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are ptelented sepatately.

T Results of the study are presented in a vritun

large (37" x 42") map and overlay graphice. - Iritw

for this Geotechnical Evalpation I:westigation u‘. mmuﬂ‘

four volumes which specifically consist of:
Volume I - 8iting BEvaluation Repo:t for tln Btll

siting areas.
Volume IIB - Geotechnical Report Gila und G:oy iﬁ

| White Sands Nissile Range B:
‘Volume III - Recommended Mttelmic;l !'i.d.d

I
i
i
N
'. A tions for the BLM qi_tlug “’4”?;. L
|
|
i

rhc purpose of this investigation and thb qmn;f}'
. each of the volumes is eomsai.nod 1n muon 1.2.

m.tst of base maps, d«iguatd GB~1 eumq‘a
ud WE-1 through WE~3 (Figure 3) and ﬁn'-m_
‘_ﬂp._ ntln of m ovctuys tn:
1. Trench
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‘.A valley (designated by
 eapita1izcd “V") is a sub-

atea of a BoD siting area.

It is bonnd by one or both
_“s¥,6£ the following: T,
- i A hydrologic drainage

divide (most often the

"+ crest of an intervening

_nquntain range); and a
2. DoD boundary or any
| other artificially
established boundaries
"such as public highways,
township and range lines
or national monument

borders.

A Valhy (desigmm by capita -

one or more of tha Eollawﬁngs ‘
;l.iEAxeau ot gzoatet ‘then eau

izead "y*") is.a aub—atoa of a 8&&1'3
siting atea. It 1. bennd by

pereent tepeq:aph&c 
2. Large exclusdoa irchs auch
 as Mational Forests, !nﬂianh
tesezvations or quantity- | |
distanca aceas; 7
3. DoD boundary or iny othe:
artificially eatgb&itheﬁ
 boundaries such a pmblin :
‘hiqhvayt. tnwnihipfind tangtrg
lines, latitude lines; and ;
4. A hyarologis arainage divide |
(most often at a,lwe reliet fé

P
i

‘intervalley gnnueetiaﬁly-t,
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DRAFT

2.0 REGIONAL ANALYSIS
2.1 GEOGRAPHY AND DEMOGRAPHY

2.1.1 ~ SITING AREA LOCATION AND DESCRIPTION

The Gila Bend Group siting area is located in southwestern
Arizona and encompasses approximately 3065 naz. It lies princi-
pally in Yuma County with approximately one-fifth of the area

extending eastward into Maricopa and Yavapai Counties (Pigure _).

Interconnecting valleys of the Gila Bend Group form a :oughiy
rectangular area extending southward from the Santa Maria
River for __ nm, 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 Hhsy valley

to 2400 feet in McMullen Valley, and average betwegn 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

BLM is the principal controlling agency for most 0f Valley areas,
however, portions are private (E6) or state (E7) owned land or
are under the control of other federal (E8) agencies. Thess
three categories of non-BLM ownership total approximately

678 nnz or 22 percent of the total study area (Table ) and

are not coniidozed available l1£1n9 area. The ttnliniug_ttga
(2387 nn®) or 78 percent is controlled totally by the BLA and

_i; considered available siting atea. Ownership eonﬂlt#ﬁnsrttt
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l A overlays.

Owner ' usion
, Private E6
- - State | E7
) # ﬂ Pederal (Non-BIM) ES
k. BIM -

Tl.ble;' & R
Land Ownership

2.1.2.1.2 BLM Lands |
The BLM was established in 1946 to control and nanage all lmd!

=9
g
E

i Figi CERERA € LT o N B _ R TP 1 (Pt

formerly under the General Land otfice and the Guziug mvim.

Management of BLM lands in the study area faus undo! m

ate auspices of the Yuma and Phoenix BLM Regional wttim. ‘
Objectives of the BLM include the protection md wmw- ‘ 2
ment of national resource lands and related nloutciu - a
tent with the principles of multiple use. witha:mu‘m'
transfers of large tracts of BLM land are based on nmliéttiﬂﬁo

-and on accompanying environmental inpaet sutmnt. m

the intended use of the land. c:myreuiml aeeioa*
form of a public land order, is uquiud it m t i
{s- deened to be in the public or :mwma 1mm'
Communication, 1976).

Gila Bend Group BiM und- ate gcmuny “*”i’j;”
:”“4 p:m:uy for nmn« mzw:,
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}2 1 2. 1.4 Land Values _ , ,
| Cutrnnt land values in couth-wnnto:a A:izona are dcpeadont ﬁﬂﬁl ;
~the status of land development and pzqqent use. Land ptatug

~——- Areas of land speculation are located near existing counnut~ E
.:ties and majo: transportation :outes. with land valuts”ln thoce

areas being extremely variable.

DRAFT

categdties and the respective market values are liltnd in Table

Table ié
Current Land Values

' ' c:gg:::1=:::at
Land Status Value per Acre

Agtiéulutal Land:
citrus -$800 - $1500
farnland  $600 - §1500
undeveloped, with water ‘ $150 - $ 308

Undeveloped Land: ~ § 50 minta _
Source: Office of the Yuma County Tax Assessor, April 151‘;

2.1.2.1.5 State Owned Land

State-owned lands in the siting area are present in all vhllsy:
except Hnjaée Wash Valley. They generally are latge ttnett af
land. totaling 265 nuz, bordering the large ptlvati ttiek!»uf
lana in Ranegras, latquahula. Butler and nclmllln lhﬂ !ul‘;;;;*'“

. Hyder Valleys. Present uses of the land ate qtaltallr ‘ffi f¢}
; however, large tracts were noted duttng tﬁ. EI ,i:J;ﬁf

- sance to be either unused or appatrently 1""‘“ig “3"‘&%?5
,‘-ilht..:l and ranchers in the vhaxgg', 3
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2.1 2.1.6
U. S. Bureau of Beclmtion (usll) u thc tingle com;:oum
federal agency for the 103 mz non-lm. nan-non !edsul 1M
in the study area. A portion of this 1and utvu ‘as & one be
two nm-wide corridor for the proposed Granite mt mt :

through Cactus, Ranegras, and Harquahala Valleys r(mqhig ‘
GB-2, 4, and 5). The remaining _ percent (___ nm?) is present
in Mohave Wash Valley; its present use is unkaown. )

©2.1.2.1.7 Adjoining Land | | | B
Lands adjoining the Gila Bend Group siting area include the IR

Yuma Proving Ground (YPG), Kofa Game Range, Colorado River

Indian Reservation, and state and privately omd land. l‘n.‘ .
lands except state properties are restricted access ateas wo w0

the public. Only private properties are fenced, the MM&
are posted on improved and unimproved entry roads and um

wou

N

intervals along the respective boundaries.

