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U ~ ~RPMtw -OF DZYMBSI LANDS .,-Aq O u" LAND I45t&

A Valley (designated by A Valley (4.sigattqd by ci .......

valpitalized. VO) is a sub- ized MV) i's a *ub-ar~a VI a- MA
' area of a, IDoD siting area. vitiing'are*. it if bomd by

It is bound by on* or both One ot more of the o vit

of the following: 1. AreAs of racta s

1. A hydrologic drainage percent topogepba iq I~

divide (most often the 2. Large exclusin areas such
crest of an intervening as National Forets IdArLttA"
mountain range);~ and a reservations or quantity-

j2. DoD boundary or any distance aress;

other artif icially 3. DOD boundary or any otber

LIestablished boundaries artif icially ..tsblisu.
'such as public highwayss. boundaries such at pubt. t

iUtownship and range lines highways, towmabi sulang."

[1 ~or national monumentlie, atuelhe d-3

bodes.4. A hydrologio dat&Lqe d4Ltid6

(most Often at a b rle

Intervalley C60Meotis
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2.0- RECIONAL ANALYSIS

z 2.*1 GEOGRAPHY AND DEMOGRAPHY

2.1.1 SITING AREA LCATION AND DESCRtIPTION4

* The Gila Bend Group siting area is located in southwestern

Arizona and encompasses approximately 3065 no 2. it lies princi-

pally in Yuma County with approximately one-fifth of the area

extending eastward into Naricopa and Yavapai Counties (Figure).

Interconnecting valleys of the Gila Bend Group form a roughly

rectangular area extending southward from the Santa Maria,

* River for __al, and eastward from the Colorado River for

nm. Palomas-Hyder, Mohave Wash, and La Posa Plain Valleys are

*contiguous with the Yuma Proving Grounds (YPG) DoD siting area.

Valley elevations range from 250 feet in Mohave Wash Valley

to 2400 feet in McMullen Valley, and average between 1000

and 1500 feet for most of the siting area.

* 2.1.2 USES OF LAND AND SURFACE WATER

2.1.2.1 Land

2.1.2.1.1 General

ELAM is the principal controlling agency for moat Of Valley areas,

however, portions are private (36) or state (37) owned land or

are under the control of other federal (38) agencies. Vhose

three categories of non-D9qI ownership total appronimately

678 or a 22 percent of the total study area (Table aid

are not considered available siting area, The remaining area

(2387 nfl2 ) or 78 percent is controlled totally by tb* WIA aud

is considered available siting area* Ownership ouittose aea

.4
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#epicted on the nrhp '5opoqay An cItu 41. ff,4-wo

ovorlaye.

Tablewnesi

II Owner~Lan xls O wner s kam ~pt

Private 36 3040

State 37 267

Federal (Non-BKM) Go 8

BIN 2422 1

To ~tal .3065 140

2.1.2.1.2 BLN Lands

The ELM was established in 1946 to control and manageal I1 "andA

II formerly under the General anOfcendtegraing So -

management of BLM lands in the study area falls uvaed th eps

ate auspices of the Yuma and Phoenix Rim teg tonal isalos.

objectives of the BLM include the protection ddu.*'

sent of national resource lands and related vesoutcs V4QS541

I ~tent with the principles of multiple use,. Withdra*#.i

transfers of large tracts of BtM land are bated on .l@~1~

and on accompanying environmental Impact steen, ut

.3 ~the intended use of the land. Congrestional .~n . k

fomof a public land orer is retd. it, 14tt

is, deemed to be In the public or aetUM*Qnalifst~a I~j

Communication,, 1976).

ails send Group RIM lands ate gnrlyw~i~e * ~ -

@1.4 ptaily for Wildl 04 kit~t, 10*~40"1

S., *3"k

I' lol
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0Wildlife Service as part of the WationM P~EvwR ept
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(4 2 aruala Plain, (51 nW'i11Vt
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4. 2. 1, 4 Land values

Current land values in south-westeen Arizona *I& depondowtUP

A.the status of land development and present use. Laud -status

categories and the respective market values are listed in Table

*Areas of land speculation are located near existing comuiA

ties and major transportation routes, with lad valtei *aes

areas being extremely variable.

Table -

Current Land Values

Approximate
Current Market

ALand Status value fer Agre

Agriculural Land:

citrus $800 - $1500,

farmland $800 - $150

undeveloped, with water $150 S30

Undeveloped Land: $50 minlmin

Source: Office of the Yuma County Tax Assessor, April 1976.

2.1.2.1.5 State Owned Land

State-owned lands in the siting area are present in all vaill

except Mojave Wash Valley. They generally are latle ttet*of,

land, totaling 265 nm 2  boirdering. the large privote ttseb* 4*

land In Ran*gras, Natquahala,, Butler anM Is~wlle ed

Ryder Valleys. Present uses of the la&d are 9"Waftll W S

howevoe large tracts were noted daring the at-W 6W-al 5- twmi- A*-

4 ~amce to be either unused or apazently lesend 6y e~e

£rinets and ranchero In the V31"st. 1 :

3. ,. .
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_...Agriculural, Land.&;,

ii ~~ farmland ,+ -

* undeveloped, .with waltet' 10,~

Undoveloped Land s

5 ret'Offiof the, Yumac ,Cuty Tax, Jk4*S1b: Ap

i72'Y0



IU. - S. Bureau of Reclamation (0024i is tbe Awingle C040,0104
federal agency for the 103 nmo non-BUS, *oanft f.4eta1 I**"

U in the study area. A prinothis land 4eie a 4 W_0

two na-wide corridor for the proposed Gralto Beef Aqueduct

through Cactus# Ranegras, and Usrquoasla Valleys (mti
2

GB-2, 4, and 5).* The remaining _ percent (__ am to sPrsent
in Mohave Wash Valley; its present use Is unknova.

2.1.2.1.7 AdJoining Land

Lands adjoining the Gila Bend Group siting area include tbe

Yuma Proving Ground (YPG), Kofa Oame Range* Colorado Riwe -*

Indian Reservation, and state and privately owned las all.

lands except state properties are restricted access aeas to-

j ~the public. Only private properties are feacod-v the t e.
are posted on improved and unimproved entry roads seE at fRt -

intervals along the respective boundaries.

The Yua Proving Ground borders the southern and westeta herders

of the study arear directly adjacent to and contigneus wifth

Mohave Wash Valley, southern La Pass Plain* and ftes.~e

Valley for a distance of __ m(Ownership, GS-7, vow..

Proving Ground was established in 1143 under the th 8 NW

Corps of Engineoe and later was reassignd ta t0A 04 t, U4

Nater Ial Coaad in 1"2* YPS is an active boi~it j Wad 0.

r ange with highly restricted ground a* aIs ut u!~

MeKoaGame Range Is situated aowt O !N't

Pslonso-Hyder Valley aNo sothet *"'WooPe~



border no m in length (Ovnership, W4, $. 9). Ife its

Man"e was established in 1939 for the conservation and dovell "I

ment of wildlife and grazing resources to -be jointly mi5*1S

by the BLN-and the U. S. Fish and Wildlife Service. Te. Itf

Game Range predominantly occupies areas greater than ton pevetnt
grade.

The Colorado River IndianReservation forms the western botdot

of the northern La Posa Plain and the Cactus Plain# a commom

boundary that is _ rn in length (Ownership. OS-I, 4). It mw

established in 1865, and includes the Mohave, Chemeeavi, U*pi

and Navajo tribes. A population of approximately 109 pers
is supported by agriculture, light Industry, and reCratufte

It is proposed that the Colorado River Indian Tribes will witik'

draw from BUS a four-mile buffer zone along the exietiag rteS*-

tion boundary (Personal Communication, 1976).

Private and state held lands art intimately mixed in **"W*

and irregular shaped clusters which generally align with t

topographically lowest and most fertile area aloq4 the Y%11e7

axis. Privately owned parcels generally compose 29 or *we

sections per township along pcimary drainages and ato nest

densely arranged near the portions of the V1ey 0vithWA 4OSI

groundwater. State owned lend averages appm~Imata.t ."at

fiLve sections Pat township and "ecut is4atA vithisa 44VMe

private clusters ot more demeely alaig the t1***-W AM

flooftlain.

.~ .4
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2.1.2.2 5Sarfage ae

There are no known perennial surface water occurrences vit)4no

the Gila boend Group boundaries. The only important occurrences

of surface water in the vicinity of tbe siting area ate along.

the Colorado# Bill Williams, Santa Haria and Gila Rivers and

their respective canal systems. The sources for these waters

are outside the siting area boundaries and the water rights are

previously assigned. The only unappropriated surface vatdra

occur as sheet and channel flow from seasonal flash floods..

In addition, the waters of the Colorado River are controlled by

interstate agreements among California, Arizona and Nevada and

by international treaty with.Mexico. Surface water conditions

within the Gila Bend Group area are discussed in Section 2.4.

2.1.3 POPULATION AND) POPULATION DISTRIBUTLOM

Approximately -people are centered in towns or small settle-

ments within and immediately adjacent to the study area. Small

towns and communities occur ing within and adjacent to the atea

are shown in Table _*small populations generally arie located

at ranches or service centers along major highways in the 4"4a4

The area has a high transient population which includes perion.

traveling through the area along the several public highways

Yl(Figure _)

2.1.4 CULTURL, IKRFOViBNMS

Access is primarily handled to the east MWd West by Itutstat_

19 and old U. S. Biqhway 60-70 which totm a IV-sge "mtee'-

section in the central portion ot the stedy 'Iea It L tiWh

its J95 intersectis nTA~rstato 0ha a~t~.



Highway- mr-10 (Figue_) Rtfoir Imptow'ed 41t and I

jeep- trails exteid' from these, bigbtuya" into vagiu L00or6tiona E

the Valleys within the Gil. Pend GrouP siting area. ftr*l1 ow

the public roads is generally-unrestricted., 1ra#61 oft 0414P~OW".

or private roads may be restricted in privately wctol~e

areas.

Railroads include the Atchison, Topeka and Santa Fogxenin

from Parker to Aquila and the Southern Pacific trave:.ingl the

southern portion of.Palomas-Hyder Valley (Figure __W.

Najor electrical transmission lines transect the siting are*.

subparallel to U. S. Highways 95 and t0 and state ftuto 72.

(Figre _).Small networks of transo n livube*are

present in Palomas-Hyder Valley.

A buried pipeline network owned and operated by S1 rinto Eatwtv~l

Gas Company transects the siting area subpacallal to V.-6 ,,#

Interstate 10# and the Alamo Dam Access Road- (Figure__.

portion of this pipeline network is under omtet*att~~

Y4ersion for crude oil transport.

A buried coaxial telephone OAK*#: V90"irty of0*ftirm I*4EP

and '~1etapb(A T '), exteonds 6satwet ose #*

* patllel to Interstate 10 &Md a. S. 40(i* J.
ofburial range'Os frtow 30 inaes to tew e 1" 'A"

