs of the

southwest deserts: Univ. Arizona Press, 437 p.

* Berggren, W. A., 1972, A Cenozoic time scale - some implications
for regional geology and biogeography: Lethaia, v. 5,
p. 195-215.

*Biehler, Shawn, 1964, A geophysical study of the Salton Trough,
southern California: California Inst. Tech., Ph.D thesis,

145 p.

A-4

... ... ..... -+ " -.. ........... .. .. ... .. .. .. *•"I ,' ' I ."" + "



* Biehler, Shawn, Kovach, R. L., and Allen, C. R., 1964,

Geophysical framework of north end of the Gulf of Californi;
structural province, in Marine geology of the Gulf of
California, a symposium: Am. Assoc. Petroleum Geologists
Mem. 3, p. 126-143.

Birkeland, P. W., 1969, Quaternary paleoclimatic implications
of soil clay mineral distribution in a Sierra Nevada-Great
Basin transect: Jour. Geol., v. 77, p. 289-302.

Birkeland, P. W., and Shroba, R. R., 1974, Quaternary soil
forming intervals: stratigraphical, pedological and geo-
chemical arguments cast doubt on their validity (abs.):
Geol. Soc. America Abs., v. 6, no. 5, p. 426.

Bishop, C. C., compiler, 1964, Geologic map of California -

Needles Sheet: California Div. Mines and Geol., 1:250,000.

Blackwelder, Eliot, 1934, Origin of the Colorado River: Geol.
Soc. America Bull., v. 45, p. 551-566.

, 1940, Desert floods in action: Geol. Soc. America
Bull., v. 51, no. 12, p. 1955.

Blackwell, D. D., and Roy, R. F., 1971, Geotectonics and Cenozoic
history of the western United States: Geol. Soc. America
Abs., v. 3, p. 84-85.

* Blake, W. E., Nelson, J. S., and Combs, James, 1973, Thermal

and electrical resistivity investigations of the Dunes
Geothermal Anomaly, Imperial Valley, California: E.O.S.
Am. Geophys. Union Trans., v. 54, no. 11, p. 1214-1215.

Blissenbach, Erich, 1951, The geology of alluvial fans in
Arizona: Univ. of Arizona, unpub. MS thesis, 101 p.

, 1952, Relation of surface angle distribution to
particle size distribution on alluvial fans: Jour. Sed.
Pet., v. 22, no. 1, p. 25-28.

P 1954, Geology of alluvial fans in semi-arid regions:
Geol. Soc. America Bull., v. 65, p. 175-190.

Boardman, Leona, compiler, 1958, Geologic map index of Arizona:
U.S. Geol. Survey Map Index of Arizona.

* Bonilla, M. G., 1967, Historic surface faulting in continental

United States and adjacent Mexico: U.S. Geol. Survey open-
file report, 36 p.

Bradley, W. H., 1940, Pediments and pedestals in miniature:
Jour. Geomorph., v. 3, p. 244-254.

OuNO NATIONAL. ,N, A-



Buol, S. W., 1966, Soils of Arizona: Univ. Arizona Agri. Expt.
Sta. Tech. Bull. 171, 25 p.

Bull, W. B., 1968, Alluvial fans: Jour. Geol. Educ., v. 16,

no. 3, p. 101-106.

* _, 1973a, Geologic factors affecting compaction of
deposits in a land-subsidence area: Geol. Soc. America
Bull., v. 84, no. 12, p. 3783-3802.

, 1973b, Local base-level processes in arid fluvial
systems: Geol. Soc. America Abs., v. 5, no. 7, p. 552.

Burchfiel, B. C., and Stewart, J. H., 1966, "Pull-apart" origin
of the central segment of Death Valley: Geol. Soc. America
Bull., v. 77, p. 439-442.

Buwalda, J. P., 1951, Transportation of coarse material in alluvial
fans: Geol. Soc. America Bull., v. 62, p. 1497.

Byrum, I. R., and Flory, R. M., 1956a, Airfield pavement evaluation
report no. 2, Yuma County Airport, Yuma, Arizona: U.S.
Army Corps of Eng., 13 p.

, 1956b, Airfield pavement evaluation report no. 4,
Yuma County Airport, Yuma, Arizona: U.S. Army Corps of Eng.,
9 p.

Cahill, J. M., 1960, Supplemental memorandum on groundwater in
the vicinity of Painted Rock Dam site: U.S. Geol. Survey
open-file report, 7 p.

Cahill, J. M., and Wolcott, H. N., 1955, Further investigations
of the groundwater resources of the Gila Bend and Dendora
area, Maricopa County, Arizona: U.S. Geol. Survey open-file
report, 14 p.

, 1960, Further investigations of the groundwater
resources of the Gila Bend and Dendora Area, Maricopa County,
Arizona: U.S. Geol. Survey open-file report, 11 p.

* Central Arizona Project, 1974, Groundwater withdrawal - Maricopa,
Pima and Pinal Counties: Watergram-Central Arizona Project
Assoc., v. 6, no. 3, 3 p.

Chalmers, J. R., 1974, Southwestern groundwater law: a textual
and bibliographic interpretation: Office of Arid Lands
Studies, Arid Lands Resource Information Paper no. 4, 229 p.

* Chamberlain, E. G., 1974, Yuma County, Arizona, soils map -
preliminary draft: Soil Conserv. Service.

Chamberlain, E. G., and Richardson, M. L., 1974, Report and
interpretations for the general soil map of Yuma County,
Arizona: Soil Conserv. Service, 17 p.

URU *TKU,~ ~A-7
'aA .NAL, IC.-



Chapin, C. E., 1974, Three-fold tectonic subdivision of the
Cenozoic in the Cordilleran Foreland of Colorado, New
Mexico and Arizona (abs.): Geol. Soc. America Abs., v. 6,
no. 5, p. 433.

Chapman, R. W., 1974, Calcareous duricrust in Al-flasa, Saudi
Arabia: Geol. Soc. America Bull., v. 85, no. 1, p. 119-130.

Charlier, R. H., 1968, Quantitative analysis, geometrics and
morphometrics: Zeit. fur Geomorph., v. 12, no. 4, p. 375-387.

Childs, J. F., 1974, Fault pattern at the northern end of the
Death Valley-Furnace Creek fault zone, California and
Nevada: Argus Exploration Company Report for Goddard Space
Flight Center, Greenbelt, Maryland, 8 p.

* Christiansen, R. L., and Lipman, P. W., 1972, Cenozoic volcanism
and plate tectonics evolution of the western United States -
late Cenozoic: Phil. Trans. Royal Soc., London, p. 249-284.

Ciancapelli, E. V., 1965, Structural geology of the western edge
of the Granite Wash Mountains, Yuma County, Arizona: Univ.
of Arizona, MS thesis (geology), 70 p.

Clark, J. I., 1966, Morphometry from maps, in Essays in Geo-
morphology: American Elsevier Pub. Co., p. 235-275.

* Click, D. E., 1970, Development of a ground water supply at
Castle Dome Heliport, Yuma Proving Ground, Arizona:
U.S. Geol. Survey Admin. Report, 13 p.

* C14 , D. E., and Cooley, M. E., 1967a, Quality of ground water
in the floodplain deposits of the Colorado River near the
Community Complex, Yuma Proving Ground, Arizona: U.S. Geol.
Survey Admin. Report, 9 p.

, 1967b, Synopsis of ground water conditions in the

southwest part of Yuma Proving Ground, Arizona: U.S. Geol.
Survey Admin. Report, 13 p.

~Click, D. E., and Metzger, D. G., 1969, Feasibility of developing

a ground water supply in the East Kofa Range area, Yuma
Proving Ground, Arizona: U.S. Geol. Survey Admin. Report,
16 p.

Coates, D. R., 1951, Memorandum on groundwater in the
Organ Pipe Cactus National Monument: U.S. Geol. Survey
open-file report, 11 p.

____ , 1952, Gila Bend Basin, Maricopa County, Arizona, in
Halpenny, L. C., and others, 1952, Groundwater in the Gila
River Basin and adjacent areas, Arizona - a summary: U.S.
Geol. Survey open-file report, p. 159-164.

A-8

__ I t -



Code of Federal Regulation, 1973, U.S. List of Endangered Fish
and Wildlife: Title 50, ch. 1, App. D, p. 50-52.

* Coffman, J. L., and von Hake, C. A., 1973, Earthquake history

of the United States: U.S. Dept. Commerce Pub. 41-1, 208 p.

Colbert, E. H., 1966, Rates of erosion in the Chinle formation -
ten years later: Plateau, v. 38, p. 68-74.

Combs, James, and Hadley, D. M., 1973, Microearthquake investi-
gation of the Mesa geothermal anomaly, Imperial Valley
California (abs.): E.O.S. Trans. Am. Geophys. Union,
v. 54, no. 11, p. 1213-1214.

Conley, J. N., and Koester, E. A., compilers, 1972a, Well location
maps, Yuma County, Arizona: Arizona Oil and Gas Conserv.
Comm., County Location Map 2.

, 1972b, Well location map, Maricopa County, Arizona:
Arizona Oil and Gas Conserv. Comm., County Location Map
1, 2 sheets.

* Cooke, R. U., and Warren, Andrew, 1973, Geomorphology in

deserts: Univ. California Press, 374 p.

Cooley, M. E., 1962, Late Pleistocene and recent erosion and
alluviation in parts of the Colorado River system, Arizona
and Utah: U.S. Geol. Survey Prof. Paper 450-B, Geol.
Survey Research, 1962, p. 48-50.

, 1967, Arizona highway geologic map (1:375,000):
Arizona Geol. Soc.

, compiler, 1973, Map showing distribution and estimated
thickness of alluvial deposits in the Phoenix area, Arizona:
U.S. Geol. Survey Misc. Inv. Map 1-845-C, 1:250,000.

* Cooley, M. E., and Click, D. E., 1966, Feasibility of developing
a ground water supply in the Indian Wash area, Yuma Proving
Ground, Arizona: U.S. Geol. Survey Admin. Report, 18 p.

Cooley, M. E., and Davidson, E. S., 1963, The Mogollon Highlands -

their influence on Mesozoic and Cenozoic erosion and sedi-

mentation: Arizona Geol. Soc. Dig., v. 6, p. 7-35.

Cornwall, H. R., Banks, N. G., and Phillips, C. H., 1971,
Geologic map of the Sonoran quadrangle, Pinal and Gila
Counties, Arizona: U.S. Geol. Survey Geol. Quad. Map
GQ-1021, 1:24,000.

Cousins, N. B., 1973, Relationship of black calcite to gold and
silver mineralization in the Sheep Tanks Mining District,
Yuma County, Arizona: Arizona State Univ., MS thesis
(geology), 43 p.

A-9
I - -- o Na.mo... I..



Creasy, S. C., Jackson, E. D., and Gulbrandsen, R. A., 1961,
Reconnaissance geologic map of parts of the San Pedro and
Aravaipa Valleys, southcentral Arizona: U.S. Geol. Survey
Min. Inv. Map MF-238.

* Croft, A. R., 1967, Rainstorm debris floods: Univ. Arizona
Ag. Expt. Sta. Report no. 248, 36 p.

Crowe, B. M., 1975a, Regional volcanic stratigraphy of southern-
most California: Geol. Soc. America Abs., v. 7, no. 3,
p. 308.

I 1975b, Probable age of inception of Basin and Range
faulting in southeasternmost California: Geol. Soc.
America Abs., v. 7, no. 5, p. 601.

* Crowell, J. C., 1962, Displacement along the San Andreas fault,
California: Geol. Soc. America Spec. Paper 71, 61 p.

Cushman, R. L., 1952, Lower Santa Cruz area, Pima and Pinal
Counties, in Halpenny, L. C., and others, 1952, Groundwater
in Gila River: U.S. Geol. Survey open-file report,
p. 115-136.

Damon, P. E., 1968, Application of K-Ar method to the dating of
igneous and metamorphic rock within the Basin Ranges of the
Southwest: Arizona Geol. Soc., Guidebook 3, p. 7-20.

F 1971, The relationship between Late Cenozoic volcanism
and tectonism and orogenic-epierogenic periodicity, in
Turekian, K. T., ed., 1971, The Late Cenozoic glacial ages:
Yale Univ. Press, p. 15-35.

Damon, P. E., and Mauger, R. L., 1966, Epierogeny-orogeny viewed
from the Basin and Range Province: Trans. Am. Inst. Min.
Eng., v. 235, p. 99-112.

Darton, N. H., 1925, Resume of Arizona Geology: Arizona Bur.
Mines Bull. 119.

, 1933, Guidebook of the Western United States - Part
F, the Southern Pacific Lines - New Orleans to Los Angeles:
U.S. Geol. Survey Bull. 845, p. 239-268.

Darton, N. H., Lausen, C., and Wilson, E. D., 1928, Geologic map
of Arizona: Arizona Bur. Mines and U.S. Geol. Survey Map.

Davidson, E. S., 1973, Index and description of flood-prone area
maps in the Tucson-Phoenix area, Arizona: U.S. Geol. Survey
Misc. Inv. Map I-843A.

Davis, G. A., and Burchfiel, B. C., 1973, Garlock Fault - an
intracontinental transform structure, southern California:
Geol. Soc. America Bull., v. 84, p. 1407-1422.

A-10



* Davis, G. A., Shackleford, T. J., Freeman, S. T., Kuniyoshi,

Shingi, and West, L. M., 1974, Limitations on southward

extent of the Death Valley Fault Zone California (abs.):

Geol. Soc. America, v. 6, no. 3, p. 161.

Davis, G. H., Frost, E. G., and Schloderer, J. P., 1974, Scrutiny
of folded gravity-glide sheets in Saguaro National Monument,
Arizona (abs.): Geol. Soc. America, v. 6, no. 5, p. 439.

Davis, G. H., Anderson, P., Budden, R. T., Keith, S. B., and Kiven,

C. W., 1975, Origin of lineation in the Catalina-Rincon-
Tortolita Gneiss Complex, Arizona: Geol. Soc. America Abs.,
v. 7, no. 5, p. 602.

Davis, W. M., 1930, Rock floors in arid and humid climates: Jour.

Geol., v. 38, p. 1-27, 136-158.

1933, Geomorphogeny of the desert: Pan-Am Geol.,
v. 60, p. 374-376.

F 1936, Geomorphogenic processes in arid regions and
their resulting forms and products: Report of XVI Int.
Geol. Cong., v. 2, p. 703-714.

, 1938, Sheetfloods and streamfloods: Geol. Soc.

America Bull., v. 49, p. 1337-1416.

de Cserna, Zoltan, 1961, Tectonic map of Mexico (1:2,500,000):

Geol. Soc. America Map.

* de la Fuenta Duch, M. F., 1973, Aeromagnetic study of the Colorado

River delta area, Mexico: Univ. Arizona, MS thesis.

Denis, E. E., 1968, Ground water conditions in the Waterman Wash
area, Maricopa and Pinal Counties, Arizona: Arizona State
Land Dept., Water Resources Report no. 37, 23 p.

, 1971, Ground-water conditions in the Harquahala
Plains, Maricopa and Yuma Counties, Arizona: Arizona State
Land Dept., Water Resources Report no. 45, 44 p.

Dibblee, T. W., Jr., 1954, Geology of the Imperial Valley region,

California, in Jahns, R. H., ed., Geology of southern

California: California Div. Mines Bull., 170, ch. 2, p. 21-28.

Dibblee, T. W., and Hewett, D. F., 1966, Geology of Mohave Desert
region, California: California Div. Mines and Min. Res. Bull.

191, p. 62-66.

Dickinson, W. R., and Grantz, A., eds., 1968, Proceedings of
conference on geologic problems of San Andreas fault system:
Geol. Sci., v. 11.

* Dillon, John, 1975a, Geology of the Chocolate and Cargo Muchacho

Mountains, southeasternmost California: Geol. Soc. America
Abs., v. 7, no. 3, p. 311. A-li

OONATIONAL. IS.



* Dillon, John, 1975b, Remnants of a late Oligocene-early Miocene

plutonic-volcanic belt in southeastern California and
southwestern Arizona: Geol. Soc. America Abs., v. 7,
no. 5, p. 605.

* Dillon, John, and Haxel, Gordon, 1975, The Chocolate Mountain -

Orocopia - Vincent Thrust System as a tectonic element of
late Mesozoic California: Geol. Soc. America Abs., v. 7,
no. 3, p. 311-312.

Dodd, A. V., and McPhilimy, H. S., 1959, Yuma summer micro-
climate: U.S. Army Quartermaster Res. and Eng. Comm.
Tech. Report EP-120, 34 p.

Doebbler, W. E., 1971, Special study to analyze and improve
mobility test capability: U.S. Army Test and Evaluation
Command YPG Report 0095, 3 p.

DuBois, R. L., 1959, Geology of the Santa Catalina Mountains, in
Heindl, L. A., ed., Southern Arizona Guidebook 2: Arizona
Geol. Soc. Dig., p. 107-116.

Dunbier, Roger, 1968, The Sonoran Desert - its geography, economy
and people: Univ. Arizona Press, 426 p.

Eardley, A. J., 1966, Rates of denudation in the high plateaus
of southwestern Utah: Geol. Soc. America Bull., v. 77,
no. 7, p. 777-780.

1962, Structural geology of North America: Harper
and Row, 743 p.

Eastwood, R. L., 1974, A model for the probability of volcanism

at the YDPNP site, in Woodward-McNeil and Associates,
Phase I report - geotechnical investigation Yuma Dual-
Purpose Nuclear Plant, near Yuma, Arizona: Consultants
Report for Salt River Project, Phoenix, Arizona, v. II,

App. J, 6 p.

* Eaton, G. P., 1972, Deformation of Quaternary deposits in two

intermontane basins in southern Arizona: Tnt. Geol. Cong.
Proc., no. 24, sec. 3, p. 607-616.

Eaton, G. P., Peterson, D. L., and Schumann, H. H., 1972,
Geophysical, geohydrological and geochemical reconnaissance
of the Luke Salt Beds, central Arizona: U. S. Geol. Survey
Prof. Paper, v. 753, 28 p.

Eaton, G. P., Bromfield, C. S., Peterson, D. L., and Ratte,
J. C., 1972, Gcophysical and geological investigation on
Apollo 9 photo-anomaly in southeastern Arizona (abs.):
Geol. Soc. America, v. 4, no. 6, p. 375.

A-12

.,,.,.S



Ege, J. R., 1971, Site investigations for hard rock silo proto-
type test: U.S. Geol. Survey Report prepared for Space and
Missile Systems Org., 96 p.

El-Ashry, M. T., 1971, Quantitative method for grading drainage
density: Geol. Soc. America Bull., v. 82, no. 6,
p. 1703-1706.

* Elders, W. A., Rex, R. W., Meidav, Tsvi, Robinson, P. T., and
Biehler, Shawn, 1972, Crustal spreading in southern
California: Science, v. 178, p. 15-24.

Espinosa, A. F., 1969, Ground amplification study at two sites
near Bakersfield, California: Earthquake Notes, v. 40,
no. 3, p. 3-20.

* Feth, J. H., 1964, Review and annotated bibliography of ancient
lake deposits (Precambrian to Pleistocene) in the western
states: U.S. Geol. Survey Bull. 1080, 119 p.

Feth, J. H., Heindl, L. A., Johnson, P. W., and Wolcott, H. N.,
1952, Other areas irrigated with groundwater, in Halpenny,
L. C., and others, 1952, Groundwater in Gila River: U.S.
Geol. Survey open-file report, p. 195-202.

Forrester, J. D., and Moore, R. T., 1962, Maps with special
reference to geology and mineral maps of Arizona: Arizona
Bur. Mines Bull. 170, 11 p.

Forstall, Richard, 1972, Commercial atlas and marketing guide:
Chicago, Rand-McNally, 687 p.

Friesz, R. R., 1962, Desert terrain evaluation - 1/4 ton
utility truck at Yuma: Waterways Expt. Station draft
copy, 25 p.

Frost, K. R., Jr., and Hamilton, K. C., 1960, Report on the
Wellton-Mohawk salt cedar clearing studies: Ag. Expt. Sta.,
Univ. Arizona, 54 p.

Fugro, Inc., 1972, Geologic and seismic reconnaissance of the

eastern Mojave Desert and proposed nuclear power plant sites,
California: Consultants Report 72-090, 11-14-72 for San
Diego Gas and Electric Co., 25 p.

,_1973a, Reconnaissance subsurface investigation proposed
V7idal site and vicinity, eastern Mojave Desert: Consultants
Report 72-118, 1-22-73, for San Diego Gas and Electric Co.,
28 p.

, 1973b, Geologic reconnaissance proposed Palo Verde
South Nuclear Plant site area, Palo Verde Valley, California
and Arizona: Consultants Report 73-069, 11-12-73, for San
Diego Gas and Electric Co., 23 p.

A-13

P ..HO NATIONAL, INO.

.. . .... ,S i _ ' a , .,



Fugro, Inc., 1974a, Geologic reconnaissance proposed Palo Verde
North and Parker Valley Nuclear Power Plant siting areas,
Riverside County, California and Yuma County, Arizona:
Consultants Report 73-069, 2-15-74, for San Diego Gas and
Electric Co., 32 p.