The Yuma Proving Ground borders the southern and vcmnm-
of the study area, directly adjaceant to and conugmviﬁh '
Mohave Wash Valley, southern La Posa Plain, and Pal
‘Valley for a distance of __ nm (Ownership, GB-7, 8, !}. ’M
Proving Ground was esnbushed in 1943 under the m l'. m
Corps Of Engineers and later was zuuigmd to. tﬁl‘*m ) m b
Naterial Command in 1962, YPG is an -ce,t«'mj,j'i_‘
_range wtth highly restricted q:om M alr m:y

B TN S/ PR S



. .
S S S SENDUN SUN

»

o

_ =, W LN O TR E MR - o e
ey ey - : i

border ___ nm in length (Oinirlblp;Aélnl; 8, 9).

 tive sections per township and occur 1mum withtn m

Range was established in 1939 for the éonnccvatibn lad'divtlami
ment of wildlife and grasing resources to be jointly ndliai_?

by the BLM and the U. S. Pish and wtldlife Service. The Xofa -
Game Range predominantly occupies areas g;oater than tna;pcxega;. |

grade.

The Colorado River Indian Reservation forms the western border
ofvthe northern La Posa Plain and the Ca#tul Plain, a common
boundary that is __ nm in length (Ovnotlﬁip. GB-1, 4). It vas
establiéhed in 1865, and includes the Mohave, Chemehuevi, lﬂ?t v
and Navajo tribes. A population of apptoxi-ntcly 1600 pecsoas

is supported by agriculture, light 1hdnatry. and recreatiom.

It is proposed that the Colorado River Indian Tribes will withe
draw from BLM a four-mile buffer zone along the oztlting zéseTYa~
tion boundary (Personal Communication, 1976).

Private and state held lands are intimately ntuoa‘ii coaplex
and irregular shaped clusters which generally align with tii
topographically lowest and most fertile area along the Valley

axis., Privately owned parcels generally coupouo 20 or intn

sections per township along primary drainages and atu Ibct
densely arranged near the portions of eh‘ Valley uiﬁh“htgliit |
groundwater . Stuto owned land avcrag.s uppsc:inneilr ﬂﬁl h& ._:;%ﬂ

private clusters or more mzy along the . tuunﬁ m
£3oodplain.
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T, 1.2.2  Surface Wate#

There are no known petonnial surface water occurrences within

the Gila Bend Group boundaries. !he‘only important occurrenepuﬂ

of surface water in the vicinity of the,siting?stea are along

the Colorado, Bill Williams, Santa Maria and Gila Rivers and

their respective canal systems. The sources for these waters

are outside the siting area boundaries and the water rights are

-1% il previously assignéd. The_only unappropriated surface watérs A
;; %H - occur as sheet and channel flow from seasonal flash floods. .
{ In addition, the waters of the Colorado River are controlled by

J;ifn . interstate agreements among California, Arizona and Nevada and

by international treaty with Mexico. Surface water conditions

- [P T I 2

)

§

.’ s

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

i 2.1.3 ' POPULATION AND POPULATION DISTRIBUTION |

? Aﬁproximately ____people are centered in towns or sia;l settle~
ments within and iymediately adjacent to the study acea. vﬂnnil
towns and communities occuring within and adjacent to the area
are shown in Table __. Small populgtion: general}f are_lochted1
at ranches or service centers along major highuu?s in the ireim
‘The area has a high transient population which 1nc1udci'9¢t§6hj-
traveling through the area aiong the several public highwaYi _

_ (Pigure _ ). ‘ | S

2.1.4 CULTURAL IMPROVEMENTS |
“Access is primarily handled to the east and vest by xatUtstntt
19 and o014 U. 8. Bighway 60-70 which form & '!'-sh.p.‘ ;‘g‘gu -7'
~ section in the central pcrtion b! the ttuay qza.. R

”ﬁ” wla 95 intorsoetl Intttt&&@u IO ntlt\aqa@gutei, az




5jenp traila extend from theae highvayc into vaticul po::inns of
the Valleys within the Gila Band Group sitiag a@el. !ranpl onf}'
the public roads is genetally untest:ictcd ‘ Travdl on uning:ovﬁd
or. private roads may be restricted in privntcly conttolled‘

GIQQS.

Railroads include the Atchiéon, Topeka and Santa r¢;=lxt§ndiﬁg?f*‘
from Parker to Aguila and the Southern Pacific traversing thg

PR PO - e -
Py i U A Ot s e,

- '
SO S S

southern portion of Palomas-ﬂydet Valley (Pigure __ ).

X ann
N

A

TR

Major electrical transnission lines ttanseut the :lting attna

' subparallel to U. S. Highways 95 and 60 and State ﬂoute 72

(Pigure __). Small networks of tran;nispinn ltqeg ir§fli!ov-'

' p:esent in Palomas-BRyder Valley.

:A buried pipeline network owned and operated by !1 n-so Iutnmll
Gas cOlpany t:ansects the siting area subputaliel to u, 3.
Intorstate 10, and the Alamo Dam Access Road (tigure 3.
portion of this pipeline network in under coniidﬂtlttﬁnﬁfa£ 

'_,vitsion for crude oil tranapOrt.