eight to, t" feet bel"v ftyo 49"wag 0" ts
~~~~~~Mb~~~ 7tkl,: ITlC sm~~,~?~~

-ni2
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POPUK.&TION Can"tuc ta

population Center* Population** PAWg

Tuuia, Arizona 29,077 5.0 n

Ajo, Arizona 8,000 4.0 va

Blythe, California 7,047 7.1 un

Gila Bend, Arizona 2,500 2.5 noU

*weliton, Arizona 970 2.5 a

Palo Verde, California 610 7.2 n

Quartzeite 600 7.2 arn

Tacnap Arizona 595 2.0 Srn

Ehrenberg, Arizona 400 3.9 nm

Roll, Arizona s0 3.8 mr

j Dateland, Arizona 5o 2.0 na

Aztec, Arizona 50 3.5 r

sentinel, Arizona 35 2.0, Va.

Martinez Lake, Arizona 10, 0.2 ur

Dome, Arizona 10 1.7 ra

Cibola, Arizona 10 3.9 na,

*Locations shown on Figure 4.

*All population figures based on 1970 census- 40. 8. caau6

Bureau

.440.

7. 7 -7~
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The proposed Granite Reef Aqueduct route transects the siting ate*

II : subparallel to Interstate 10 and State Route 72 (I9igure __

Development of the Aqueduct system began in 1974 and is scheduled

for completion by 1983.

1Several operative public and private airfields are located in
the siting area, principally adjacent to population centers such

IJ as Quartzsite, Bouse, Utting, and Wenden. Several abandoned facil-

* ities are also present. The locations of these features and more

information about them, where known, are presented on the Owner-

II ship, Topography and Cultural Features Overlays, base maps, and

Data Summary Sheets.

2.1.5 CULTURAL ANDQUANTITY-DISTANCE EXCLUSIONS

The major cultural and quantity-distance exclusions which may

limit available siting area are depicted on the appropriateIII
overlays and include:

1. A minimum distance, 1965 feet, from inhabited build-

ings (E-3);

2. Corridors, 1780 feet wide, on each side of Interstate

10, U. S. Highways 60, 70, and 95, State Routes 71 and

72, and the Southern Pacific and Atchison, Topeka and

Santa Fe Railroads (E-4)1

3. State'land (E-6)

i1 4. Private land (E-7), and

5. Non-BLU, Non-DoD Federal land such as '. S. Bureau of

Reclamation land (3-8).

In addition, the following minor u*ty-4lstnce and cultutal

, .+ . + *" -,, . .. +'+. - __ ,r" -- - --- ' -- + -'''+
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features were identified, but are not believed restrictiv*,to

siting:

-~1. Several small towns and buildings initially identifie

Jon topographic maps. Field examination of several of

these features shoved them to be abandoned*

2. Instrumentation and monitoring sites such as water

gaging stations which are only inhabited on a periodic

basis.

2.1.6 GENERAL TOPOGRAPHIC CONDITIONS AND EXCLUSIONS

General topogaphic conditions of 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 area greater than ten percent topographic

grade (50 431, 528 feet/mile). This condition occurs primarily

in areas of exposed rock and topogaphically higher alluvial.

surfaces.

Areas exhibiting the topograhic grade ranges of zeto to five pet-

cent (00 to 20 52', 0 to 264 feet/mile) and five to ten percent-

(20 52' to So 43', 264 to 528 feet/mile) were identified within-

the siting area. Locally, such as on steep leeward slopsoaa~

dunes, greater than ten percent grades may be preseat *jthin.,areas

of sero to f ive and f ive to ten percent topograph ic g4t*&. ;ftte

Gils bond Group the zero to five percent topographic gre to"~

encompasses essentially all of the siting &tea*' Zadtft" ib&w"

predominate in this grade range include alluvIal fm

"If W iti aavlgiuipsa uunemt pod Inwu-e 0. UU~ Sl.9ate, 0

-aW -Z

I INN 1''N
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exposed rock are, also. present vitbin tMd 9Cad* 9.

SMall mappable &teas -of five to ten- percent grad. are P* t

within areas of exposed rock and topograpbically higber alluvil

* areas, and adjacent to the siting at,*& boundary ftier* it In

defined by greater-than ten percent grade.

Approximately 2790 nut2 (90 percent) of the siting area are

included in the zero to five percent topographic grade tang* and

approximately 270 nut are included in the five to ten percent

grade range. 2prxmtl 7 nat of land within he, 'toftal

Gila Bend Group (3065 nut ) are non-B.I lands and account for tb*

area excluded from siting consideration. Therefore* the s~it9

2387 nut comprise the total siting valley area within QS.

s

1J. ~k
~Nr-
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2.2.1 G9R81AM

*Gila Bend Group, BLM .1 and,$ lit witbhin' tb Soportn- Nesert Ieti

of the Basin and Range PtysiogralbiO 'Province' (4010~t and -Lane,
1960) (Figure __.The physiography is.-controle *4_, and

therefore strongly reflects, the underlying goologic strumc'tre.

EJ~ This area is chacterized by eroded remnants of uplift*4,fa44t-

block mountains (horsts) separated by downdropped basins

of the Basin and Range Province, this is an area of ptedoet-

nantly open-basin conditions and through-flaying drainages.

RValleys within the BLM study area include Cactus Plain, La1s6i
Plain, Mohave Wash Valleyp Palomas-flyder Valleys, Tmefwr#*;.,

Plain, larquabala Plain, McMullen Valley and 3Iat.2e ftI17

(Figures __and _)

mountain ranges in the study area are irregular-mid rg$md

exhibit predominantly north to northwest ttends abatrjacrn*ft"

of the Basin and Range Province. .8owv the aortheremat,

rarges of the study area align east to west a" ftoetbooiNt

(Figure _)*The rock* composing the iowtaia tang." ~ S.'

predobinantly, of Precambrian metaa,* ai I okOgA~

cretaceous to Tertiary age vote"JE0,6W ditg~a$

F ''4 KW5U5U5soi age gran~itic boizO a gw.

KA LNVa11.yo occupy irtetmeatane stuctnuZ

fille1d with thick accainulatim.0 of ~ i *

rft Ltd, '44 06ft , 00'

4-4N

*.t A, ~
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-TABILE5
Dominant Rock Types in Mountains Adjacent to-

IIIMountain Range Dominant____Rock

Buckskin Mountains V bedrock/M basement

Dome Rock Mountains SbdokMbsmn

Trigo Mountains V-erckMbsmn

Chocolate Mountains V bedrock/d basement:11Castle Dome Mountains V bedrock/G basemebt
Palomas Mountain V bedrock/G basement

3Tank Mountains V bedrock/M basement

Kofa Mountains V bedrock/G basement

New water mountains V bedrock/G 6 M basement

Plomosa Mountains V &S bedrock/K basemet

Bouse HIills V bediock/G basement

Harcuvar Mountains M basement

Granite-Wash Mountains S bedrock/(; basement

Little Harguahala Mountains s bedrock/G basement

Harguahala Mountains M basement

Vulture Mountains V bedrock/N basement

Big Horn mountains V bedrock/N baioeli~t

Saddle Mountain V bedcook

* Eagle Tail Mountains V bedrock/*G bazeeR

* Gila Bend Mountains V bedtock/k baewet

* Painted Rock Mountains VberOci/O bafj*tent

Face Mountain v bedrock

Oatman Mountain V- bedr Ow-k

VsVolcanic,; S Bed imon ta~y, 1 0 Vion L-Utu .4T. W 4



DAAFT
TABLE

anS
S DOMINANT ROCK TYPES IR MOUNTAINSA

Mountain Range Dominant R4ck IV"

Dome Rock Mountains V and S Bedrock.
Plomosa Mountains V Bedrock

$^4
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L The valleys are generally broad and elnatwt ently

sis g piedsont sur faces grading toward the bai ineioo

notRn ett the Colorado River while the eastern portion

connected by passes and plains of less than ten percent topo-

graphic grade (Figure _)

2 2.2 GEOMORPHIC SETTIhG AND SURFICIAL GEOLO)GY

2.2.2.1 General

fiFor at least the past thirty million years (Appendix 8) these

basins have been filled by deposits which are the products of

93 wind, water and gravity erosion of the surrounding mountains

(Olusted, 1968). Basin-fill deposits present at the surface

can be associated with various geomorphic features, including

(in order of decreasing abundance) alluvial fans and bajadas

(A5), ephemeral streams and flood plains .(Al),* sand dunes (A3),

'I pediments (M6), and terraces (A2) (Apendix J. These landforms

j1 provide the basis for relating the distribution and nature of the
surficial deposits and terrain to the suitability for siting the

XX system.

The basin fill consists primarily of alluvial fan, talus

colluvium and local ephemeral stream deposits. Neat the

northern, western and southern border of the study area. thebe

deposits intertongue with fluvial sediments of the Santa,

Maria, Colorado and Gila Rivers, respectively. Pals"Ifta

_deposits of thick clay are encountered at depths vitia hi

Sbasin 'fillI of several v~ll1sadaeroqL bmA .

'w. -

'77"
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- adjoini*ng the OLM Valleys (Johnson and Cahill, 1954 NetS-.--

1951, 1957; Ka, 19l; Fugro, 1974). The maximum cumulative

thickness of the basin fill within the BLM study area has been

determined by seismic reflection methods to be approximately 7000

I feet (Proprietary data, 1974). Several logs from deep explora-

tory test wells (El Paso Natural Gas Company, 1968, 1970) supple-

_I mented by gravity profiles provided by the Defense Napping Agency

(DMA, 1976) indicate that thfbasin fill in most Valleys is at! -I
.1 least 1000 to 3000 feet thick (Appendix ).

No measured seismic (compressional wave) velocities are known

to be available for basin-fill deposits withn the study area.

However, nuclear power plant investigations to the east and

I west of the study area have produced data for similar basin-

fill materials (Fugro, 1974b, 1975a, Woodward McNeil, 1974).

I~ Measured p-wave velocities in unconsolidated detritus ranged

from 1000 to 3000 feet per second (fps) in the upper 25 to 75

1 feet of materials, and 3000 to 6500 fps for deeper, semi-

~1 consolidated alluvial, fluvial and lacustrine deposits (Fugro,

1975a, and Woodward-McNeil, 1974). Lithified fanglomerate in the

i subsurface produced velocities of 7000 to 8500 fps. The presence

of varying degrees of caliche cementation within the basin

fill may produce higher average velocities for the afortintiad

units (Mattick and others, 1973; Barnett, 1975, in pres).,

Caliche is the most coMon cementing agent of neat-surface

ezposures in the basin fill, with the degree of develop"Alt .

I varying with local conditiona. Caliche appooes at P .. .-

klent in -the Southeteae l -p rt too OAh etI.uea+,.+b

744VI + :+, ++ + +.++ ++' . . ." . . ..' + +. + + -+ ,+ .+,
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elevated calichified fan remnants are locally compoaed of

volcanic rubble (Geology, GB-X). Calichified intervals may ,

also be present at depth within the basin-fill deposits.

Determination of the extent and physical nature of the basin

fill in the study area is based on limited data derived from

investigations performed primarily by the U. S. Geological V
Survey, U. S. Bureau of Reclamation, Arizona State Land Depart- |

ment, Arizona Water Commission, Arizona Bureau of Mines, and the

Defense Mapping Agency. Field investigations by these agencies

included limited bucket auger and rotary drill sampling, test

pit excavation and geophysical surveys (gravity, aeromagnetic,

seismic refraction and reflection, and electrical resistivity).

In addition, aerial photographic analyses of Army Map Service

black and white prints at a scale of one inch equals one mile,

an aerial flyover and a brief ground reconnaissance were per-

formed for this study.

2.2.2.2 Alluvial Fans and Bajadas

* Alluvial fans are the predominant geomorphic feature in the

study area, encompassing approximtely _- percent (___ nm)

of the total area of the BLM Valleys. They occur along the

flanks of all mountain ranges as wedge-shaped deposits loe.

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 gc_,erations o# alluvial fans at* disticakjiabd .- ,

In the BLM study area. They are ij*nt f1*d so- AA:c&* AS 1

_- . . . .- - I
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(oldest to youngestu Appendix D)j to i icate relatve ages.

within the Valleys, but not nece~ssarily to imply that they are

correlative between Valleys, although that may be the case.

These fans are tentatively correlative with fans delineated in

the DoD study area as Tertiary (AS0) Quaternary-Tertiary (A51)

and Quaternary (A5y) in age (Fugro National, Inc., 1975c)

Appendix ).

In general, the older and topographically higher fans occur nearer

the mountain fronts and are moderately dissected and more deeply

incised (Table _) 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. These deposits are

* well indurated owing to diffuse and concentrated calichification

which impregnates up to 25 feet or more in the older Tertiary

materials flanking Saddle, Oatman and Face mountains (Geology,

.. GB-IO).

TABLE 3

* DEGREE OF DRAINAGE DISSECTION AND INCISION-

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

0 -5 0-'

6-10

16-20 11"3

>20 -...,.,. Z ,<.
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4 ~DEGREE-OF DRAINAGE f DCI O N;
SSECTIONtiD,

.HDrainage Density I:' Depth 'of Drainage3 j>(no..streams per nfl) Vr(average. in~feet

Jis5 , AW~

i-16-20 r 16-20?
>20 >Ot$ 'f9 It

£U 4
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Theooldest alluvial fans (AS0  are preservedA as smell ton

remnants generally exposed in narrov or confined valleys and

mountain valley re-entrants. They have their greatest areal

extent in the eastern one-half of the study area# flanking the

southern portions of the Buckskin, Big Motn, Saddle and Gila

Bend mountains (Geology, GB-2, 3, 6 and 10). These fan

deposits generally are topographically higher than the younger

alluvial fans, are moderately dissected, deeply incised, have

well-rounded ridge crests and may be covered by desert pavement.

The A5,. fans are a minimum of 500,000 years in age MAn most,

likely may range to several million years in age in the older.

well-cemented fanglomerates (Lance# 1960; Fugro, unpublished,

19-76).

The oldest fan deposits also include cemented fanglometate

Although fanglomerates have limited surfce exposures, they are

probably extensive in the subsurface. Several deep GIll holes

have encountered conglomeratic lithologies at depth* 9f $SO to

more than 1600 feet in northern Mc~tullen Valley &Kw 16)Afd

at a depth of 99 feet bo~eath-fthave 1#a" 'Valley:(tgr

1973) . Thick sections (up to wg4 L t) of. f 10g14tet* MW41.

bee f 1mll desertbdi basins bordering the ft~r~tan

(Rets9t, 2972t 19731 olmstad, 1013t,", grov l)?5b1. 211.1,.

fans encompaiss'an estim~ted __peot nw)btt

taleys. within the study area.

1netpei&**mage fan deposits (AS1) are the oV eay ttI'

Iio,,lo fn unit in the, alluvial seq"e4. 01''
1_1

"~~ - K
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-percent (__m
2  of the BLM Valleys. These deposits are

composed of local cobble, gravel and sand-site material, with

finer-grained materials increasing toward the valley axis. A

The unit is a composite of several complex fan generations of

differing elevations and1 dissections, yet they remain distinct-

ively intermediate between older (ASo0) and younger, still active

(AS fan. Te toogrphicllyhighst nd odes AS and
(AY fasIh oorpial igetadods S ad

forms occur as a near continuous border around most mwountain

fronts, forming a gentle piedmont or bajada slope which grade

to approximately the same base level as younger fans (A.STS nea

near the central valley floor.

Characteristically, the intermediate fan deposits are mo0cr-

ately dissected with semi-rounded ridge crests. Incision it'

shallow to deep, reaching 25 feet in the higher eleivationa.

Pan surfaces exhibit a well developed desert pavement.( a thin:

residual of lag gravel resulting from removal of finer potticleas

by wind or water) consisting of gravel- to cobble-eize msatr la~l

and possess ing moderate to well-develeaped desert -vArnish ta

thin mineralized patina of iron and manganese Oxil6s). T~Yvtat'

soil profiles have three to four inches Of porto s ilt LVMAE'

lately underlying- the desert pavement. 8hsi ldli ~

argillic horizons and carbonate (caliche), 9eetrat*4-t

as great as 60 inches in the big-her elevAtiou*(ai.il;

unpublished). Recent studies of corelativ*, 51 se)

cat* the intermediate fan deposits are prthcajwi W ~i

of 15#000 to 500,000 years old ftugo 1MA,.

V ~ AL~~6 ~
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Young alluvial fans are the lowest topographic leveg of fan

development and are considered to be surfaces of active trans-

port. Active fan formation is limited to the southern La Posa

Plain, McMullen and Palomas-Hyder Valleys (Geology, GB-5, 6,

8 and 10) with A5y deposits encompassing an area of approxi-

mately __ nm. Younger fans occur approximately midway down

the intermediate fan, incising and isolating elongate AS

remnants as the intermediate fan is progressively abandoned as

a surface of transport. The A5y deposits are composed of re-

worked A51 material, predominantly sand with scattered gravels

and minor fine-sand and silt. Younger fan surfaces are expressed

as braided bar and swale topography; dissection is slight and

incision generally shallow, ranging from approximately five feet

in the higher portions to an average of one foot. Surfaces

are free of desert pavement and caliche development is slight

to nonexistent. These deposits are considered post-Wisconsian

in age, or 15,000 years and younger (Fugro, 1976, unpublished).

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 mater-

ial (pediment deposits). The pediment surfaces comonly serve

as surfaces of transport and are characterized by moderate

dissection .with depths of incision less than ten feet, hovever.

pediments on the northeast flanks of the Palomas *otuntains,

+'-*--" ft. - ,' --

4...

i w + -
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'1- exhibit lp to 100 feet of relief (Jemmettf l966'; Geology, WS4),,

Rost pediments in the study area are actively aggrading with

deposits concealing the basinwarA extent of the placated rock