_ 1974b, Palo Verde Nuclear Generating Station: Pre-
liminary Safety Analysis Report, Geology and Seismology,
v. II.

Galbraith, F. W., 1959, Craters of the Pinacates: Arizona Geol.
Soc. Guidebook II, p. 160-164.

Gallaher, B. J., 1962, Desert materials - types and uses: Highway
Geol. Symp. 13th Ann. Proc., Phoenix, Arizona Highway Dept.,
p. 18-21.

Gassaway, J. S., 1973, Late Tertiary sediments in the Lincoln
Ranch Basin, Buckskin Mountains, Yuma County, Arizona
(abs.): Geol. Soc. America Abs., v. 5, no. 1, p. 47.

Gile, L. H., 1961, A classification of Ca-horizons in soils of
a desert region Dona Ana County, New Mexico: Soil Sci. Soc.
America Proc., v. 25, p. 52-61.

Gile, L. H., Peterson, F. F., and Grossman, R. B., 1966,
Morphological and genetic sequences of carbonate accumul-
ation in desert soils: Soil Science, v. 101, p. 346-360.

Giletti, B. J., and Damon, P. E., 1961, Rb-Sr ages of some basement
rc s from Arizona and New Mexico: Geol. Soc. America Bull.,
v. 72, p. 639-644.

Gilluly, James, 1937a, Physiography of the Ajo region, Arizona:
Geol. Soc. America Bull., v. 48, p. 323-348.

, 1937b, Geology and ore deposits of the Ajo quadrangle:
Arizona Bur. Mines Bull. 141.

, 1942, Mineralization of the Ajo Copper District: Econ.
Geol., v. 37, no. 4, p. 247-309.

1946, Ajo mining district: U.S. Geol. Survey Prof.
Paper 209, 112 p.

, 1965, Volcanism, tectonism, and plutonism in the
western United States: Geol. Soc. America Spec. Paper
80, 69 p.

, 1967, Chronology of tectonic movements in western
United States: Am. Jour. Sci., v. 265, p. 306-311.

Gleason, H. A., and Cronquist, Arthur, 1964, The natural geography
of plants: Columbia Univ. Press, 420 p.

* Greensfelder, R. W., 1973, A map of maximum expected bedrock
acceleration, in Earthquakes in California: California Div.
Mines and Geol.

1. . . . .I I , j



Gregory, H. E., 1917, Geology of the Navajo country: U.S.
Geol. Survey Prof. Paper 93, 161 p.

Griffin, B. E., 1962, Ground water problems in the lower Gila
River desert area: Highway Geol. Symp. 13th Ann. Proc.,
Phoenix, Arizona Highway Dept., p. 22-25.

Haan, C. T., and Johnson, H. P., 1966, Rapid determination of
hypsometric curves: Geol. Soc. America Bull., v. 77,
p. 123-126.

Hadley, R. F., 1967, Pediments and pediment-forming processes:

Jour. Geol. Educ., v. 15, no. 2, p. 83-89.

Hall, E. R., and Kelson, K. R., 1959, Mammals of North America:
Ronald Press Co., New York.

Halpenny, L. C., Heindl, L. A., De Cook, K. J., and Hem, D. J.,
1952, General description and introduction, in Halpenny, L. C.,
and others, 1952, Groundwater in the Gila River and adjacent
areas, Arizona, a summary: U.S. Geol. Survey open-file
report, p. 1-34.

Halpenny, L. C., and others, 1952, Groundwater in the Gila River
and adjacent areas, Arizona, a summary: U.S. Geol. Survey
open-file report, 224 p.

Hamilton, Warren, 1960a, Structure in the Big Maria Mountains of
southeastern California: U.S. Geol. Survey Prof. Paper
400-B, p. B277-B278.

, 1960b, Pliocene(?) sediments of salt water origin

near Blythe, southeastern California: U.S. Geol. Survey
Prof. Paper 400-B, p. B276-B277.

, 1964, Geologic map of the Big Maria Mountains, NE
quadrangle, Riverside County, California and Yuma County,
Arizona: U.S. Geol. Survey Geol. Quad. Map GQ-350.

* Hamilton, Warren, and Meyers, W, B., 1966, Cenozoic tectonics
of western United States: Rev. Geophys., v. 4, no. 4,
p. 509-549.

, 1968, Cenozoic tectonic relationships between the
western United States and the Pacific Basin, in Conf. on
the Geological Problems of the San Andreas Fault System:
Geol. Sci., v. 11, p. 342-357.

Hanson, R. L., 1973, Evaluating the reliability of specific
yield determinations: Jour. Research, U.S. Geol. Survey,
v. 1, no. 3, p. 371-376.

A-15
0N0 NATIONAL, INC.

S ' S 9l



Hardt, W. F., Cattany, R. E., Kister, L. R., 1964, Basic
groundwater data for western Pinal County, Arizona: Ari-
zona State Land Dept., Water Resources Report no. 18, 59 p.

Harper, W. G., and Youngs, F. 0., 1927, Soil survey of the Buckeye-
Beardsley area, Arizona: U.S. Dept. of Ag. Series 1927,
no. 3, 43 p.

Harshbarger, J. W., 1960, Geohydrology of arid lands, Arizona -
a case study: Arizona Geol. Soc. Dig., v. 3, p. 167.

, 1972, Overview of geothermal resources potential in

Arizona: Arizona Bur. Mines Fieldnotes, v. 2, no. 2, p. 9-12.

Harshbarger & Associates, 1973, Hydrological conditions of the
lower Hassayampa-Centennial area, Maricopa County, Arizona:
Unpub. report for Fugro, Inc.

Harshbarger, J. W., Lewis, D. D., Skibitzke, H. E., Heckler, W. L.,
Kister, L. R., revised by Baldwin, H. L., 1966, Arizona
water: U.S. Geol. Survey Water-Supply Paper 1648, 85 p.

* Hartman, G. W., 1973, General soil map, Maricopa County, Arizona:
Soil Conserv. Service, General Soil Map Report, 49 p.

* Haxel, Gordon, 1975, Relationship between the Orocopia Schist and

the Chocolate Mountain Thrust in the Picacho District, south-
eastern California: Geol. Soc. America Abs., v. 7, no. 5,
p. 612.

Hazzard, J. C., and Crickmay, C. H., 1933, Cambrian rocks of the
eastern Mohave Desert, California: Univ. Calif. Dept. Geol.
Sci. Bull., v. 23, p. 57-80.

Heindl, L. A., 1952, Gila conglomerate: Arizona Geol. Soc. Guide-
book for Field Trip Excursions, p. 113-116.

, ed., 1959a, Arizona Guidebook 3, Southern Arizona:
Arizona Geol. Soc. Dig. 2nd Ann., 290 p.

1 '959b, Geology of the San Xavier Indian Reservation,
Arizona, in Southern Arizona Guidebook 2: Arizona Geol. Soc.
Dig., p. 153-159.

S 1959c, Introduction to southern Arizona: Arizona Geol.
Soc. Guidebook II, p. 1-4.

, 1960a, Cenozoic geology of the Papago Indian reserv-
ation, Pima, Maricopa, Pinal Counties, Arizona: Arizona
Geol. Soc. Dig., v. 3, p. 31-34.

, 1960b, Geology of the Lower Bonita Creek area,
Arizona: Arizona Geol. Soc. Dig., v. 3, p. 35-40.

f 1962a, Should the term "Gila Conglomerate" be
abandoned?, in Cenozoic geology of Arizona - a symposium:
Arizona Geol. Soc. Dig., v. 5, pt. 1, p. 6.

A-16

.... .... o , 7 '



Heindl, L. A., 1962b, Cenozoic geology of Arizona - a 1960 resume:
Arizona Geol. Soc. Dig., v. 5, p. 9-24.

, 1965, Mesozoic formations in the Comobabi and Ros
Kruge Mountains, Papago Indian Reservation, Arizona: U.S.
Geol. Survey Bull. 1194-H, 15 p.

, 1967, Ground water in fractured rocks in southern
Arizona, in Hydrology of fractured rocks, v. 2, Int. Assoc.
Sci. Hydrol. Pub. no. 74, p. 503-513.

Heindl, L. A., and Armstrong, C. A., 1963, Geology and groundwater
conditions in the Gila Bend Indian Reservation, Maricopa
County, Arizona: U.S. Geol. Survey Water-Supply Paper
1647-A, 48 p.

Heindl, L. A., and Cosner, 0. J., 1961, Hydrologic data and
driller logs, Papago Indian Reservation, Arizona: Arizona
State Land Dept., Water Resources Report no. 9, 116 p.

Heindl, L. A., and Fair, C. L., 1965, Mesozoic(?) rocks in the
Boboquivari Mountains, Papago Indian Reservation, Arizona:
U.S. Geol. Survey Bull. 1194-I, 12 p.

* Heindl, L. A., and Feth, J. H., 1955, Piping and earth cracks -

a discussion: Am. Geophys. Union Trans., v. 36, no. 2,
p. 342-345.

* Heindl, L. A., and Lance, J. F., 1960, Topographic, physiographic
and structural subdivisions of Arizona: Arizona Geol. Soc.
Dig., v. 3, p. 12-18.

Hely, A. G., 1969, Lower Colorado River water supply - its
magnitude and duration: U.S. Geol. Survey Prof. Paper 486-D,
54 p.

* Hely, A. G., and Peck, E. L., 1964, Precipitation, run-off and
water loss in the Lower Colorado River-Salton Sea area:
U.S. Geol. Survey Prof. Paper 486-B, 16 p.

Henderson, Randall, 1953, Field day in the Muggins Hills: Desert
Mag., v. 16, p. 15-19.

Hershey, 0. H., 1902, Quaternary of southern California: Univ.
Calif. Dept. Geol. Sci. Bull., v. 3, no. 1, p. 1-30.

* Hileman, James, 1973, Arizona seismicity relative to the Hassavampa
and Rainbow sites: Report to Fugro, Inc.

Hill, M. L., and Dibblee, T. W., Jr., 1953, San Andreas, Garlock

and Big Pine faults: California Geol. Soc. Bull.

Hills, E. S., 1966, Arid lands: Methuen and Co., Ltd., London,
461 p.

NATIONAL, INC. 
A-17



Holland, J., 1967, Yuma County 1985 comprehensive plan - land
use report: Report for Yuma County Planning Comm.

Horton, R. E., 1945, Erosional development of streams and their
drainage basins: Geol. Soc. America Bull., v. 56, p. 275-370.

* Housner, G. W., 1965, Intensity of earthquake ground shaking
near the causative fault: Proc. Third World Conf. on Earth-
quake Eng., v. 1, Auckland and Wellington, New Zealand.

Howard, A. D., 1965, Geomorphological systems - equilibrium and
dynamics: Am. Jour. Sci., v. 263, p. 301-312.

Howe, G. H., Reed, L. J., Ball, J. T., Fisher, G. E., and Lassow,
G. B., 1968, Classification of world desert areas: U.S.
Army Natick Lab Tech. Report 69-38-ES, 104 p.

Humble Oil and Refining Co., 1955, Paleontologic summary of
Colorado Basin Association Federal #1, Yuma, Arizona:
Humble Oil and Refining Co. Lab. no. 359, Jan. 14, 1955.

* Hunt, C. B., 1963, Tectonic framework of southwestern United States
and possible continental rifting, in Backbone of the Americas:
Am. Assoc. Petroleum Geologists, Mem. 2, p. 130-139.

International Atomic Energy Agency, 1968, Nuclear power and water
desalting plants for southwestern United States and north-
western Mexico: U.S.-Mexico International Atomic Energy
Agency, 154 p.

* Ives, R. L., 1956, Age of the Cerro Colorado Crater, Pinacate,
Sonora, Mexico: Am. Geophys. Union Trans., v. 37, p. 221-223.

Jahns, R. H., ed., 1954a, Geology of southern California: Calif.
Div. Mines Bull. 170, 878 p.

, ed., 1954b, Geology of Southern California - hydrology:
California Div. Mines Bull. 170, ch. 6, 28 p.

, 1959, Collapse depression of the Pinacate volcanic
field, Sonora, Mexico: Arizona Geol. Soc. Guidebook II,
p. 165-184.

Jemmett, J. P., 1966, Geology of the northern Plomosa Mountain
Range, Yuma County, Arizona: Univ. Arizona, Ph.D thesis,
128 p.

Jenkins, 0. P., 1938, Geomorphic maps of California: California
Div. Mines and Geol. Geomorph. Map.

Jennings, C. W., compiler, 1967, Geologic map of California -
Salton Sea sheet: California Div. Mines and Geol.,
1:250,000.

, 1973, State of California preliminary fault and
geologic map: California Div. Mines and Geol. Prelim.
Report 13, 1:750,000.

A-18



John Carollo Engineers, 1966, Water resources study, Yuma
Proving Ground, Arizona: Cons. Report for U.S. Army
Engineers Dist., 24 p.

, 1970, Potable water supply, Yuma Proving Ground,
Arizona: Concept Study for Dept. of Army YPG-68-RDT & E,
Directive No. SPD-10, 61 p.

Johnson, P. W., 1952, Upper Santa Cruz Basin, Pima and Santa
Cruz Counties, in Halpenny, L. C., and others, 1952, Ground-
water in Gila River and adjacent areas, Arizona - a summary:
U.S. Geol. Survey open-file report, p. 101-114.

, 1954, Memorandum on groundwater conditions in parts
of Tps. 10 and 11 S, Rs. 23 and 24 W, Yuma County, Arizona:
U.S. Geol. Survey open-file report, 5 p.

, 1959, Test holes in southern Arizona valleys, in
Heindl, L. A., ed., Southern Arizona Guidebook 2, Arizona
Geol. Soc. Dig., p. 62-65.

Johnson, P. W., and Cahill, J. M., 1954, Groundwater resources
and geology of the Gila Bend and Dendora area, Maricopa
County, Arizona: U.S. Geol. Survey open-file report, 53 p.

Johnson, W. M., Cady, J. C., and James, M. S., 1962, Characteristics
of some brown gumsols of Arizona: Soil Sci. Soc. America
Proc., v. 26, no. 4, p. 389-393.

Judson, Sheldon, and Ritter, D. F., 1964, Rates of regional
denudation in the United States: Jour. Geophys. Research,
v. 69, no. 16, p. 3395-3401.

Kam, William, 1957, Interim report on the groundwater resources

of the McMullen Valley area, Maricopa and Yuma Counties,

Arizona: U.S. Geol. Survey open-file report, 27 p.

, 1961, Geology and groundwater resources of the
McMullen Valley, Maricopa, Yavapai and Yuma Counties,
Arizona: Arizona State Land Dept., Water Resources
Report no. 8, 72 p.

, 1964, Geology and groundwater resources of McMullen
Valley, Maricopa, Yavapai and Yuma Counties, Arizona:
U.S. Geol. Survey Water-Supply Paper 1665, 61 p.

, 1965, Earth cracks - a cause of gullying: U.S. Geol.
Survey Prof. Paper 525-B, p. 122-125.

Kam, William, Schumann, H. H., Kister, L. R., and Arteaga, F. E.,
1963, Basic groundwater data for western Salt River Valley,
Maricopa County, Arizona: Arizona State Land Dept., Water
Resources Report no. 27, 72 p.

TA- 

19

4 'PU.KTUA.gU



Kearney, T. H., and Peebles, R. H., 1951, Arizona flora:
Univ. Calif. Press, Berkeley, 1032 p.

Keith, S. B., 1969a, Map of known base and precious metal
mineral occurrences in Arizona: Arizona Bur. Mines.

, 1969b, Map of known metallic mineral occurrences
(excluding base and precious metals) in Arizona: Arizona
Bur. Mines.

Ken O'Brien and Associates, 1968, Siting concepts and investi-
gations, Task 5 study five potential areas: Cons. Report
for SAMSO.

, 1969, Siting concepts and investigations, Task 7
Test Site Surveys: Cons. Report for SAMSO.

Keyes, Charles, 1922, Framework of Arizona geology: Pan-Am
Geol., v. 38, p. 231-252.

* Kister, L. R., and Hardt, W. F., 1966, Salinity of the groundwater
in western Pinal County, Arizona: U.S. Geol. Survey Water-
Supply Paper 1819-E, p. 1-21.

* Koester, E. A., 1972a, New light on petroleum possibilities of
the Basin and Range Province, Arizona: Am. Assoc. Petroleum
Geologists Bull., v. 56, no. 3, p. 633.

• 1972b, Thick halite beds surprise many Arizona watchers:

Oil and Gas Jour., v. 70, no. 31, p. 152-155.

Kolb, C. R., and van Lopik, J. R., 1963, Analogs of Yuma terrain
in the southwest U.S. Desert: Waterways Expt. Station Tech.
Report 3-630, Report 5, v. 1, 29 p., v. 2, 38 p.

Kottlowski, F. E., Cooley, M. E., Ruhe, R. V., 1965, Quaternary
geology of the Southwest, in Wright, L. A., and Frey, J. C.,
Quaternary of the United States: Princeton Univ. Press,
P. 287-289.

Kovach, R. L., Allen, C. R., and Press, Frank, 1962, Geophysical
invustigations in the Colorado Delta region: Jour. Geo-
phys. Res., v. 67, no. 7, p. 2845-2871.

* Krebs, R. D., and Walker, R. D., 1971, Highway materials:
McGraw-Hill, 428 p.

* Krinsley, D. B., Woo, C. C., and Stoertz, G. E., 1968, Geologic
characteristics of seven Australian playas, in Neal, J. T.,
ed., Playa surface morphology: miscellaneous investigations:
Air Force Cambridge Research Labs Environmental Research
Paper no. 283, p. 59-103.

A-20



Kupfer, D. H., and Bassett, A. M., 1962, Geological reconnaissance
map of part of the southeastern Mojave Desert, California:
U.S. Geol. Survey Min. Inv. Field Studies Map MF-205.

* Lamar, D. L., Merifield, P. M., and Proctor, R. J., 1973, Earth-

quake recurrence intervals on major faults in southern
California, in Moran, D. E., Slosson, J. E., Stone, R. 0.,
and Yelverton, C. A., eds., Geology, seismicity and environ-
mental impact: Assoc. Eng. Geol. Spec. Pub., p. 265-276.

*Lance, J. F., 1960, Stratigraphic and structural position of
Cenozoic fossil localities in Arizona: Arizona Geol. Soc.

Digest, v. 3, p. 155-159.

* Lance, J. F., and Wood, P. A., 1958, A new Miocene fossil locality

from southwestern Arizona: Geol. Soc. America Bull., v. 69,

p. 1674.

Lanphere, M. A., 1964, Geochronological studies in the eastern
Mojave Desert, California: Jour. Geol., v. 72, no. 4,
p. 381-399.

Lattman, L. H., 1973, Calcium carbonate cementation of alluvial
fans in southern Nevada: Geol. Soc. America Bull., v. 84,
no. 9, p. 3013-3028.

Laudermilk, J. D., 1931, On the origin of desert varnish: Am.
Jour. Sci., 5th Ser., v. 221, p. 51-66.

Lee, W. T., 1904, Underground waters of Gila Valley, Arizona:
U.S. Geol. Survey Water-Supply Paper 104, 69 p.

, 1908, Geologic reconnaissance of part of western
Arizona: U.S. Geol. Survey Bull. 352, 80 p.

* Leonard, R. J., 1929, An earth fissure in southern Arizona:
Jour. Geol., v. 37, no. 7, p. 765-774.

Lewis, D. D., 1963, Desert floods: Arizona State Land Dept.,
Water Resources Report 13, 13 p.

* Lipman, P. W., Prostka, J. H., Christiansen,R. L., 1972, Cenozoic
volcanism and plate tectonics evolution of the western United
States - early and middle Cenozoic: Phil. Trans. Royal Soc.,
London, p. 217-248.

Little, E. E., 1950, Southwestern trees: U.S. Dept. Ag., Handbook
no. 9.

Lomnitz, F. M., and others, 1970, Seismicity and tectonics of the
northern Gulf of California region, Mexico - preliminary

results: Geofisica Internacional, v. 10, no. 2.

Long, Austin, 1966, Late Pleistocene and recent chronologies of
playa lakes in Arizona and New Mexico: Univ. Arizona, Ph.D
thesis, 141 p.

A-21

T-SO* NATIONAL, iNO.



Long, J. T., and Sharp, R. P., 1964, Barchan-dune movement in
Imperial Valley, California: Geol. Soc. America Bull.,
v. 75, p. 149-156.

Longwell, C. R., 1974, Measure and date of movement on Las Vegas
Valley shear zone, Clark County, Nevada: Geol. Soc. America
Bull., v. 85, p. 985-990.

Lootens, D. J., 1966, Geology and structural environment of the
Sierrita Mountains, Pima County, Arizona: Arizona Geol.
Soc. Dig., v. 8, p. 33-56.

* Lowdermilk, W. C., 1952, Floods in deserts, in Desert Research:
Proc. Internat. Symp., Jerusalem.

Lowe, C. H., 1964, The vertebrates of Arizona: Univ. Arizona
Press, 259 p.

* Lower Colorado River State-Federal Interagency Group, 1971,
Lower Colorado Region comprehensive framework study:
Pacific Southwest Interagency Committee, Main Report, June,
1971, 149 p., Appendices I-XVIII.