A buried coaxial telephonc clblo. prop'rey of‘ﬂlitléiﬂ
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POPULATION CENTERS

Distance froa

Population Center* ?opulation*!" ~ Range
Yuma, Arizona 20,077 5.0 nm -
Ajo, Arizona . 8,000 : . 4.0 nm
Blythe, California 7,047 7.1 nm
Gila Bend, Arizona 2,500 | 2.5 nm
Wellton, Arizona 970 2.5 W
Palo Verde, California 610 7.2 nm
Quartzsite 600 7.2 nm
o Tacna, Arizona 595 2.0 nm
‘f; Ehrenberg, Arizona : 400 : 3.9 mm
} Roll, Arizona | 80 3.0‘§n* ) §
. Dateland, Arizona 50 2.0 nm
i? . Aztec, Arizona 50 . 3.S‘ﬁi}
Sentinel, Arizona 35 o 2.0 na
Martinez Lake, Arizona 10 _ 0.2 nm -
Dome, Arizona : 10 ’ 1.7
Cibola, Arizona 10 3.9 ow

* Locations shown on Figure 4.

*# All population figures based on 1970‘eénsu¢A(n; s;.CQRCME’,'Q ﬂ: 
Bureau). | 2 _ ST
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The proposed Granite Reef Aqueduct route transects the siting area
subparallel to Interstate 10 and Stﬁte Route 72 (Figure __ ).
Development of the Aqueduct system began in 1974 and is scheduled
for completion by 1983.

Several operative public and private airfields are located in

the siting area, principally adjacent to population centers such

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 presenteé on the Owner-

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

.Data Summary Sheets.

2.1.5 CULTURAL AND QUANTITY-DISTANCE EXCLUSIONS

The major cultu?al‘and quantity-distance exclusions whicﬁ may
limit-available siting area are depicted on the appropriate
dvé:lays and include: ,
1. A minimum distance, 1965 feét, 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.re Railroads (E-4);:
. 3. State’'land (E-6);
4. Private land (E-7); and
S. Non-BLM, Non-DoD Federal land such as U. 8. Bureau of
Reclamation land (E-8).

In addition, the following aino;.qgan%ﬁﬁy-ailtanéé and cultural
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FIGURE
LOCATION OF CANALS AND PIPELINES
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in the siting area are expressed in terms of topographic giade;v

‘g:ade (5° 43', 528 feet/mile). This condition occurs primarily

-

- "I addition, sand dunes, ptdiutngq.,totgqp!ln,

features were identified, but are not believed.rest:iétivgfték}ff&

siting: 7 | | | ,T~

1.' Several small towns and buildings initialiy tdcntitiiﬁJg
on topographic maps. Field examination of several of
these features showed them to be abandoned.

2, Instrumenﬁation and monitoring sites such as water
gaging stations which are only inhabited on a perioﬂic'

basis.

2.1.6 . GENERAL TOPOGRAPHIC CONDITIONS AND E*CLUSIQQg

General topogaphic conditions of the various landforas present

The principal criterion for the exclusion of an area from sitiﬁg CENE

considerations is the area greater than ten percent topographic -

in areas of exposed rock‘and topogaphically higher alluvial

surfaces.

Areas exhibiting the topograhic grade tangeé of zero to five per-
cent (0° to 2° 52', 0 to 264 feet/mile) and five to ten percent
(2° 52' to 5° 43', 264 to 528 feet/mile) were identified within
the siting area. Locally, such as on steep leeward: alopns ef suﬁd

dunes, greater than ten percent grades may be prccaut ﬂithin Irtas“

of zero to five and five to ten percent topogtaphic gttd%.‘

Gila Bend Group the zero to five percent topoqzaphin gzndt
encompasses essentially all of the siting arcn.- ﬁtndtitit uh

predominate in this grade range include alluvlnl fans 1
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expased rock atd‘aiio.pteégnt vighiﬁ‘;ﬁis:gtndd'tingc.‘

?Snall mappable areas of five to tcn porcont g:aﬂo are pccacat
within ateas of exposed rock and topographienlly highe: alinvlalA
areas. and adjacent to the siting area boundgzy‘uhe:e it is B .

defined by greater than ten percent grade.

Approximately 2790 nm? (90 percent) of';he gsiting area are

included in the zero to five percent topographic grade range and

2

approximately 270 nm® are included in the five to ten percent

grade range. Approximately 678 nm2 of land within'thﬁ ﬁé@ul

Gila Bend Group (3065 nm?) are non-BLM lands and‘accbunt for the
 area excluded from siting consideration. Therefote. the :tnntning_,

VL

2387 nmz comprise the total siting valley atea within GB.




" Gila Bend G:onp BLM .lands: lie. with.tn -maﬂi‘,lhu*tt mtion
" ’-of the Basin and Range Physiographise E{ vince {ﬂeindla andvmce;

therefore strongly reflects, the underlying qeologic sttuctme.-"f'

1960) (Figure _ ). The physiog:aphy ia coutmllea by.

PU P This area is chacterized by eroded remnants of uplifted fau].t’-.—
b - block mountains (horsts) separated by downdtopped basins E
- .  (grabens) (Hiller and Barnett, 1970). Unlike the :ajor pn:tiﬂn
of the Basin and Range Province, this is an area ef pttdmi*-__
'nantly open-basin conditions and throngh-flowinq drainms ‘

Plain, Mohave Wash Valley, Palomas-Hyder Valleys, mgtm o

i

i -

g . Valleys within the BLM study area include Cactus Phi.a, um
h Plain, Harquahala Plain, McMullen Valley and Butler Valley

(P.i'gures — >and Yo

Mountain ranges in the study area are irregular cad rmnq mﬂ

exhibit ptedoninantly north to nor thwest ttoudl m:u&rl&k

of the Basin and Range Province. m«:, the aormrmt

‘ranges of the study area align east to west and MM
(Pigure __). The tocks coupouﬂg tht nemuia tm donnist
ptcdoﬂnantly of Precambrian ntmewie melt ml