*shelf. Th. concealed nature of the pediment makes it difficult

to delineate on aerial photogaphs and frequently the basinward

edge must be inferred by the rolling character of the topography4

or presence of isolated rock outliers.

Pediments in the study area generally occur in pass areas and

mountain re-entrants, developed primarily upon granitic and

volcanic rocks. Large areas of mapped pediment occur along

=the flanks of the Harcuvar, Black, Palomas and Big9 Soin mountains

(Geology, GB-3, 4, and 6), encompaLsing a minimum of___

M2or - percent of the siting area. M~etzger '(1151,p 1q7)

suggests that pediments occur extensively along the hrde of

the Glila bend and Eagle Tail mountains, Sos Rills and SlOW~

the southwestern border of the Granite Wash Noustalws pediats

are less commonly cited along the flanks of tbe Eatqpwihal sed

S.addle mountains. Although the pesesee of thee gisdlet*

coud otbe confirmed by photoqr*01kiowlystsec ( She

fed reconhsissancce, the IWfe bbt to Oseek MWu

IAc"tUd around the infecred VeGfit 1.alS btS *U

IS#01 Armstoig a"d "at, 113s Xa" l1%1# teom Ot~E

I**a ate OW lowest oreas vithio Wolee" 4000 *I~s

9e~raly oazet~rfud ~ aIeettIA;

J,
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fr surfaces of fiLne-g ra ined sdets that are 'pitodll

ihnundated (Cooke and Warren, 1973). go playas Age fou"Od with-

in the study area. All Valleys exhibit Open's thro"Ug flowing.

drainage, however, an area of temporarill ponded Arainage

exists in the upper reaches of Douse Wash in southern Rlan"as.a

Plain (Geology, GB-V) vhere seasonal runoff is ulowly diSSi-

pated due to a mild headwater gradient (less than 10 feet per

mile). The presence of lacustrine-like clays and silts hakve

been observed in a small surface exposure approximately one

mile southeast of Bouse and at depths as great as 720 fee-t in,

McMullen, Ranegras, Dendora and Ryder valleys, indicating the

basins may-have been subjected to interior drainage ,in the

geologic past (Ram, 1961; Kezger, 1951; Armstrong aw4 rst,

1958).

IT2.2.2.5 Wind-Blown Sand

9xtensive wind-blown sand deposits cover the CActuas Plain and,

northern Ta Post Plain and e pcesent In isolatod-patabee

along Cunningham Wash in butler Valley end as~cas Plain,

04e6loY.N 08-1, 11, and V).* Ibef sg'eita em00om si qPr.

oately as or __ pecent of the, SItingit*&a, We~

ati most Comonly longituisal up to '175s sm' *ai Iwpaw

stely 35 feet thi~k, and eanegs- M, to U%,O het bJe *

IM. dunes trend, northesat to ceapW .,s to- some~ai at *

the soUthve St. Crescent adt*te deA *~ ta

Sheet. sand at* also piresent,

~. 'NONNI
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fto solian deposits ate composed of p04mly Conselid'stad!P

*grained sand with subordinate amounts of silt anwd 0"p On-sea

Most, dunes have a moderately denseo vetation *over a&M '"4C,

4P to be at learnt semi-stable.

2.2.2.6 Stream Channel and Undifferentiatnd
Floodol'ain Deposits$

Stream channel (wash) deposits (Al )encompassing approtiterkf
Q

ran 2  are composed of loose sand, gravel, silt and a Mor,

amounts of clay. The dominant grain size depends on thbe vol.,e

of water discharged by the stream, rate of flow, chann Pon-

figuration, source material, and grain sine of the, material0 tr*&I

ersed. Wash deposits average five to ten feet thick where 2

posed in most Valleys, however, Ram (1961) identified pt

470 feet of Centennial Wash alluvium from drill' logs in. Apftlle

Valley. Stream deposits are generally confined to -the Oi~aty'

drainage which is situated In the axial. portion of-each VaOXLeY

and the smaller more numerous secondary draina.es 'which :trend.

subparallel and downalope of f the mountains and ,bAJda*. n

*southern Ranegras Plain and nor thorn, Mrqt*iha 1,A$J d riit~

has been reduced to rill and slteetflowv, whicb bas ,**dpl

reworked-large areas of fan *sarial Siff tci~ 'tg 66- do1~-
nated stream deposits (Geologyr GW'S 6)..

guaternary-Tertiary alluvium of the Colorado &sa 't*

Rtivera drainages have been desgnte Jl~ 1'ee,

are, exposed adjacent to Bouse, Wash and Dte t ~

ctow-La voaa Plains and 3utleg V40ey,

~ u~44 aN 30 MWe to '"e0 '
iItm



their unknown extent in the shallow subsagfato" it Was a

adequately catoeoized alluivium rather than sedlaeatgry be4"

rock.

Undifferentiated floodplain deposits.( have been reserved

for stripped fan or low-lying areas not possessing distinctive

characteristics of sheet flow,

2.2.2.7 Terraces

Terraces are topographic beaches within a river valley that

usually represent former levels of the floodplain. vitblin

the study area, the terraces (A2~, are related to tbe Colorado

and Gila Rivers, "Terrace deosits of the Gila River are ptooea

along the southern margin of Palomas.-Ryder Valley (0*e1 l-%
GD-iC). The deposits are composed ofsny reluto4

feet thick which extend back into the *0behed" mesa up to

*.*ne na where they are buried beneath a mantle of Y'owa luva

fan material (A5y). Areal exposure Is, limited to __im

however, the deposits may be Sote 'exteive" -in thesb lfae
1'hese 4epositd are clearly vnrla& h .t6 8" tn" eat u

whicha has been dated at 1.71,mi~l I" (#iuto, 17,A.M -

I'errace deposits of the Colorado SlIV4r are proeht - 'a A

w~stet n flanks of the sOck Noutaint In h Vaw#

(ology, GTS), * c s.5mw Up @ u.I w~q.t

.,do"41 tn ar&e exosd ng; tbtho y of - O

J A erosional sfat 411 to 1', 3~ t J that

S.'~ ~~~~~~~ Q eoisar opetpFWIIA~l f~



DRAFT 4-

gravel, ton, to 15 feet thick. Vbmptessiolal feismic Wave

velocities of 1~000 to 3000 fps hove been rec,,roed fojcrr1t

iv le deposits on the western msn of the river (Fugror. 1975).

Vertebrate fossils within this unit have been dated Wae

Pliocene to early Pleistocene or younger in ago (Netuiger and

others, 1973; Appendix 8).

* * 2.2.3 ROCK CONDITIONS

2.2.3.1 General

For this study, material considered as rock can be subdivided

into three categories; these include in order of detreasings aqLI.

basement rock, bedrock and volcanic flow rock (Appendix B)0 ~ 'w.Y

* general, each of these three rock types possess distikictive

character istics of importance for KR siting considetatio*,'

such as seismic response, blast effect., or the nature of .i

fill deposits derived from the.

The first category, termed basement rock, consists-ofC0ysa1

*line igneous and metamorphic rocks. igneous rockts rab9 ftb#

monzonite to granite and commonly ace slightly tb2NIU

(Millerr 1970; Netsger, 1951, 1957)o etaot Ia.

acomplex assemblage of gn~iss, selst, at;

metavoleanic rock. These rocks* due t6

graphic position and a few scatttd -ra&d4iotrc
inferred to be Precambrian through'Ctetade to- -7 V

* and others, 19631 Damon, 196S11 urof 95~

vlocities hav, been recorded tot bWA~met J. c *

.3U"W~ area, howevue, similar not*e ta15
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yielded p-wave velocities Of 14,000 to 16,000 and 17r**0 to

18.000 fps for granitic and metamorphic rocks, repectIVe2.Y

(Kattick and others, 1973). Basement rocks are generally

exposed along the lower mountain flanks and pediments where

younger bedrock has beech eroded away. Basement rock under-

lies bedrock and much of the basin fill in the study aea&

(Metzger, 1951, 1973; Wilson, 1962; Killer, 1970; Nam, 19611

Armstrong and Yost, 1958).

The second category is bedrock which includes competent volvaiv

and sedimentary rocks. Volcanic rocks consist of flows, plugs,

*dikes, tuffs and volcanic breccia, ranging from rhyolite to-,

basalt in composition. Sedimentary rocks include shae*

sandstone, conglomerate and limestone. Ilattick (197)P teports

similar rocks from the Yuma area pose*Lag seismic "190oi"t

* I of 10,000 to 20,400 fps. Bedrock composes the amb,&i~

lithologies in rock areas of less than ten poee"n 9~4o a40

undorlies prtionts of the basin fill (*ilten, lW#- Am- ti~a

and Yost, 19S,$; Fam ,0l41; 21 Paso 4atual a" CO-

W-,h. thir4 4datevoryvolcanic" flew rod1 L

etrusive ignoo" rcks, o.r*ll -baaltlo

*l10h are commonly f lat-lying,7 -e1Ol4l1 *- %-

fE orQarnr-Te tiary) a@6 40 210" 6 1: '

with basin-fill mtedails. 7

,~ V . DetIftl b*Wat flow 1.the Ge' cuirt~ ~ '* ~

44 tb l lat" 's.It

*.!; A ~



DRAFT
4-

passes approximately nm2 and overlies basin-till deposits

along the Gila River. Portions of the flow have been dated as

early Quaternary in age (1.71+ 0.251 Fugro, 1974). The presence

of such young flows suggest that other flows may bi present in

the subsurface.

2.2.3.2 Exposed Basement Rock, Bedrock and
Volcanic Flow Rock

An estimated percent (_nm ) of the total area within the

BLN study area consists of basement, bedrock and volcanic flow

rock, with the remaining _ percent _ nm 2) composed of basin-

fill deposits. Of the nm2 of exposed rock, approximately

percent (_ nm 2) is basement rock, _ percent (__ nm2) is

bedrock, and _ percent (.nm 2) is volcanic flow rock.

2.2.3.3 Subsurface Rock Conditions

Detailed subsurface data are sparce for most of the study area.

The distribution and composition of subsurface rock is not well

known. Although there is an abundance of water well data, the

wells are usually too shallow to penetrate rock. Supplementary

gravity, seismic and deep exploratory well information is re-

* tricted to small areas within a few Valleys. Table summarizes

the types of depth to rock data available for each iA Valley.

Gravity profiles provided by the Defense Mapping agency (Df)

"Xf allow estimates of minimum depth to rock. The profiles are

purely a gravitational interpretation showing the basis-fill/

rock contact as a smooth curve. Seven profiles through SWN

SalLeys in addition to a discussion of thq inteprytsatie

W1I
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SUMMARY OF DEPTH TO ROCK DATA FOR ARIZONA BLH VALLEY#

Water Wells Deep Exploratory Seismic EKE Gravity Boupr
Valleys countering Rock Gas Wells(1) Profiles(2) Profiles(3) Gravity

Cactus Plain

Butler Valley

Mcullen Valley
\

La Posa Plain

Panegras Plain

Harquahala Plain

Valley

Mohave Wash
Valley

(1) El PasoGa

(2) Proprietary Informatin

(3) 1482

method utilized is provided in Appendix . Depth to rock

calculations and estimated accuracy of each profile are summar-

ized in Table_.

Interpretations of the available data indicates that basin depths

and configuration vary considerably within, as well as between

basins. The DMA gravity profiles indicate that the basins are

slightly asymmetric, commonly skewed toward an anomalously steep

buried escarpment which may be interpreted as a range bounding

fault. Commonly, the basin floor is highly irregular indicating

a high probability of additional normal faults producing bocat

- .. -
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TABLE

SUMMARY OF DEPTH TO ROCK DATA FOR ARIZONA BLM VALLEYS

Water Wells Deep Exploratory Seismic IIMA Gravity Bouger
Valleys Encountering Rock Gas Wells(l) Profiles(2) Profiles(3) Gravity

[J Cactus Plain 15B1

Butler Valley EPG, Bul lard
Wash No. 1, 1970 17-Al

McMullen Valley

La Posa Plain EPG 1462, 1968 14-A2
EPG #459, 1968 14-81

Ranegras Plain 18-A3 %

Harquahala Plain 18-Bl. Paterson,

Palomas-Hyder Proprietary
Valley Information

Nohave Wash USCS tCRP--22
Valley USGS LCRP-5

(1) El Paso Gas

(2) Proprietary Information

(3) 14B2

ii

B

I

I',
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and graben strutu. De~othe totc L aW. h depstpo tf

of the basins range from approxistely 1000 to 3000 f**t v~b

maximum in the study area of 7000 feet in Dendora-Hydor Valley: -2

IL (Proprietary Data# 1974).

TABLE-

DEPTH TO ROCK ESTIMATES FROM DNA GRAVITY PROFILES

Estimated
Valley Maximum Minimum Accuracy i

Cactus Plain

Butler Valley

McMullen Valley

La Posa Plain

Ranegras Plain

Harquahala Plain

Palomas-Hyder
Valley

Mohave Wash
Valley

A 100-foot depth to rock contour was constructed near the valley

edges on the basis of water well logs arnd other existing litelra-

ture. Where data were insufficient# topographic, geologic ahid.

geomorphic interpretation was used.

2.2.4 5315R0-T3CTONIC SETTING

2.2o4.1 Regional Setting

The IX study area lies entirely within the Sonoraf D~oect vaba'-

province of the Basin and Range Structural Province ad Le

.#~VA
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T~ABLE 5,~/

IDEPTH TO ROCK ESTIMATE$ FROM DMA GRAVITY- PROPIf'S'S

DMA Maxiinum Miirn curAcy
valley Prof ile (feet)(et)fe)

3Cactus Plain 15-Bi 2068 1260 + 230

Butler Valley 17-Al 4399 2707 + 410

1McMullen Valley Data not available -

La Posa, Plain' 14-A2 4588 2602 + 492:
14-BI 6909 5512 1312

Ranegras Plain 18-A3 4536 2582 .+410

SHarguahala Plain 18-Bl *4431 3169.+ 410

*Palomas-tlyder Data not available-
5 valley

Plohave IMsh Data not available-5 Valley

........

ANN



characterized by a relative absence of knoW. 9t+mwy7 ;asiltn

and diffuse, low magnitude seismicity that correlates vith oie

particular areas or geologic structure. No major eti-m-

tectonic elements align witb or transect the study area.

2.2.4.1.1 Principal Seismo-Tectonic Bleents

The closest major seismo-tectonic elements that could affect

the study area include; (1) the San Andreas Fault Zone, (2) the

Death Valley-Furnace Creek Shear Zone, (3) the Walker Lane-Las

* iVegas Valley Shear Zone, and (4) the Jerome-Wasatch structural

zone. None of these features transect or project toward the

SLM siting area. The geographic location of the major seismo-

tectonic elements with spatial distribution of associated

seismicity is represented in Figure Table _ sUiarises

the structural style and proximity of each element to the

study area.

2.2.4.1.2 Faults and Fault Scarps

Many inactive faults d 3placing Tertiary and older materials

occur within the study are representing past periods of tectonism.

Faults which disrupt Quaternary materials as determined ftom

* the literature or the aerial photo interpretation were categr- .

* Ized as being capable or potentially capable. The ctite ia

used in this study for defining a capable fault was established

by the U. S. Regulatory Commission (Appendix __). The coneerva-

tive linC criteria was utilized due tc the presence of aucleerV

* components within the MX system and the potential for dause to

the System by seismic activity or ground ruptare. Wll"dU. ..

... 1Z;

p,+:++ +~~ON I "I ++ +



searps expressed in Quaternary materials as detePAine, from. -

reconnaissance level aerial photo interpretation were conserv.

tively categor'ized as. potentially capable faults (Geology,

GB-1," 4). o.

The only cappble fault that is known in the study area is

informally retred to as the Kofa Mountain fault. I
It is depicted on the Yuma County Geologic Map (Wilson, 1960)

3 as juxtaposing Quaternary basalt against older, undifferentiated

volcanics in the Little Horn Mountains (Geology, GB-5). The

fault trends northwest and has an unknown sence of slip.

Although the entire mapped fault length of 6.8 nm occurs within

the Kofa Game Range exclusion, its projected southeast extension

does intersect the study area. No displacement of younger,

undated alluvial materials has been observed. There is no known

seismicity associated with the fault.

Two unnamed linear scarps in the northwest portion of the study

area were inferred to be potentially capable faults based upon

the photo-geologic analysis, literature, and personal eomunica-

tions. The most prominent scarp occurs along the northeastern

flanks of the Plomosa Mountains forming a sublinear contact

between Tertiary sedimentary rocks (Artillery rormation) and

younger alluvium (Geology, GB-4). The scarp has been tecog"

nized by several authors (Jemett, 19661 Netager, 19S1) as a

fault controlling the pediment edge for 3.8 na. and *ay- be ia -." ,

preted to have a total length of 8.2 no. The fault trced"4-Sgt

five degrees to ton degrees vest, dips 55 degre O t:,o te iq

7-

.__ _ __ _ _ .l~ .
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1.1Seisoo-Tectonic Blementu
Elemient' Closest Approach Total Length*U (Structural to Gila Bend Group Width or Area
Province) Siting Area (4d rnd

San Andreas Shear 55 nm (west) Atpprox. 600 nou
Zone,(Gulf of in length, 30 to
California & others) 100 no in width

(NO14W)

Sand Hills (Gulf of 30 nm (southwest) 52 no

V11California &otherq)
Al odones (Gulf of 27 nm Isouthwest) 33.9 in length

UCal ifornia & others)

Blythe Graben (Basin 10 nm (west) 30n~nlnt
'and Range) . uinlnt

I ~ Pinacates Volcanic Approx. 54 nm .450 nm 2 total area
~JField (Basin and (southwest)
Range)

L Jerome-Wasatch Approx. 52 nm Greater than 260 no.
- Structural Zon'e (northeast) in length# 25 to 50 nat
(Basin anj1 Rai~ije) in width (N40-4SW)

Walker Lane-Las Vigas Approx. 146 nm. Greater than 275 mo.
[ Shear Zone (Basin- (northwest) in length, 1 to 10 fluap
Iiand Range) in width MNOM to N20W)

Dath Valley-Furnace Approx. 156 nutApox 6 noti egh
Creek Shear Zone (northwest) 1 to 10 ni. in' width
(Basin and Range) (NO5W),

U11-1
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Aige Of Last .(10 years b.p.)%
t Displacement Volcanism Seismicity !emar:ks

Less than'1 None Historic and Right l*ateral-strike-sliP faiult-
Recorded ing. N4umerous n-.6+ events In

Gulf of California province,, teit
N=8+ in northerly Province. COOS
zone,

Less than 1 None Historic and Right lateral st'tike slip autt4.
Recorded Numerous M-6 to 7 events. ;aahI zone.

Approx. 11 None No Historic Dip-slip -faultingj with I3 to s. --tto 15 or Recorded of offset in prq%--historic time..
* Potentially capjable.

Approx. 6 None No Historic Dip-Zlip 'faulting with 6to -10 f3 to 30 or Recorded of offset. Potentially capable',

Quaternary 24(dated) Historic Seismicity (M=4to. 5); a soc ia ted£ or assoc- less than and Recorded with Quaternary faults I n aire6a..5, ated l1(est.)
faults