Lowery, C. J., 1964, Sedimentation of Cenozoic deposits in the
western Salt River Valley, Arizona: Arizona State Univ.,
MS thesis, 28 p.

Lubowe, J. K. 1964, Stream junction angles in the dentritic
drainage pattern: Am. Jour. Sci., v. 262, p. 325-339.

Lucchitta, Ivo, 1972, Early history of the Colorado River in
Basin and Range province: Geol. Soc. America Bull., v. 83,
p. 1933-1948.

Lumholtz, Carl, 1912, New trails in Mexico: Charles Scribnerand Sons, New York.

Lund, I. A., and Needleman, S. M., 1974, Tropical soil moisture
estimation from meteorological observations, Air Force Cam-
bridge Research Papers no. 465, 27 p.

Lustig, L. K., 1966, The geomorphic and paleoclimatic significance
of alluvial deposits in southern Arizona - a discussion:
Jour. Geol., v. 74, no. 1, p. 95-102.

L,.:tton, R. J., 1958, Some structural features of southern Arizona:
Univ. Arizona, MS thesis, 138 p.

Mammerickx, Jacqueline 1964, Quantitative observations on pedi-
ments in the Mohave and Sonoran Desert§: Am. Jour. S.i.,
v. 262, p. 429-430.

Manera, P. A., 1970, Physical factors limiting the agricultural
development of Butler Valley, Yuma County, Arizona: Arizona
State Univ., MS thesis (geography), 42 p.

A-22



Marks, J. B., 1950, Vegetation and soil relations in the Lower
Colorado Desert: Ecology, v. 31, no. 2, p. 176-193.

Mathewson, D. E., 1960, Some notes on Precambrian structures in
Arizona: Arizona Geol. Soc. Dig., v. 3, p. 9-11.

* Mattick, R. E., Olmsted, F. H., and Zohdy, A. A. A., 1973,
Geophysical studies in the Yuma area, Arizona and California:
U.S. Geol. Survey Prof. Paper 726-D, 36 p.

* Mayo, E. B., 1958, Lineament tectonics and some ore districts
of the southwest: Mining Eng., v. 10, p. 1169-1175.

McCarthy, R., and Lewis, N., 1974, Preliminary report of regional
reconnaissance of the Blythe siting vicinity, Sundesert

Nuclear Project: Cons. Report by Fugro, Inc., 14 p.

McClymonds, N. E., 1957, Stratigraphy and structure of the
southern portion of the Waterman Mountains, Pima County,
Arizona: Univ. Arizona, MS thesis, 157 p.

, 1958, The stratigraphy and structure of the Waterman
Mountains, Pima County, Arizona: Arizona Geol. Soc. Dig.,
v. 1, p. 43-44.

, 1959a, Paleozoic stratigraphy of the Waterman Mountains,
Pima County, Arizona, in Heindl, L. A., ed., Southern Arizona
Guidebook 2, Arizona Geol. Soc. Dig., p. 67-76.

, 1959b, Precambrian and Paleozoic sedimentary rocks
of the Papago Indian Reservation, Arizona: Arizona Geol.
Soc. Guidebook II, p. 77-84.

McClymonds, N. E., Page, H. G., and Haynes, C. W., 1959, Road
log for trip II - stratigraphy of the Waterman and Silver
Bell Mountains: Arizona Geol. Soc., Guidebook II, p. 212-217.

McCrory, F. J., and O'Haire, R. T., 1965, Map of known non-metallic
mineral occurrences of Arizona: Arizona Bur. Mines.

McCulloch, W. C., Osterling, W. A., Spurck, W. H., and Tischler,
M. S., (eds.), 1964, Minerals for industry: Southern
California summary of geological survey 1955-1961, Southern
Pacific Co., San Francisco, v. 3, 242 p.

McGee, W. J., 1897, Sheetflood erosion: Geol. Soc. America Bull.,
v. 8, p. 87-112.

McKee, E. D., 1951, Sedimentary basins of Arizona and adjoining
areas: Geol. Soc. America Bull., v. 62, p. 481-506.

McKee, E. D., and McKee, E. H., 1972, Pliocene uplift of the Grand
Canyon region - time of drainage adjustment: Geol. Soc.
America Bull., v. 83, p. 1923-1932.

j -ONOm NATIONAL. ONO. A- 23



McKee, E. D., Wilson, R. F., Breed, W. J., and Breed, C. S.,eds., 1964, Evolution of the Colorado River in Arizona:Museum of Northern Arizona, Flagstaff, 67 p.

Melton, M. A., 1965a, Debris-covered hillslopes of the southern
Arizona desert - consideration of their stability and
sediment contribution: Jour. Geol., v. 73, no. 5,
p. 715-729.

, 1965b, The geomorphic and paleoclimatic significance
of alluvial deposits in southern Arizona: Jour. Geol.,
v. 73, no. 1, p. 1-38.

, 1966, The geomorphic and paleoclimatic significance
of alluvial deposits in southern Arizona: a reply: Jour.
Geol., v. 74, no. 1, p. 102-106.

Merriam, Richard, 1969, Source of sand dunes of southeastern
California and northwestern Mexico: Geol. Soc. America Bull.,
v. 80, p. 531-534.

, 1972, Reconnaissance geologic map of the Sonoyta
Quadrangle, northwest Sonora, Mexico: Geol. Soc. America
Bull., v. 83, no. 11, p. 3533-3536.

Merriam, R., and Bandy, 0. L., 1965, Source of upper Cenozoic
sediments in Colorado delta region: Jour. Sed. Pet., v. 35,
p. 911-916.

Messenger, J. A., 1971, Quaternary tectonics of the southwestern
United States: Arizona State Univ., Pleistocene Geology
Paper, unpub.

Metzger, D. G., 1951, Geology and groundwater resources of the
northern part of the Ranegras Plain area, Yuma County,
Arizona: U.S. Geol. Survey open-file report, 31 p.

, 1952a, Wellton-Mohawk area, Yuma County, in Halpenny,
L. C., and others, 1952, Groundwater in the Gila River and
adjacent areas, Arizona - a summary: U.S. Geol. Survey
open-file report, p. 165-170.

, 1952b, Ranegras Plain area, Yuma County, in Halpenny,
L. C., and others, 1952, Groundwater in the Gila-River and
adjacent areas, Arizona - a summary: U.S. Geol. Survey
open-file report, p. 171-176.

f 1957, Geology and groundwater resources of the
Harquahala Plains area, Maricopa and Yuma Counties, Arizona:
Arizona State Land Dept., Water Resources Report no. 3,40 p.

, 1965, A Miocene(?) aquifer in the Parker-Blythe-
Cibola area, Arizona and California: U.S. Geol. Survey
Prof. Paper 525-C, p. C203-C205.

A-24

--- ='



* Metzger, D. G., 1968, The Bouse Formation (Pliocene) of the
Parker-Blythe-Cibola area, Arizona and California: U.S.
Geol. Survey Prof. Paper 600-D, p. 126-136.

Metzger, D. G., and Loeltz, 0. J., 1973, Geohydrology of the
Needles area, Arizona, California and Nevada: U.S. Geol.
Survey Prof. Paper 486-J, 54 p.

* Mildner, M. K., 1970, Damage to agricultural lands from subsidence:

Soil Conserv. Service, draft copy, 3 p.

Miller, F. K., Geology of a portion of the Dome Rock Mountains,
Arizona: U.S. Geol. Survey Typewritten Report, unpub., 13 p.

Miller, F. K., 1970, Geologic map of the Quartzsite Quadrangle,
Yu-ma County, Arizona: U.S. Geol. Survey Quad. Map GQ-841.

Miller, F. K., and McKee, E. H., 1q71, Thrust and strike-slip
faulting in the Plomosa Mountains, southwestern Arizona:
Geol. Soc. America Bull., v. O2, p. 717-722.

Miller, J. R., 1975, Geotechnical evaluation procedure for
nuclear power plant siting, southern Basin and Range Province:
Colorado School Mines, MS thesis, 121 p.

Miller, P. H., and Snodgrass, H. R., 1965, The general Atomic-
Rogers explorations seismic system: General Atomic report
for Bureau of Reclamation, GA-6782, App. III, 80 p.

Miller, V. C., 1971, Discrimination of pediments and alluvial
fans from topographic maps: Geol. Soc. America Bull., v. 82,
p. 2375.

Miller, W. J., 1944, Geology of Palm Springs-Blythe strip, River-
side County, California: California Jour. Mines and Geol.,
v. 40, no. 1, p. 11-72.

* Millet, J. A., and Barnett, H. F., 1970, Surface materials and

terrain features of Yuma Proving Ground, Arizona: U.S. Army,
Natick Lab, E.rth Sci. Lab, Tech. Report, 71-14-ES, 46 p.

Milton, L. E., and Ollier, C. D., 1965, A code for labeling
streams, basins and junctions in a drainage net: Jour.
Hydrol., v. 3, p. 66-68.

Mitchell, C. M., and Zandle, G. L., 1965, Aeromagnetic map of
the Casa Grande area, Maricopa and Pinal Counties, Arizona:

U.S. Geol. Survey Geophys. Inv. Map GP-548.

Molineux, C. E., Bliamptis, E. E., and Neal, J. T., 1971, A
remote-sensing investigation of four Mohave playas: Air
Focce Cambridge Research Labs, Terrestrial Sci. Lab Prof.
7628 ILIR, Environmental Research Paper No. 352, 62 p.

A-25
Ti ONG NATIONAL, ONO.



Moore, D. G., and Buffington, E. C., 1968, Transform faulcing
and growth of the Gulf of California since late Pliocene:
Science, v. 161, p. 1238-1241.

* Moore, D. 0., 1968, Estimating mean runoff in ungaged semi-arid
areas: Int. Assoc. Sci. Hydrol. Bull. 13, no. 1, p. 29-39.

Moore, R. T., and Wilson, E. D., 1962a, Geologic cross-sections
1-3: Arizona Bur. Mines.

01 1962b, Geologic cross-sections 4-6: Arizona Bur.
Mines.

, 1962c, Geologic cross-sections 7-8: Arizona Bur.
Mines.

, 1965, Bibliography of the geology and mineral
resources of Arizona, 1848-1964: Arizona Bur. Mines Bull.
173, 321 p.

Moore, R. T., Wilson, E. D., and O'Haire, R. T., 1960, Geologic
map of Coconino County, Arizona: Arizona Bur. Mines.

Morton, P. K., 1962, Reconnaissance geologic map of parts of
Picacho Peak, Laguna, Ogilby, Grays Well NE and Yuma
quadrangles, California: Calif. Div. Mines and Geol.

Mosley, M. P., and Parker, R. S., 1973, Re-evaluation of the
relationship of master streams and drainage basins -
discussion: Geol. Soc. America Bull., v. 84, no. 9,
p. 3123-3126.

Motts, W. S., 1965, Hydrologic types of playas and closed valleys
and some relations of hydrology to playa geology, in Neal,
J. T., Geology, Mineralogy and Hydrology of U.S. playas:
Air Force Cambridge Research Labs, Environmental Research
Paper 96, p. 73-104.

Mueller, J. E., 1973, Re-evaluation of the relationship of master
streams anJ drainage basins - reply: Geol. Soc. America
Bull., v. 84, no. 9, p. 3127-3130.

Munz, P. A., and Kech, D. D., 1965, California flora: Univ.

Calif. Press, 1681 p.

Murphy, Robert, 1968, Wild sanctuaries: E. P. Dutton, New York.

Musick, H. B., compiler, McGinnies, W. G., and haase, E. F.,
1973, A study to explore the use of orbital remote sensing
to determine native arid plant distribution: Office of
Arid Lands Studies, Type II, Progress Report, 5 p.

* Musick, H. B., McGinnies, W. G., Haase, E. F., and Lepley, L. K.,
1973, ERTS-I imagery and native plant distributions, in
Proceedings Fourth Annual Conference on Remote Sensing in
Arid Lands, Office of Arid Lands Studies, p. 338-346.

A-26

L t



AD-AS13 21* FUSNO NATIONAL. INC JLCNG BEACH CA F/6 B/6
XX SITING INVESTIGATION. VOLUMEc 110. B(OTECIB4ICAL REPORT, TWIA --fTC(U)
JU 71 FOOq71-74-O13

UNCLASSIFIEDC FN-TR-3SVOLUn WL

56IlfIlfllfllfllfllf

IIIIEEIIIEIIEE
IEIIIIIIIIIIIE
IIIIIIIIIIEII
IEEEIIIIIIIEI
IIIIIIIIIIIIIIfllfllfl
EIEIIIIIIIIEEE



11111112.

liii'1.1 II1.8

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANDARDS-_ 963-A



Mytton, J. W., 1973, Two salt structures in Arizona - the Supai
salt basin and the Luke salt body: U.S. Geol. Survey open-
file report, 40 p.

National Oceanic and Atmospheric Administration, 1973a, Monthly
normals of temperature, precipitation, and heating and
cooling degree days 1941-1970: N.O.A.A., Environmental Data
Service, Climatology of the U.S., no. 81 (Arizona).

1973b, Monthly normals of temperature, precipitation,
and heating and cooling degree days 1941-1970: N.O.A.A.,
Environmental Data Service, Climatology of the U.S., no. 81
(California).

, 1973c, Local climatological data - annual summary
with comparative data, Yuma, Arizona: N.O.A.A., Environmental
Data Service.

National Weather Records Center, 1969, Selective guide to climatic
data services: Environmental Science Services, Key to
Meteorological Records Documentation, no. 411, 90 p.

* National Weather Service, 1960a, Storm data: National Oceanic and
Atmospheric Administration, Rnvironmental Data Service,
v. 2, no. 8.

• 1960b, Storm data: National Oceanic and Atmospheric
Administration, Environmental Data Service, v. 5, no. 11.

, 1964, Storm data: National Oceanic and Atmospheric

Administration, Environmental Data Service, v. 6, no. 4.

, 1966a, Storm data: National Oceanic and Atmospheric
Administration, Environmental Data Service, v. 8, no. 9.

* _, 1966b, Storm data: National Oceanic and Atmospheric
Administration, Environmental Data Service, v. 8, no. 10.

, 1967, Storm data: National Oceanic and Atmospheric
Administration, Environmental Data Service, v. 9, no. 7.

, 1968, Storm data: National Oceanic and Atmospheric

Administration, Environmental Data Service, v. 10, no. 2.

, 1972, Storm data: National Oceanic and Atmospheric
Administration, Environmental Data Service, v. 14, no. 10.

Naval Weather Service, 1973, Guide to standard weather summaries
and climatic services: N.A.V.A.I.R. 50-lC-534, March, 1968.

, 1974, Guide to standard weather summaries and
climatic services: N.A.V.A.I.R. 50-1C-534 CH-l, January
1973.

A-27

ONO UATIMMAL IN.



Neal, J. T., ed., 1968, Playa surface morphology - miscellaneous
investigations: Air Force Cambridge Research Labs,
Environmental Research Paper no. 283, 150 p.

Needleman, S. M., 1969, Earth science applied to military use of
natural terrain: Air Force Cambridge Research Labs, Air
Force Surveys in Geophysics no. 211.

* Nelson, R. A., 1957, Analogs of Yuma climate in North America:
Waterways Expt. Station Report, RER-12, 21 p.

* Newman, W. L., 1970, Geologic time: U.S. Geol. Survey Pamphlet,
20 p.

* Norris, R. M., and Norris, K. S., 1961, Algodones Dunes of south-

eastern California: Geol. Soc. America Bull. 72, p. 605-620.

Office of Arid Lands Studies, 1970, Environmental study for the
Gila River below Painted Rock Dam: Univ. Arizona, 92 p.

* Ohman, H. L., and Pratt, R. L., 1966, Yuma winter microclimate:
Natick Labs. Tech. Report, 66-7-ES, 33 p.

* Olmsted, F. H., 1968, Tertiary rocks near Yuma, Arizona: Geol.

Soc. America Spec. Paper 101, p. 153-154.

1972, Geology of the Laguna Dam 7 -minute quadrangle,

Arizona and California: U.S. Geol. Survey Quad. Map GQ-1014,
1:24,000.

Olmsted, F. H., and McDonald, C. C., 1967, Hydrologic studies of
the Lower Colorado River region: Water Resources Bull.,
v. 3, no. 1, p. 45-58.

* Olmsted, F. H., Loeltz, 0. J., and Ireland, Burdge, 1973, Geo-

hydrology of the Yuma area, Arizona and California: U.S.

Geol. Survey Prof. Paper 486-H, 227 p.

Osterkamp, W. R., 1972, Map showing depth to water in wells in

the Phoenix area, Arizona 1972: U.S. Geol. Survey Misc.
Inv. Map I-845-D, 1:250,000.

, 1973a, Map showing depth to water in wells in

the Tucson area, Arizona, 1972: U.S. Geol. Survey Misc.
Inv. Map I-844-D, 1:250,000.

, 1973b, Groundwater recharge in the Tucson area,

Arizona: U.S. Geol. Survey Misc. Inv. Map I-844-E,
1:250,000.

Parker, F. Z., 1966, The geology and mineral deposits of the
Siler District, Trigo Mountains, Yuma County, Arizona:
San Diego State College, MS thesis.

A-28



* Pashley, E. F., 1961, Subsidence cracks in alluvium near Casa
Grande, Arizona: Arizona Geol. Soc. Dig., v. 4, p. 95-101.

Perez, V., and Schwartz, S. C., 1973, Strong-motion seismograph
station listing: U.S. Geol. Survey Prelim. Report, 3 p.

Pewd, T. L., 1971, Guidebook to the geology of the Lower Salt
River Valley: Arizona State Univ., unpub. Guidebook, 20 p.

Peterson, A. M., 1956, Summary of the airborne, radiometric
survey of the southern California project, southeastern
California and southwestern Arizona: U.S. Atomic Energy
Report RME-2080, 10 p.

Peterson, D. L., 1968, Bouguer gravity map of parts of Maricopa,
Pima, Pinal and Yuma Counties, Arizona: U.S. Geol. Survey
Geophys. Inv. Map GP-615, 1:250,000.

Peterson, R. T., 1961, A field guide to western birds: Riverside
Press, Boston, 366 p.

Pierce, H. W., 1972a, Thick Arizona salt masses - autochthonous
(abs.): Arizona Acad. Sci., 16th Ann. Mtg., Prescott,
Arizona, p. 46.

, 1972b, Red Lake salt mass: Arizona Bur. Mines

Fieldnotes, v. 2, no. 1, p. 4-5.

* _, 1973, Evaporite developments thickest anhydrite in

the world?, in Field Notes, Arizona Bur. Mines, v. 3, no. 2,
p. 1-2.

Pierce, H. W., and Scurlock, J., 1972, Arizona well information:
Arizona Bur. Mines Bull. 185, 195 p.

Platt, W. S., 1963, Land surface subsidence in the Tucson area:
Univ. Arizona, MS thesis, 38 p.

* Poland, J. F., 1967, Land subsidence, in Geol. Survey Research:
U.S. Geol. Survey Prof. Paper 575-A, a-. 57-58.

* Poland, J. F., and Davis, G. H., 1969, Lai., -idence due to
withdrawal of fluids, in Varnes, D. J., . A Kiersch, G.,
eds., Reviews in Eng. Geol., v. 2, p. 137-269.

* Pope, C. W., Jr., 1971, Caliche - what does it mean?: Arizona
State Univ., unpub. Pleistocene Geology Paper.

* Pope, C. W., Bland, B., Buchheim, R., and Bell, J. W., 1972,
Resistivity and gravity studies of earth cracks: Arizona
State Univ., unpub. Dept. of Geology report, 3 p.

Purdue University, 1954, Environmental desert terrain study at
Yuma Test Station: Interim Report for Office of the Chief
of Eng., 73 p.

iD. NATINAL, IN. A- 29



Pye, W. D., 1959, Marine sedimentation in southern Arizona:
Arizona Geol. Soc. Guidebook II, p. 5-11.

* Rahn, P. H., 1966, Inselbergs and nickpoints in southwestern
Arizona: Zeit. fur Geomorph., v. 3, no. 10, p. 217-225.

_ 1967, Sheetfloods, streamfloods and the formation
of pediments: Annals Assoc. Am. Geog., v. 57, p. 593-604.

* , 1968, Field observations of desert thunderstorm
runoff: Geol. Soc. America Spec. Paper 101, p. 172.

Ralph M. Parsons Company, 1974, MX system design study - pool
and buried trench facility concepts: Consultants Report
for SAMSO, v. I, II and III.

Raup, R. B., Jr., 1953a, Southwest district - Arizona and New
Mexico: U.S. Geol. Survey Report TEI-390, p. 209-212.

, 1953b, Southwest district - Arizona and New Mexico:
U.S. Geol. Survey Report TEI-330, p. 213-216.

, 1954, Southwest district - Arizona and New Mexico:
U.S. Geol. Survey Report TEI-440, p. 180-182.

Redpath, B. B., 1973, Seismic refraction exploration for engineering
site investigations: Waterways Expt. Station Tech. Report
E-73-4, 55 p.

Reyner, M. L., and Ashwell, W. R., 1958, Reconnaissance geology
of the southern Muggins Mountains, Yuma County, Arizona:
U.S. Atomic Energy Comm. open-file report.

Rich, J. L., 1935, Origin and evolution of rock fans and pediments:
Geol. Soc. America Bull., v. 46, p. 999-1024.