~ Cretaceous to Tertiary age ve‘rbcaaif: M "M - '

' .msoic age 9unu1c boain (Wu
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TABLE §

Doninant Rock Types in Hountains Adjacent to
_ A Gila Bend Group Siting Area
\
Mountain Range : Dominant Rock Type

Buckskin Mountains V_bedrock/n baaement

_Dome Rock Hountéins S bedrock/M basement
Trigo Mountains V bedrock/M basement

| Chocbiate Mountains ) V bedrock/G basemeﬁﬁ
Castle Dome Mountains V bedrock/G basement
Palomas Mountain V bedrock/G basement
Tank Mountains V bedrock/M basement .
Kofa Mountains V bedrock/G basement ‘
New Water Mountains V bedrock/G & M basement
Plomosa Mountains Ve S bedrock/ﬁAbhgémeﬁt
Bouse Hflls V’bed!ock/Gibasement' .
Harcuvar Mountains | M basement L
Granite -Wash Mountains S bedrock/G basement
Little Harguahala Mountains S bedrock/é'basément.
Hargquahala Mountains M basement |
Vulture Mountains V bedrock/M baéeqent.
Big Horn Mountains v bed:ock/"lbasehéﬁﬁ
Saddle Mountain V bedroek A  |

_ Eagle Tail Mountains V~bedtocﬁlﬂ:§§a¢iéﬁ€i; _
Gila Bend Mountains v bed:ock/ﬁ'biinméngl‘.j
Painted Rock Mountains V‘bed:ocnlc biaenentf»}:
Face Mountain V bedtock

5 Oatman Mountain V bedrock

Ve Vblcanie; g = 8¢diaenta:y3 C= thnlttuyﬁu U,“
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TABLE e

)

*  DOMINANT ROCK TYPES IN MOUNTAINS
, nbuinant‘nnck Type
~V and S Bedrock.

Mountain Range
Dome Rock Mountains:

Plomosa Mountains V Bedrock .

etc.

V = Volcanic; § = Sedimentary; G = Graniticjgu - Het&no;;ﬁigjf 
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!ho valleys are generally broad and elonga%e, with gently

sloping piodnont surfaces. gtading toward the basin intetiot. ,}
Drainage in the western portion of the study area 13 diverted
north and west to the Colorado Rivet while the eastetn portion
is drained southeast to the Gila River. All BLM Valleys are
connected by passes and plains of less than ten petcent topo-

graphic grade (Pigure _ ).

2.2.2 » GEOMORPHIC SETTING AND SURFICIAL GEOLOGY
2.2.2.1 General

Por at least the past thirty million years (Appendix B) these
basins have been filled by deposits which are the products of
wind, water and gravity erosion of the surrounding mountains
(Olmsted, 1968). Basin-fill deposits present at the surface
can be associated with various geomorphic features, including
(in order of decreasing abundance) alluviel fans and bajadas
(AS) , ephemeral strecams and flood plains (Al), sand dunes (A3),
pediments (A6), and terraces (A2) (Apendix _). These landforms
provide the basis for relating the distribution and nature of the
surficial deposits and terrain to the suitability for siting the
NX systen.

The basin £ill consists primarily of alluvial fan, talus
colluvium and local ephemeral stream deposits. Near tbc
northern, western and southern border of tho study azea th&it
. deposits intertongue with fluvial sediments of the Blhtlwﬁ :
e Maria, Colorado and Gila Rivers, respectively. Pnl.onla@t |
i.“?26090l12l of thick elay are enconntered at acpth- wiﬁhiu‘thif”'J
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thickness of the basin fill within the BLM study area has been

" DRAFT W

adjoining the BLM Valleys (Johnson and Cahill, 1954; Metsger,
1951, 1957; Kam, 19§1; Fugro, 1974). The maximum cumulative .

determined by seismic reflection methods to be approximately 7000
feet (Proprietary data, 1974). Several lqgs from deep explora- ‘
tory test wells (El Paso Natural Gas Company, 1968, 1970) supple-
mented by gravity profiles provided by the Defense Mapping Agency
(DMA, 1976) indicate that th‘.basin fill in most Valleys is at

least 1000 to 3000 feet thick (Appendix _ ).

No measured seismic (compressional'wave) velocities are knoﬁh
to be available for basin-fill deposits withn the study area.>
However, nuclear power plant investigations to the east and
west of the study area have produced data for similar basin- ", B
£i11 materials (Fugro, 1974b, 1975a, Woodward McNeil, 1974). 5
Measured p-wave velocities in unconsolidated detritus ranged

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

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

consolidated alluvial, fluvial and lacustrine deposits (FPugro,

1975a, and Woodward-McNeil, 1974). Lithified fanglomerate in.the
subsurface produced velocities of 7000 to 8500 fps. The presence
of varying degrees of caliche cementation within thevﬁalin ;g
£ill may produce higher average velocities for the;afcr@nnntiﬁed N

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

Caliche is the most common cementing agent of nc.:-lutftc§,.7

exposures in the basin £i11, with the degree of developlent
varying with local conditions. Caliche appears joaifpggﬁgg
in the southeastern portion of the study“acea, W

H:Q - h&‘

Lo € 4 hod : 1y z
i "o X
- i S
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elevated calichified fan remnants are lpcally composed 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

£ill in the study area is based on limited data detived from

investigations performed primarily by the U. S. Geological

i
§.