3.Less than 10 None Historic Vuaternary faulting in north-cen
and Recorded Arizona. Pvents-of M,-S to S.6.

Potentially capable sohesI Less than..1 Greater Historic Right lateral strike-sliplf-Aulti
than and Recorded Events of. M=4 to 5 at.-closestf2,000 approach. Capabl.;Jone.61

Less than 2 None Historic Right later-al atiIk-slip. f aultse.
and Recorded Offsets approx. 40 nmin 1 Otetnf ~~Events of M1- to6. pable :i

-4tI.'t.

. ... . .. . ... . .. . . .. . .. . . .. . .
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sAd s iftferred to be Ci..i WiVtbl tb* b"*- "t

(Jemnett, 1966).

The second scarp is situated ina re-entrant along the ote* '

flanks of the buckskin Mountains (Geology, GB-) neat Ume pro-

posed outlet portal of the Buckskin Mountain fTunel (Dik Rym

oral communication, 1916). This scarp is expressed in. ireAeG

'-'iate fan (A5) trending north 30 degrees west and aliges w-Viha

fault in the adjacent volcanic bedrock coobining 10roa atdttl.'

length of 4.3 nm.

nao seismicity has been associated with the potentially cape"*e

faults described above, however, two random epideaters et leeS

than 4.0 magnitude have occurred within a - ra f dtv

(Figure _)

2.2.4.1.3 Distinct Alignments

Distinct alignments, as defined for this study, wr iso

natural origin which exhibit a linear or slightly cat-WO iAW.

on imagery, aerial photographs or topogaphia afs. t~

natural lineaments are commonly 4xpresOea ipaa41 w

linesr fault scarpletst truncated spurs.0 rIfgs avi*t,**4

other morphological featu-resw$o a eltuma~*

gologic/structural controls (i.e., 9Waulig _i tt*~

Distinct alignments were observed dud te 9"t4 4

interpretation at a scale Of, 0n nh.~aso ii<~

se1parate 1 ineament analysis was not id W ht k **

OEthese penommia 1

i Ja x.



]Distinct a~ligjnments wee recogised LO *Vogl V411"'gt

study &tea. The lineaments form groupings or clsters of

or more subparallel features. Generally, those situated aeakir

*the mountains reflect the orientation of the adjacent mouimtain!

border (Geology, G9-2, 3, 5 and O)r whereas lineaments

situated near-the valley center &to more likely to reflect

more random trends (Geology, GB-S, 6 and 10). Past experience

in the region (Fugro, 1974, 1975a, 1975b) indicates that the

majority of these distinct alignments can be explained as ernel

scarps, or subsidence features from groundwater overdrafte a

nontectonic process common to southern 4rixona (Section 2.4.267).

2.2.4.2 Potential for Surface Displacement

There are no faults within the study area with historic surface

displacements (Bonilla, 1967). The only area considered to

have any potential for surface rupture is'in the Palomas Plain

(Geology, GB-lO) along the southeastern trace of the Kofa

Kountain fault. However, there are no epicenters associated

with this fault and no measured offsets to substantiate this

potential.

2,2.4.3 Volcanic Activity

Quaternary volcanic activity is associated with the Sentinel

basalt flow which is present in the southeastern portion of

the study area (Geology, GB-10). A radiometric age-date from

jp the flow indicates it is late Quaternary in age (1.71 + O.A5

my) (lPugto#1974; Appendix B). E astwood (1974) suggests a 2.9

percent probability for reeed volcanic activftjy, 1a tiS et
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-0.5 million years within the entire Basin and 1ange PEQv immS

. .

2.2.4.4 SeiSuicity

Judgement of the level of seismicity for a region is dependent

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

quency of occurrence, and the resulting intensitites 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

Prior to 1968, Arizona lacked a well-developed seismic detect-

ion 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 probably are accurate to

the nearest 1/2 to 1/4 degree (30 to 15 nm) (Hileman, 1973).

The detection threshold, or minimum magnitude 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.

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

quake history of the southwest, including the study area,

because of sparse settlement and a lack of records o earth-

quake effects. Historic records were first kept at Fort Tta.,

Arizona in 1852, since it was the only potential reporting

station in the imediate area. Table lists pre-1921 .ta'h-

quakes reported in the vicinity of the Oil& end Qt'oiPQ

, r ,

t;YAF
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Modified Mercalli Intensities (MilI; Appendix D) are the Oto"q

est reported, and occurred at the locality listed. Richter

magnitudes and distances from the study area are estimated.

The largest historic earthquake (M - 8 est.) felt in the study

area occurred on 3 May 1887 near, Sonora, Mexico.

The Gila Bend Group siting area is situated in an essentially

aseismic zone in the central part of the Sonoran Desert geologic

* and physiographic subprovince (Figure _. Recorded seismicity

in this zone is limited to widely scattered earthquakes of low

magnitude which have not generally been associated with causa-

I-* tive faults. The zone does not include any large pre-instru-

mental earthquakes (Table ).

The maximum earthquake recorded in this zone is 5.5, occurring

near Prescott, Arizona, nm northeast of the study area. A

4.7 magnitude earthquake was recorded near the western border

of this zone in the eastern Mohave Desert, __ nm west of-the

study area. The remaining 15 seismic events recorded are of

.magnitude 3.8 and less, two of these events fall in the Cactus-

Ranegras Plains area (Geology, GB-1, 4).

A diffuse grouping of earthquakes with magnitudes ranging from

3.9 to 5.0 occur in south-central Arizona, also within the

Sonoran Desert geologic and physiographic subprovince (Figure __).

There is a large uncertainty in specific epicenter locations

associated with known structures, however, the seismicity is

coincident with the Pleistocene to Holocene Pinacate volcanic

field and a number of mapped northwest trending Quateary

, SS uav.u m." u

, .p .
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TABLE

PRE- I STWJMEPNTAL EARTHQUAKES
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faults (Merriam, 1972).

A belt of high seismicity associated with the San Andreas fault

system passes within - nm west of the Gila Bend Group siting

area (Figure ). This zone is characterized by high seismicity

and continuous, generally northwest trending zones of Quaternary

faults. The northeast boundary of this zone is controlled by

the northeast limit of the San Andreas fault system, taken to

be the San Andreas, Sand Hills, and Algodones faults.

Recorded seismicity within the zone adjacent the study area

includes many earthquakes of magnitude 6.5 to 7.1 and numerous

smaller events. Northern portions of the San Andreas fault

system, nm to the northwest, have produced two historic

earthquakes with 8+ magnitudes. Therefore, the San Andreas,

Sand Bills, and Algodones faults have been considered capable

of producing an earthquake of magnitude 8+ within the tone

adjacent the Gila Bend Group siting area.

U2.2.4.5 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 determina-

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

faults; (2) the level of seismicity of the region, in part-ic

lar the seismicity associated with capable fautlts. a (3).

levels and intensities of earthquake induced vibratory lia,0~'

motion caused by earthquakes in regions of conce" : :

am
• .: '-S , . 5-,+; +.

1w.. unsuum~m.....
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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 the siting area has

a maximum expected seismic intensity (measured on the MI scale)

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

intensity of <V to VII, increasing toward the Yuma Desert.

U Table _ summarizes the seismic risk associated with the zonesu of seismicity defined in the BLM area.

2.2.4.5.1 Levels of Vibratory Ground Motion

13 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

13 (Table _). The maximum credible shaking that can occur is at

the level that has been ob~served 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 a 8.3?), in the Fort Tejon area in 1857

(M - 8+) and in the Lone Pine area during the 1872 Ovens Valley

earthquake (M - 8+). However, becuase of the lack of accelero-

grams obtained very near the fault break, only estimates of

the quantitative level of ground motion can be made. "te etcU-

mates of different investigators show wide discrepsnaoif It hs

been estimated that peaks of acceleration ranging from on-haitf

to more than one g (g being the acceleration due to gt l vlt7i

be expected.

4- -

1 a,

4> r". ~
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The capability for maximum, Oi~tr tY 'nto

area is determined bt te on.fsimi tity d4eorib

in section 2.2.4.4, iWithin thte G0l 'id GOp ae h@N$

eartI~quake magnitude recorded not associated with known faults ~

less than 4.0 (see Section 2.2.4.4). Two random events- have-been

flrecorded in the Cactus-northern Ranegras Plains area. Since-

these events are not associated with known geologic atrubtue,

it is assumed that a random event of magnitude 4. 0 or' less col

*occur anywhere within the Gila Bend Group siting area, prod uc ift

_g level ground motion.

The Kofa Mountain fault is the only capable fault in the study

area. Since no recorded seismicity has been associated with Lt,,

a __magnitude earthquake has been assigned-on the baws of iti

6.8 nm length. An earthquake of this magnitude will ptodftq

shaking at the __level.

*The historic earthquakes within south-central ,Arimon a rng.ftaom

*less than magnitude 4 to magnitude 5.0. The closest amoeh 0U.

this Area of seismicity to the BLM study area is app ~itatoly

miles; The maximum historic earthquake assumed to o'Ccuff '02k

closest Quaternary fault to the study area- u_ ile)j "woud

produce shaking at the __level.

The San Andreas fault itself is the only: tetr vt 4om
proximity to the Gila Bond Group sitig areatit

capable of producing a great earthquAke, in the1

~ 6+. It is located, at its closest &opr@&&t'
r ' L U D O f & # tt . p s o i

~a dstane ofabot __ tam Eisctk

f" opqViw I
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sone at their closest apprtoa b~ tho X40

been in the magnitude range of .6. to, 7.1. Ibo Iri t A*

tory ground motion: ,to bp expected at- the site from a

of magnitude 8+ (on the San Mndreas fault) at- a distance Of__

miles is on the order of g.

2.2.4.5.2 Teleseismic Events

IDistant earthquakes (generally exceeding 100 no) of N S to 7

* 3and large magnitude (M 8+) teleseismic events (distances

greater than 540 nmi Richter, 1958) may affect the, stia ar .

of primary concern are the long period waves generated by thosee

distant earthquakes. Resonance may pigoduce oscillation of

pools of water (seiches) or damage long periodstwtrs k

*most likely sources for distant large magnitude eaztbkqule4 ilk

the seismically active portions of the western timited States'

* .(Figure _)are: (1) portions of the San Andrea* systaft 11n

greater than 100 nm to the northwest; (2) the Agua-640 Slanc fut

lying approximately __nm to the southwest; (3)the iorAse

Rift Zone (Figure _)lying fu "at Of the studl aro*t 004

(4) an areas of seismicity _____ m to the hot tb-rh"eI tt

in north-central Nevada (near RenO) *Is addi tion,

esvents of large magnitude may 'be 'assoc'iate*d with'~ 0.0i

and aid-America trenches.

2.2,4.6 Tstni ubsidefto -'

subsidence within the OLM study area, due to, tiaton-hA I~

be reported.* Postulated sub idneofze*

ifts ane discassed in ScIap427

9 S .4 I _V W



2.3 SOILS ENGtkEgRIG0

2.3.1 GOURRAL

2.3.1.1 Data Base

The soils engineering data and design evaluation information

presented here are derived from Soil Conservation ftrv'ice (SCS$)

greports (Hartmant 1973, Richardson, 1973; Chamberlain, 1974)#

Arizona Materials Inventories (Scott,, 1960; Rigbie# IS'64

data provided by the Arizona Highway Department, and 3uireau of

Reclamation data along the alignment of the Granitic Reef

* Aqueduct.

2.3.1.2 Map Units and Soils Engineering Data Shoot

The SCS and Mater ials Inventories reports delineate -aious.

surficial soil, rock and geologic units as generalited sBoi-l

types on small-scale maps. These map units were adjusted at

Frefined to conform to the geologic units derived by aerial

photographic interpretatin and limited field obsorvatioat. an

are presented on the soils Engineering/Geology O~l7 ~-

through GB-10). There are no separate Soils WZagheqtig ov.

lays. Soils engineering units correspond to th* o1*i

units. Included on the combined geology and A.l ~gw~g

overlays are the specific test data points ant po~ t*

data stationing.

The Soil Conservation Service describev, se''Wls 4
terms which may Incorporate more than 0OW;44 A

by the Unified soil Classification Syavm £0e,
The soil classification asiedt" '~

Lom to

C" iii.

-4--'



predominant soil type, but not necatasarily: the only toM -'tn

within that particular map unit. are,* Soil classifications

I . .the Data summary Sheets are listedi order, of decreasing areal

abundance.

The.Arizona Materials Inventory describes soils in geologic-

terms and also incorporates more than one soil type as, defined

by the USCS., The Materials Inventory also lists locations and,

3tet data of sources of construction materials.
5Soils Engineering Data Summary Sheets (Section 3.0),present both

specific engineering data available from the literature and

3design evaluations based on engineering judgement using the
available data The data presented deals primarily with the

5surficial deposits only (five feet deep or less). Design infor-

13mation should be considered general rather than specific for any.
map unit and used as general information# but not specifiLe

design. where map units have similar soils -engineetiog -proer-

ties, the units have been combined in the Data Summary SheetA.

Specific soils engineering data from selected borings aa@' te st,

pits by the Arizona Highway Department and Bure*.n 0,

within BLM Valley areas, were reviewed. These data*t14,t

(Appendix H), consisting largely of identif icattn ,qrtt*

such as grain size and Atterberg limits of the ho~~~1~a~

along major highways. The information was theovpotat~*

the description of the related map units mW ot

Engineering Data Summary Shets. lncM e vtkU
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limited amount of subsurface data which did not allow for

extrapolation of soil properties below th auerficial five f t..

2.3.2 REGIONAL ENGINEERING PROPERTIES

2.3.2.1 General

I The BLM Valley area can be considered, for a regional engineer-

3 ing discussion, to consist primarily of coarse-grained (USCS)

basin-fill deposits, including alluvial fan, dune sands, pedi-

* 3 ment, terrace, floodplain, stream channel, and undifferentiated

deposits (Section 2.2.2.2; 2.2.2.3, 2.2.2.5 and 2.2.2.6).

,1 All major soil types defined by the USCS are present in the

i BL Valley areas. Coarse-grained basin-fill deposits generaly

consist of gravel-, sand-, silt- and clay-size materials (see

3 Data Summary Sheets, Section 3.0). The wind blown sands con-

sist of a uniform medium to fine sand.

2.3.2.2 Coarse-Grained Basin Fill

3! g The coarse-grained basin fill encompasses 93 percent (2696 nm2)

of the siting area and is the major soil type within the BLK

I Valleys. Of this total, 76 percent (2056 nm21 is alluvial

fan and undifferentiated deposits, 13 percent (395 na2 ) stream

2
channel and flood plain deposits, 8 percent (219 na ) sand dunes,

2and 2 percent (64 na ) pediment deposits, and -less than 1

percent (11 nm2) terrace deposits. The average grain-sise

distribution of the coarse-grained basin fill Is 20 percezlt'

gravel, cobbles and boulders, 50 percent sand, and"30 p

and clay (data derived frc., Arizona Highway Depart~et)
percentages will vary depending upon nearness o f t .

,-... - " upon n- .'

"-ll . ... III lid igmligl~ul,
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and/or stream channels, relative age of the geomorpblec

surface, the process by which the material was deposited, and -b

parent material.

The coarse-grained basin fill areas are considered the most

ip: suitable for siting because of the granular nature of the soils

(granular soils have higher strengths and are less compressible)

and the absence of near-surface groundwater and surface water.

The portions of the coarse-grained areas which contain possi-

ble design problems are the pediments where rock is encountered

within tens of feet of the ground surface, areas where, caliche

is present, collapsible soil areas, and stream channels and

floodplains where a high flooding potential exists. Depth

to rock ranges from zero near the mountain ranges to _

(Section 2.2.3.3). The presence of caliche is random and vide-

spread (Section 2.2.2.1; Arizona Highway Department). Stream

channels have a high flooding potential and are moderate to

highly incised (Section 2.4.1).

2.3.2.3 Wind-Blown Sand

The consistency and moisture content of the win4-blown sands

(Section 2.2.2.5) are very loose to loose and dry. Construe -

tion problems in these areas include low strength valuea.

erosion, and higher maintenance costs for certain NK design

concepts.

The wind blown sand areas account for eight pezoent @ the R -M

Valley areas and the are concentrated mainly in CaoM

The wind-blown sands are coarmsIgalae ad at*:

III I'i ! •.
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discussed with the coarse-grained deposits. In these areas

special design considerations may be-required for roads, excava-"

tions and foundations and will be noted where applicable.

2.3.3 ROAD CONSTRUCTION