* Richter, C. F., 1958, Elementary seismology: W. H. Freeman Co.,
768 p.

1959, Seismic regionalization: Bull. Seis. Soc.
America, v. 49, p. 123-162.

Richard, K., and Courtright, J. H., 1960, Some Cretaceous-Tertiary
relationships in southeastern Arizona and New Mexico:
Arizona Geol. Soc. Dig., v. 3, p. 1-7.

* Richardson, M. L., and Miller, M. L., 1973, Report and interpre-
tations of the general soil map of Pima County, Arizona:
Soil Conserv. Service, Gen. Soil Map Report, 32 p.

Ritter, D. F., 1966, Rates of denudation: Geol. Sciences, v. 15,
no. 4, p. 154-159.

* Robinove, C. J., Langford, R. H., and Brookhart, J. W., 1958,
Saline-water resources of North Dakota: U.S. Geol. Survey
Water-Supply Paper 1428, 72 p.

A-30



* Robinson, G. M., and Peterson, D. E., 1962, Notes on earth
fissures in southern Arizona: U.S. Geol. Survey Circ.
466, 7 p.

Rogacord Experimental Party 12, Rogers Explorations, Inc., 1966,
Geophysical field report reflection seismography survey of
the Yuma area, Yuma County, Arizona: Report for General
Atomic Division, General Dynamics Corp., June 20, 1966 -
July 21, 1966, Supplement I for GA-7349, 38 p.

* Ross, C. P., 1922a, Geology of the Lower Gila region, Arizona:
U.S. Geol. Survey Prof. Paper 129-H, p. 183-197.

, 1922b, Routes to desert watering places in the Lower
Gila region, Arizona: U.S. Geol. Survey Water-Supply Paper
490-C, p. 271-315.

1923, The Lower Gila region, Arizona, U.S. Geol.
Survey Water-Supply Paper 498.

Rostein, Yair, 1974, Geophysical investigations in southeastern
Mojave Desert, California: Univ. Calif. Riverside, Ph.D
thesis, 175 p.

Rostvedt, J. 0., and others, 1970a, Summary of floods in the
United States during 1964: U.S. Geol. Survey Water-Supply
Paper 1840-C, 123 p.

, 1970b, Summary of floods in the United States during
1965: U.S. Geol. Survey Water-Supply Paper 1850-E, 110 p.

Ruhe, R. V., 1969, Principles for dating pedogenic events in the
Quaternary: Soil Science, v. 107, no. 6, p. 398-402.

Rula, A. A., Grabau, W. E., and Miles, R. D., 1963, Forecasting
trafficability of soils, airphoto approach: Waterways Expt.
Station Tech. Memo 3-331, Report 6, v. 1, 218 p., v. 2.

Rush, E. S., 1959, Tests on coarse-grained soils with self-propelled
and towed vehicles, 1956 and 1957: U.S. Army Corps Eng.,
Waterways Expt. Station Tech. Memo 3-240, 15th Supp., 117 p.

* Ryall, S. G., Slemmons, D. B., and Gedney, L. D., 1966, Seismicity,
tectonism, and surface faulting in western United States
during historic time: Bull. Seis. Soc. America, v. 56, no. 5,
p. 1105-1135.

Sacamano, C. M., and Duffield, M. R., 1973, Arizona plant
climate zones: Univ. Arizona Ag. Expt. Station, Q Series,
4 p.

• Sanford, A. R., and Toppozada, T. R., 1974, Seismicity of proposed
radioactive waste disposal site in southeastern New Mexico:
New Mexico Bur. Mines and Min. Resources, Circ. 143, 15 p.

ONaTIUAL, ONO, A- 31



* Sauck, W. A., 1972, Compilation and preliminary interpretation

of the Arizona aeromagnetic map: Univ. Arizona, Ph.D
thesis, 147 p.

* Sauck, W. A., and others, 1971, Aeromagnetic map of the northern
part of the Tucson Basin, Pima County, Arizona: Arizona
Geol. Soc. Dig., v. 9, p. 123-135.

* Schmitt, H. A., 1966, The prophyry copper deposits in their
regional setting, in Geology of the prophyry copper deposits,
Southwestern North America: Univ. Arizona Press, p. 17-33.

Schnabel, P. R., and Seed, H. B., 1973, Accelerations in rock
for earthquakes in the western United States: Bull. Seis.
Soc. America, v. 63, no. 2, p. 501-516.

* Schumann, H. H., 1973, Land subsidence and earth fissures in
alluvial deposits in the Phoenix area, Arizona: U.S. Geol.
Survey open-file map.

1 1974, Map showing land subsidence and earth fissures
in alluvial deposits in the Phoenix area, Arizona: U.S.
Geol. Survey Misc. Inv. Map I-845H.

* Schumann, H. H., and Poland, J. F., 1969, Land subsidence, earth
fissures, and groundwater withdrawal in southcentral Arizona,
U.S.A., in Land subsidence, proceedings of the Tokyo
Symposium: UNESCO, Gentbrugge, Belgium and Paris, v. 2,
p. 296-302.

Schumm, S. A., 1956, The role of creep and rainwash on the retreat
of badland slopes: Am. Jour. Sci., v. 254, p. 693-706.

Sell, J. D., 1968, Correlations of some post-Laramide-Tertiary
units, Globe (Gila County) to Gila Bend (Maricopa County),
Arizona: Arizona Geol. Soc., Southern Arizona Guidebook
III, p. 69-74.

Sellers, W. D., ed., 1960, Arizona climate: Univ. Arizona Press,
60 p.

Shamburger, J. R., and Duke, L. M., 1965, Project OTTER (Overland
Train Terrain Evaluation Research): U.S. Army Waterways
Expt. Station Tech. Report 3-588, Report 2, 90 p.

Shamburger, J. R., and Kolb, C. R., 1961, Project OTTER (Overland
Train Terrain Evaluation Research): U.S. Army Corps Eng.,
Tech. Report 3-588, 36 p.

* Sharp, R. V., 1972, Tectonic setting of the Salton Trough:
U.S. Geol. Survey Prof. Paper 787, p. 3-15.

* Shepard, J. R., Johnstone, J. G., Lindsey, A. A., Miles, R. D.,
and Frost, R. E., 1955, Terrain study of the Yuma Test
Station: U.S. Army Corps of Engineers, Waterways Expt.
Station, Contract Report 3-14, 176 p.

A-32



Sherman, W. C., Steinriede, W. B., Krinitsky, E. L., Turnbull,
W. J., Shockley, W. G., and Compton, J. R., 1964, Feasibility
of constructing large underground cavities - background,
site selection and summary: Waterways Expt. Station Tech.
Report 3648, v. 1, 79 p.

Shreve, Forrest, and Wiggins, I. L., 1964, Vegetation and flora
of Sonoran Desert: Standord Univ. Press, 1740 p.

Sigalove, J. J., Long, Austin, and Damon, P. E., 1962, The C1 4

content and origin of caliche (abs.): Jour. Geophys. Res.,
v. 67, no. 4, p. 1657.

Simmons, H. L., 1965, The geology of the Cabeza Prieta Game Range:
Mimeo. Manuscript, Univ. Arizona Library, 56 p.

, 1966, Geology of the Cabeza Prieta Game Range:
Arizona Geol. Soc. Dig., v. 8, p. 147-157.

Slemmons, D. B., 1967, Pliocene and Quaternary crustal movements
of the Basin and Range Province: Jour. Geosci., v. 10,
p. 91-103.

Smith, H. V., 1956, The climate of Arizona: Univ. Arizona Ag.
Expt. Station Bull. No. 279.

Smith, K. G., 1950, Standards for grading texture of erosional
topography: Am. Jour. Sci., v. 248, p. 655-668.

Smith, M. B., 1964, Map showing distribution and configuration
of basement rocks in California: U.S. Geol. Survey Oil and
Gas Inv. Map OM-215.

Smith, P. B., 1970, New evidence for a Pliocene marine embayment
along the lower Colorado River area, California and Arizona:
Geol. Soc. America Bull., v. 81, no. 5, p. 1411-1420.

Smith, Winchell, and Heckler, W. L., 1955, Compilation of flood
data in Arizona 1862-1953: U.S. Geol. Survey open-file
report, 113 p.

Snodgrass, H. R., 1965, Subsurface geophysical investigations using
the General Atomic seismic reflection system: General
Atomic Report for Bur. of Reclamation, GA-6782, Final Tech.
Report, 40 p.

, 1966a, Subsurface geophysical survey using seismic
reflection system: Report for U.S. Bur. Reclamation.

, 1966b, Subsurface geophysical investigations using
the General Atomic seismic reflection system: Report for
U.S. Bur. Reclamation, GA-6782 Supplement, 3 p.

IS NATIONAL, INO. A-33



Snodgrass, H. R., 1966c, Subsurface geophysical surveys using
seismic reflection system: Report for U.S. Bur. Reclamation,
GA-7349, 42 p.

• 1966d, Subsurface geophysical surveys using seismic
reflection system: Report for U.S. Bur. Reclamation,
GA-7349, 42 p.

Soil Science Society, 1973, Glossary of soil science terms:
Soil Sci. Soc. America, 33 p.

Southern Pacific Company, 1964, Minerals for industry: Southern
California summary of geological survey 1955-1961:
Southern Pacific Company, San Francisco, v. 3, 242 p.

* Stewart, J. H., 1966, Possible large right-lateral displacement
along fault and shear zones in the Death Valley-Las Vegas
area, California and Nevada: Geol. Soc. America Bull.,
v. 78, p. 131-142.

* Stewart, J. H., Albers, J. P., and Poole, F. G., 1968, Summary
of regional evidence for right-lateral displacement in
western Great Basin: Geol. Soc. America Bull., v. 79,
p. 1407-1414.

, 1970, Summary of regional evidence for right-lateral
displacement in the western Great Basin: Geol. Soc. America
Bull., v. 81, p. 2175-2180.

Strahler, A. N., 1953, Revisions of Horton's quantitative factors
in erosional terrain: E.O.S. Trans. Am. Geophys. Union,
v. 34, p. 345.

, 1956, Quantitative slope analysis: Geol. Soc.
America Bull., v. 67, p. 571-596.

, 1958, Dimensional analysis applied to fluvially

eroded landforms: Geol. Soc. America Bull., v. 69, p. 279-300.

* _, 1962, Hypsometric (area-altitude) analysis of erosional

topography: Geol. Soc. America Bull., v. 63, p. 1117-1142.

Strand, R. G., compiler, 1962, Geologic map of California, San
Diego-El Centro Sheet (1:250,000): Calif. Div. Mines and
Geology.

* Stubbs, F. L., and Moore, R. T., 1963, Map of Arizona showing
principal power and transportation facilities: Arizona
Bur. Mines.

Stulik, R. S., 1964, Effects of groundwater withdrawal 1954-1963
in the lower Harquahala Plains, Maricopa County, Arizona:
Arizona State Land Dept., Water Resources Report no.
17, 8 p.

A-34



Stulik, R. S., 1974, Ground water conditions in the lower
Hassayampa area, Maricopa County, Arizona: Arizona Water
Comm. Bull. 8, 52 p.

* Stulik, R. S., and Moosburner, Otto, 1969, Hydrologic conditions
in the Gila Bend basin, Maricopa County, Arizona:
Arizona State Land Dept., Water Resources Report no. 39,
63 p.

Stulik, R. S., and Twenter, R. F., 1964, Geology and ground
water of the Luke area, Maricopa County, Arizona: Geol.
Survey Water-Supply Paper 1779-P, 30 p.

* Sturgul, J. R., and Irwin, T. D., 1971, Earthquake history of
Arizona and New Mexico, 1850-1966: Arizona Geol. Soc. Dig.,
v. 9, 37 p.

Sumner, J. R., 1972, Tectonic significance of gravity and aero-
magnetic inventory at the head of the Gulf of California:
Geol. Soc. America Bull., v. 83, p. 3103-3120.

Sumner, J. R., and Thompson, G. A., 1974, Estimates of strike-slip
offset in southwestern Arizona: Geol. Soc. America Bull.,
v. 85, p. 943-946.

* Sumner, J. S., 1973, Prediction of ground subsidence and earth-
fissuring zones due to groundwater withdrawal in Arizona
using gravity method: Univ. Arizona, Grant Proposal, 5 p.

, 1974, Regional geophysical patterns and prophyry
copper deposits in Arizona (abs.): Geol. Soc. America,
v. 6, no. 3, p. 263-264.

* Sumner, J. S., and Aiken, C. L. V., 1973, Geophysical investi-
gation of the Palo Verde Hills area, Maricopa County, Arizona:
Report for Fugro, Inc.

Sumner, J. S., and West, R. E., 1969, The University of Arizona
gravity-survey program: E.O.S. Am. Geophys. Union, v. 50,
no. 10, p. 541-542.

Tanner, W. F., 1959, Examples of departure from the Gaussian in
geomorphic analysis: Am. Jour. Sci., v. 257, p. 458-460.

Terry, A. H., 1972, The geology of the Whipple Mountain thrust
fault, southeastern California: San Diego State, MS thesis,
74 p.

Thomas, G. C., 1959, Mississippian system in southern Arizona:
Arizona Geol. Soc. Guidebook II, p. 31-33.

Thomas, H. E., 1962, The meteorological phenomenon of drought
in the southwest: U.S. Geol. Survey Prof. Paper 372-A,
43 p.

IIM--- NATIONAL, NO. A-35



Thompson, D. G., 1929, The Mojave Desert region, California -
a geographic, geologic and hydrologic reconnaissance:
U.S. Geol. Survey Water-Supply Paper 578, 759 p.

Timm, W. C., 1967, Geologic reconnaissance of the central portion
of the Palo Verde Mountains, Imperial County, California:
San Diego State College, Senior Research Paper, 32 p.

Titley, S. R., 1959, Igneous rocks of the Basin and Range
Province in Arizona: Arizona Geol. Soc. Guidebook II,
p. 85-88.

, 1968a, Southern Arizona Guidebook 3: Geol. Soc.
America Cordilleran Section, 64th Ann. Mtg. , Tucson, 1968,
334 p.

, 1968b, Southern Arizona - view from Gemini: Arizona
Geol. Soc. Guidebook III, p. 3-20.

Tolman, C. F., 1909, Erosion and deposition in southern Arizona
bolson region: Jour. Geol., v. 17, p. 136-163.

, 1912, An Arizona earthquake: Seis. Soc. America Bull.,
v. 2, p. 209-210.

* Townley, S. D., and Allen, M. W., 1939, Descriptive catalog of
earthquakes of the Pacific Coast of the United States, 1768
to 1920: Seis. Soc. America Bull., v. 29, no. 1, p. 21-235.

TRW Systems Group, 1975, MX shelter based weapon system characteri-
zation study - facilities and roads: Environmental, Power
and Facilities Department Systems Integration Laboratory,
TRW Systems Group, Executive Summary Report, 34 p.

Twenter, F. R., 1961, Miocene and Pliocene history of Central
Arizona: U.S. Geol. Survey Prof. Paper 424-C, p. 153-156.

Turner, G. L., 1962, The Deming Axis, southeastern Arizona, New
Mexico and Trans-Pecos Texas: 13th Field Conf., New Mexico
Geol. Soc., p. 59-71.

* Turner, S. F., 1960, Geology and water resources of the western
part of the La Posa Plain south of Quartzite, Yuma County,
Arizona: Turner and Assoc., Phoenix, 11 p.

U.S. Army Corps of Engineers, 1941, Soil investigation of Fly
Field, Yuma, Arizona: U.S. Army Corps of Eng., 6 p.

, 1942a, Report on soils and aggregate investigation
for Colfred Gunnery Field, Yuma Air Force flying school near
Colfred, Arizona: U.S. Army Corps of Eng., 20 p.

, 1942b, Report on soils and aggregates investigation
for Stoval Gunnery Field, Yuma Air Force flying school near
Stoval, Arizona: U.S. Army Corps of Eng., 21 p.

A-36



U.S. Army Corps of Engineers, 1942c, Report on soils and aggre-
gates investigation for auxiliary landing field no. 1, near
Fly Field, Yuma, Arizona: U.S. Army Corps of Eng., 19 p.

• 1942d, Report on soils and aggregates investigation
for Wellton Gunnery Field, Yuma Air Force flying school
near Wellton, Arizona: U.S. Army Corps of Eng., 20 p.

, 1942e, Report on soils and aggregates investigation
for auxiliary landing field no. 4, near Fly Field, Yuma,
Arizona: U.S. Army Corps of Eng., 20 p.

, 1943a, Supplemental data to report on soils and
aggregates investigation for Army Air Forces advanced flying
school, Yuma, Arizona, Wellton Ground Gunnery Range: U.S.
Army Corps of Eng., 6 p.

1 l943b, Supplemental data to report on soils and
aggregates investigations for Army Air Force advanced flying
school, Yuma, Arizona, Stoval Ground Gunnery Range: U.S.
Army Corps of Eng., 8 p.

1 l943c, Supplemental data to report on soils and
aggregates investigations for Army Air Force advanced flying
school, Yuma, Arizona, Colfred Ground Gunnery Range: U.S.
Army Corps of Eng., 6 p.

, 1944a, Report on airfield pavement evaluation for Ajo-
Gila Bend Gunnery Range, Auxiliary Field Site no. 1, Arizona:
U.S. Army Corps of Eng., 9 p.

, 1944b, Report on airfield pavement evaluation for
Ajo-Gila Bend Gunnery Range Auxiliary Field Site no. 2,
Arizona: U.S. Army Corps of Eng., 9 p.

• 1944c, Report on airfield pavement evaluation for
Ajo-Gila Bend Gunnery Range Auxiliary Field Site no. 3,
Arizona: U.S. Army Corps of Eng., 9 p.

, 1944d, Report on airfield pavement evaluation for
Ajo-Gila Bend Gunnery Range Auxiliary Field Site no. 4,
Arizona: U.S. Army Corps of Eng., 9 p.

, 1944e, Report on airfield pavement evaluation for
Ajo-Gila Bend Gunnery Range Auxiliary Field Site no. 5,
Arizona: U.S. Army Corps of Eng., 9 p.

• 1944f, Report on airfield pavement evaluation for
Ajo-Gila Bend Gunnery Range Auxiliary Field Site no. 6,
Arizona: U.S. Army Corps of Eng., 9 p.

, 1944g, Report on airfield pavement evaluation for
Datelan Army Air Field, Datelan, Arizona: U.S. Army Corps
of Eng., 13 p.

SUU NATIONAL, INS. A-37



U.S. Army Corps of Engineers, 1949, Trafficability of soils tests
on self-propelled vehicles, Yuma, Arizona, 1947: Waterways
Expt. Station Tech. memo 3-240, 4th Supp., 94 p.

_______, 1950, Trafficability of soils tests on towed vehicles,
1947-1948: Waterways Expt. Station Tech. memo 3-240, 7th
Supp., 109 p.

* ________,1952a, Report on soils investigation and design for
roads at Yuma Test Station, Yuma, Arizona: U.S. Army Corps
of Eng., 14 p.

* ________,1952b, Report of soil tests, Yuma Test Station, Yuma,
Arizona, U.S. Army Corps of Eng., 3 p.

* , 1953a, Report on pavement evaluation for Dynamometer
course, Yuma Test Station, Yumna, Arizona: U.S. Army Corps
of Eng., 10 p.

* , 1953b, Report of soil tests, Yuma Test Station, Yuma,
Arizona: U.S. Army Corps of Eng., 2 p.

* , 1957a, Report of soil tests, Yuma Test Station (Laguna
Field): U.S. Army Corps of Eng., 3 p.

* ________,1957b, Report of soil tests undisturbed foundation
materials, Yuma Test Station: U.S. Army Corps of Eng., 7 p.

* ________ 1960, Report of soil tests undisturbed foundation
materials Enlisted Men's Barracks, Yuma Test Station: U.S.
Army Corps of Eng., 7 p.

* , 1963, Analogs of Yuma terrain in the southwest United
States desert: Waterways Expt. Station Tech. Report 3-630,
report 5, v. II.

* ________,1966, Basis for design for road repair at Yuma Proving
Ground, Yuma, Arizona: U.S. Army Corp of Eng., Item 606, 5 p.

* , 1968, Pavement design report for Hanger w/Apron and
Wash Rack, Yuma Proving Ground, Yuma, Arizona: U.S. Army
Corps of Eng., 7 p.

* 1971a, Foundation report, corrosion report, and pavement
design, Weapons Evaluation Facility, Yuma Proving Ground,
Arizona: U.S. Army Corps of Eng., 6 p.

* , 1971b, Foundation report, corrosion report, and pavement
design, Igloo Magazines (4), Yuma Proving Ground, Arizona:
U.S. Army Corps of Eng., 3 p.

_________1972a, Report on Yuma Proving Ground Test Well No. 1,
East Kofa Range Area, Yuma County Arizona: U.S. Army Corps
of Eng., Sacramento, 4 p.

-- A- 38



U.S. Army Corps of Engineers, 1972b, Foundation report, corrosion
report and pavement design, Enlisted Men's Service Club,
Yuma Proving Ground, Arizon~a: U.S. Army Corps of Eng., 3 p.