Survey, U. S. Bureau of Reclamation, Arizona State Land Depart-

A

ment, Arizona Water Commission, Arizona Bureau of Mines, and tﬁe |
Defense Mapping Agency. Field investigations by these agencies
included limited bucket auger and rotaty'dtill sampling, test | ) é;
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. 7 #

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 wedgeéshaped deposits less

T R

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 geoerations of alluvial fans are diltinguiahtd
in the BLM study area. They atc 1dint1£ied ll L&a. ASI
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(oldest to youngest; Appendix D) to ir‘;ictte telattvo agis

within the Valleys, but not necéssarily 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 (ASO) Quaternary-Tertiary (ASI)
and Quaternary (ASY) in age (Fugro National, Inc., 1975c)
Appendix __).A

In general, the older and topographically higher fans occur nearer
the mountain fronts and are moder#tely dissected and more deeply'
incised (Table _) than the more basinward, younger fan units.
Tﬁese 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-10) .

TABLE 3 |
DEGREE OF DRAINAGE DISSECTION AND INCISION -

Drainage Density Depth of Drainaga. lhcit&on
(no. streams per nm) ‘ (average in ttot) "

0~5
6-10
11-15
16-20
>20
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1‘
e
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.Drainage Denslty

(no._ streams pet nm) o

N

mmntucaliiten,
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'rhe ‘oldest ‘alluvial fans (Aso) are pruetveé as saall fan

remnants generally exposed in narrow ot confined valleys aud
mountain valley re-enttants, They have their greatest areal
extent in the eastern oné-half of the study area, flanking th?
southern portions of the Buckskin, Big Horn, Saddle and Gila ﬁ:x
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 A
well-rounded tidﬁe crests and may be covered by desert pavement.

The AS, fans are a minimum of 500,000 yea¥s in age and most |
’likely‘may range to.several million years in age in the older,
wgll-cémented fanglomerates (Lance, 1960; Fugro, unpubiiihed.

1976) . | S

-

The oldest fan depoﬁits also inclnde’cemented fanglomerate.

Although fanglomerates have limited surfce exposuroa; Eheyvare '
:ptobably extensive in the subsurface. Several deepidiill hbi@i

have encountered conglomeratic lithologies at deptES»qt 850 to

. more than 1600 feet in no:thern McMullen Valley {Kam,’ 1961’ lhd

"% at a depth of 998 feet beﬁtuth unhave ﬂmlh Valley (ﬂhttgei, ' _ o
f§?19?3). Thlck sections (up to g“"-ﬁyct) o! tnnglunitatﬁ hl!t " 1'!‘i
been !o:uuy duc:ibed in bu.tm botduinq t.he hmlly u‘n : B
| (Wetzger, 1972, 1973; Olmst:“d. wm ‘Pugro, 197%0) . m ,
v"tms cucompun an esttum : pumt (____ mzv %‘!xihi m
/Efvtiltyn within the study area. -
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—. bercent (__ nmz) of the BLM Valleys. These deéositsieteg;:
caﬁbﬁsed of local cobble, gravel and sand—size,natetiai, with
finer-grained materlals increasing toward the valley axis. '
The unit is a composite of several complex fan genetatxons of:
differing elevations and dissections, yet they remain distinct~
ively intermediate between older (ASO) and younger, still active
(ASY) fans., The top:Lraphically highest and oldest AS: land-
forms occur as a near continuous border around most mountain _
fronts, forming a gentle piedmont or bajada slope which gradol
to approximately the same base level as younger fanl (AS!) neat '

near the central valley floor.

Characteristically, the intermediate fan deposits ate}nod¢t~'
ately dissected with semi-rounded ridge ctests.. Incision is ‘
shallow to deep, reachlng 25 feet in the higher elevations.‘_»
Fan surfaces exhibit a well developed desert pavenent { a thin'
residual of lag gravel resulting from removal of finer patticlee

by wind or water) consxst1ng of gravel- to cobble-si:e natetlal

and possessing moderate to well—developed desett vaxnlsh {a jﬂf,,ffr

unpublishea). Recent studies of correlntivo
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Young alluvial fans are the lowest topographic levell of fan

development and are considered to be surfaces of active trans-
port. Active fan'formaéion is limited to the southern La Posa
Plain, McMullen and Palomas-Hyder Valleys (Geology, GB-5, 6,

8 and 10) with ASY deposits encompassing an area of approxi-
mately ___ nm. Younger fans occur approximately midway down '4
the intermediate fan, incising and isolating elongate ASr'

remnants as the intermediate fan is progressively abandoned as 1
a surface of transport. The ASY deposits are composed pf re-

worked ASI 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 frbm 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).

- 262.2.3 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 iateré
ial (pediment deposits). The pediment surfaces cdincnii serve -

as surfaces of transport and are characteti:ed by moderate : e

dissection with depths of incision less than teh feet, howQVSt,

pediments on the northeast flanks of the Palomaq‘ﬁbuntainl.

A - - - . i
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leuhibit p to 100 feet of reliei (Jemmett, 1966, Geology,
Most pediments in the study area are actively gggrgding with
deposits concealing the basinward extent ot.thé p;an;ted rock
shelf. The conceale& nature of the pediment makes it d;fficult
Vto delinex» te on aerial phbtogaphs and frequently the basinward ]
edge must be inferted by the rolling character of the topography o _j,f

or presence of isolated rock outliers.

Pediments in the study area generally occur in pass areas and

nountain te-enttants.'déveloped primarily upon gzaaitig and

-volcanic rocks. Large areas of mapped pediment occur along ]*; . “'i;i?
 the flankg of the Batcuvar, Black, Palomas and Big ‘Hotn nnuntalns :
-(Gtolagy, GB-3, 4, and 6), encompabsing a miniaum of
nmz ox —_ bpercent of the siting area. Metszger (1981, i!ifi
l'sugqests that pediments occur extensively along the hordatc of
F:the Gila Bend and Bagle Tail mountains, Bouno_lilll and along
- the southwestern border of the Granite Wash louutntatsvyiitl-utn~
| are less commonly cited along the flanks of the llrll.hiia and
;?']Sldﬂlé mountains. Although the presence of thess yuliltita
” *¢0&1§ not be confirmed by photographic caslysis or the beief .
' f1e1d reconnsissance, the 100-fost depth to rock uum e i
';;;lacatud around thn inferred pcdtnnnt laoatlﬁli (!ltniila l’@(.
S 1957 Armatong and Yost, 1958; Kam, lnxs mmﬂ oLame-
L ttoms 1970).