Specific design data for road construction, including California

1 Bearing Ratio values, both in-situ and recompacted, (CBRI Avert-

* can Society for Testing and Materials, Designation D 1863),,

AASHO classifications (Appendix G), and shrink-swell potential,

Uare presented in the Data Summary Sheets where available. The

AASHO classifications were obtained from route studies along
I

major highways (Arizona Highway Department, Bureau of Reclama-

U tion). Little engineering strenah property data are available

for actual design values and the following discussion provides

11some general information on road design in BLM Valley areas based

on available soil data and engineering judgement. The model roa I

Usection used consists of an 18" structural layer (CDR > 25)
fiplaced on compacted subgraded (CRR > 12) with a wheel load of 58

kips (TRW,,1975). Trafficability of unimproved terrain is

considered in the Terrain Analysis (Section 2.6).

For most of the BLI Valley areas it is estimated that a value

of 10 to 20 is reasonable for in-situ material (VA.p 19701. .
CBR value of greater than 20 and on the order of 30 abhold be,

obtainable by scarifying and recompacting the surface "U_ 0 '

- .. .
. . . . ' . .. .

" ' ;' .. ... . .. .. '' - " " '" .. ...... 41
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.. Plash flooding (Section,2.4 and section 2.5) may occur is V04tlitp

i . and intermittent drainages, requiring either periodic road ,e-."

U pairs or design of costly road structures across these areas.

Maintenance to clear flood debris should also be anticipated.

* Paved roads with reinforced concrete aprons have been placed on

channel inverts in some areas as an alternative to culverts.

Ii Roads will require periodic maintenance and in some areas have

been completely washed out by flash floods (Arizona Highway

Department). It is advisable that the system layout be planned

V as much as possible to parallel major drainages to alleviate this

problem.

Wind erosion and shifting sand in the dune areas (Cactus and La

Posa Plain North) will necessitate periodic road maintenance or

some form of surface stabilization of adjacent dunes. Dune

U areas also have lower CBR values. Wind erosion and shifting

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

U.i ment, fine-grained materials only) throughout BL Valleys,

but is not considered a significant- design problem.

2.3.4 EXCAVATIONS

*No test data are. currently available upon which to base design

excavations. General conside:-tions for making excavati ns-

involve the following factors:

1. Stability of excavation side slopesg

2. Presence of free .groundwaterl

3. Presence of caliche.

4. Presence of unrippable rock (Section 2,243) 1

5. Presence of cobble- and boulft ' ims 71
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--. ::Based upon the engineering and geologic classifications of t"

surficial soils and engineering judgement, the ease of excava-

tion for each soil map unit has been evaluated and is presented

in the Data Summary Sheets. The following discussion provides

Ii some general information on excavations in the BLM siting area.

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

vated with conventional equipment at a slope angle of 45 to 60

U _degrees with the horizontal (SCS). In the dune areas, flatter

side slopes will be required. Caliche and cobbles or boulders

(ii are widespread and occur randomly throughout the BLX Valley

areas with the exception of the central portions (Arizona

Highway Department). Blasting of caliche has been required in

similar coarse-grained alluvial fans (Fugro, 1974, unpublished).

UI  Near-surface rock occurs along the mountain flanks (Bection

2.2.3.3). With the exception of a few seismic velocity measure-

U ments, no information was available on which to base an evalua-

tion of the methods needed to excavate near-surface rock.

The static groundwater table is generally greater than

feet below the ground surface, in most Valleys (Section 2.4.2.3)

and extensive dewatering of excavations need not be considered.

However, perched water is known to occur in portions of the

siting area (Sectin 2.4.2*4). It Is not known to what exteatt

perched water may be encountered and some local dewateting say b

required.

ii . .hm~.m. -.
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Odagoo rnd Vultr iontpay ,Rod OccuK~~r, * 9'ils

Gology-, GB-5 and 6).

Primary ephemeral drainages are- most comonly si.tuated -in eh

axial portion of the Valley divertin seasonal runofU 104

large watershed areas. The primary drainages- are in-teitn" et~d..

through contiguous Valleys, grading to the-major tr2Mhk ati;

(Colorado and Gila Rivers) that flank the wostern anid soAtieqrf

portions of the siting area. Channel characteristic$ -i& 1 vadh

tent, width# depth of incision, channel spacing a4_b~d-m30h:i

l load).vary greatly along the entire length of teat ,

9@.Table __lists the primary ephemeral drainagoit~R:

respective Valleys and pertinent four- atea0

00werally smaller in size., but. great~r A2zMe Aft, t"hI_

aty epilMt*l streams which 4es Iele 6Isanw

"at theS rao ributarieos to tile ptimary rnat. W * -

se~dar EaimqsOcut tbrigbs thi t*td

Dim @f pti VMW

pIXI

S~T_
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UV*Uey .Drainages Onaiw

Cactue PItn' Osborn. Ifsh kado Rvt 44

Butler Valley flate creek
Oinninrha WashI . Bullard WashImcf#len valley. Centennial Wash
Tiger Wash Gila River_ .,04#4

I La, Posa Plain TYson Wash Clrd ie

Ranegras Plain Bouse Wash
Cuningham Wash Colorado River 0-

3 Harquhlcli Centennial Wash Gila River 01-Sp 6t 10

Palomas-Hyder Gila River3Valley ikbodo wash Gila River G-.1

M lohave Wash Numerous namied
* Valley and unnamed washes COloradoRivet, (-.7

5o

-1
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'a~~~ ....... ..'-... .a.

ad0 store water (Bxyan 1 0 Vh4, e tog- 1. tsI-

.40ce# inclu4i rock tOnk& (A'presie 1~m in 0 ~cbo

pososfermed in fiegaindatca and sand taot

,,(send-f illed rock tanks). 1%e length of time -that vterm

toeiains in these features depends on local condition i e

pe"Mabilityj source of watar; Bryano,1092$a). libese keatqir *

are characteristic of the arid southwest and are 4 teoiabt2y

0,6660t within the study area$ however, they were "~t red"* -
niked during the brief field reconatissance.

2.4.1.4 Sur~face Water Quality

Surface water in these ephemeral systems varies f rom fre*sh to

moderately saline (Table J. Total dissolved solidsg (TOS) at*

generally much greater than 500 milligrams per liter(*/1

It is probable that drainages flowing to the W&l Xiver will be',

relatively higher in total dissolved solldethabn C61 bea". AM*

'Annow-due'to the large areas of enroute cutlti*n (e I%

Aivt State,-Federal Interagency Group, -1971)'. Ptlea*V* cpt -

iweto for sarface waters enterihg the lower ftljrai 6" w Abut -.

xlt, of, 0ftlOUs sodium and sulfates, vhereas ta1kno -to bo

-oftRier, neark Gillespie Dan 'D~ic vtetsofth c1@Ik

uwi~i~arogfte typo (Lower 'Coocado stato.t4*1i",t

~1~ Or*~, h). fT. mjr o"miu~ *.

oft,~ hetoo, niratesr atii I M

'I"s three to fourm/1tttQkh

-- 7
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5CLASSIFWrATION OF, FRESht AND, SALINE 1#ATOL

Total Dissolved;5Water Type Solids (mg/i)

Fresh (M 10

Sal ine >1000

Slightly saline (SS) 100-0 to 3000

Mo~derately saline (MS)' .300t) to 10,000

Very saline (VS)* 10,-000 to 35#000

B~rine Mfl) >35,000

Source: Robinove, Langford and !rookhart, 1958.

IY
4b* 0



Ct1 drainages correspond to pc a d 6jor se *ory Ekal

4eolog ic and geomorphic evideice sob, as chaniiel mosphog i

depth of incision, bottom roughness, overbank deposits and hlqb

water marks were evaluated along with historical structural

damage to bridges, roads, culverts and check da~s, to determine a

probable flood susceptability rating for each drainage.,

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. In general, the topo-

graphically higher, more deeply incised, pediments and fan

surfaces exhibit a low to moderate flood hazard since most run-

off would be channelized (Rahn, 1968). Portions of younger

coalescing alluvial fans (bajadas) may have a moderate to high

susceptibility to flooding because of possible overbank flood-

ing of the numerous smaller drainages flow (Rahn, 1968).

Sheet flow predominates over channel flow in the Ranegras Plain

and Harquahala Valley (Hydrology, G1-5, 6). The two Valleys

exemplify the most extreme and best documented surface flooding

conditions within the study area. Characteristically, well-

channelized flow is generated from elevated smaller basins and

mountain passes. On reaching the relatively flat (IS 'to 2 feet

per mile) floodplain area flow velocities decrease# ad O e*&o

increasingly more braided with channels becmiof re a*"o

defined to non-existent. At this potn t ,

• " ,,, - . • ,-, .
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sheet flow and may join witch other tributary flows to for

fronts as broad as five miles (U. S. Department of Agriculturt',

1975). Inundated areas may have standing water for up to

several months following a severe storm (Metzger, 1951).

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 the study area suggest a potential for debris

flows. However, no evidence suggesting the occurrence of debris

flows were observed during the brief field reconnaissance.

2.4.1.7 Runoff Characteristics

Direct runoff is defined as water received at the surface In

excess of the retention (amount of water necessary for soil

6
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FlodPoenia

Flood Suceoi~ t Rting Ss~tbliy irnt

(Overlay Symbol) Decrpton
Documented historic floodklad dI.
or significant gosloglA-00 c-IiiC

ktireme (CF2) evidence tq ,CAM C~ W,

i i . Predominantly primry drainags..

Possible evidence of historic fto mp
and specific geologic/geamotphic

High (CPl) evidence sugjgests periodic torrential
water flow. PredominantlY scondairy
drainages.

4I041 iNo specific evidence to indicate
Uniknown tno symbtol) flooding potential, and/or &tI~ae

in area not analyzed.Prdmanl
minor secondary or muallet drairziqgs.

TABLE 12

'3 Flood Potential Susceptibility Parametes
For Landforut Surfaces

Flood Susceptibility Rating
4 (Overlay Symtol) Description

~ctrma (SF2)Historic or significant geologiV~
Extme M)geomorphic evidenoe of pondud flo3

waters.

Historic or geologic evids""e o
significant Overland ccw Wr 1-

High (SF1) flVig ossUA* hitec j &OWq

watersp OmlW i flow ot mmot"Ae

Unkroa (no symb~ol) toufiin So~* t

4



A " "TABLE 14

V- Flood Potential Susceptibility Parameters
For Drainage Channels or Systems

Flood Susceptibility Rating
'(Overlay Symbol) Description,

, Documented historic flooding and damage
or significant geologic/geomorphic

Extreme (CF2) evidence. (e.g., channel morphology,
depth of incision, over-bank deposits)
suggests periodic torrential water flow.
Predominantly primary drainages.

Possible evidence of historic floding
and specific geologic/geomorphic

. High (CFI) evidence suggests periodic torrential
water flow. Predominantly secondary

4 drainages.

No specific evidence to indicate
Unknown (no symbol) flooding potential, and/or drainages

in area not analyzed. Predominantly
minor secondary or smaller drainages.

TABLE /5

IFlood Potential Susceptibility Parameters
For Landform Surfaces

lood Sbsceptibility Rating
(Overlay Symbol) Description

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

I waters.

Historic or geologic evidence of
significant overland flow or sheet

High (SF1) flooding. Possible historic or geologict/
geomorphic evidence of ponded flo&
waters, overland flow or sheet fl.dIiq

Vnknow (no symbol) Insufficient evidence to etbit3flooding potential.

K~-j
I______"______.__,. ,..* -
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saturation), loss; rate U .f1*iQfItclmioE11~

ftuaecalculations of the amputo direct 0 :

can ocu ntesuyae aedf~utbc sf .the ....

paucity of accurate steam gaging dati-within the Aitn

area. Some estimates can be made by studying and classifying

'V'pthe general soil character istics of the basin and watersh*4

geology and the physical cnaracteristics of the streams in the

area, and by reviewing runoff studies conducted In similar

environments. Estimates for direct runoff in the study area-:

are based upon: (1) analysis of surface runoff in the vest I oth

portion of the Yuma Proving Grounds (Hely and Peck, 11964)1 -(2)-

analysis of existing records adjacent to the area (U. S. Geoli-*

cal Survey, 1964, 1965b, 1967, 1968b, 1969, 1974a; 4idridge -1

1970); (3) studies done in similar desert environments (Devias.

- I1938; Lowdermilk, 1952; Benson, 1964; Croft) 1967; Moore* 1968;

Rahn, 1968; Baker, 1973); and (4) general runoff calculation*'

performed by the U. S. Bureau of Reclamation (2973).

These studies indicate that in the area direct runoff range's

from less than 0.02 inches to greater than 0.5 inecbea (les

than one percent to approximately ten percent of the Mean

annual precipitation) in the valley areas, with the larger

values generally corresponding to topographically bighet' poc-

tions of the Valley. Greater runoff values rangingft *.

inches to greater than 2.5 inches (approximately 1 l 4~

to greater than 30 percent of the mean annual rc0i1"i- 1,x

occur in the mountainous areas of greater thou t*e

grade where annual rainfall anounts vaang ft**,, ~

" . than ten inches and in 11t.
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impervious nature of the rock units exposed at the surfac, ..

Basin areas with nearly impervious soils (playas and pedimsents). ,

may have higher runoff values (Rahn, 1968) than reported by

Rely and Peck (1964) for the general valley areas due to a

low infiltration rate.

2.4.1.8 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. The BLK study area lies approxi-

mately 400 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 precipitatin (PNP;

U. S. Bureau of Reclamation, 1973). Because PMP information is

only available for areas east of the 1050 meridian and there

is a lack of detailed existing data for computation of such

values within the Gila Bend Group, P!P 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 Reclamations 1913).. These values cia
2

be applied to areas up to 1000 square miles (154 tom ). fte

probable maximum six-hour point rainfall values for the *SIR

study area are shown In ble _ Also thelud*dar it

" .. ,.. . 7 .

* '
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w I6~ex omaccunt or xthe soot intse ainfl eim

i n the study area over a short period of time. The rainfall

values for the probable maximum thunderstorm are also inhown i
2

Table -for areas as large as 100 square ailes (75 as ) and,
increments of time lets than and greater than one hour. for

jdesign purposes, the probable maximum thunderstorm rainfall
should be assumed to occur over the upstream area near*a the

point of interest for those drainage basins exceing 10 4asre

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 is*Lftsi

presented in Table __can be applied to areas .upt 1000qnr

miles for general-type storms and 100 square miles ,for, thunaetr-

storms by multiplying the point values by the apPropt* r Atio.

shown in Table -

Studies by the National Weather Service (13, 6. Dopatritt

Commerce, 1972) have shown that tbhi Soot stevere thikdsrt'ta

occurrinag in the immediate at"a of -the MI sttudy at" 6furon

at Fort- fbawe, -Arisona (apprOXuaatly 33 ama t hweh *st of"ltu,

rain fell to 45 minutes as av e fa~r

ftio Val~ is attlally hifiher th"* It"

ttk OZ., ~
'A tt

I '
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1. 4.2. 1 General Gtounwt iin

The BLN study area is bigscedb af vinu ort-set4

ary which separates two major. ground~ate ytm. h at

one-half of the study area comprises the Gila subrei n wIt
Valleys having direct groundwater flow south toward tbe, oil'

River-. The Gila suabregion encompasseist MuleValey, HArq4

Plain and Palomas-Hyder Valley (Hydrology* GB'-5t 6f 9 and l0)*.

The western one-half comprises the Lower Main Stow subregion ..1jwhich is Valleys directing groundwater flowe to the north and vkt

*, toward the Colorado River. Mohave Wash and Butler Va11eys,

Ranegras, Cactus and La Posa Plains lie within the Lower YWO41

Stem subregion (Hydrology# GB-i, 2# 4. 5, 7 and 8). 'Al-thougb,'

Butler Valley is part of the Lower Main Sten group, it is

suspected of being a'closed basin (Maneraf 197,0).* Ua both

regions, groundwater is primarily derived from basin-Itill

aquifers. Perched and rock aquifers are sumed to w r~ut~~

the, study area, however, they do not consItuie, a4 Dir. Wtt

bearing source. Fluctuations in the static gr Un&OW r to 1v4l

have been noted in several Valleys due to 9?roo at., t #~s~

and overdraft. Recharge of the groundwater is s~.4h

infiltration of surface runoff and 4: peti.*6Ru

ttnderfiow from bordering areas. Discoo.ge @k gr*4.~~

by, *vapotranspitatiotf by u ia dhyudeio t .

4nd Colorado Iivet valleys.. Ox '

Ik
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100 0.go.r~4~

200 0.82 V

400 0.72

600 0.68.-~

1000 0.665, ,

h* ~ C~tpi* a

Note: Mul tipl y the above valuesi by th 'a
rainfall values for a;rea conv*woft

Source: U. S6 Bureau of Reclamation-, 197 3 .

2.4.2.2 IDistribution ad _se iZi# Agz

Approxisately __active and I act.V* 'j1 O0

'study-,area. Table depct the &

of water wells per ULM Valle'b AIXW i ti4

drillerts or geologist's lith.o# lI* ~ 4

recorded, and sel#c ted. logo, W"* 4 fotr4 too:

t ion*. ftbe water wlitsdtt~

seete rot i 0atr c 0.t

A 1 ,
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Th* bbsift-fill maeials compi. " P191 A A7

unit within the stuy -area (Mtzqekt ,, S1 7 9