* ________,1973a, Report on Yuma Proving Ground Test Well No. 2,
Central Kofa Range Area, Yuma County, Arizona: Dept. of
the Army, Sacramento, 4 p.

* , 1973b, Foundation report, corrosion report and pave-
ment design NCO, Open Mess, Yuma Proving Ground, Arizona:IU.S. Army Corps of Eng., 3 p.

* , 1974, Foundation report, corrosion report and pavementI de~sign Ammo Magazines Igloos (14), Yuma Proving Ground,
Arizona: U.S. Army Corps of Eng., 3 p.

*U.S. Army Research and Development Div., 1953, Handbook of the
Yuma environment: Environmental Protection Branch Report

U.S. Army Eng. Waterways Expt. Station Soil Mechanics Information
Analysis Center and Technical Information Center, 1974,
Microthesaurus of soil mechanics terms: Waterways Expt.
Station, 351 p.

U.S. Army Waterways Experiment Station. 1961, Project OTTER
(overland Train Terrain Evaluation Research) pretest report:
Waterways Expt. Station Tech. Report 3-588.

*U.S. Bureau of Land Management, 1968, Lower Gila resource area:
U.S. Bur. Land management, Land Status Map.

U.S. Bureau of Land Management, U.S. Department of Agriculture,
and Arizona Water Commission, compilers, 1972, Map of land
status in the Phoenix area, Arizona, 1973: U.S. Geol.
Survey Misc. Geol. Inv. Map 1-845-A, 1:250,000.

U.S. Bureau of Reclamation, 1962, Gila Project: U.S. Bur.
Reclamation, 5 p.

_________1968, All American Canal System, Boulder Canyon
project: U.S. Bur. Reclamation, 7 p.

_______, 1972, Final environmental statement for proposed
Central Arizona project: Dept. of Interior, Bur. Reclamation,
Denver, Colorado, Sept. 26, 1972, 238 p.

* ________, 1973, Design of small dams: U.S. Bur. Reclamation,
Water Resources Tech. Pub., 816 p.

_______, 1974a, Final environmental statement: authorized
Granite Reef Aqueduct, Central Arizona project, Arizona-
New Mexico: Dept. of Interior, Bur. Reclamation, Jan. 22,
1974, 141 p.

END .NATIONAL, INC. A- 39



U.S. Bureau of Reclamation, 1974b, Groundwater status report,
1972, Yuma area, Arizona-California: U.S. Bur.
Reclamation, 26 p.

U.S. Bureau of Sport Fisheries and Wildlife, 1964, Mammals of
the Cabeza Prieta Game Range: Fish and Wildlife Service,
Pamphlet RL-311, 4 p.

, 1965a, Birds of the Cabeza Prieta Game Range: Fish
and Wildlife Service, RL-196-R, 4 p.

* _, 1965b, Cabeza Prieta Game Range: Fish and Wildlife

Service, RL-99-R, 4 p.

, 1973, Threatened wildlife of the United States:
Fish and Wildlife Service, Resources Pub. 114.

, 1974a, Mammals of Kofa Game Range: Fish and Wildlife
Service, Pamphlet RF-23511-3, 8 p.

* _, 1974b, Kofa Game Range: Fish and Wildlife Service,

Pamphlet RF-2351100-6, 4 p.

* U.S. Geological Survey, 1964, Surface water records of Arizona:
U.S. Geol. Survey, 206 p.

, compiler, 1965a, Bibliography of U.S. Geological
Survey Water Resources Report, 1891-1965: Arizona State
Land Dept., Water Resources Report 22, 59 p.

, 1965b, Water resources data for Arizona, Part 1 -

surface water records: U.S. Geol. Survey, 212 p.

, 1967, Water resources data for Arizona, Part 1 -

surface water records: U.S. Geol. Survey, 237 p.

, 1968a, Groundwater levels in the United States
1961-65, southwestern states: U.S. Geol. Survey Water-Supply
Paper 1855. 125 p.

, 1968b, Water resources data for Arizona, Part 1 -

surface water records: U.S. Geol. Survey, 251 p.

, 1969, Water resources data for Arizona, Part 1 -

surface water records: U.S. Geol. Survey, 251 p.

, 1972, Groundwater levels in the United States,
1966-1970, southwestern states: U.S. Geol. Survey Water-
Supply Paper 2010, 106 p.

_ 1973, Water resources inventory in Arizona, 1973:
U.S. Geol. Survey map folder.

, 1974a, Water resources data for Arizona, 1973, Part 1 -

surface water records: U.S. Geol. Survey.

A-40

-AOL



U.S. Geological Survey, 1974b, Annual report on ground water in
Arizona, Spring 1972 to Spring 1973: Arizona Water Comm.
Bull. 7, 46 p.

U.S. Geological Survey and California Division of Mines and
Geology, 1966, Geologic map of California: California Div.
Mines and Geol. Map, 1:2,500,000.

U.S. Soil Conservation Service, 1971-1972, Official soil series
descriptions: Soil Conserv. Service, Phoenix.

, 1972, Organ Pipe Cactus National Monument, Pima
County, Arizona: Soil Survey Special Report, 37 p.

, 1974a, Hohokam resource conservation and development
project: Program of Action Report, 174 p.

, 1974b, Definitions and abbreviations for soil
descriptions: U.S. Dept. Ag. Soil Conserv. Service, 14 p.

U.S. Weather Bureau, Climatological Services Division, 1952,
Mean number of thunderstorm days in the United States:
Weather Bur. Tech. Paper no. 19, 22 p.

Umbgrove, J. H. F., 1947, The pulse of the earth: Martinus
Nijhoff, The Hague, 358 p.

van de Kamp, P. C., 1973, Holocene continental sedimentation in
the Salton Basin, California: Geol. Soc. America Bull.,
v. 84, no. 3.

* van Lopik, J. R., and Kolb, C. R., 1959, A technique for preparing
desert terrain analogs: U.S. Army Corps Eng., Waterways Expt.
Station, Tech. Report 3-506, 77 p.

Vivian, R. G., 1965, An archeological survey of the Lower Gila
River, Arizona: Kiva, v. 39, no. 4, p. 95-146.

Wallace, R. E., 1975, Geomorphology and seismic history of fault
scarps, north-central Nevada: Geol. Soc. America Abs., v. 7,
no. 3, p. 385.

* Wasserburg, G. J., and Lanphere, M. A., 1965, Age determinations
in the Precambrian of Arizona and Nevada: Geol. Soc. America
Bull., v. 76, p. 735-758.

Watson, B. N., 1968, Intrusive volcanic phenomena in southern
and central Arizona: Arizona Geol. Soc., Guidebook 3,
p. 147-153.

Weaver, W. E., and Schumm, S. A., 1974, Fan-head trenching -

an example of a geomorphic threshold (abs.): Geol. Soc.
America Abs., v. 6, no. 5, p. 481.

.b.ffiU N~~..a In. A- 41



Weist, W. G., Jr., 1965, Geohydrology of the Dateland-Hyder area,
Maricopa and Yuma Counties, Arizona: Ariz. State Land Dept.,
Water Resources Report no. 23, 46 p.

Welby, C. W., 1974, An application of geomorphologic techniques
to floodplain zoning and floodplain management: Geol. Soc.
America Abs., v. 6, no. 7, p. 1072.

* Wertz, J. B., 1970, The Texas lineament and its economic signifi-
cance in southeastern Arizona: Econ. Geol., v. 65, p. 166-181.

West, H. W., and Rohani, B., 1973, Effects of terrain on the
propagation of microseismic waves and implantation
characteristics of air-delivered sensors at Fort Huachuca,
Arizona: U.S. Army Eng. Waterways Expt. Station Tech.
Report M-73-3, 130 p.

* West, R. E., 1972, A regional Bouguer gravity map of Arizona:
Univ. Arizona, Ph.D thesis, 186 p.

* West, R. E., and Sumner, J. S., 1973, Bouguer gravity anomaly
map of Arizona: Univ. Arizona Dept. of Geosci.,
Map 1:1,000,000.

White, N. D., 1963, Ground water conditions in the Rainbow
Valley and Waterman Wash area, Maricopa and Pinal Counties,
Arizona: U.S. Geol. Survey Water-Supply Paper 1669-F, 50 p.

White, N. D., Matlock, W. G., and Schwalen, H. C., 1966, An
appraisal of groundwater resources of Avra and Altar Valleys
Pima County, Arizona: Arizona State Land Dept., Water
Resources Report no. 25, 66 p.

Wickens, A. J., and Pec, K., 1968, A crust-mantle profile from
Mould Bay, Canada to Tucson, Arizona:

v. 58, no. 6, p. 1821-1832.

Willets, D. B., and others, 1954, Groundwater occurrence and
quality, Colorado River Basin Region: California Div.
Water Res. Water Quality Inv. Report no. 4, 59 p.

Williams, Llewelyn, 1967, Climatological conditions favoring
occurrence of high temperatures at Yuma Proving Ground,
Arizona: Natick Labs Tech. Report 67-42-ES, 19 p.

Williams, S. J., 1966, A physiographic diagram of Arizona and
accompanying text: Arizona State Univ., MA thesis
(geography), 47 p.

Wilson, E. D., 1931, New mountains in the Yuma Desert: Geo-
graphical Review, v. 21, p. 221-228.

, 1933, Geology and mineral deposits of southern Yuma
County, Arizona: Arizona Bur. Mines Bull. 134, 236 p.

A-42



I
Wilson, E. D., 1960, Geologic map of Yuma County, Arizona:

Arizona Bur. Mines.

__ _ , 1962, A resume of the geology of Arizona: Arizona
Bur. Mines Bull. 171, 140 p.

Wilson, E. D., and Butler, A. P., 1946, Geology of the New Planet
iron deposit, Yuma County, Arizona: U.S. Bur. Mines,
RI-3982.

* Wilson, E. D., and Moore, R. T., 1959, Structure of Basin and
Range Province in Arizona, in Heindl, L. A., ed., Southern
Arizona Guidebook 2: Arizona Geol. Soc. Dig., p. 89-106.

Wilson, E. D., Moore, R. T., and O'Haire, R. T., 1960a, Geologic
map of Navajo and Apache Counties, Arizona: Arizona Bur.
Mines.

, 1960b, Geologic map - Pima and Santa Cruz Counties,
Arizona: Arizona Bur. Mines.

Wilson, E. D., Moore, R. T., and others, 1958, Geologic map of
Graham and Greenlee Counties, Arizona: Arizona Bur. Mines.

, 1959, Geologic map - Pinal County, Arizona: Arizona
Bur. Mines.

Wilson, E. D., Moore, R. T., Pierce, H. W., and others, 1957,
Geologic map - Maricopa County, Arizona: Arizona Bur. Mines.

, 1959a, Geologic map of Mohave County, Arizona:
Arizona Bur. Mines.

, 1959b, Geologic map of Gila County, Arizona:
Arizona Bur. Mines.

Wilson, E. D., O'Haire, R. T., and McCrory, F. J., 1961, Map and

index of Arizona mining district: Arizona Bur. Mines.

* Winikka, C. C., 1964, Subsidence in the Eloy-Picacho area: Paper

presented at the Eleventh Annual Arizona Land Surveyors
Conference, 1964, Tucson, Arizona, 16 p.

Wolcott, H. N., 1952a, Salt River Valley area, Maricopa and
Pinal Counties, in Halpenny, L. C., and others, 1952,
Groundwater in th-e Gila River: U.S. Geol. Survey open-file
report, p. 137-150.

, 1952b, Rainbow Valley-Waterman Wash area, Maricopa
County, in Halpenny, L. C., and others, 1952, Groundwater
in the Gila River: U.S. Geol. Survey open-file report,
p. 137-150.

, 1953, Memorandum on ground water resources and
geology of Rainbow Valley-Waterman Wash area, Maricopa County,
Arizona: U.S. Geol. Survey mimeo. report, 13 p.

j "-f o NATIOAL, EN. A-43



Wood, P. A., 1959, Tertiary deposits in southern Arizona:
Arizona Geol. Soc., Guidebook 2, p. 58-61.

Woodring, W. P., 1931, Distribution and age of the Tertiary
deposits of the Colorado Desert: Carnegie Inst. Washington
Pub. 148, p. 1-25.

Woodward, G. D., 1963, The Cenozoic succession of the western
Colorado Desert: Univ. California-Berkeley, Ph.D thesis.

Woodward-McNeil and Associates, 1973-1974, Yuma Dual-Purpose
Nuclear Plant, geot.hnical studies, progress reports
1-10, Aug., 1973-Feb., 1974: Consultants reports to Salt
River Project.

, 1974a, Phase I report - geotechnical investigation
Yuma Dual-Purpose Nuclear Plant, near Yuma, Arizona:
Consultants report for Salt River Project, Phoenix, Arizona,
v. I and II.

, 1974b, Geologic investigations of postulated extensions
of the Pinto Mountain and Death Valley fault zones, eastern
Mojave Desert, in Woodward-McNeil and Associates, 1974,
Information concerning geology and seismology of Vidal nuclear
generating station: Consultants report for Southern California
Edison Co., v. 3, 33 p.

Wright, L. A., and Troxel, B. W., 1967, Limitations on right
lateral strike-slip displacement, Death Valley and Furnace
Creek fault zones, California: Geol. Soc. America Bull.,
v. 78, p. 933-950.

, 1970, Summary of regional evidence for right-lateral
displacement in the western Great Basin: Geol. Soc. America
Bull., v. 81.

Youngs, F. D., Harper, W. G., and Thorp, James, 1929, Soil survey
of the Yuma-Wellton area, Arizona and California: Bur. of
Chemistry and Soils in cooperation with Univ. Arizona Agri-
culture Experimental Station, U.S. Dept. Ag. Ser. 1929, no. 20,
37 p.

Yuma Projects Office, 1967, Soil and moisture conservation Flood
Control Study - Picacho and unnamed washes, Yuma Project,
California: Geology Appendix Memorandum report, June, 1967,
16 p.

A-44



ADDENDUM TO BIBLIOGRAPHY: YUMA PROVING GROUNDS, LUKE-WILLIAMS
BOMBING AND GUNNERY RANGE AND
VICINITY, ARIZONA

Doehring, D. 0., 1970, Discrimination of pediments and alluvial
fans from topographic maps: Geol. Soc. America Bull.,
v. 81, no. 10, p. 3109-3116.

Donovan, N. C., 1973, A statistical evaluation of strong
motion data, including the Kern County, February 9, 1971
earthquake: Proc. 5th World Conf. on Earthquake
Engineering, Rome.

Fenneman, N. M., 1946, Physical divisions of the United States:
U. S. Geol. Survey Map.

Hopkins, D. M., 1975, Time-stratigraphic nomenclature for the
Holocene epoch: Geology, v. 3, no. 1, p. 10.

Hsu, K. J., 1975, Catastrophic debris streams (sturzstroms)
generated by rockfalls: Geol. Soc. America Bull., v. 86,
no. 1, p. 129-140.

U. S. Geological Survey, Arizona Bureau Mines, and U. S. Bureau
of Reclamation, 1969, Mineral and water resources of
Arizona: Report for Committee on Interior and Insular
Affairs - U. S. Senate, 638 p.

T
P -- m.. SIA~gUN,. ,.. A- 45



SOURCES OF PERSONAL COMMUNICATION

Ashley, John F., Civil Engineer, 58th Civil Engineer Squadron,
Luke Air Force Base, Litchfield Park, Arizona.

Barnett, H. Frank, Geologist, Yumra Proving Grounds, Yuma,
Arizona.

Bell, Arthur, Soil Scientist, Test and Evaluation Division,
Yuma Proving Grounds, Yuma, Arizona.

Loeltz, Omar J., Hydrologist, u. S. Geological Survey, Yuma,
Arizona.

A-46



APPENDIX B

GEOLOGIC TIME SCALE

GEOLOGIC UNIT SYMBOL EXPLANATION



GEOLOGIC TIME SCALE

ERA PERIOD EPOCH BEGINNING OF

INTERVAL*

HOLOCENE (Recent) 10,000
PLEISTOCENE 2 my

TERTIARY PLIOCENE 5 my
C) MIOCENE 23 my

DJI.GOCENE 36 my

EOCENE 53 my

PALEOCENE 65 my

CRETACEOUS 135 my

C..)

N JURASSIC 19o myC)

TRIASSIC 230 my

PERMIAN 280 my

PENNSYLVANIAN 320 my

MaMISSISSIPPIAN 345 my

, DEVONIAN 395 my

SILURIAN 435 my

ORDOVICIAN 500 my

CAMBRI AN 510 my

PRECAMBRIAN

*IN YEARS BEFORE PRESENT: my= MILLION YEARS

MODIFIED AFTER BEROGREN, 1972; NEWMANN. 1970
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GEOLOGIC UNIT SYMBOL EXPLANATION

ROCK

Shown in regions where rock is exposed; the areally predominant
(greater than 70 percent) rock type is indicated. Rock may be sub-
divided into bedrock [B], basement rock [BR] or surface volcanic flows
[V F] .

[i IGNEOUS (UNDIFFERENTIATED). Rocks formed by solidification of a
molten or partially molten mass [B, BR, or VF1.

F] Intrusive. Typically crystalline, formed by the solidi-
-il fication of molten material below the surface (i.e.,

granite, syenite, diorite). [BR].

12] Extrusive (undifferentiated). Formed by solidification of
molten material at or near the surface [BR].

3 Extrusive (flows). True extrusive rocks formed by solidi-
fication of molten material on the surface (basalt,
dacite, etc.). [vF]. Pattern denotes young basaltic flows
which overlie basin fill materials.

14 Extrusive (volcaniclastics). Formed by welding or
cementation of deposits of volcanic ejecta (i.e., tuff,
agglomerate). [B or VF] .

SEDIMENTARY (UNDIFFERENTIATED). Coarse- to fine-grained
materi3ls that exhibit some degree of cementation and were
deposited by water, wind, gravity, or evaporation [B].

S~ Sandstone. Composed predominantly of sand size particles.

S2 Limestone and Dolomite. Composed predominantly of car-

bonate material.

s3] ShaI e. Composed predominantly of clay and silt size
particles (i.e., shale, siltstone).

S4J Evaporites. Composed of salt materials which result from

precipitation (i.e., gypsum, anhydrite, halite).
"s Clastics. Composed of particles which range from silt-

l to boulder-size particles. May be angular or rounded
(i.e., conglomerate, breccia).

METAMORPHIC (UNDIFFERENTIATED). Rocks formed through alteration
of igneous or sedimentary rock material by pressure, heat, or

Fchemical changes below the weathered zone (i.e., gneiss, schist,
'_ slate, marble, quartzite). [B or BR].

ROCK COMPLEXES. Indicated where no areally predominant (greater
than 70 percent) rock type occurs [B, BR, or VFJ.
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I
GEOLOGIC UNIT SYMBOL EXPLANATION

BASIN-FILL DEPOSITS
7A SURFICIAL DEPOSITS (UNDIFFERENTIATED). Fine- to coarse-

materials deposited principally by wind, water or gravity.

[7M Stream Channel and Floodplain Deposits. Sand- to boulder-
i.. i size fragments. Admixture of silt and clay, deposited

principally by water.

Terrace Deposits. Clay, silt, sand and gravel materials.
Principally stream or lake deposits.

FiA3 Wind-Blown Sand. Principally sand size particles deposited
by wind, in sheets ( A3s ) or dunes ( A3d ). May be

jactive or inactive.

F4 Playa Deposits. Principally clay and silt size particles,
may have admixtures of sand and gravel. Principally
deposited in thin laminae by water and evaporation.
Inactive playa deposits ( A4M) may be mantled by a thin
cover of alluvial or wind-blown material.

-45I Alluvial Fan Deposits. Subrounded to angular silt- to
ulder-sized particles. Deposited principally by

water and gravity in areas below mountain fronts. Coarse
grained fcies ( A5C ) have greater than 70 percent of
their outcrop area covered by gravel. Coalescing
alluvial fans form bajadas. Where geologic ages 0, UT or
T have not been assigned, fan deposits are either
undifferentiated (u) or relative ages are indicated by o
oldest, i - intermediate or y - youngest.

Pediments and Pediment Deposits (Undifferentiated).
Planated bedrock shelf generally overlain by thin mantle
(up to 10 feet) of sand- to boulder-size residual or
alluvial material. May be a surface of transport.

GEOLOGIC AGES OF UNITS

Fa Ouaternary (<2 m.y.)

['1 Ouaternary or Tertiary (<65 m.y.)

W Tertiary (2 - 65 m.y.)

7m Mesozoic or Paleozoic (65 - 570 m.y.)

f Precambrian (-570 m.y.)

EP AVimAL.,~ B- 3



APPENDIX C

GEOMORPHIC AND GEOLOGIC FEATURES
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APPENDIX D

MODIFIED MERCALLI INTENSITY SCALE

NRC CRITERIA DEFINING A CAPABLE FAULT

&!