| »";‘_,z.z.z.c " Playas
 pa.yat are the lovest areas ntthin enclosed Ginort dt,




f:ee ‘surfaces of fine—grained sadinnats that atefpariod
1hnundated (Cooke and Warrpn. 1973).» ¥o plagts axe tound« 'tb
in the study area. All Valleys exhibit open. thtouqh floning
drainage, however, an area of temporarily ponded dxninago '
exists in the upper reaches of Bouse Wash in southe:n Raneqras
~ Plain (Geology, GB-V) where seasonal runpff 1s¥slovly dissi-
‘pated due to a mild headwate;'grédient (less than 10 feet pét L
mile). The presence of lacustrine-like éliys and silts‘hg§§~i;
been observed in a small surface ‘exposure approximately aﬂe
mile southeast of Bouse and at depths as great as 720 teot in
McMullen, Ranegras, Dendora and Hyder Valleys, indicatinq tht
basins may have been subjected to interio: dxainage in the .

geologic past (Kam, 1961; Hetzger. 1951; Arasttonq lnd !blt.

1958) .

1 2.2.2.5 Wind-Blown_ Sand
| Extensive wind-blown sand deposits cover the Cactus Plaln lud
northetn La Posa Plain and are preseat lu.ilolatdd-patahnc
along Cunningham Wash in Butler Valley and Ranegras Plain
(Geology, GB-1, II, and V). Thene depesits encompiss -opzoua—
mately. naz ot pc:eult of thn~titiat Itina ,Q@ﬁf , :
© ' aste most commonly longitnaiacl. w to 3.15 ¢ ”tu Iqu!thg'ia@sn;l-;-
L mately 35 feet thick, and aversge 308 to ase Etit'r_f '

 th¢ nouthwont. Crescent and toultgo duauhﬁaudv
lhuot sand are also present.




the. oolian deposita are coaposed of poorly coniniid&bea
grained sand with subordinate auounts of silt And chiﬂn tand&
Most dunes have a node:atply dense vegotution e@vtt and lppcqr
td-bé at least semi-stable. SO 'i

2.2,2.6 Stream Channel and Undif;ezentiat”
codplain Deposits '

Stream channel (wash) deposits (Aln) encoﬂéassinq agpéo&intéf&%;i i¥ff;

- nmz. are composed of 1oose sand, gravel, silt and minot L
amounts of clay. The dominant grain size depends on the voluntl.
of water discharged by the stream, rate of flow, channki
figuration, source material, and grain size of tha laterill tc_
_ersed. Wash depoaits average five to ten feet thick uher. iu»
posed in most Valleys, howevet, Kam (1961) identifiad np td

470 feet of Centennial Wash alluvium from. -drill logs ln Hc!ulicﬁ{d 2

. Valley. Stream deposits are generally confined to the prilnzy
drainage which is situated in the axial portion of ench-Vhllﬁy

and the smaller more numerous secondary dxainaget uhicb ttnud

Rivers drainages have been dcstgnutad A1°!

o ate exposed adjacent‘to Bouse lalh_and;nded




'thsit unknoun extent in the uhallov luhluxtnct, 1t vas n0lt
adequately categetized alluvium :athnt thin nodlnuntarr hod-

rock.

‘Undifferentiated floodplain deposits (k) have bo.n ressrved
for stripped fan or low-lyinq areas not possessing diptlactlvo

characteristics of sheet flow.

2.2.2.7 Terraces -
Terraces are topographic benches within a river vailly'tbgt
usually represent former levels of the floodplain. iithih L
the study area, the tertacos (Azoq) are related to tho Oolbtjﬂo

and Gila Rivers. Terrace deositl of the Gila River trt SEQ..nt o

along the southern margin of Palonasﬁuydet Vhlley (Geoloéy.
GB-10). The deposits are composed of sandy gravel u@ to 49
feet thick which extend back into the 'bencheé‘ mesa np to

-one nm where they are buried beneath a mantle of yonag allnvidl3ﬁif-€

~fan material (ASY). Areal exposure is linitea to
however, the deposits may be -ote extentiverln tbs L
17!heso 6epositd are cloatly evo:l&ia hy4”

”i. u«:ttrn flanks of the

(6.01°QYI GTS) ] Qﬂe
.i}dupcldta are exposed
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gravel, ten to 15 feet thick. cnnptacsional seisnic uuv. ff°
velocities of 1000 to 3000 fps have been recutded foq correlat-"-:
; ive deposits on the western mesa ol the river (Pugroﬁ 197%).

Vertebrate fossils within this unit have been dated Late

- Pliocene to early Pleistoccae or younger in age (Metager and

others, 1973; Appendix B). _ o g 7. "
| 1

i 2.2.3 ROCK_CONDITIONS

2.2.3.1 General

For this study, material considered as rock can be shbdiv;dgﬂj 7

basement rock, bedrock and volcaﬁic flow rock (Appendiifsii;

general, each of these three rock types possess distlnetive-“f

characteristics of importance for MX siting concidetation:.fv

fill deposits derived from the.

The first category, termed basement rock, consistﬁ of cr»ttaI"

line igneous and metamorphic rocks. Ignaous roeki ,ﬂ(rg.

_ monzonite to granite and commonly are s}iqhtly ;'*
| (Miller, 1970; Metzger, 1951, 1957). -Metamorphl

a complex assemblage of gneiea,fbcﬁiut,»;

metavoleanic rock. These rocks, d“‘ §éﬁﬁh§£g*”'

graphic position and a few scatéeéiﬁZt,




DRAFT

yielded p-wave velocities of 14,000 to 16,0@0 :§§ 17,000 to
18,000 fps for granitic and metamorphic rocks, respectively
(Hattick and others, 1973).