and Yost, 1958; Ram 1961; Htawker*,~, 11. Quaternary And t40$-

aCie basin fill-consists of a heterogeneOUS uiixtur* Of IraVel.'

'I'sand, silt and clay of sufficient eiktent adpermeability,"o

allow unconfined groundwater flow. Alluvial thickfesses 141u*ikflt

range from 1000 to 3000 feet in most Valleys (Aftad i~ __t

Section ),however, the upper severai-hundred feet Of anv*i

solidated Quaternary gravel and sand aregenerally, tooebiqest '

yielding aquifers ranging in production of __to __(Iettger,

1951, 1957). Local areas of perched water are suspected o~f

occurring near Quartzsite and artesian aquifers have been

tapped in fanglomerate beneath M~ohave Wash Valley (Hydro6logy,

.GB-4, 7) (Metzger, 1973).

Static groundwater levels range from less than 30 f**t. bel4w

land sur~face near Bouse to greater than 50 feet, in the uib*2

Plains (Hydrology, GB-4, 10) (U. S. Geological slurvey.11V

In general, groundwater movemento isin the d'et Ot~f the

slop, of the water table, that is toward the r espectiVe ttm*k

stream in the hydrologic region. tkhe water. table sl0Op t*

commonly less than the surface slope# hence jgpud**t%t.

tenid to increase normal to the iV*1ley a"Ia aild tow *4 EI i"

distal end of the Valley.

lrounftater flow is often roetX in id 0 or wemd

rock forming groundwater barrier* sea: tbt. E

GovoVattr is backed up untltl ttgil"Iq~ *
T,

"BI17-F
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to Ospill-over" into the adjacent Valley (Metzger, 1951, 195?1.

$ Water is at a minimum depth under these conditions, occurring

at less than feet below land surface in northern Ranegras

. Plain, . feet in southwestern McMullen Valley, less than 150

feet in southeastern Harquahala and feet in southwestern

Butler Valley (Hydrology, GB-4, 5 and 10).

Significant fluctuations in the groundwater table have occurred

in recent years due to increased withdrawals for agricultural

development. The southeastern Harquahala Plains and McMullen

Valley are the most severe examples of groundwater overdraft in

excess of the natural rate of recharge. McMullen Valley, near

Aguila and Wenden have had declining water levels of 65 to 70

feet for the period of 1958 through 1965, creating two major

ground water cones of depression (Briggs, 1969). The southwest-

ern Harquahala Plains has developed a large cone of depression

from excessive pumpage, declining as much as 100 feet from 1966

to 1974. These depression cones have altered, and in some cases

reversed groundwater flow within the Valleys (Briggs, 1969; U.S.

Department of Agriculture, 1975). Groundwater declines in

the remaining BLM Valleys from 1969 to 1974 range from moderate

to slight with a maximum of 23 feet west of Face Mountain in

Palomas-Hyder Valley (Hydrology, GB-10) (U. S. Geological Survey,

1975).

2.4.2.3 Perched Conditions

Caliche deposits and clay layers within the basin fill *Ay

poduce perched groundwater conditions. Perched water tabli,

' ! a "
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hav ben ientfie inDRAfT;

have been identified in the La Posa Plain by Turner (1960) a./

Metzge'r (1973). The most extensive perched condition lies

beneath the town of Quartzsite ext.ending northwatd along Tyson

Wash for approximately five miles (Metzger and others, 1973).

Depth to water in Quartzsite ranges from to _ 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. Perched water tables are

suspected to exist in portions of McMullen Valley and Harquahala

Plains (Kam, 1961; Stulik, 1964) (Hydrology, GB-3, 5, 6 and

10). Due to the similar character of the basin sediments, it is

assumed that perched water tables exists locally in other BLM

Valleys.

2.4.2.4 Groundwater in Rock Aquifers

Groundwater in rock aquifers is unconfined in frdctures within

the basement rocks and confined within bedrock strata. Igneous

and metamorphic basement rocks are considered relatively imperm-

eable in the study area. Groundwater movement through the base-

ment rocks is precluded by their documented occurrence as ground-

water barriers (Metzger, 1951, 1957, 1973). A few scattered

deep wells have entered basement rock, but there is no poten-

tial for groundwater development (Metzger and others, 1973).

* *** " Bedrock aquifers are limited in occurrence to Tertiary sediment-

ary rocks in the study area. The Souse Formation, a maLUe estuat

deposit is not exposed, but known to underlie lare poztleftsA ot

the Cactus and La Posa Plains and Nohave Wash Va1l, (,tMrdz,

" . " . .- "" • .' • ';~l :'.-" . .,' -.--.' '-
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GT.-1, 4, 7) (Metzger and others, 1973). The Bouse Formation

is informally subdivided into upper and lower water bearing sand

units which exhibit changes in facies, and water bearing

properties over relatively short distances (Metzger, 1973).

A Tertiary sandstone sequence north of Parker (Hydrology, GB-I)

[3 underlies the Black Peak Volcanics (13.7 + 0.7 m.y., Fugro,

1975). Shallow wells north of Parker are suspected of small

yields from these rocks (Metzger, 1973). Tertiary sandstones

may underlie the low volcanic outcrops in the central Cactus

Plain, and probably have been encountered-at depths of_ feet

in the northern La Posa Plain (El Paso Natural Gas company, 1968;

Fugro, 1975).

Younger basic flows, if sufficiently fractured may be a poten-

.. < [3tial source of water (Metzger, 1973).

2.4.2.5 Water Quality

Chemical analyses of groundwater from wells in the study 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 J.

Most all groundwater in the BLM Valleys qualify as fresh water,

with total dissolved solids generally less than 1000 ppm

(Metzger# 1951, 1957; Kam, 1961; Armstrong and Yost* 1958;

Manera, 1970). Concentrated areas of saline water with t.tal

dissolved solids up to 12,500 ppm occur along the soutbach

margin of Palomas-Myder valley, northern anegas WPaU . 'as
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ern McMullen Valley and adjacent to the town of Quartzoite in

t " the La Posa Plain (Hydrology, GB-4, 5, and .10). Principal

constituents are commonly chloride, sodium, sulfate atd calcium.

A primary contaminant is flouride, which ranges from approxi-

U mately 1.5 ppm to 8.9 ppm in the Ranegras Plain (Metzger, 1951).

Other contaminants may be present in small amounts and include

U iron, nitrate, boron and arsenic (Lower Colorado River State-

Federal Interagency Group, 1971).

2.4.2.6 Subsidence

1"! Subsidence due to withdrawal of fluids from the ground has been

measured in the Harquahala Plains (Hydrology, GB-10) (Arizona

Water Commission, 1975). A potential for subsidence with possi-

ble surface expession such as earth cracks or earth fissures

exists seems probable with future lowering of groundwater levels.

1) Subsidence has occurred in agricultural regions of Arizona and

California where prolonged, heavy pumpage is accompanied by

progressive drawdown of the groundwater table. Where subsidence

has occurred in Arizona, it has generally equaled about four

percent of the total groundwater decline, or four feet of sub-

sidence per 100 feet of groundwater level decline with a minimum

of 200 feet groundwater level decline necessary for recognizable

V subsidence (Central Arizona Project, 1974).

No earth cracks have been reported within the study area, how-

ever, earth cracks have been reported in Arizona since 1927 and

are located primarily within a 45 nm wide band trending north-

vest from Tucson toward Prescott# Arizona* within appcozlamtely

4- I <'7



rm of the study area. These features have been extensilvly.

investigated (Leonard, 19291 Heindl and Feth, 1955; Pashley,

1961; Robinson and Peterson, 1962; 11inikka, 1964; Kam, 19651

Poland, 1967; Polad and Davis, 1969; Schumann and Poland, 19691

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

1973; and Sumner, 1973).

Both the Harquahala Plain and McMullen Valley have been subjected

to extensive groundwater overdraft far in excess of the natural

rate of recharge. Continued groundwater overdraft may parallel

documented subsidence basins, resulting in: (1) consolidation

and subsidence at depth due to dewatering and lowering of the

groundwater levcl by pumping; and (2) rapid settlement of the

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

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 tfotted

to have split concrete roads and curbings (Robibson auda eterwon

19621 Schumann and Poland, 1969), When earth cracks trctt,

drainages, water entering the fissures is transmitted ,eU*to

4,0 1



cally and laterally along the ewack "cai. ~i1jUg Aei.

ing (Kam, 1965). Widths of eroded fissures are toin fv

to ten feet# but may be as great as 20 feet (Anderewa,13) '

41F
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2i.5 CLIMATOLOGY

.2.5.1 ...

Climatic conditions within the RUI study area are primarily a

result of its inland location and latitudinal position. 'tebe

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

characterized by hot summers, mild winters* relatively low

3 humidity and long periods of aridity separated by periodic in-

tense rainfalls. Climatic conditions are fairly uniform througb-

out the area, with local variations due primarily to elevation

differences.

Table __lists the climtological recording stations in the

vicinity of the BLM study area; the station locations are

depicted in Figure . Climatological Data Summary Sheets

(Appendix ) were compiled for selected recording stations

within and adjacent to the BLM study area representing general

climatic conditions within the area, Users of the Clivatologi-

cal 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 primary sources for data presented on the Climatological

Data Summary Sheets and are: (1) the National 00c8.a4jU a

Atmospheric Administratin (MOA,) Environmental Data ,t,.aos

(1973); and (2) Sellers and Hill,# 1974.

7. 5.

. •~~~~~~~~~~ .. .; - .
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CLIMNATO LOGICAL RO:ORDZIVG STATIOVS

Station 8levation a3
Name Latitude N Longitude V (feet)

Aquila 330 57' 1130 111 2170 36

Alamo Dam
6ESE 340 15' 1130 28' 1480

Blythe Airport 330 37' 1140 36' 268

Bouse 330 571 1140 1' 930 20.

'PBuckeye 330 22' 1120 35' 704

Ehrenberg 330 36' 1140 32' 323 3 1

Harquahala

Plains No. 1 330 30' 1130 04' 1260. 21-

~* IKofa Mountains 330 16' 1130 52' 177 15 20.ILake Havasu 34o 2?' 1140 23' 482 5

Parker 340 10' 1140 17' 425 4i.

Phoenix 330 26' 1120 01' 1117

Quartzslite 330 40' 1140 14' 89041

Salome 6SB33 40' 1130 32' 1700 IS3Signal 13SW 340 22- 1130 48' 2505 9

Tonopah 2S 330 27' 1120 56' 1090 15,

Wickenburg 330 58' 1120 441 205 41

0"w

-.' OUJ2 ~-
7 V -7
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TABEX. LS

31- CLIMATOLOGICAL RECORDING STATtONS

Station E levat ion Years ofjName Latitude N Longitude W (feet) Rcord

Aguila -330 57' 1130 11' 21.70 39

GESE -340 15' 1130 28' 1480 1.1

IBlythe Airport 330 37'. 1140 36' 268

souse 330 57' 1140 1' 930 -20

Buckeye 330 22' 1120 35' 870 41

Ehrenberg33 361103 231

Hargu ahala33 361103'231
Plains No. 1 330 30' 1130 04' 1260 21

Kofa Mountains 330 16' 1130 52' 1775 20

ILake Havasu 340 27' 1140 23' 482 5

Parker 340 10' 1140 17' 425 41

3Phdenix 330 26' 1120,01' 1117 -

Quartzoite 330 40' 1140 14' 890 . 41

IISalome 6SE 330 40' 1130 321 1700 26

* Signal 13SW - 340 22' 113o 48' 2505 -9

Tonopah 2S 330 27' 12 56' .1090 .15

Wickenburg 330 58' 1120 441 2*95 .41

... .....
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2.5.1.1 precipitati

The low mean annual precipitation at te U atd atos is

trolled by (1) the inland location of the areal ( 2) the jr~in

SKshadow effect of the mountain ranges on the vestcolast of b
U. S.; and (3) the north-south trending mountain ranges within

the siting area. Precipitation occurs .principally ig the mouths

of July, August and September and December, January and Vebrary,

and is generally in the form of rain, although traces of snov.#

sleet and/or hail have been recorded throughout the 'study' area.

Generally, the western area has less average rainfall (2.41

inches at Lake Havasu) than the eastern portion of the area

Wickenburg) where elevations are also generally high-er.

August is statistically the month of heaviest rainfall, alt.Oughb

approximately two-thirds of total annual precipitation occurs

during the winter months. Sumer rains usually result from local0thuinderstorms; while in the winter, gentler rains over a large*:.
area are more common. maximum daily precipitation of 4*0 itche*: .

in the Kofa Mountains and 3.60 inches at M-ama Dame duaria tbe

months of July and August have been recorded (elt n ii

1974).

2.5.1.2 !Ln

Wind data are not particularly abundant, *itfg@~

recording stations (Phoenix and YUSa) adlacen oIh

area (Sellers and Hill, 1974) *A Summary of wt
tw stations show that In the eai~t*Vn Petti* #

I-% ,



pgyal uuin9 the -C *$-48r ;If r,* A

tosautherl!y 'on so6e.ti' 0iiap sE~$4~4un

*u~mar, and nor the rly winds prevail durrin the. Otematrok

Year.

Terrain has a definite effect on wind direction at any PaiInt

principally due to differential heating between moUntaisa~

valleys. if winds in the free atmosphere are light, the 6orte

w1 ind will blow upsiope or upvalley during the, day and' dtwnsi

or downvalley at night (Sellers and Hill, 1974).* ]"ft=.4 It-:

valley winds are normally two to three times stroo~t than.,wh

valley winds.

Wind speeds annually average about ten miles per- hour. iA -the,

eastern portion of the study area and five to- hi ie e our

in the western areas. Maximum wind gusts of up to 50 to 75 tlm,' ,''

per hour have been recorded at nearby station. (onit, atil

Yua).

2.5.1.3 Temperature

Prom June to September the dayti**e tilpetur in 1 h 010471

Oveas with elevations less than N00 ueet 90110r17, bi0'dI "

de90et traretaheit ( 0 f) with aLt"

ehal ali.-ewnt lee Tb* vatm5

Ar~osa~ua 00"tou doting. time 'AN ~ ~

a~*$1 dItiaa tomperature i~~~g!M 4w9

6..



in $anuary and 30.80 F in December' 014114i5 00.Pi84 141* 7

The spring and fall months in Arisona are charactevise by 3.to#-

daily temperature change-s (Sellers Arid Hill, 1974). Early morn-,

ing temperatures in the higher valleys (northern portions of the

study area) may average near freezing, warming to afternoon

maximums in the eighties. In the south and southwest section of

the study area the temperature range is more likely to be from

thle low sixties to greater than 100 degrees.

2.5.1.4 Barometric Pressure

Daily and monthly average barometric pressure data ate not awail

able for the BLM study areas. Averagc seasonal levels of station'-

pressure (in inches of mercury) for Phoenix and Yuma,, respwet

fully, are: winter - 28.89 and 29.85; spring - 28.73 and 29..";

summer - 28.65 and 29.55; and autumn - 28.78 and 29.69. The

mean annual station pressure for 1974 is 28.75 inches at Phioen~ix

and 29.69 inches at Yuma.

2.5.1.5 Relative Humidity and EvI2oration Rates

Relaivehumidities range from late afternoon (6:00 a) love of

less than ten percent in may and June to greater than 60 percent

during the period of December through February and in August.

Early morning (6:00 am) relative hubidity values ranqe fr~ 35

to 45 percent in May and June to greater than 6S perent dAtifa

the period December through February and durxagqAugust. B t'

ties as low as two percent have beent recorded at ?mv4btm
lover values recorded in the Kohawk-8entinel ar*&a.

t lif
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2, Pan evaporation ~rtes in the study area range betveen 80and

105 inches per year. Corresponding lake or reservoir evapora--

,j tion rates range between 55 to 75 inches per year (Sellers and

Hill, 1974).

, I 2.5.2 SEVERE WEATHER CONDITION S

i 2.5.2.1 General

Severe weather conditions included here are unusual weather

1 :: phenomena and are not extremes of the standard climatological

parameters recorded in the Climatological Data Summary Sheets

(Appendix __)-

~ -~12.5.2.2 Fog
.1 Fog may develop over the western portion of the study area

particularly during the months of December, January and February.

Although usually of short duration (less than five hours) the

fog may limit visibility to less than one mile.

• :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 Sept-

ember. They result in intense rainfalls and may be accompanied

by lightning, high winds, dust storms, tornados or funnel clouds,

or hail. No data on average geographic extent or local intensity

of these thunderstorms are available.

2.5.2.4 Dust Storms

Sigh winds that accompany thunderstorms and low pressute atom,

fronts passing through the area say pick up dust anG sn41d ce ]1

:,.,..
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ing local dust storms that can limit visibility to zero in the

affected area. Dust devils or sand spouts are common in the

11 late spring and summer in the low desert portions of the BIA

study area. They are especially common in the dry months of

May and June, when they form over the hot desert floor (Sellers

and Hill, 1974).

2.5.2.5 Tornados and Funnel Clouds

ifm Only two tornados have been reported in the vicinity of the BLM

study area since 1960. These occurred in Yuma on 13 September

1966, and in Hyder on 4 October 1972 (National Weather Service,

1966a, 1967, 1972). The only funnel cloud reported in the area

was sighted over Gila Bend on 4 October 1966. The most damaging

It tornados in Arizona have been observed in the Wellton-Sentinel

area along the lower Gila River south of the ELM study area

(Sellers and Hill, 1974).

II2.5.2.6 Hail, Snow and Sleet

Hail may accompany severe thunderstorms. Since 1960, there have

been only three reports of hail 0.5 inches in diameter or greater