I
I

MODIFIED MERCALLI INTENSITY SCALE OF 1931

As abridged and used by the National earthquake
Information Center of the U.S. Department of Commerce

I. Not felt except by a very few under specially favorable circumstances. (I Rossi-Foeal Scale)

II Felt only by a few persons at rest, especially on upper floors of buildings. Delicately

suspended objects may swing. (I to III Rossi-Forel Scale)

Ill. Felt quite noticeably indoors, especially on upper floors of buildings, but many people do

not recognize it as an earthquake. Standing motor-cars may rock slightly. Vibration like
passing of truck. Duration estimated. (III Rossi-Forel Scale)

IV. During the day, felt indoors by many, outdoors by few. At night, some awakened. Dishes,
windows, doors disturbed; walls make creaking sound. Sensation like heavy truck striking
buildir!. Standing motor-cars rocked noticeably. (IV to V Rossi-Forel Scale)

V. Felt by nearly everyone, many awakened. Some dishes, windows, etc., broken; a few instances
of cracked plaster; unstable objects overturned. Disturbances of trees, poles, and other
tall objects sometimes noticed. Pendulum clocks may stop. (V to VI Rossi-Forel Scale)

VI. Felt by all, many frightened and run outdoors. Some heavy furniture moved: a few instances
of fallen plaster or damaged chimneys. Damage slight. (VI to VII Rossi-Forel Scale)

VII. Everybody runs outdoors Damage negligible in buildings of good design and construction;

slight to moderate in well-built ordinary structures; considerable in poorly-built or
badly designed structures; some chimneys broken. Noticed by persons driving motor-cars.
(VIII Rossi-Forel Scale)

VIII. Damage slight in specially designed structures; considerable in ordinary, substantial
buildings, with partial collapse; great in poorly-built structures. Panel walls thrown
out of frame structures. Fall of chimneys, factory stacks, columns, monuments, walls.
Heavy furniture overturned. Sand and mud ejected in small amounts. Changes in well water.
Persons driving motor-cars disturbed. (VIII+ to IX Rossi-Forel Scale)

IX. Damage considerable in specially designed structures; well-designed frame structures thrown
out of plumb; great in substantial buildings, with partial collapse. Buildings shifted off
foundations. Ground cracked conspicuously. Underground pipes broken. (IX+ Rassi-Forel Scale)

X. Some well-built wooden structures destroyed; most masonry and frame structures destroyed
with their foundations; ground badly cracked. Rails bent. Landslides considerable from river
banks and steep slopes. Shifted sand and mud. Water splashed (slopped) over banks. (X
Rossi-Forel Scale)

Xl. Few, if any, masonry structures remain standing. Bridges destroyed. Broad fissures in
ground. Underground pipelines completely out of service. Earth slumps and land slips in
soft ground. Rails bent greatly.

XII. Damage total. Waves seen on ground surfaces. Lines of sight and level distorted.
Objects thrown upward into air.

T ONO NATIONAL, ONO. D- 1



NRC CRITERIA DEFINING A CAPABLE FAULT

A "capable fault" is a fault which has exhibited one or more

of the following characteristics:

1) movement at or near the ground surface at least once
within the past 35,000 years, or recurring movement
within the past 500,000 years;

2) macro-seismicity instrumentally determined with records
of sufficient precision to demonstrate a direct
relationship with the fault;

3) structural relationship to a capable fault, according
to (1) or (2), such that movement on one could be
reasonably expected to be accompanied by movement
on the other.

Source: U. S. Atomic Energy Commission, 1973, Reactor Site
Criteria: Title 10 -Rules and Regulations, pt. 100,
p. 237-238.

I D- 2
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APPENDIX E

UNIFIED SOIL CLASSIFICATION SYSTEM

AASHO, SOIL CLASSIFICATION SYSTEM
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APPENDIX F

SPECIFIC SOIL TEST DATA
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APPENDIX G

WELL AND WATER QUALITY DATA

LOCATION OF WATER WELLS AND OTHER BORINGS
NOT SHOWN ON FOUR-QUAD OVERLAYS



R ECO0R D O F WE LL S

w, L.. Ow
A 03

I rr

L2 1.20.26 1260 est 700 Dry

4 6.21.34 YPG 1958 370 271 c=8 199

5 7.21.10 YPG 1952 322(est)282 c=10 169

6 [5.19.19 YPG 1969 855(est) 1000 Drilled 680-980 190 78

7 r6.20.19 YPG 1958 450(est) 400 c=8 292

8 6.20.21 YPG 1959 485(est) 502 c=14 262-474 330
a z24

9 6.20.32 YPG 1952 419(est) 500 c=lO 252

10 6.20.32 YIG 412(est) 320 ry 260

20 _11 6.18.32 YPG 1973 720(est) c12 Drille 551-695 705 507.
12 5.15.22 YPG 565 950 Drilled 231

[ 13 5.15.28 YPG 549 (est) 221 221

14 5.15.28 YPG 1968 550 1105 Drilled 222

15 6.15.14 YPG 1946 556(est) 79 Dryt I -________ ______ _____ _____
16 6.15.15 YPG 1972 462 1109 22 Drille 785-985 165

17 11.21.4 Us Bur.9 6.2 2 of Rec. 1964 403 373 c=6 rille 294-328 296

18 12.21.17 of Rec. 1966 356 320 c2 Drilled 318-320 28
171.2. US Bur.

i§ 12.21.14 of Rec. 1966 422 369 c=2 Drilled 367-369 34

I I



CHEMICAL ANALY

WATER I.EVEL PUMPING DATA U +

C4
0 Ez
-. OE

U- > Z) zJ ~f~

21 0 0 0

20 11 445 a 156

_____ 244 141
65 Na17

199 171 -i- 65 1966 A2  20.5 0.03 65 5.0 K 29 12

1913 225 Na 204 19
16253 -- 112.5 1966 A2 29 0.0 446. K 29 12
E -980 190 E 1 75 300

78 9910 30 45. I2T 45 6.8 1.5 208 116

i 290

1-47 H E3 155: 2500

292~ 1583876

740 155 25 1966 40 A 42 0.08 22 1.2 334 91

252 167 90 65 1966 A 2N.5 0.0 5 Ka 214

260 15900 A

2-695 705 507 ,3,7 212 2-73 A 29 N 5 116

231 334 A

221 1968 328 A

222 1968 328 10-57 A 16 3.6 189 9.2 321 34

Dry 1946 2 A

-985 165 1972 297

-69 70 50,122732 Na 235 1

=-328296 1971 403 1-65 33.3 24 94 26 K 5.5 218

-320 285 12-6 71 2-67 354 A

-6 3 168 7
2-67 35.5 A

-

1 34 1116( 7



AL A N A L YS I S O F W E L L W A T E R

HARDNESS

to o AS CaCO3z 0 [a ___

z u 0
0 Hu E- --CL4

ti 01 M )U

F4OC

F

124 141 140 6.00 255 1.35 1.10 0.55 829 F 1676213
z 176 ]

29 128 133 6.75 230 1.10 1.25 0.60 821 F 85 0 1290

|204 121329 7.25 250 0.95 1.0 1.30 890 F 63 0 1380

613 F 23 1030
E4 116 120 9.0 165 (calc) _____Az

34 91 198 7.2 354 1.3 0.16 00 992 F 46 0 1600

21425 105 182 5.50 292 1.45 1 .30 1.15 1035 SS 86 0 1600

7F 00 5 1360
7.1 13.2 (calc)

1 34 51198 7 . 9 5 . 3 
1530. 9 4 01 0

1530
34 517 1.9 440" 20 (calc) SS 510 482 2340

5.5 218 92 0.4 398 0.4 3.30 972 r 340 160 1770

MA



WELL AND WATER QUALITY DATA

RI

- HARDNESS
0. -AS CaCO 3

r"r-

E i F. toorahc4a
5 L.0 8 0 "rs =

F

* (est)=Estirnated from
F topographic map

35 1.10 0.55 829 F 167 62 1330 7.27 Arsenic(As) = 0.01

10 f 1.25 0.60 821 F 85 0 1290 7.67 As = 0.02

95 1.0 1.30 890 F 63 0 1380 7.70 As = 0.02

613 Bedrock aquiferF 23 1030 8.3 Bdok- oIT
01 0 (calc) Bedrock (12T)

3 0.600 992 F 46 0 1600 8. 92

45 1.30 1.15 1035 SS 86 0 1600 7.91 As = 0.03

783 F 100 5 1360 7.9 Well sealed w/hinged
______ _cap. Basement (I1,%p)

1530
(calc) SS 510 482 2340 6.9

Well sealed w/hinged

cap.

.30 972 p 340 160 1770 7.7 5e

G -1



RECORD OF WELLS

z 0

E-4 .
,e 0,, cI U

0 E-' 0

S ur. 1966 4 4 a /4

20 12.21.25 of Rec. 10 (min) Drilled. 408-410 384

USBur. 5 3/8
21 13.20.2 of Rec. 1966 577 1427 (min) Drilled 1198-120C 500

22 14.15.7 1174 35 Dug 0 27

B. Sport
Fish & 1972 908 400 Drilled 225 232

23 15.10.22 Wildlife Drilled_"___I

24 8.13.21 367 700 Drilled 54

25 9.13.21 390 47 Dug 46

26 10.12.6 480(est) 126 Dug 121

[ 27 12.11.16 741(est) 300 dry

28 10.6.30 7 1237 (est) 500 460

29 12.8.17 1080(est) 35

30 12.7.23 1940 1705(est) 42 Dug 0 12

1 31 13.9.24 838(est) 440 Drilled

32 9.6.23 1160 731 615 607

33 6.5.25 Luke AFB 1963 850(est) 646 340-560 634 285

34 6.5.23 Luke AFB 841(est) 405 255

35 6.5.25 Luke AFB 855(est) 400 261

36 7.5.6 862(est) 280 c=6 271

37 8.5.2 1l20(est) 495 c=6 408

/3 8.2.11 75 Drilled 0 60



.4 . - •

CHEMICAL ANALYSIS

WATER LEVEL PUMPING DATA 0 +

38411066 6 2-6 325

o 0 z

HHE0
F. co 64 44 44Q- U)U

384 10-66 76 2-6'7 3 A

50 10-66 76. 12-67 37.6 A

I 7 ? _12_67 37.6 A

0 27 1147 10-17 20.5 39 0.13 44 19 Na 698 578 632
1 __ 1____ ____ imp ___ ___ K 12 _ ___

225 232 676 972 26.4 imp

54 313 A

46 344 11-17 A 47 0.48 71 i 21 258 0.11

121 268 A

- dry

460 777 A

500 g/
0 12 1956 1693 day/? A6

615 607 553 400/? A5T

Na 330 6 5
634 285 565 12-72 34 A 41 3.5 K 4.7 60 150

5-51 30 31 50 3.1 331 62 152
255 586 4-53 28 A 63

261 594 5-51 31 A 39 54 3.3 331 64 151

1-46 36 4.4 227 107 124
271 5914-53 134

11-46 25.6 23 18 102 303 34

408 1953 712 4-53 26.7 A 40 48 24 108 260 105

0160 2345 
-ft -- I



-]

NALY IS OF WELL WATER

-HARDNESS

AS CaCO3
0 r . 0 - - -Dr - [

0, >0 - :DE z D0L

.- -4 Z 00 4 4
E-' Z -E E < ZE R OE H E aj < =Om - O y zt t7% m~ ty, to -4 0 E'0 0E Da .4CU4

578 632 385 4.6 2139 SS 188

0.8 300 F 484 pts.

258 0.17 28 6.9 1288 SS

LI

60 150 5.8 460. 1080 SS 120 68 1920 8.1

62 152 5.2 44 8.0 1060 S 138 86 1060
63 445 1870

64 151 5.2 450 11.0 1080 SS 148 96 1910 7.1

107 124 6.9 236 2.0 10 676 F 76 0 1200
134 1280

303 34 0.4 32 68 440 F 164 724
260 105 0.6 12 35 561 F, 218 880

II



WELL A!;D WATER QUALITY DATA

.I I A P , , r

~~ 004 ~~4J CN v !2.PX

E-2139 SS 188 e G6 ro aquifer

Aa 0 ar.n {'4 p)

!300 F 44 pts. Bedrock aquifer

1288 SS

2139 ... .... Bedrock aquifer

,iBedrock (12T)

010 ;; 120 68 1920 8.3 Volcanic flow rock (13

I~s~, ;:j13 86 1060
1 1870 84

1;: 148 96 1910 7.1 83

C(3 .1f, F 76 0 1200 87
1280

V0 164 724 57
',., 1 218 880 52

Bedrock aquifer

- -G-2

/- . -I -



R ECO0R D O F W ELL S

-n 0 :0 ! - --

o c 0- E3'4

0c z E -. 40

39 8.1.21 2485(est) 1700



CHEMI CA L ANA LY- 5IS

WATER LEVEL PUMPING DATA +

=) 0 274
.3 U)qd z

z E
0~ H "J HE-4 H 0 I

EC 4. *OQ- CH 44 En' fl. U-
E-'- D Z) EnH'.~~ - . C~- 2U.4~

&:O wE0 En U)

14- Er--- uu Lf 1:6 -J Am caU0. ''

158 327 9-17 M~ 73 30 5 51 Na 50 27

1 ~ I__________ _____________ ________ ___________

*1l

- -- j-.-... -

p _



NAL S IS O W E L W A T E R

HARDNESS
V0 AS CaCO3

00.
0a 0 0) 0
U)Z EO-1

U 0. U)40

uu 0% t % 0t. -m zU ONz E4 ON E- U4N ON z U ,t,
Oz E O0E "0E 4 z- E 0.

274 34 117 26 579 F

PI

] '



WELL AND WATER QUALITY DATA

HARDNESS
0 AS CaCO3

.1,,4 - 0-4 H E

zE OE HOE Z) En z~ - O" U 9-z
0 a 0Bedrock aquifer

__579 F Basement (Mpc)Z W
M 0 _ _ _ _ _ _ _ '1,_1_p_________4___REMARKS

57 F a e en IC

G-3
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LOCATION OF WATER WELLS AND OTHER BORINGS
NOT SHOWN ON FOUR-QUAD OVERLAYS

LOCATION
Number Township. Range. Section Valley 4-Quad Remarks

Indian Wash YPG Well "V"40 6.21.3 Valley-YPG Data available

Indian Wash YPG Well "X"41 6.22.31 Y-VIValley-YPG Data available

42 6.22.31 Indian Wash YPG Well "Y"
Valley-YPG Data available

Indian Wash YPG Well "U"43 7.21.11 IdaWsh Y-VIValley-YPG Data available

Indian Wash Y-VI YPG WellValley-YPG Data available

Castle Dome "New Well"
Plain-YPG Data available

46 7.21.1 Castle Dome Y-VI "County Well"
Plain-YPG Data available

Yuma Desert USGS Well47 9.22.28 YuaDeetDaaaaial
LWBGR Data available

48 10.23.36 Yuma Desert Y-V U.S. Bur. of Rec.
LWBGR Well-Data avail.

49 11.22.13 Yuma Desert U.S. Bur. of Rec.LWBGR 
Well-Data avail.

50 11.22.24 Yuma Desert Y-XII U.S. Bur. of Rec.
LWBGR Well-Data avail.

51 11.22.23 Yuma Desert YXII USGS Well
LWBGR Data available

52 12.22.6 Yuma Desert y-XI USGS Well
LWBGR Data available

Yuma Desert USGS Well53 12.22.9 D tLWBG YXI Data available

Mohawk-Tule WellValley-LWBGR No data

Mohawk-Tule "Dry Well"
55Valley-LWBGR No data

56 8.13.34 San Cristobal Y-VII WellValley-LWBGR No data

San Cristobal Well57 9.13.12 Valley-LWBGR No data

OROo NATIONAL, iN. G- 4



LOCATION OF WATER WELLS AND OTHER BORINGS

NOT SHOWN ON FOUR-QUAD OVERLAYS

L0C ATI 0N ___

Number Township. Range. Section Valley 4-Quad Remarks '

San Cristobal Y-vrr "Spains Well"
58 9.12.28 Valley-LWBGR No data

San Cristobal "Well (sealed)"
59 11.11.8-9 Valley-LWBGR YX No data

Grower-Cilds"Okie Well"

60 10.9.12 Grwe-hls Y-VIII No data

t"Indian Well"
61 10.10.28-29 Grwe-hls Y-VIII No dataValley-LWBGR

6212Growler-Childs "Salt Well"
621.9.16 Valley-LWBGR YX No data

Sentinel Plain "Paddit well"
63 99.4LWBGR No data

Sentinel Plain "Black Gap Well"
64 .624LWBGR No data

Sentinel Plain "Well that Johnny
65 10.5.11 LBRYIX Dug"-No dat

Sentinel Plain "Slovan Well"
66106.4LWBGR YIX No data

67..6Gila Bend Plain Y "Mesquite Well"
67 .216LWBGR No data

Gila Bend Plain "Raleigh Well"68 7.2.26 LWBGR YX No data

Gila Bend Plain "Platt Well"69 933LWBGR Y-X No data

"Javelina Well"

Vekol Valley "ono el71 .122LWBGR No data

72 9.1.15 VklValley Y "Paradise Well"

LWBGRNo data

TiUE 110N ATIONAL, ONO.G-
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CLIMATOLOGICAL DATA SUMMARY SHEETS



Station: Ajo (#I) Standard Time Used: Mountain Latitude: N32 0 226

TEMPERATURE PRECIPITATION
Normals Extremes Snow, IC

Mean No.

Daily Daily Rec. Rec. Norm. Max. Min. Max. - of Days Mean

Max. Min. Mon. High Low Tot. Rec. Rec. 24 Hrs. w/Thunder Tot.

Per. (OF) (OF) (OF F OF) (in.) (in.) (in.) (in.) storms (in.)

(a) 30 30 30 30 30 30 '10 10 30 30 30
1 62.0 40.8 51.4 185 17 0.68 1.09 T 1.46 0 T
F 68.6 43.8 56.2 92 22 0.48 1.46 0.0 1.66 0 T
M 73.4 48.1 60.7 96 27 0.75 1.71 0.0 1.82 1 T
A 87.9 55.6 71.7 103 37 0.23 1.20 0.0 1.44 1 0.0
M 90.6 62.8 76.7 111 38 0.05 1.26 0.0 0.50 1 0.0

99.0 71.2 85.1 115 51 0.06 0.50 0.0 0.56 1 0.0

J 103.4 77.1 90.2 115 60 1.33 3.49 0.24 3.17 5 0.0
A 100.7 76.3 88.5 115 57 2.70 4.74 0.31 3.80 4 0.0
S 97.9 72.3 85.1 113 49 0.77 2.91 0.0 4.15 3 0.0

0 87.7 61.3 74.5 106 32 0.52 3.24 0.0 1.89 1 0.0

N 76.8 49.2 63.0 95 30 0.51 2.17 0.01 1.81 0 T
D 65.8 42.5 54.1 86 22 0.78 3.94 0.0 3.00 0 0.21

Yr 84.5 58.4 71.4 115 17 8.86 4.15 5.85 4.15 17 0.21

(b) (b) (b) ) c) (d) (e) (e) c) (d) (d)

(a) Years of record. T - Trace
(b) Average for oolumn. * - Less than
c) Extreme for column.

(d) Sum of column.
(e) Annual extreme for period

of record.

/ ,*



Mountain Latitude: N320 22' Longitude: W1120 52' Elevation: 17630

(Ground)

RELATIVE
PRECIPITATION HUMIDITY WIND

Snow, Ice Pellets Fastest Mile
Mean No. (Local Time) Direction

n. Max. - of Days Mean Max. Max. - Hr. Hr. Hr. Hr Mean Prevail- (8 Compass

24 Hrs. w/Thunder Tot. 24 Hrs. 05 11 17 23 Speed ing Di- Speed Points

(in.) (in.) storms (in.) (in.) (in.) (M) (%) (%) MS) (mph) rection (mph) Only)

10 30 30 30 30
T 1.46 0 T 1.0

0.0 1.66 0 T 0.5
0.0 1.82 1 T T
0.0 1.44 1 0.0 T
0.0 0.50 1 0.0 T
0.0 0.56 1 0.0 0.0

0.24 3.17 5 0.0 T
0.31 3.80 4 0.0 T
0.0 4.15 3 0.0 T
0.0 1.89 1 0.0 T

0.01 1.81 0 T 1.0
.0 3.00 0 0.21 3.0

5.85 4.15 17 0.21 3,0

(e) (c) (d) (d) (e)

The user of this Climatological Data Summary
Sheet is cautioned that conditions at other

locations in the siting area may be signi-

ficantly different because of local terrain

effects and differences in elevation.

H-i -



Station: Blythe Airport (13) Standard Time Used: Pacific Latitude; N33OX

TEMPERATURE PRECIPITATION

Normals Extremes , Snow,
Mean No.

Daily Daily Rec. Rec. Norm. Max. Min. Max. - of Days Mean
Max. Min. Mon. High Low Tot. Rec. Rec. 24 Hrs. w/Thunder Tot.

Per. (OF) (OF) (0F) 0 F) 0 F) (in.) (in.) (in.) (in.) storms (in.)