Basement rocks are gdﬂernlly

exposed along the lower mountain flanks and pediments vhora

younger bedrock ‘has been e:oded awvay. Basement rock under~-
_lies bedrock and much of the basin £fill in the study étei
(Metzger, 1951, 1973; Wilson, 1962; Miller, 1970; Kamm, 1961;
Armst:ong and Yost, 1958). .

The second category is bedrock which includes conpetent volcanic ;_*

and sedimentaty rocks. Volcanic rocks consist of flows, plugf

'dikes, tuffs and volcanic breccia, ranging from thyoaiteuto,;-l'

basalt in composition. Sedimentary rocks include shale,

Nattick (1973@ tepoztl
gimilar rocks from the Yuma area possessing seismic vetoe&@iel
of 1o, 000 to 20.400 fps.

sandstone, conglomerate and limestone.

Bcd:eck composes the pr

¥

lﬁﬂllithologies in rock areas ot less than ten potecnt cl.dn-aud
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rock contact as a smooth curve. Seven profiles tﬁtoﬁgh BIN

passes approximately ____nnz and overlies basin-fill deposits
along the Gila River. Portions of the flow have been dated as
early Quaternary in age (1.71+ 0.25; Fugro, 1974). The presence
of such young flows suggest that other flgws may be ptesﬁnt in

the subsurface.

2.2.3.2 Exgosed Basement Rock, Bedrock and
Volcanic Flow Rock

An estimated __ percent ( nmz) of the total area within the

BLM study area consists of basement, bedrock and volcanic flow

. rock, with the remaining __ percent ( nmz) composed of basin-~

£fill deposits. Of the nm2 of exposed rock, approxinately

percent ( nmz) is basement rock, __ percent ( nnz) is

bedrock, and __ percent ( nmz) 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 ¢omposition 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 exploratoty well 1nformation is re-

tricted to small areas within a tew Valleys. Thble sun-atizes

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

cravity profiles provided by the Defense Mapping Agency (DWA)
allow estimates of minimum depth to rock. The profiles are |

pnrciy a gravitational interpretation showing the basin-fill/

‘. Valleys in addition to a discussion of the interpretation - L

eas v ————— ]
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TABLE __

R .

SUMMARY OF DEPTH TO ROCK DATA FOR ARIZONA BLM VALLEYS

'\ Water Wells Deep Exploratory Seismic DMA Gravity -
,l] Valleys Encountering Rock Gas Wells(l) Profiles(2) Profiles(3) Gravi:y
Ny 3 Cactus Plain
‘ faﬂ Butler Valley .
} n McMullen Valley t
™ : \
9 La Fosa Plain
élﬂ Ranegras Plain
B Harquahala Plain
9'! Palomas-Hyder
B Valley
a é;ii Mohave Wash
f Valley

(1) El Paso Gas

L

e
N ;,!.&‘! S

(2) Proprietary Informatin
(3) 14B2

method utilized is provided in Appendix __. Depth to rock
calculations and estimated accuracy of each profile are swummar-

ized in Table _.

b
’ s, : SRS :
g S . oo utill
B

Interpretétiqns of the available data indicates that basin depths

i AR T | e s e L e
SATESEE T S ¥ < i

and configuration vary considerably within, as well as between

basins. The DMA gravity profiles indicate that the basins are

S% _slightly asymmetric, commonly skewed toward an anomalously stetb }
buried escarpment which may be interpreted as a range bounding i
- §  fault. Commonly, the basin floor is highly irregular indieaiing o
15 ;§ & high probability of additional normal faults producing horst |  <£
& o A IS RS
_— S———
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TABLE [ _
SUMMARY OF DEPTH TO ROCK DATA FOR -ARIZONA BLM VALLEYS
Water Wells ° Deep Explotratory Seismic DMA Gtavitgf Bougetr
Valleys Encountering Rock Gas Wells(l) Profiles(2) Profiles(3) Gravity
Cactus Plain = A : - 15-B1
' Butler Valley ‘ EPG, Bullard
- Wash No. 1, 1970 17-A1
McMullen Valley '
La Posa Plain EPG #1462, 1968 14-A2
_ EPG #459, 1968 14-B1
Ranegras Plain I , 18-A3 v
Harquahala Plain . 18-B1 . Peterson, }
Palomas-Hyder Proprietary
Valley Information
Mohave Wash USGS LCRP--22
Valley USGS LCRP-5

»

(1) El Paso Gas
(2) Proprietary Information
{(3) 14B2

’

e W g R ST e o b TR S RN
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Jahd graben structure. Depths to tock 1n thu decpest po-tioas
of the basins range from apptoximtely 1000 to 3000 !eot‘v$th l
maximum in the study area of 7000 feet in nendOta-Hyde: Vhlley_
(Proprietary Data, 1974).

TABLE _ _

DEPTH TO ROCK ESTIMATES FROM DMA GRAVITY PROFILES Q’g
: ' Estinated' T
~Valley Maximum " Minimum - Accuracy

Cactus Plain

Butler Valley 7 3
McMullen Valley : ‘ ?_;, ?
La Posa Plain | g
Ranegras Plain
Harquahala Plain

Palomas-Hyder
Valley '

Mohave Wash ) CoE 4
Valley - : ' X
A 100-foot depth to rock contour was constructed near the valley |

edges.dn the basis of water well logs and other existing litera- ,
ture. Where data were insufficient, topogtqphic.=q¢ologié.§$dg‘ : ‘f

geomorphic interpretation was used.

2.2.4 SEISMO-TECTONIC SETTING

2,2.4.1 Regional Setting ' »
The BLM study area lies entirely ;1thin the Sonoran Desert gubs

province of the Basin and Range Sttuctuial Province and is

'1il-.|-u-iihqu§

T T T R S AR Y
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| DEPTH TO ROCK ESTIMATES FROM DMA GRAVITY PROFILES

-

Valley
Cactus Plain
Butlet Valley
McMullen Valley

La Posa Plain

Ranegras Plain
Harquahala Plain

Palomas-Hyder
Valley

Mohave Wash
Valley

. wapie 8

. Max imum . Minimum - Accutacy
(feet) Afeet) (feet)

1260 s

NMA
Profile

15-B1 2068 230

—

17-A1 4399 2707 410

1+

Pata not available - -

2602
5512

4588
6909

14-n2
14-B1

102 i
1312

t+i+

18-A3 4536

{%.