--2 in the vicinity of the BLM study area. These occurred in Gila

Bend on 15 August 1960 (1.0 inch), and in Yuma on 1 November

1963 (0.9 inch) and on 28 April 1964 (1.5 inches) (National

Weather Service, 1960, 1963, 1964, 196?).

Rare and isolated occurrences of snow or sleet have been reported

II in the BLK study area. The greatest of these measurements were

recorded at Aguila, 6.0 inches during the month of December,

1967 and at Signal, 10.0 inches during thr; of Uweabe, 1

•O..

• - ,,w:on



DRAFT i02

2.5.2.7 Tropical Storms

Prom August through October, tropical cyclonic storms (counter-

-jt clockwise similar to hurricanes) occur over the Pacific Ocean

off the coast of Baja, Mexico. These tropical storms generally

dissipate rapidly as they move inland. However, from 3 October

Uto 7 October 1972, tropical storm "Joanne" moved across Arizona

and is the first time in the recorded history of the state that a

Si tropical storm has entered Arizona with its cyclonic air circula-

AI tion intact (National Weather Service, 1972). The storm produced

abundant precipitation (between two and three inches), resulting

in extensive flooding and sustained wind speeds of 35 to 40 mpb

across southern Arizona. Tornados were reported in association

with local thunderstorms that developed within the tropical storm

system.

1

IIE I
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2.6 TERRAIN ANALYSIS

1 2.6.1 GENERAL

The purpose of the terrain analysis is to rank qualitatively,

Iusing quantitative methods, the various geomorphic landforms

(alluvial fans, pediments, sand dunes, and terraces) within the

Gila Bend Group BLM Valleys. A terrain analysis waS applied to

the BLM Valleys to determine terrain characteristics which

may impose design limitations on, or greatly increase the cost

if of design and construction of the aim point or line concepts of

the land mobile system. This analysis (Table _; Section 2.6.3.1)

was performed on the entire siting area and not refined to the

1 ! level of analyzing each Valley (Section 3.0) independently due

to the lack of sufficient specific detailed data. The data and

analyses presented in Table are based upon:

1. Limited ground and aerial reconnaissance field observa-

tions;

2. Review of aerial photographs (scale 1:30,000 and

1:60,000) p

3. Pertinent literature;

4. Topographic base maps (scale 1:62,500; and

1 5. 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 Kolbe 19S9).

The completed terrain analysis was then compared to similar

terrain and surface materials studies (Millet and Barnett, 19701

Barnett, 1975, in preparation) conducted at the rms Provbq

Grounds (YPO) DOD siting area.

. .. ...... ....,.. , ,,,,, ,- , ... * *t". * - .
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Rating of the selected landforms is accosiplished by:

lr ~ 1. Selecting the major factors to be analysed based o

surface geometry and near-surface soil characteristics

believed critical to siting;

2. Assigning a range of values which describes either

quantitatively or qualitatively the individual factors

3 which comprise the physical characteristics of tbe

selected landforms;

3. Subdividing this overall range into three to six value

II ranges which were most suitable (or lowest total) to

least suitable (highest total) condition;

'34. Determining the characteristic factor value ranger and

5.. Totalling the ranking values for each landforu.

'IThe resultant rating represents the cumulative analysis pat-
ij formed on all landforms. These results presented to 1'tblo

and Section 2.6.3 should not be considered a substitute for a

more specific analysis based on detailed field related stuiso

2.6.2 FACTORS USED IN THE TERRAIN ANALYSIS

The selection of the major factors for the terrain analysis die-

cussed in the subsections below, was based on surtaon 98omlt

and near-surface soil properties believed critical to a teegala

study.. Many of the factors and value ranges may Ugly owe

detail than is available based on data collected ia Mise Lott W

phase of the study. Descriptions are intended to 6l21W Iai

activities to proceed until furtbet~ ref inemest.f tio 11MtMRs--

can be made based on future field investigatlans. qs

value ranges for a factor ovezlap tuo aokloorod
X.~

t
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TI7ERAIAlA AAMI VS/ij

ARIZOUA -But SLOPE IN PERCENTI (Topographic Texture)

LIntermediate 3-7 2 6-12 2

Unditfer-L9 entiated 1-6 2 10->20 4

Young - 1-5 1 10->20 4

LPediments 3-7 3 5-10 2

adDns>10 5 <5 1

SRiver 1 1 <5 1

Value Value
Me RankRange Rank

C.0-2 1 0-5 1

L.2-5 2 6-10 2

5-7 3 11-15 3

7-0 4 16-20 4

>10 5>20

"7



cHkW.15L CawacTERISTICSLI-Characteristic Relief Frequency of SlopiesDepth of Incision (Feet) Greater dmw 5"% (NW)MI
Value (Avg.) Rank (3) Max in. Value lbnk (4)

15->20 5 >20 5-10 10-15S

3-10 2 15 1<1 8-12 3
Ui

<5 1 5 <1 3-10 2

<5 1 5 <.1 <5 I

3-10 2 >15 1-2 5-10' 2

< 5' 1 >20 5

<5 1 <5 1

1'

Value Value
LiRange Rank Range

-6-10 2 61

114157311'15



PlAN PROFLE

Peakedness Planar Shape Areal CCUpanCe Or ientatkn
ftlue (a) Rank Value Rank value (C) Rank Value.(d) Ronk

IC3 L 1 40-60% 2 P1

'F-I 3 b-I 1 40-60% 2 P1

N-F 2 L-I 1 >60% 1P1

N-F IL 1 >60% 1P1

F-I 3 1 2 40-60% 2 P1

C 4 L 1 <40% 3 P-1 2

F2 I.2 >60% 1 P-I1

Value Rank Value Rank Value Wak Value -- ank

proud Linear (14 1 >60% 3. Paallel(P) I

j.aowve(N) 2 Inter- 40-40% 2 Inter-
mediate (1) 2 md1.at*(Z) 2

jpd(F) 2 Non-Linear (M) 3 Iw*U(I) .3

(C) 4
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SOIL PROPERTIES

Plan Profile, CBR (in-situ) MSHO ClaSeifiCation
Tbtal-Sa4c4d Pank(5) Value Rank(6) Va lue fn 7

7 2 >20 1 A-1

7 2 >20 1A-1/A-2 2

S 5 1 >20 1A-1/A-2 2

4 1 >20 1 A-l/A-4 4

8 3 >20 1 A-i 1

10 4 10-12 3 A-2/A-3 3

3 6 2 15-20 2 A-2/A-4 4

Total
Value Value Value
Pange Rank Range Rank M Rn

4-!1 >20 1A-1

P 6-7 2 19-15 2 A-1 or A-2 '2

p 8-91 3 12-15. 3. A-2 or A-3 3'

10-13 4 10-12 4 A-2or.A-4 4



TEMRIN ANRLYSIS PATING

IRank =1+2+3+4+5+6+7 Evaluation,
19 Poor

.14 Fair

913 God

13 Good

14 Fair

U22 Very Poor

012 Good

Evaluation

7-13 Good

14-16Fair

3 11-20 Poor"

>20 Very Poor

VK



predominant value was used; if near equalI the Mm conse"VOU0.

(higher) value was used..

lii2.6.2.1 SloZ2 Characteristics

t The slope* or topographic grade of a surface may be defined in

terms of its angle with the horizontal, usually expressed as

the tangent of that angle. The characteristic slopes of the

* Imajor landfores in the Arizona BLM Valleys are based upon the

11topographic grade determined by the average contour interval
Uand topographic expression. Values ranging f cor 0% to 10% were

rated (Table __.Characteristic slopes of the major landform

surfaces typically range as follows: alluvial fans,, 1% to lOts

*pediments, 3% to 70; terraces, 0% to 20; 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 atilited

in this terrain analysis.

The density of drainages is de.ined as the number of diatime"t

drainages per nautical mile determined ftto. aVaIlAbIt tt

maps and aerial photograhs. 'fli tatiogsg inTable, *w_ &0 ~~

density have been adjusted to refleict refnnalssanf ii

observations and data available in t0e Utrfa t4-r

CnN-



The ractwt r istPln~il tidf~ As10 "O CA

geometric profile found, within thi iubsd p*sstf

sampling in the area. It is the typica proftl a I*",on ita

possess. Major elemients of the pln-profile (Figure 04irt

1. The peakedness or degree and extent of tbe bighs

versus the low areas (no prominent highs or low##

flat-topped, intermediate, or crested);

2. The planar shape of the landform highs .(linea intet-

mediate, or non-linear);

3. The areal occupance of the crests or peaks as oppoined

to the lowlands (greater than 600, 40 to $0*# oriJ*s

than 40%); and

4. The degree of alignment of these: landfogss to _Oa

* other (parallel, intermediate, or random).

2.6.2.4 Soil Properties

*The terrain parameters discussed in Sections 2.6.2o'itbrbug

2.6.2.3 deal primarily with the geometric coftfigu ati~ o

individual landforms. Using only the geomtric elober**Aw.

I A terrain analysis could result in a high r at Ingtt~
4 forms even though their near-surface soil conitg -j! ~

them less suitable. In order to *4 adutf~th.~th &
m*ets yore selected and apWliedt the 041W1

(C91) and the WHO0 classific&aon (4"""~~ ->

4 '".u" to~~m **taU~ L th t .. i .bk-

~ usd ~ 60r
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40to1 60CpeIC of area aimai ro

40 of re

60% o f area

40 to 60% of area

I,40% of area

I.no pronounc ed highs or lows
1.ORIENTATION AND PLANAR SHAPE OF FEATURBS

Non-linear Linear and Non-Linear Linear an&-'
iiand Random Random and Parallel Parallel1

Highs are considered to bep (a) peaked or created aud'exhibit-
*ing characteristic slopes greater than 6 degreesg or (bjft

*.topped prominences on high level areas boUnded, by Slopou 1An
excess of 14 degrees.

Figuts . 1 e characteristic plan ptofile. is the tpal,
"eometrTE- prof ile of a landfors (van Lopit andW1: t

7--



-107c

CHIARACTER]STrc PLAN PROFILE

Areal Occupance of Highs I  Schematic Profile

60% of area c -L- -- UIF - -- L-

40 to 60% of area .* L
4J

40% of area - -

60% of area

40to 60% of area t AAC,

40% of area 0

1o 1roouced highis

or lows

ORITFNTATTON AND PLANAR StHAPE OF' FFeTIRES

7F 7j

Non-li near Lnear and Non-IL near Linear and
and Random Random and Parallel Parallel

111i.qls are conisid(red to be, (a) peaked or crested and exhibiting
chararteristic slopes qreater than 6 d, groes, or (b) flat-topped
prominences on high level areas bounded by slopes in excess of
14 dcegrees.

.Figure 1W.3The characteristic plan profile is the typical
geometric profile of a landform (van Iopik and Kolb, 1959).

1I

I

I ~ ~-~g NTUrWN~ML. Oin,.
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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.

511 In addtion 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-1 and A-2 indicate materials that are assumed to be accept-

able for use as subgrade, with A-6 and A-7 indicating unaccept-

able 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 material testing. The following methods

were used: 1) reconnaissance geologic mapping, 2) slope traverses

(level surveys), 3) aerial photographic interpretation. 4) top*

graphic map interpretation, and 5) selected soil smln ~

testing, resulting in a series of 15-minute maps depicting the

surficial materials and terrain features withn YPG, In genetal,

the surface materials and terrain features identified withIn 1 .

and associated with specific landforms (Millet and Rarnett# 100f.l@

..rnett, 1975, in preparation) correspond closely ith. sa 4

lan-4forms ideatifted, withiel the Oils,0 410 Gt-u9

16-
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and thus reinforce the terrain ratings independently derived La.

this study (Table ).

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, channel and plan profile characteristics, and

upon the judgement of favorable near-surface soil conditions.

A Very Poor rating indica'.es that unfavorable slope, channel,

plan profile and near-surface material characteristics may pro-

hibit or greatly limit development of the system. Fair and

Poor are intermediate ratings and reflect a combination of

0 favorable and unfavorable characteristics.

Alluvial fan ratings range from Good-to Poor. The old fans

* (A5o ) are rated Poor due to unfavorable slope and channel

:3 characteristics, The intermediate fans (A5i) are rated fair

due to unfavorable channel characteristics. The intermediate

(A5i ) and young (A5 ) fans which are the predominant land-
y

i forms within the study area are rated Good due to the favorable

nature of all factors evaluated, except for drainage density.

Pediments (A6) are rated as Fair because of the favorable nature1' of the near-surface soil properties and unfavorable slope# chatknel
and plan profile characteristics.

Sand dunes (A3d) and those areas of apreciable sheet sand (A),

accumulation, thickness and extent are, rated Very Poor dus to

\ ..7

A '1 mu~sinin. mm
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, unfavorable characteristic slope and plan profile and. neat-

I surface soil properties.

River terraces (A2r) are rated Good due to favorable slope*

channel and plan profile characteristics, even though the near-

surface soil properties are less favorable. Thickness of these

deposits is unknown and may be an important factor for siting.

2.6.3.2 Use.of the Terrain Evaluation

The terrain analysis examines one important geotechnical aspect

of M4X siting. it combines an evaluation of critical gomorphic

elements, such as drainage density and landfors and channel

morphology, with near-suface soil properties. It includes none

1of the other geotechncial constraints, which also have to be
considered in the overall analysis of siting suitability, and

"' no di:ect evaluation of the relationship of construction prob- -"

less or cost related constraints.

Ii

- K
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TABLE 20

resignated Valley Areas Within the Gila Bend Group Siting At*&'

Valley '1bxt Ibtal valley Area of AppI cabl*
Name Section Area (ml Siting Valley (naw Four-Qumd

Cactus Plain 3.3 237 208' GB-1 2, .4, 5

Butler Valley 3.4 365 310 O20 3, 5

McMullen Valley 3.5 317 216 O-3t 5, 6

U La Posa Plain 3.6 39330 8Si 4

Ranegras Plain 3.7 494 351 GS-4, 5, 9, 10

flarquahala

IPlain 3.8 542 351 GlS-5, 6# 10
Paloemas-HyderrnValley 3.9 525 424 GB-9, 10

-*Mohave Wash 3.10 71 61 (W,-4,

_wI
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3.0 VALLEY ANAYSIS

3.1 GENERAL

The valley Analysis concept discussed to this 0aection w-*s 6dev

to allow for presentation of geot*ChnicAl. date in a uaefU a

Uuniform manner unique to an individual Valley. "oe data axe

presented on Data Summary Sheets which are to be used In en

!IJ . junctin with the general text and the pertinent four-quad over-

lays. Table __shows the Valleys, their total land areast the,

area of the siting Valley (based entirely on ten percent topo-

Igraphic grade exclusions and major cultural and quantity-.4txtaice
K exclusions)# and the four-quad sheet or portion of four-quad

7. sheets (and overlays) which the Valley occupies.

1'd

M-



AN
3.*2 VALLEY ARALYSIS SRCMONS AUD DkTA SUNSAT8U"

sections 3.3 thr~ough 3.10 describe tbe, eight U41ividual ftll*~~

whc omrs the Arizona -BLM stud:.:.;". Bach at tbese. 0

1 nh approximately 3.5 a)soigthe Valey

Jboundary, interior ten percent topographic gvade areas,

and major cultural and qUantity-distance exclusions,

(ownership conditions not shown);z and

2. Five data sheets which appear in the following ovtrs

a. Ownership, Topography and Cultural Features

b. Geology

c. Soils Engineering

d. Surface Hydrology,
3 e. Groundwater Hydrology

The data presented on the Data Summary Sheets include data 4b

tamned from the literature,, observations made during the btgf

~Iground and aerial field reconnaissance of the area ad Pezfqw~w

communications with individuals bawl.t "Wei fic RaWvI*4*W0 ~

jI ai~epertise in the Valley. Quality of dota tsprso~ *

lIeft-hand margin and indicatos:

1. Darkened circle -date fetkv*' f-o ta~q&
1. nalf-darkented circle* esttot ?ZP4

either extrapolation; ttoi dtea ti &

f roil genertal studes, cAM
3. pe15n circue isfiitdt

tie kill

V-" ~ *



IThe aweaus sect ion may contain numerical quantiti~s tv 1WT

where they *to the primary response to the DESCRIPTIONj a

(sero) indicates no occurrence in the Valley. Quantity unit.

2I(no ft.) are indicated in the REMARKS sections only v1hen they

differ from those given in the DESCRIPTION. Blank spaces indi-

1~ Icate that no data exist or that no data are available. Where

5 conditions or featues listed in the DESCRIPTION arelknown not

to exist, "None" is entered under the REMARKS; subheadings,

I which do not apply, are designated by uN/Au. Abbreviations

used on the Data Summary Sheets are listed in Table__

UA single Data Summary Sheet set is used for those large ILK

IValleys which have one geographic nane, but are divide on the

5four-quad base maps into North or South. Most data shown on the
Data Summary Sheets would directly apply to both areas because of

3 similar existing geotechnical conditions. in those instances

where data are unique to a single portion, it is noted by (K)

I for northern portion, or (S) for the southern portion, floing

t he data entry.

IX
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JQUALITY
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 (nm 2 ) 542

o 2. Area of Valley not Controlled by BLM or DOD (nm 2) 191

0 a. Excluded ublic-use land (E-5) 0
0 1) present use N/A

0f O b. State owned land (E-6)_ 51
1 ) present use Cattle ra

0 c. Privately owned land (E-7. ...... .
0 1) present use

S________________ Cattle ra-

O d. Non-DoD, non-BLM Federal land (E-8) 17 
o 1) present use -S..... __ _ __ _ _ __ _ _ __ _ _ _ U.S. Bure

O 3. Area of Siting Valley (A.1 minus A.2: nm 2) 5 -

0 _.,, O a. Present use Public d

B. VALLEY TOPOGRAPHIC CONDITIONS

O 1. Area with 5 to 10% Grade (nm 2 ) 41

O 2. Area with 0 to 5% Grade (nm 2 ) 501

O 3. Location of Intervalley Connections Having Less Western
Than 10% Grade Southern

C. VALLEY CULTURAL CONDITIONS

O 1. Population Centers (E-2, E-3)

O 2. Roads/Railroads (E-4) Intersta

O a. Relative location Central
O b. Type and use. Improved,

O 3. Utilities (type) Buried n

O a. Relative location Northwest
O b. Type and use

O 4. Other Granite

D. CONTIGUOUS DoD OR CO-USE LAND

O 1. Name (map area in nm 2) ..... _ None
O 2. Present Use "-

None
E. ADDITIONAL REMARKS

Quality of Data
* Data derived from detailed studies
* Estimated values