(a) 7 30 4 4 30 4 4 30
J 84 24 53.0 20 0.48 0.63 0.0 0
p 89 30 57.8 0.24 1.46 0.0 0

* 92 33 62.7 0.42 0.82 0.0 1
A 104 45 70.3 0.15 0.05 0.0 1
M 114 51 77.6 0.02 T 0.0 1
J 118 59 84.8 122 0.03 0.93 0.0 1

1 117 72 92.1 0.15 0.10 4
A 118 65 91.2 0.82 1.35 0.12 3
S 120 61 85.3 0.20 0.72 0.0 2
0 105 43 73.7 0.30 2.17 0.0 1
N 92 33 60.9 0.26 0.54 0.0 0
D 82 30 53.4 0.43 0.56 0.0 0

Yr 45 71.9 122 20 3.50 3.78 2.29 14

(b) (b) (b) ) W (d) (e) (e) (d)

(a) Years of record. T - Trace
(b) Average for column. * - Less than 
(c) Extreme for column.
(d) Sum of column.
(e) Annual extreme for period

of record.-

/ ,/



0: Pacific Latitude; N33 0 370 Longitude: W114°36. Elevation: 2680
(Ground)

PRECIPITATION RELATIVE
HUP1IDITY WIND

Snow, Ice Pellets Fastest MileMean No. (Local Time) Directionn. Max. - of Days Mean Max. Max. - Hr. Hr. Hr Hr. Mean Prevail- (8 Compass
c. 24 Hrs. w/Thunder Tot. 24 Hrs. 05 11 17 23 Speed ing Di- Speed Pointsin.) (in.) storms (in.) (in.) (in.) (%) (M) (% (%) (mph) rection (mph) Only)

4 30 7 7 7 7
0.0 0 7.2 NNW
0.0 0 7.3 Nw
0.0 1 8.4 NSW
0.0 1 7.9 SSE
0.0 1 8.8 S
0.0 1 8.9 SSE

4 9.4 SSE
0.12 -8.4 SSE
0.02 6.4 S
0.0 1 6.1 N
0.0 0 6.7 NNW
0.0 0 6.9 NNW

2.29 14 7.7.• SSE 48 Mw

(e) (d) (b) (e)

The user of this Climatological Data Sumary
Sheet is cautioned that conditions at other
locations in the siting area may be signi-
ficantly different because of local terrain
effects and differences in elevation.

H-2

/ _ _ _



Station: Casa Grande (S) Standard Time Used: mountain Latitude: N32OS3

TEMPERATURE PRECIPITATION

Normals T Extraimes " Snow. Ice
Mean ..

Daily Daily Rec. Rec. 'Norm.j Max. Min. Max. - of Days Mean Ma
Max. Min. Mon. High LOW) Tot. Rec. Rec. 24 Hrs. w/Thunder Tot.

Per. (OF) (OF) (OF ( F) C F) (in.) (in.) (in.)I (in.) sto rms; (in.) UI

(a) 30 30 30 .40 40 30 40 40 40 30 30 4
j 66.0 35.0 5o.s 88 17 0.74 2.41 0.0 1.14 0 T 3.
F 71.1 38.8 55.O 91 17 0.68 3.1 0.0 1.15 1 0.0 0.
4 76.1 43.0 S9.6 101 25 0.71 2.70 0.0 1.13 1T I
A 8S.4 49.6 67.S 105 31 0.36 2.07 0.0 1.10 1 T I
M 94.7 57.S 76.2 115 38 0.11 0.86 0.0 0.77 1 0.0 0.

.y 103.3 66.3 848 118 46 0.16 1.00 0.0 1.12 1 T I

1 106.2 76.0 91.1 120 56 0.95 5.75 0.06 4.50 I 0.0 0.
A 103.3 74.S 88.9 119 57 1.S6 6.22 0.11 3.42 4 T I
s 99.9 67.2 83.6 116 45 0.79 5.35 0.0 2.92 3 0.0 0.
0 89.5 54.4 72.0 107 29 0.62 5.08 0.0 1.84 1 0.0 0.
N 76.4 42.S 59.S 96 22 0.56 2.95 0.0 1.44 0 0.0 0.
D 67.4 36.2 51.8 87 15 0.88 4.71 0.0 1.65 0 0.0 0.

Yr 86.6 53.4 70.0 120 15 8.12 15.05 3.84 4.50 18 T 3,

(b) (b) (b) (c) Wc (d) (e) (e) Wc (d) to C

(a) Years of record. T - Trace
(W) Average for column. - Less than u
() Extreme for column.
(d) Sum of column.
(e) Annual extreme for period

of record.

1 ,



M": mountain Latitude: N32 0 53 Longitude: W111045' Elevation: 1405*
(Ground)

RELATIVE
PRECIPITATION HUMIDITY WIND

Snow. Ice Pellets Fastest Mile

Mean No. (Local Time) Direction

min. Max. - of Days Mean Max. Max. - Hr. Hr. Hr. Hr. Mean Prevail- (8 Compass

Rec. 24 Rrs. w/Thunder Tot. 24 Hrs. 05 11 17 23 Speed ing Di- Speed Points

(in.) (in.) storms (in.) (in.) (in.) (%) (M) (I) (%) (mph) rection (mph) Only)

40 40 30 30 40

0.0 1. 14 0 T 3.0

0.0 1.15 0.0 0.0
0.0 1.13 T T
0.0 1.10 1 T T
0.0 0.77 1 0.0 0.0
0.0 1.12 1 T T

0.06 4.50 S 0.0 0.0
0.11 3.42 4 T T
0.0 2.92 3 0.0 0.0

0.0 1.84 1 0.0 0.0
0.0 1.44 0 0.0 0.0
0.0 1.65 0 0.0 0.0

3.84 4.50 18 T 3.0

(e) (c) (d) (dl (e)

The user of this climatological Data Summary

than I, Sheet is cautioned that conditions at other

locations in the siting area may be signi-

ficantly different because of local terrain

effects and differences in elevation.

H-3

f~



Station: Gila Bend (#8) Standard Time Used: Mountain Latitude: N

TEMPERATURE PRECIPITATION

Normals Extremes S
Mean No.

Daily Daily Rec. Rec. Norm. Max. Min. Max. - of Days M
Max. Min. Mon. High Low Tot. Rec. Rec. 24 Hrs. w/Thunder

Per.. (OF) (OF) 0 (F) ( F) (in.) (in.) (in.) (in.) storms

(a) 29 29 29 81 81 29 10 10 81 30
1 67.7 37.0 52.4. 90 10 0.59 1.39 0.0 1.82 0 T
F 73.3 40.5 56.9 95 23 0.36 1.83 0.0 1.07 0 T
M 78.5 45.0 61.8 100 25 0.52 2.36 0.0 1.30 1 0.
A 87.7 51.8 69.8 108 30 0.20 1.89 0.0 1.38 1 0.
M 96.3 59.5 77.9 116 39 0.08 0.82 0.0 1.25 1 .0.

J 104.6 67.5 86.1 121 42 0.05 0.59 0.0 0.70 1 0.

109.1 77.7 93.4 123 47 0.74 0.94 T 1.50 6 0.
A 106.8 76.5 91.7 120 54 1.11 2.63 0.10 2.61 3 0.
S 103.3 69.5 86.4 120 41 0.51 2.15 0.0 2.52 3 0.
0 91.8 57.3 74.6 109 31 0.40 2.02 0.0 1.55 1 0.
N 77.4 45.0 61.2 99 22 0.36 1.51 0.0 2.00 0
D 68.9 38.4 53.6 90 15 0.55 3.42 0.0 2.04 0 T

Yr 88.8 51.7 70.3 123 10 5.47 10.01 4.20 2.61 17 T

(b) (b) (b) (c) (c) (d) (e) (e) (c) (d) (d)

(a) Years of record. T = Trace
(b) Average for column. * = Less than
(c) Extreme for column.
(d) Sum of column.
(e) Annual extreme for period

of record.

S/ ,



Mountain Latitude: N32057' Longitude: W11.20 431 Elevation: 737'
(Ground)

RELATIVE
PRECIPITATION HUM~IDITY WIND

Snow, ice Pellets Fastest Mile
Mean No. (Local Time) Direction

* Max. - of Days Mean Max. Max. -Hr. Hr. Hr. Hr. Mean Prevail- (8 Compass
* 24 Hrs. w/Thunder Tot. 24 Hrs. 05 11 17 23 Speed ing Di- Speed Points

.) (in.) storms (in.) (in.) (in.) ()%)()() (mph) rection (mph) only)

81 30 81 81
1.82 0 T 2.0
1.07 0 T 0.1

* 1.30 1 0.0 0.0
1.38 1 0.0 0.0I
1.25 1 .0.0 0.0
0.70 1 .0.0 0.0

1.50 6. 0.0 0.0
D 2.61 3 0.0 .0.0

2.52 3 0.0 0.0
1.55 1 0.0 0.0
2.00 0 0.0 0.0
2.04 0 T 2.5

2.61 17 T 2.5

(c) (d) (d) (e)

. The user of this Clim'atological Data Summary
Sheet is cautioned that conditions at other
locations in the siting area may be signi-
ficantly different because of local terrain
effects and differences in elevation.

H- 4

01



Station: Phoenix (#14) Standard Time Used: Mountain Latitude:

TEMPERATURE PRECIPITATION

Normals Extremes s
Mean No.

Daily Daily Rec. Rec. Norm. Max. Min. Max. - of Days
Max. Min. Mon. Hjgh Low Tot. Rec. Rec. 24 Hrs. w/Thunder

Per. (OF) (OF) (OF) C-F) (OF) (in.) (in.) (in.) (in.) storms

(a) 40 40 40 4040 40 70 70 37 34 40
1 65.0 38.1 51.6 88 16 0.75 3.31 0.00 1.31 T
F 69.1 41.8 55.5 89 22 0.73 4.64 0.00 1.07 1 T
* 747 46.1 60.4 95 25 0.76 4.16 0.00 1.32 1 0.4
A 83.0 52.4 67.7 104 32 0.35 3.36 0.00 1.38 1 T
* 91.9 59.9 75.9 113 40 0.14 1.31 0.00 0.94 1 0.0
1 101.4 68.7 85.1 117 50 0.12 1.70 0.00 1.64 1 0.0

. 1b4.1 77.4 90.8 118 61 0.91 6.47 T 4.98 6 0.0A 118 76.0 89 11 60 .2 556 T 3.07 8 0.0
S 97.7 69.1 83.4 118 47 0.78 4.23 0.00 2.43 3 0.0

86.8 56.4 71.6 104 34 0.49 4.40 0.00 2.27 1 0.0
H 74.6 45.0 59.8 92 25 0.61 3.61 0.00 1.07 1 0.0
D 65.8 38.9 52.4 88 22 0.88 3.98 0.00 1.89 1 T

Yr 84.7 55.8 70.3 118 16 7.44 19.73 2.82 4.98 23 T

(b) (b) (b) ) C (d) (e) (e c) (d) (d)

(a) Years of record. T - Trace
(b) Average for column. - Less than 1.
(c) Extreme for columm.
(d) Sum of colmn
(e) Annual extreme for period

of record.

/_



Dsed: Mountain Latitude: N33°2 6' Longitude: W1120O1 Elevation: 1117v
(Ground)

RELATIVE
PRECIPITATION HUIIDITY WIND

Snow. Ice Pellets Fastest Mile
Mean No. (Local Time) Direction

Min. Max. - of Days Mean Max. Max. - Hr. Hr. Hr. Hr. Mean Prevail- (8 Compass
Rec. 24 Hrs. w/Thunder Tot. 24 Hrs. 05 11 17 23 Speed ing Di- Speed Points
(in.) (in.) storms (in.) (in.) (in.) (1) (" S Ct) (mph) rection (mph) Only)

70 37 34 40 70 36 13 13 13 13 28 18 36 36
0.00 1.31 * T 1.0 1.0 67 44 30 56 5.0 E 49 WW
0.00 1.07 1 T 0.6 0.6 60 38 26 49 5.6 3 49 SSE
0.00 1.32 1 0.0 0.2 0.0 58 33 23 44 6.3 E 50 WNW
0.00 1.38 1 T T T 44 23 16 29 6.7 3 45 N
0.00 0.94 1 0.0 T 0.0 36 18 13 22 6.7 E 59 SSE
0.00 1.64 1 0.0 0.0 0.0 36 18 13 23 6.7 S9 S

T 4.98 6 0.0 0.0 0.0 46 28 20 33 .6.9 W 71 N
T 3.07 8 0.0 0.0 0.0 55 35 24 41 6.4 z 60 SSW
0.00 2.43 3 0.0 0.0 0.0 53 32 23 41 6.1 z 75 SW
0.00 2.27 1 0.0 0.0 0.0 53 29 21 42 5.6 3 48 SSW
0.00 1.07 1 0.0 0.1 0.0 61 38 29 53 5.1 E 45 WSK
0.00 1.89 1 T T T 69 48 356 0 4.9 68 U

2.82 4.98 23 T 1.0 1.0 53322341 6.0 z 7S Sw

(e) (c) (d) (d) (4) (e) (b) (b) (b) (b) (b) (c)

The user of this Climatological Data Summary
Sheet is cautioned that conditions at other
locations in the siting area may be signi-
ficantly different because of local terrain
effects and differences in elevation.

H-S



Station: Salome (#16) Standard Time Used: Mountain Latitude: N330479
H33°47.

-TEMPERATURE PRECIPITATION

_ Normals Extremes Snow, Ice P
Mean No.

Daily Daily Rec. Rec. Norm. Max. Min. Max. - of Days Mean Max.
Max. min. Mon. High LOw Tot. Rec. Rec. 24 Hrs. w/Thunder Tot.

Per. (OF) (OF) (0F) (°F) ( F) (in.) (in.) (in.) (in.) storms (in.) (in.1

(a) 14 14 14 13 12 12 - 14 14 13 30 12 14
) 63.9 31.7 47.8 83 13 0.66 1.87 0.0 1.20 0 T 0.5

F 67.6 35.4 51.5- 89 11 0.70 1.39 0.0 1.07 0 0.0 0.0
7 72.9 38.0 55.5 93 10 0.45 1.24 0.0 0.51 1 0.0 0.0

A 81.4 44.8 63.1 99 29 0.49 3.06 0.0 1.52 1 0.0 0.0
" 90.8 53.0 71.9 107 34 0.12 0.41 0.0 0.23 1 0.0 0.0

99.5 61.2 80.4 117 45 0.10 0.51 0.0 0.51 1 0.0 0.0

a 104.6 71.1 87.9 115 53 0.85 2.43 0.0 1.75 4 0.0 0.0
A 102.6 70.6 86.6 112 S1 1.37 4.01 0.13 1.20 3 0.0 0.0
s 97.7 62.5 80.1 110 46 0.48 2.46 0.0 2.40 3 0.0 0.0
0 87.5 50.3 68.9 104 33 0.50 2.16 0.0 1.42 1 0.0

7 73.S 40.1 56.8 92 25 0.51 1.60 0.0 1.25 0 - 0.1 1.s

D 64.0 32.4 48.2 80 11 0.86 2.44 0.0 1.26 0 0.4 5.0

Yr 83.8 49.3 66.6 117 10 7.09 13.4 3.70 2.40 15 0.5 5.0

b) b) b) (c) (c) (d) () Ce) c) (d) (a) (e)

(a) Years of record. T = Trace
(b) Average for colvmn. * - Less than

c) Extreme for column.
(d) Sum of colmn.
(e) Annual extreme for period

of record.

/ ,



0-": Mountain Latitude: N330 479 Longitude: W113°37- Elevation: 19000

N33 0 470 (Ground)

RELATIVE
PRECIPITATION HU'IDITY WIND

Snow, Ice Pellets Fastest Mile
Mean No. (Local Time) Direction

Min. Max. - of Days Mean Max. Max. -Hr.' Hr. Hr Hr. Mean Prevail- (8 Compass
Rec. 24 Hrs. w/Thunder Tot. 24 Hrs. 05 11 17 23 Speed ing Di- Speed Points
(in.) (in.) storms (in.) (in.) (in.) (%) (%) (%) (%) (mph) rection (mph) Only)

14 13 30 12 14
0.0 1.20 0 T 0.5
0.0 1.07 0 0.0 0.0
0.0 0.51 1 0.0 0.0
0.0 1.52 1 0.0 0.0
0.0 0.23 1 0.0 0.0
0.0 0.51 1 0.0 0.0

0.0 1.75 4 0.0 0.0
0.13 1.20 3 0.0 0.0
0.0 2.40 3 0.0 0.0
0.0 1.42 1 0.0
0.0 1.25 0 0.1 1.5
0.0 1.26 0 0.4 5.0

3.70 2.40 15 0.5 S.0

(e) (c) (d) (d) (a)

I k It The user of this Climatological Data Summa.y
Sheet is cautioned that conditions at other
locations in the siting area may be signi-
ficantly different because of local terrain
effects and differences in elevation.

H-6

- - -
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Station: Tucson (119) Standard Time Used: Mountail Latitude: N320070

TEMPERATURE PRECIPITATION

.Norals Extremes Snow, i _

Mean No.
Daily Daily Rec. Rec. Norm. Max. Max. Max. - of Days Mean
Max. Min. Mon. Hjgh Low Tot. Rec. Rec. 24 Hrs. w/Thunder Tot.

Per. (OF) (OF) (OF) (F) (OF) (in.) (in.) (in.) (in.) storms (in.)

(a) 61 61 61 40 40 40 70 70 33 33 33 3
3 64.6 35.7 50.2 87 6 0.77 2.37 0.00 1.40 * 0.3 4
F 67.6 38.3 53.0 92 20 0.82 4.15 0.00 1.49 0.2 3
M 73.3 42.2 57.8 92 20 0.71 3.88 0.00 1.19 * 0.3 5
A 81.0 47.9 64.5 102 27 0.36 3.53 0.00 0.75 1 T
4 89.6 55.2 72.4 107 38 0.19 1.34 0.00 0.89 1 0.0 0
3 99.0 64.8 81.9 112 47 0.27 2.07 0.00 1.27 2 0.0 0

1 99.4 72.7 86.1 111 63 2.38 5.53 0.25 3.93 14 0.0 0
A 96.9 71.1 84.0 109 61 2.34 7.93 0.08 2.48 14 0.0 0
S 94.7 65.5 80.1 107 44- 1.37 5.11 0.00 3.05 5 0.0 0.
0 85.4 53.3 69.4 101 26 0.66 4.51 0.00 1.86 2 T
N 73.5 42.5 58.0 90 24 0.78 4.61 0.00 1.86 * 0.2
D 65.6 36.7 51.2 84 18 1.03 5.85 0.00 1.54 * 0.4 6.4

Yr 82.6 52.2 67.4 112 6 11.20 24.17 5.16 3.93 40 1.4 6.

(b) (b) (b) (c) c (d)c) d) (d) Cal

(a) Years of record. T - Trace
(b) Average for column. - Less than 1
(c) Extreme for column.
Cd) Sum of column.
(e) Annual extreme for period

of record.

;1 I
' II n - . . . . . . . . . . . . . . . . . . . . .. . . . l . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . .. I . . . .. . .. . . . . . . .. . . . . . . . . . .. . . . . . . . . . . . . .. . ..



Fsed: Mountain Latitude: N320 07' Longitude: W1l0°56' Elevation: 2384'

(Ground)

PRECIPITATION RELATIVE
PRE__ PITATION HUMIDITY WIND

Snow, Ice Pellets Fastest Mile
Mean No. (Local Time) Direction

Max. Max. - of Days Mean Max. Max. - Hr. Hr. Hr Hr. Mean Prevail- (8 Compass
Rec. 24 Hrs. w/Thunder Tot. 24 Hrs. 05 11 17 23 Speed ing Di- Speed Points

(in.) (in.) storms (in.) (in.) (in.) (%) (%) (S) %) (mph) rection (mph) Only)I -
70 33 33 33 33 32 33 33 33 33 28 15 26 29

0.00 1.40 * 0.3 4.7 3.5 62 39 32 56 7.9 SE 40 z
0.00 1.49 0.2 3.9 3.5 58 34 27 49 8.1 SE 59 3
0.00 1.19 * 0.3 5.7 5.7 52 28 22 42 8.5 SE 41 SE
0.00 0.75 1 T 1.0 1.0 42 21 10 31 8.8 SE 46 SE
0.00 0.89 1 0.0 0.0 0.0 33 16 12 24 8.6 SE 42 NE
0.00 1.27 2 0.0 0.0 0.0 33 17 13 24 8.5 SSE so SE

0.25 3.93 14 0.0 0.0 0.0 57 33 28 47 8.2 SE 71 Ss
0.08 2.48 14 0.0 0.0 0.0 67 39 34 55 7.6 SE 54 NE
0.00 3.05 5 0.0 0.0 0.0 54 31 26 44 8.1 SE 54 SE
0.00 1.86 2 T T T 52 29 25 43 8.2 SE 47 SE
0.00 1.86 | 0.2 6.4 6.4 54 32 28 48 8.0 SE 55 E
0.00 1.54 a 0.4 6.8 6.8 62 39 35 56 7.8 Si 44 w

5.16 3.93 40 1.4 6.8 6.8 52 30 25 43 8.2 SE 71 s3

(c) (d) (d) (e) (e) (b) (b) (b) (b) (b) (c)

The user of this Climatological Data Summary
11 Sheet is cautioned that conditions at other

locations in the siting area may be signi-
ficantly different because of local terrain
effects and differences in elevation.

I-



Station: Wellton (120) Standard Time Used: Mountain Latitude:

TEMPERATURE PRECIPITATION

Normals Extremes f. Mean No.
Daily Daily Rec. Rec. Norm. Max. Min. Max. - of Days
Max. Min. Mon. Hgh Low Tot. Rec. Rec. 24 Hrs. w/Thunder

Per. (OF) (OF) (OF) (-F) (OF) (in.) (in.) (in.) (in.) storms

(a) 30 30 30 50 50 30 10 10 50 30
1 68 34 51 89 14 0.36 0.85 0.0 1.07 0
F 73 39 56 90 14 0.47 1.50 0.0 1.91 0
* 76 45 61 100 20 0.21 1.70 0.0 1.27 1
A 86 50 68 105 31 0.10 1.30 0.0 1.00 1
* 93 57 75 114 40 0.01 0.24 0.0 0.41 1

. 101 63 82 120 47 0.02 0.53 0.0 0.53 1

3 106 76 91 121 54 0.32 1.40 0.0 1.42 3
A 105 76 90 120 55 0.77 1.56 T 1.48 3
S 100 68 84 118 42 0.52 4.39 0.0 3.25 3
0 90 55 73 108 32 0.39 3.11 0.0 2.23 1
N 77 41 59 96 19 0.27 1.64 0.0 1.23 0
D 68 35 51 86 16 0.41 2.44 0.0 2.19 0

Yr 87 53 70 121 14 3.84 6.88 1.69 3.25 14

(b) (b) (b) ) ) (d) (e) (e) () (d)

(a) Years of record.. T - Trace
(b) Average for column. -- Less than i
(c) Extreme for column.
(d) Sum of column.
(e) Annual extreme for period

of record.

/



d: mountain Latitude: N320406 Longitude: W114o08' Elevation: 260"
(Ground)

RELATIVE
PRECIPITATION HUPIIDITY WIND

Snow, Ice Pellets Fastest Mile
ec 2Mean No. (Local Time) Direction

Mun. Max. - of Days Mean Max. Max. -Hr. Hr. Hr. Hr. Mean Prevail- Ca CompassRec. 24 Hrs. w/Thunder Tot. 24 Hrs. 05 11 17 23 Speed ing Di- Speed PointsAin.) (in.) storms (in.) (in.) (in.) (%) M (mph) rection (-ph) Only)

510 30 30 50
0.0 1.07 0 T T
'1.0 1.91 0 0.0 0.0

.0 1.27 1 0.0 0.0
0.0 1.00 1 0.0 0.0
.0 0.41 1 0.0 0.0

0.0 0.53 1 0.0 0.0

0.0 1.42 3 0.0 0.0
T 1.48 3 0.0 0.0

0.0 3.25 3 0.0 0.0
.0 2.23 1 0.0 0.0
.0 1.23 0 0.0 0.0
.0 2.19 0 0.0 0.0

.69 3.25 14 T T

(0) (4) (d)(d) (e)

The user of this Cimatological Data Sunnary

an tSheet is cautioned that conditions at other
locations in the siting area may be signin
ficantly different because of local terrain
effects and differences in elevation.

H-8
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Station: Yuma, Arizona (121) Standard Time Used: MST Latitude:

TEMPERATURE ._ PRECIPITATION

Normals Extremes- MenN. Snow,

I I of Days
Daily Daily Rec. Rec. Norm. Max. Min. Max.- w/Thunder- Mean

Per. Vax. Min. Mon. High Low Tot. Rec Rec. 24 Hrs. storms Tot.
(OF) (OF ) . (OF) (OF) (OF) (ilk.) (in (in.) (in.) (in.)

(a6 30 68 30 4 9 49 -8 68 / 23 23 23
1 67.2 43.3 55.s31 8 22 .44 12.831 .00 S6 0 T

72.1 54 .6.10 9 4 .42 1343 .00 1.04 0.0
M 79.4 6195 67 1 *4 .32 3.33 .00 .62 * 0.0A 7. 1 584 172.8 107 1 .101 .91 .0 1.08 * .aM 9S.4 65.4 I80.415 *46 .031 .9010 .37 0 .0o

103.0 72.S 87.8 120 54 .01 .62 .00 .26 * 0.0

j 107.7 81.5 94.6 119 63 .21 1.36 .00 1.06 1 T
A 106.1 81.3 93.7 117 63 .57 6.25 .00 4.01 2 TS 101.7 74.9 I88.3 12 53 -39 5 -13/.0 2.42 1 T"0 90.2 62.6 6. 61 3 -.30 2.68 .00 2.20 1 T"
N 77.4 5.0 I64.2 94 3 .22 2.44 .00 1.42 0.0

D 68.1I 46.0 57.1 86 22 .47 2.58 .00 1.37 *T

*Yr 88.0 61.4 74.7 123 22 3.48 11.41 .30 4.01 7 T

(b) (b) (b) cc) C (d) (e) e) ( d) (d)

(a) Years of record. T = Trace
(b) Average for. column. * = Less than Is
c) Extreme for column.

(d) Sum of column.
(e) Annual extreme for period

of record.

4i

t~



Ised: MST Latitud6: 32°40-I4 Longitude: 1140 36'W Elevation: 199 Ft.
(Ground)

RELATIVE
PRECIPITATION HUMIDITY WIND

Snow, Ice Pellets Fastest MileMean No. MenM.Ma-

of Days (Local Time) Direction (to
n. Max.- w/Thunder- Mean Max. Max.- Hr. Hr. Hr. Hr. Mean Prevailing 8 Compass Pts.'

lc. 24 Hrs. storms Tot. Mon. 24 Hrs. 05 11 17 23 Speed Direction Speed Only)
(in.I (in.), (in.) (in.) C'() (%) (') M (mph) (mph) I

23 23 23 23 23 13 13 1313 23 13 23 23
.56 0 T T T 53 35 2546 7.3 N 41 NW

1.34 0.0 0.0 0.0 49 29 20 40 7.4 N 50 NW
.62 * 0.0 0.0 0.0 45 25153 7.8 WNW 43 N

1.08 0.0 0.0 0.0 43 21 143 8.4 W 47 N

.37 * 0.0 0.0 0.0 39 19 11 28 8.3 WNW 38 NV

.26 * 0.0 0.0 0.0 36 19 12 26 8.4 SSE 42 SW

1.06 1 T T T 47 29 20 36 9.4 !SE 52 HE
4.01 2 T T T 55 34 25 44 9.0 SE 60 SE
2.42 1 T T T 53 29 20 41 7.1 SSE 42 SE
2.20 1 T T T 49 27 1939 6.4 N 47 S
1.42 * 0.0 0.0 0.0 48 28 22 40 6.7 N 47 N
1.37 * T T T 47 32 25 41 7.2 N 47 W

4.01 7 T T T 47 27 1937 7.8 N 60 S9

(c) (d) (d) (e) (c) (b) (b) (b) (b) (b) (c)

The user of this Climatological Data Summary
Sheet is cautioned that conditions at other
locations in the siting area may be signi-
ficantly different because of local terrain
effects and differences in elevation.

H-9
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I ABBREVIATIONS

fS.E. Surface Elevation

T.D. Total Depth
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WELL LOGS
WELL 3(1) -WELL 4(') WELL 5

S. E. 401 ' S. E 370' S. E. 322'
T. D. 300' T.O0. 271' T. D. 282'

*-SAND, CLAY, GRAVEL

CO..~ ARSE GRAVEL

COARSE GRAVEL 0e CAREGAL
CLA

w/ PEA GRAVEL AND KO LOG AVAI
CALICHIFIED LAYERS

-PEA GRAVEL ~19.9

zTF /THIN LAYERS OF COARSE GRAVEL
FINE SAND *

VERT ICAL
(NO HORIZONTAL)

0 100 200

FEETI

MILE 23.5 28.05 29.65



EXPLI
OLL 5 Lithalogies shcmn in well togs repro

322' material. Appropriate modifiers
282'

IIUNDIFFERENTIATED BASIN FILL

LGRAVEL AND COARSER GRAINED

-7 LL~1 SAND AND GRAVEL

WSAND
SILT

LEV._____20Q___.__ 2__ VOLCANIC FLOW ROCK

169, '1PEDIMENT;'PEDIMENT DEPOSITS

NOTES: DSRPIN

SHUDNOT BE CONSIDERED ACCURATE. V-azj
()ALELEVATIONS ARE RELATIVE TO MEAN SEA LEVEL.
(3) EPT TOROCK UNKNOWN -MILE 2.7 TO 18.8

ADMIE19.8 TO32. 2



EXPLANATION
Lithologies shown in well logs represent predominant (greater than 70 percent)

material. Appropriate modifiers appear to the right of each well log.

UNDIFFERENTIATED BAGEOLOGIC CONTACT - Solid where data specific;
dashed where approximate; queried where? extrapolated or questionable.

r -IGRAVEL ADCOARSER GRAINED
GAEANCAREGRNEGROUNDWATER LEVEL - Queried where extrapolated

I-y-71 or questionable.P---ISAND AND GRAVEL
DEPTH TO GROUNDWATER IN BASIN-FILL DEPOSITS -

Vloo Indicates depth to water in feet (100')
SAND where not graphically depicted due tosmall scale.

SILT_

Ei SILT -- ir FAULT - Arrows indicate relative movement.
CUTY

CL WELL 5 WELL - Brackets indicate well projected 1000
CU- AND SAND [1000/ S40E feet to geologic section line on azimuth

j south 40 degrees east.

ROCK

VOLCANIC FLOW ROCK
P P D LOCATION OF GEOLOGIC SECTION LINE
PEDIMENT PEOIMENT DEPOSITS _

V-U V_ 1IV

IC DESCRIPTIONS T

ACCURATE. I

IVE TO MEAN SEA LEVEL.
MILE 2.7 TO 18.8

GEOLOGIC SECTION RL'R"

MX SITING INVESTIGATION

DEPARTMENT OF THE AIR FORCE - SAUSO 1-2

II
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GEOLOGIC SECTION SLS 11(3)

? 500 500.

0 2

CASLES LI

IESCAL . RED BLUFF MOUNTAIN



WELL LO
WELL III

S. E. 71
T.U0. 11

a

3000

-2000

-1000

' -; Sea I @to[I

12 13 14 15 -

MILE 5.8



WELL LOG
WELL jj() Lithologies shown

S.E. 120' material. A
T.D. 139'

mUNDIFFERENTIATED BASIN FILL
SAND, RED SILT

GRAVEL AND COARSER GRAINED

ELEV. 00'")SAND AND GRAVEL

WSAND
v/RANDOM GRAVEL E i SL
AND RED SILT

ElCLAY
SCLAY AND SAND

__ _ROCK

E VOLCANIC FLOW ROCK

L% PEDIMENT PEDIMENT DEPOSITS

- 50 7'

u/FINE GRAVEL
AND RED S ILT

NOTES:.
(1) DRILLERS LOGS: LITHOLOGIC DESCRIPTIONS

SHOULD NOT BE CONSIDERED ACCURATE.
(2) ALL ELEVATIONS ARE RELATIVE TO MEAN SEA LEVEL.
(3) DEPTH TO ROCK UNKNOWN - NILE 0.0 TO 1.05,

S'CONGLOMERATE MILE 3.5 TO 5.3, AND 6.3 TO 8.3

GRAITI ROCK

VERTICAL
(NO HORIZONTAL)

0 100 200

.1 FEET

E 5.8



EXPLANATION
Lithologies shown in well logs represent predominant (greater than 70 percent)

material. Appropriate modifiers appear to the right of each well log.

SUNDIFFERENTIATED BASIN FILL GEOLOGIC CONTACT - Solid where data specific;
U N A e odashed where approximate; queried where

extra polated or questionable.

GRAVEL AND COARSER GRAINED
?--. -5-- GROUNDWATER LEVEL - Queried where extrapolated

SAND AND GRAVEL or questionable.

DEPTH TO GROUNDWATER IN BASIN-FILL DEPOSITS -

r77771 Indicates depth to water in feet (100')
SAND I where not graphically depicted due to

small scale.

WSILT
SLFAULT - Arrows indicate relative movement.

CLAY

WELL 5 WELL - Brackets indicate well projected 1000
CLAY AND SANO_ rIooo'/s4oe] feet to geologic section line on azimuthT south.40 degrees east.

VOLCANIC FLOW ROCK

A LOCATION OF GEOLOGIC SECTION LINE

L PEDIMENT.'PEDIMENT DEPOSITS

0. Dowj 4 . .,. '~!. -

IC DESCRIPTIONS
ACCURATE. VX -1 11 VXIV VK
E TO MEAN SEA LEVEL.
LE 0.0 TO 1.05,
0 8.3

GEOLOGIC SECTION S-S''

MX SITING INVESTIGATION I

OEPARTUENT OF THE AIR FORCE - SAMSO
|I 1--3

7%_i



300-

00
SETNE ASL FO

*30

400 -
200800

1 000

: Sea I aV e, ?

* 2000
3000

STATUTE MILES 30 32 3 34



- - - --07 01

4. 10 1 12 i

GILA BEND PLAIN
CEDA MOUNTAINS

PEG

33 34 35 36 31 38 3940 '41



GEOLOGIC SECTION ULU'"3

SENTINEL PLAIN

_______ RATER RANGE'
? ?----------------V 400'

12 13 14 15. 18 17 .18 .19 29

1-11 Y-I

PEDIMENT - MILE 38.2 TO 47.5

41 42 43 44 45 48 47 48 49

VERTICAL/ HORIZONTAL

MILES
____ _______ SCALE 1:02. SOO(APPROXIMATE)



GO

Z

WELL 32

20 21 22 23 24 25 26 .27 21

tEKLh VALLEY
SAND TANK MOUNTAINS WELL 39

PEDIMENT V ILE 55. 15-

49 50 51 52 53 54 55 so 51



WELL LO
WELL 32(1

S. E. 1160'
T. 0. 131'

-300

-2000

_____ *,~ 1000a

-sea level.

1000 ELEY. 100
2000

____________________________________ -3000

CLAY, GRAVEL,

BOULDERS
21 28 29

- 3000

- 200

PEDIMENT M ILE 55.15-70 58.15 -100*0
sen level 607**

-1000

-2000

-3000
BASALT

55 57 58. VERTICAL
(No No 1IZON!

I FEET

VILE 25.3



WELL LOGS
WELL 39() Litholgi

S.E. 2485' mithol
T.0. 170'

UNDIFFERENTIATED BASIN FIl

GRANITIC ROCK . . GRAVEL AND COARSER GRAINE
" ELEV. 2000-(2)

...... SAND AND GRAVEL

ELEV. 1000,(2) 
SAND

SILT

GRAVEL,
-ERS CLAY

CLAT AND SANC

ROCK

VOLCANIC FLOW ROCK

PEDIMENTiPEDINENT DEPOSITS

LOHERATE

NOTES:

(1) DRILLERS LOGS: LITHOLOGIC DESCRIPTIONS

SHOULD NOT BE CONSIDERED ACCURATE.
(2) ALL ELEVATIONS ARE RELATIVE TO MEAN SEA LEVEL.
(3) DEPTH TO ROCK UNKNOWN - MILE 0.0 TO 16.3

AND MILE 20.65 TO 24.7

VERTICAL
(N HORIZONTAL)

100 200

FEll

54.75



EXPLANATION
Lithologies shown in welt lags represent Predominant (greater than 70 percent)

material. Appropriate modifiers appear to the right of each well log.

UNDIFERETIAED BSIN ILLGEOLOGIC CONTACT - Solid where data specific;
UNDIFERNTITED ASI FIL ~dashed where approximate; queried where

? extrapolated or questionable.

GRAEL ND OARER RAIED A- GROUNDWATER LEVEL - Queried where extrapolated
or questionable.

rSAND AND GRAVEL

DEPTH TO GROUNDWATER IN BASIN-FILL DEPOSITS -
Indicates depth to water in feet (100')

SAND where not graphically depicted due to
=all scale.

SILT_

FAULT - Arrows indicate relative movement.

CUAY

F~1 ELL 5 WELL - Brackets indicate well projected 1000CUTY AND SANL, (iooov/ S4OE] feet to geologic section line on azimuth

ROC 
south 40 degrees east.

VOLCANICLOCATION OF GEOLOGIC SECTION LINE

cPEIENT'PEDIMENT DEPOSITS t.

ft..

GEOLOGIC SECTIN ULU

MX S~ING INVESTIGATION fo

OEPARIMENT OF liii AIR FORCE - SAIASO 15
________0_Ell_____no in I t, noL



TS

Ta'

3000oo- INDIAN VASiHIMLEY

2 - WELL 4L,

1ooo -

* 1000
" 2000

... .I. . .I I I
STATUTE NILES 0 .1 2 .3. 4.

I

ao - CASTLE DOME PLAIN Y I -

2000 CASTLE
S 1000 -- V

so& level
000IO0

3000
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GEOLOGIC SECTION TLTN

-- U

AN WASHWVALLEY5

27 ~ ~EL 28 WEL 30 3 2343

00

MIE
SCLE112.00APPOIAE



ON T'-T" '3

i C~ASTLE =

! BWELL I11,

[U

• v~ :75-0.0..- V50
1,54

S13 14 111, 17 1." ",g "20

KING VALLEY-

WELL]:]1"

WELL 13 WELL 14 WELL 12
Eloo/N45W]

7 ;,e



WELL 4(t)
3.E. 370' S.E.
3. 0. 271' .0

00

LE DME PAIN3000

3000~

__ _ __ _ __2000___ _ _ __ _ __ _ 10A SE GR0E

Se a vea

2000.'I

30000

COARS GRAVE



WELL LOGS
WELL 9(1) WELL io0') WELL 11(1) VELI

S. E. 419' "S. E. 412' S. E. 720' S. E.
T.D0. 500' T.D0. 320' T.D0. 139' T.D0.

SAND, RED SILT

w,'RANDOM GRAVEL
AND RED SILT

AVEL

....CAL ICHIFIED?

*0

-R507

0: *v . wFINE GRAVEL
v.. ~2520 AND RED SILT

AVEL .e W/CLAY -AND SAND
00 @o

*LYSNOGAE 
MCGA I ROC

O C OASeGAE

*. 6.5.(304



WELL 15(') WELL 13 WELL 14(') WELL I
S. E. 556' SE. 549' S. E. 550' S. E. 1
T.D0. 19' T.. . 221~ T. 0 1105' T.D0. 1

LL.
' THIN LAYERS OF SAND

NO LOG AVAILABLE

S22 1'. 2222--

470' NOT DEPICTED

w/'SILT

00
to. .0

* * MODERATELY CEMENTED
* CONGLOMERATE

00 *

VENT ICALe
(NO HORIZONTAL) '

O 100 200 roe*

FEET

34.3 39.05 39.3 40.1



A-AII 214 FMO NATIONAL INC -LONG WEACH CA /0g fj

N SITING INVESTISATION. VOLUME 110- EOTECI#4ICAL RVWOT. TWIA -TClUl

JUN 79 
F04701-74.OOII1M

LWACASSIFIED PNTNVL
EN

MiEL



111 11.
m~*2 12.0

MICROCOPY R~ESOLUTION TEST CHART

NAllONAL HILN AL, II 1ANOtAI4t)l 19fi A



WELL 12 Lithologies shi
S.E. 565" material.
T.D. 950'

[I] UNDIFFERENTIATED BASIN FILL

GRAVEL AND COARSER GRAINED

GSAND 
AND GRAVEL

Lj- SAND

SILT

-SAND cuy
NO LOG AVAILABLE

CLAY AND SAND

ROCK

- 231'

ELEY, 00'(2) E VOLCANIC FLOW ROCK

PEOIMENT PEDIMENT DEPOSITS
i 355' NOT DEPICTED

NOTES:
(1) DRILLERS LOGS: LITHOLOGIC DESCRIPTIONS

SHOULD NOT BE CONSIDERED ACCURATE

(2) ALL ELEVATIONS ARE RELATIVE TO MEAN SEA LEVEL.
(3) DEPTH TO ROCK UNKNOWN - MILE 0.0 TO 17.65,

_lED MILE 18.9 TO 25.1. AND NILE 36.1 TO 41.1

40.8

b ~/

__"___ ___ ____" / . .. . ' ' ! . . •- -"



EXPLANATION
Lithologies shown in well tags represent predominant (greater than 10 percent)

material. Appropriate modifiers appear to the right of each well log.

UNIFRNITDBSNFL GEOLOGIC CONTACT - Solid where data specific;

IJNOFFERNTIAED BSIN ILLdashed where approximate; queried where
t~. extrapolated or questionable.

GRAVEL AND COARSER CRAINED

~ GROUNDWATER LEVEL - Queried where extrapolated

--w7 SAND AND GRAVEL o usinbe

DEPTH TO GROUNDWATER IN BASIN-FILL DEPOSITS-
VIGOIndicates depth to water in feet (100')

SAND where not graphically depicted due to
mall scale.

SILT 4

FAULT - Arrows indicate relative movement.

WELL 5 ELL - Brackets indicate well projected 1000
-CUAY AND SAND (1000'! S40EJ feet to geologic section line on azimuthj south 40 degrees east.

ROCK

It 1VOLCANIC FLOW ROCK
LOCATION OF GEOLOGIC SECTION LINE

F7 1 PEDIMENT" PEDIMENT DEPOSITS PLI

*ALPAL

SE LEVEL.IA, .

MITI TIN G ~ETGTO
OEATMN OF TH AI RC - sas 14

ION $11LL