0 Insufficient data available



AND CULTURAL FEATURES

.3.8.1 Harquahala Plain

2 100%

1 35%

0 - -
kA

ttle ranching (?.
23 - 23% _ _ _

le ranching ?) _

17 3%L~~_-
.S. Bureau of Reclamation (USBR) corridor for Granite Reef Aqueduct

lic domain; portions of Valley may be leased for cattle ranching

41 8%

01 92%

stern portion of Valley contiguous with Ranegras Plain
uthern portion of Valley contiguous with Palomas-Hyder Valley

nterstate 10 Numerous unnamed roads and trails SI outhern Pacific

mentral portion of Valley Randomly transect. entire Valley Southeastern ortion of Valley

Mproved, public Improved, unpaved, public, private Railroad, commercial

ried natural gas line Buried coaxial telephone cable Electrical power lines

krthwestern portion of Valley Central portion of Valley Southeastern portion of Valley

ranite Reef Aqueduct, central portion of Valley

ne

ne

---.... "ira,' *m .% *,,.. --



QUALITY
IOF DATA D E S C R I P T I O N

A. ROCK CONDITIONS IN VALLEY

woo (BR=Basement, B Bedrock, VF=Volcanc Flows)

O 1. Exposed Rock (category/symbol/lithology)

10 a. Map area in nm 2 and relative location

0 b. Seismic velocity (p/s in fps)

0 c. Other

2. Pediments (category/symbol/lithology) BR/MpG (?)/gnei

0 a. Map area in nm 2 and location 9

0 0 b. Distance into valley from rock
I exposures (max./avg. in nm) 3.5/

c . Other Extensive pedi-
Tail Mountains

I B. SUBSURFACE ROCK CONDITIONS IN VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

O 1. Depth to Rock (map area in nm2 ; category/
symbol/lithology; physical properties)

O a. 0 to 100 feet (excluding pediments) 143

0 b. 100 to 250 feet

0 c. 250 to 500 feet

0 d. 500 to 1000 feet

0 e. Greater than 1000 feet

0 f. Unknown 399

0 2. Rock Type(s) (category/symbol/lithology) DMA gravityP
3169 feet nea

the southwest

1995 feet.

0 3. Physical Properties of Rock

Quality of Data
0 Data derived from detailed studies,
o Estimated values
0 Insufficient data available

/



GEOLOGY
3.8.2 Harquahala Plain

BR/Mpc/gneiss, schist; BR/IlMp/granite and
related rocks;

Northern, southern and Nortnern-p6rtion
ii1 eastern portions of Valley of Valley

17000-18000 14000-16000

R/MpG(?)/gneiss, schist

Along northern flanks of the Big Horn Mountains

3.5/

tensive pediments have been cited along the flanks of the Gila Bend and Eagle
ail Mountains and less commonly adjacent to the Harquahala and Saddle Mountains

143 %

L399 % Depth to rock greater than 100 feet

DMA gravity profile 18-BI indicates maximum depth to rock to be approximately
3169 feet near the south-central portion of the Valley. A deep water well in
the southwestern portion of the Valley penetrated granite basement rock at
1995 feet.

F " i• ...
r - ._- '



I QUALITY
OF DATA D E S C R I P T I O N

0 4. Rock in Basin-Fill Deposits

I(map area in nm2 ; category/symbol/lithology)

0 a. Depth to (ft.)

0 b. Thickness (ft.)

I c. Seismic velocity (p/s in fps)

C. BASIN-FILL DEPOSITS IN VALLEY

O 1. Type (symbol) AlQ;98

I O 2. Map Area (nm <10t/

O 3. Thickness (max./avg. in ft.)

O 4. LSand and0_ 4. itogravel

0 5.- Seismic Velocity (p/s in fps)

O 6. Other

O D. VALLEY GEOLOGIC RELATIONSHIPS Available w
interfinger
is no indic
countered ii

I E. CAPABLE OR POTENTIALLY CAPABLE FAULTS

IN VALLEY

O 1. Name, Total Length (nm) and
Relative Location None

O 2. Type of Faulting; Regional and Local
Attitudes (strike and dip) N/A

O 3. Minimum Age of Displacement;
Associated Seismic Activity

N/A

F. ADDITIONAL REMARKS

Quality of Data
* Data derived from detailed studies
a Estimated values
o Insufficient data available

I!



GEOLOGy DRAFT3.8.2 Har uahala Plain

AlQ;98 1 A5Q;355 A50 ;37

<10t/ >1200'/ n,360'/200/

Sand and Grave,sana"*

gravel silt and clay

1000-6500/

Available well logs indicate that the basin-fill consists of
interfingering coarse-grained alluvial fan deposits. There
is no indication of a thick lacustrine clay at depth as en-
countered in aijacent basins.

None

N/A

N/A

,A



D E S C R I P T I ON Al

I A. SOIL IDENTIFICATION PROPERTIES") I

1. Unified Soil Classification SM, GM, ML, CL

- 2. AASHO Soil Classification A-2, A-4, A-i, A-6

3. Percent Passing # 4 Sieve 90

4. Percent Passing # 40 Sieve 70

5. Percent Passing # 200 Sieve 40

6. Liquid Limit/Plasticity Index 17/4

* 7. Consistency

8. General Surface Moisture Condition _-_ _

B. SOIL ENGINEERING PROPERTIES~1

1. Dry Density (pcf)

) 2. Permeability (cm/sec.) 10 - 2 to 10 - 4  1

3. Shear Strength
• ~ ~~~friction (degrees) I !Sa. Angle of internal fito dges

b Cohesion (psi)

4. Shrink-Swell Potential

5. Coefficient of Compressibility (in.2 /lb.)

6. CBR (in-situ/recompacted)

7. Compression/Shear Wave Velocities (fps)

8. Water Content (percent)

9. Deleterious Substances

C. CONSTRUCTION PROPERTIES
(I )

1. Suitability as Source of Sand/Fill Material Good/Good

2. Suitability as Source of Aggregate/Base Course Good/Good

3. Excavation Limitations and Slope Angle (450 - 600)

4. Near-Surface Foundation Design Characteristics Moderate Strength

D. Ar!ITIONAL REMARKS Good source of
EXPLANAT I ON constructionmat-

NO literature available and data not extrapolated erials in stream
(SP-SM) No literature available and data extrapolated channels, poor

Data available in literature source in flood
(1) Surface soils only, depth of less than 5 feet plains

/9I-



3. 8. 3 !i uhiti'~

MAP UNIT -- DRA
A3 A5 i -A5 u  A5 0  W Inv A

CL SP-SM SM, GM, ML GM-SM

A-6 A-2, A-3 A-i, A-2, A-4 A-1, A-2, A-4

75

50

30

21/7

Loose

i0-I to i0- 3  i0- I to i0- 3

-- -- _--- --e

1000-3000/

Good/Good Good/Good Fair/Good

Poor/Fair Fair/Fair Fair/Fair

Difficult Difficult
" Sloughing (450 - 600) (possible ripping)

ngth Low Strength High Strength High Stength

f Possible wind Limited localized Abundant caliche
mat- erosion caliche
eam

r



U QUALITY
I OF DATA D E S C R I P T I O N

I A. SURFACE WATER IN VALLEY

0 1. Playas; Intermittent or Perennial Lakes None

I a. Duration of surface water (wks.) N/A

O b. Maximum extent (nm 2) N/A

0 c. Water depth (max. in ft.) N/A

I O d. Source of water N/A

O e. Water quality N/A

O 2. Rivers, Streams, or Springs Centennial W
Ephemeral (i

O a. Duration of flow (wks.) oheme
i of the time al

9 0 b. Estimated maximum flow rate (gpm/season) 14,500 ft3/s;

J c. Water quality

B. HYDROLOGIC CHARACTERISTICS OF VALLEY

i 0 1. Drainage Channel (PR=Primary; S=Secondary) Centennial W4

0 a. Depth of incision (max./avg. in ft.) />

0 0 b. Width (mhx./avg. in ft.) /2640

0 c. Gradient (ft./mi.) 20 to 80

I 0 d. Channel bottom characteristics Sand, gravel

0 e. Channel cross-section (schematic)

0 f. Channel spacing (avg. in ft.) Primary cha

0 0 g. Preliminary flood susceptibility rating CF2

0 2. Historic flooding Hstoric f
documented

25 years.
have been a
cfs.

C. ADDITIONAL REMARKS

* Quality of Data: Data derived from detailed studies
0 G Estimated values
0 Insufficient data available

I __________________________________________________________________I ] '



SURFACE HYDROLOGY
3.8.4 Harquahala Plain

S A H O

tennial Wash Several unnamed and named stream channels

emeral (no flow most
the time each year) Ephemeral

*500 ft3/s

tennial Wash (PR) Several unnamed and named stream channels (S)

5 -10 />5

640 /5-10'

to 80. 30 to 120

d, gravel Sand

imary channel 20,000

2

storic flooding is well Historic flooding on Tiger Wash

umented over the past

years. Peak discharges
ve been as high as 7000

I 4.



QUALITY
OF DATA D E S C R I P T I O N

A. DEPTH TO GROUNDWATER WITHIN BASIN-FILL MATERIA'
IN VALLEY (Map area in nnf2 )

0 1. 0 to 50 Feet N/A

0 a. 0 to 25 feet N/A

0 b. 25 to 50 feet N/A

0 2. 50 to 100 Feet N/A

0 3. Greater than 100 Feet

O 4. Unknown or Not Present

B. AQUIFER CHARACTERISTICS IN VALLEY

0 1. Type of Aquifer (B=Basin Fill; P=Perched;
R=Rock; u=unconfined; c=confined) Bu

0 a. Map area (nm2 ) and extent

0 b. Depth to aquifer (ft.) <150 to >59

0 C. Thickness range (ft.) 250 to 1200

0 d. Composition Sand, grave

O e. Porosity (%)

0 f. Specific yield (%) I0to 20

g. Transmissivity (ft.2 /day)

O h. Specific capacity (gpm/ft. of drawdown) 3 to 80/1

O i. Permeability (gpd/ft.2 ) --

O j. Total pumpage (ac. ft./unit time) 109 000/y

O k. Groundwater ownership rights

C. WATER BUDGET FOR VALLEY

O 1. Total Recharge (ac. ft./unit time) Several t

O 2. Total Discharge (ac. ft./unit time) Several

D. ADDITION1AL REMARKS (al Tot

Quality of Data
* Data derived from detailed studies
a Estimated values
O Insufficient data available

I I ..... ... .......



3.8.5 Harguahala Plain

DRAFT

-/A

N/A

Bu

<150 to >550

250 to 1200

Sand, gravel, clay, silt

10 to 20

3 to 80/1

109,000/year See Additional Remarks (al

Several thousand/year

Several thousand/year

(1a1 Total pumpage in 1968 was 200,000/year

- - --
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.4.0 S1, W ARU NZ~I

-~Coaditions in'the White Salids Iissale, PAwtg gxtb*nsioa ho

are of interest for this investigatoi rolat,. varcy *1o W i

those present in the White Sands Mi.ssile Range C*WM) DVc

area isusediately adjacent and to the south. Data pewtai.aW

to the regional analysis presented in Volume hIA..f tbbe DoD

Geotechnical Report for WSMR/FBhIR describe for the sost part

conditions in the Extension. No data collection trips were

made related specifically to the Extension area, althoagh-

~* ~ nuberous telephone discussions were held with personws)QObv-.

* 1 ledgeable of conditions in the area.

Section 4.0 describes those geotechnical factors specificaly

related to the Extension area which add to or cont.rast with

the regional analysis data presented in the DoD Volm ZIA.

All major headings from the regional analysis of the Do*

Volume IIA are presented here. Section 5.0 is the V*I31uy

Analysis which introduces and precedes the Data Suarwiy 'Skeae

f or Jornada del Ituerto North Valley.

61

": 71Ii
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21,ii''  4.2 GEOGRAPHY AND DEMOGRAPHY DC T

~4.2.1 SITING AREA LOCATION AND DESCRIPTION ::;

The White Sands Missile Range Extension area (WE) in a roughly

rectangular area lying north of the White Sands Missile Range

military reservation (WSMR). The Extension area lies princi-

pally in the Jornada del Muerto basin area and occupies portions

of Socorro and Torrance counties (Figure ). The

Extension area has a total of nm , with maximum dimensions

of nm east-west and rn north-south.

The portion of the Extension area studied is contiguous with

WSMR and was a topographic grade generally less than 10 percent.
, Elevations range from feet to feet and average between

if and feet in the siting valley. This area accounts

for percent of the total area of the Extension, or

42

1 4.2.2 USES OF LAND AND SURFACE WATER

The White Sands Missile Range Extension area is one of three

safety areas adjacent to WSMR and is composed of state, private

and Bureau of Land Management (BLM) land. It is used periodi-

cally as an impact and safety area for long range missiles

fired from launch areas in the southern portions in WSMR. A

maximum of 25 operations annually are permitted under current

co-use agreements with WSMR (EDAW, 1975). All residents living

in the area are evacuated prior to any operation. The Federal

government compensates the evacuees for the temporary inter-

ruptions caused by range operations.

Iaft
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Ia FIGURE _

General Location Map

White Sands Missile RangeL Extension Area

4m
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DRAFT

Table summarizes the total area for each of the three

I categories and their known uses.

<I TABLE _

Land Use - White Sands Missle Range Extension Area

Category Total 2 Percent of
Area (nm) Total Area Present Use

Bureau of Land 203 47 Leased grazing
Management

State of New 126 29 UnknownI Mexico

Private 102 24 Cattle ranching;
limited agriculture

TOTALS 431 100

Private and state lands are mixed in complex and irregular

shaped clusters with the BLM land (Ownership, WE-l, WE-2,

g WE-3). State lands, in most instances, include Sections 2,

16, 32 and 36 per township with particularly large parcels

.I located in the vicinity of Bingham. Privately owned lands

compose two or more sections per township with large tracts

j located in thenortheastern portions of the siting area.

The majority of land bordering the siting area is Federally

or State owned and include the WSMR, Gran Ouivera National

U Monument, Cibola National Forest and Busqu* del Apache National

' .Wildlife Refuge.

I|L

1 • - m,.:,, -. ,
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-,ABLE__*

Land Use -White.!Sanas Missle Range Extensio~n. '64'
~'~' r' ;C4

Category Total 2 Percent of: '
Area (nzu Total Area Present Use

* ~ Bureau of Land 203'L 47 _ eaed graziuin
Management

State of New 1629. U1 nknown,
* ~Mexico k*

Private 10 24 - Cattle ranching
limited agriclre'

TOTALS 431 100



Remaining lands include the Seiet hadgrant'az~6

fied small and large land parcels. 'Pablo summaries ~d ~

V, use for these categories of land*'

No significant occurrences of surface water exist in the

5a Extension area. Unappropriated water sources'Consist Q3yo

flood and sheet flows, spring flows., irrigation return waters,

drainage waters or sewage effluents.

1 4.2.*3 POPULATION AND POPULATION DISTRIBUTION

Apprximtely___people are known to habitatetetosen

small settlements within and immediately adjacent to-the study

V.-1area (Table __;and Figure __.Small populations are gn-

erally located at ranches and service stops along the majoir

[i highways in the area. A moderate transient population ilAd4e

Luindividuals traveling to the recreation areas in the lvicinity
U and military per~sonnel monitoring long-range missile f irings

in the area. Average daily traffic values for U. S. iha

380 ranges between 460 and 1290 units (EDMI, 1975).

'U4.2.4 CULTURAL I-MP TS

4Access to the Extension area is provided prmjurLXy b ..

Highway 380 in the south and Stats Highway tk it& th ntt

(tigure __.Numerous unimproved dirt and jeep Ozai1s.

extend from these highways into various portionAs o9* ~~

area.* Travel on the public roads is b1iqa4 o b um

the Atchisoan, Topeka and Sante Pe UaLUoad -Prnod* 4.10

to the amall camunities within #And Jaet t~ 
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TABLE '-L

Population Centers

Population Center* Population"* Distance from Range

El Paso, Texas 322,261 0 nm

Las Cruc.S, Mew Mexico 37,857 -Sn

Alamogordo, New Mexico 24,180 5 na

Tularosa, New Mexico 2,851 3 rau

Anthony, Texas 1,728 4 nm

Organ, New Mexico 400 1 nut

IiOrogrande, New Mexico 60 1 nmt

Newman, Texas 25 Ont

*Locations shown on Figure 4.

SAll population figures based on 1970 census, (U. S. Census Bureau).

I
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MIajor UusprllP4.aihiy 5 and 64, Adj*i ~U
8, R

siting area Cigure__

Major elect ical transmision and. telophone lines ar* PrOSOMt

in portions of the siting area (Frigure _) The %*ljow *Seul-

Sf4cal lines are subparallel to. U. S. Highway 300 vitAL bw Ancf

lines leading north into the Valley Area.

only one permanent mobile instrumentation site is know to be

present in the area, however, temporary sites may be mioved intoJ

the area as needed for range operations (MDAW, 1975).

4)4.2.5 CULTURAL AND QUANTITY DISTANCE EXCWSIONS

IThe only cultural or quantity-distance exclusion which liait.

[Ajsiting area potential is a corridor, 1780 feet wide* on eakch

side of Highway 380 (Ownersbip UU-).

In addition, minor quantity-distanco and cultural features

[ not restrictive to siting include:

1. Several small buildings whose locations were date-

~ I mined primarily from old topographic saps and

2. Several semi-permanent military instruinentatiou

and monitoring sites which are inhabited a -k

periodic basis.

426G3VMhL TO(GAIZCCOMUZOS AM

doeral topographic conditians for %Me ~LOW,)a~

#9*WUII inl the siting ar~a are uw -r '

graphic grade. A criteri*n ftr the aoUW~mt-V V1-

~ :141
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r 'DRAFT
, 4.3 GEOTECHNICAL CONDITIONS

4.3.1 GENERAL

Geotechnical conditions in the Extension area are very similar

j to those described in the Geology, Soils Engineering, and Hydro-

logy Sections of the DoD Volume IIA report for the northern

portions of the WSMR, in particular the Jornada del Muerto

I North DoD siting valley.

Specific information for the Extension area was derived from:
1. Regional studies applicable to both DoD lands and

I the Extension area;
2. Preliminary studies in the area by the New Mexico

Highway Department (19_); and

3. Studies performed by Fugro National in the vicinity

of the area.

Neither an aerial photo analysis nor ground or aerial survey

were conducted in the area.

4.3.2 GEOMORPHIC SETTING AND SURFICIAL GEOLOGY

IThe basin-fill deposits which are primarily coarse-grained
with lesser fine-grained sediments, probably attain a cumula-

Itive thickness of less than 500 feet for most of the Jornada
del Muerto North valley (Herrick and Davis, 1965). Seismic

wave velocities (p - compressional) in basin-fill mateorAls

in adjacent DoD areas range from 1000 to 10,000 feet per

second (fps) (Ballard, 1963; Zohdy and others, 19691 Air

Force Weapons Laboratory, 1973). The higher seismic velocities

-me it .

\ m
-h
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giA*l data were Aoltl *~

adMkotiations. throuahOut the 2,001a*'4

'Shoet from the DOD volume ZIAr~~thw ~iI#wb~L ~

4.3.8 9RI AIPALYEIS

~ 12Terrain characteristics for the 9*0l0gic, topIg'o I 0

soils. onditi.ons in the Extension do not vary great4t f ko:,,

those in the WMM area to the south.

The terrain analysis worksheet fzva the DoD rpitb

included in Appendix -
*
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