2582 ' 410

18-B1 4431 3169

1+

410

Daté not available - -

Data not available - - ’ -

)
!
)
!i

t




"ehagneﬁérizcd.by_l relative ahﬁhn;o;of’knOGQ ﬁ@iﬁiﬁﬁﬁfﬁ;tiuiﬁi
and diffuse, low ulqnttudg‘seigaidityvthht céttéiitﬁt}vltb"qdi y
: particular areas or geologic structure. No.nujoi‘léidnﬁ* |

The closest major seismo-tectonic elements that could affect

the system by seismic activity or ground rupture. mnmz

tectonic elements align with or ﬁraﬂsect'the study area.

2.2.4.1.1 Principal Seismo—Tectonic Elements

"f
the study area include; (1) the San Andreas Fault Zone, (2) the ;
Death Valley-Furnace Creek Shear Zone, (3) the Walker Lane-Las
Vegas Valley Shear Zone, and (4) the Jerbme-Wasatch'situctutal'.
zone. None of these features transect or project toward the
BLM siting area. The geographic location of the major seismo-
tectonic elements with spatial'distribution of associated
seismicity is represented in Figure __. Table — ‘snllatites ' ?
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.splacing Tertiary and older materials
occur within the study are representing past periods of tectohtcn.
Faults which disrupt Quaternary materials as determined from - ; 1
the literature or the aerial photo interpretation were categor- ‘.
ized as being capable or potentially capable. The etltp:;a _
used in this study for defining a capable fault vas ostnblilhnél';:f :
by the U. 8. Regulatory Commission (Appen&ix ). The conlgtﬁgs}
tive NRC criteria was utilized due}te the presence otrnuexdqfﬁnf" 35
components within the MX system and the potintial !6tfﬂlln§§$§6f;;1
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.acarpo expressed in Quaternary latetials as. deterntnad tro; tbt
L raeennaissanee level aerial photo 1ntetpretatioh were eonse:va-yk
tively categorized aa potentially capable faults (Gooloqyo | L
GB-1, 4).

The only caé;ble,fault that is known in the study area is

informally tefétted to as the Kofa Hountain fault.

It is depicted on the Yuma County Geologic Hap (Wilson, 1960)

as juxtaposing Quaternary basalt against OIGer,;undifferentiated'

_ volcanicé in the Little Horn Hountaiﬁs (Geology, GB-5). The
fault trends northwest and has an'unkhown sence of s;ip.

Although the entire mapped fault length of 6.8 nn_océdts within

the Kofa Game Range exclusion, its projected southeast extension

dbes intersect the study area. No displacement Of younger ,

undated alluvial materiais has been observed. There is no known

seismicity associated with the fault.

Two unnamed linear scarpe in the northwest portion of the study
area were inferred to be potentially capable faults based npoh

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

tions. The most prominent scarp occurs along the northeastern ,*?
flanks of the Plomosa Mountains £o;ning a cdb;ineit contnct .
bétweeh’Tertiary sedimentary rocks (Artillery Pormation) and
younger alluvium (Geology, GB-(). The scarp has been recog~
nized by several authors (Jemmett, 19663 Het:gdr.-IQSI) ai‘a
fault eontrolling the pediment edge for 3.8 nm, and may bo lntit*">r
Preted to have a total length of 8.2 nm. The fault trcndt ﬁdwth;;¥'

ttvg!ddgtecs to ten degrees Q'ct, dips 3% duthQQ-tb,qu

e o A ek e
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TABLE 9
Seismo~Tectonic Blements
Element . _ Closest Approach . Total Length,

(Strucktural to Gila Bend Group Width or Area
Province) " Siting Area ~ (and trend)

Zone (Gulf of . § in length, 30 to
California & others) : . . 100 nm in width
(N4AOW)

Sand Hills (Gulf of 30 nm (southwest) 52 nm
California & others) : :

Algodones (Gulf of 27 nm (southwest) 33.9 invlenqth
California & others) : ) -

B
i
i
[}
{] San Andreas Shear 55 nm (west) - . Approx. 600 nm
[
[
|
I
3

"Blythe Graben (Basin 10 nm (west) 3.0 nm ‘in length
and Range) : ' : '
Pinacates Volcanic .Approx. 54 nm - 450 nm2 tdtal area
Field (Basin and (southwest) S '
- Range) ' '
3 Jerome~-Wasatch Approx. 52 nm - Greatér than 200'nm»
r, Structural Zone (northeast) in length, 25 to 50 nm -
. E (Basin and Range) in width (N40-45W)
8 S
' Walker Lane-Las Vegas Approx. 146 nm. '~ Greater than 275 nm .
| !7 Shear Zone (Basin (northwest) - _in length, 1 to 10 nm
3} and Range) S in width (N50N to N20W)
4 Death Valley-Furnace Approx. 156 nm - Approx. 160 fim in length,
‘} Creek Shear Zone (northwest) _ 1 to 10 nm in widt _

(Basin and Range) (NdSW) | o

B e L L SRR
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Age of Last (10 years b.p.)" ' S '
Displacement Volcanism. Seismicity R Rema:ks

3 Less than 1  None Historic and Right lateral strike—slip fault*— E
’ N S Recorded - ing..  WNumerous M=6+ events in
! m Gulf of California provinmce. Few
N=8+ in no:thetly Province. , C;ﬁp@
m zone, . RS
: Less . than 1 None - Historic and = Right lateral sttike sllp fauih'c
: ' Recorded . Numerous M=6 to 7 events. Ca
’l‘ .« - . : zone. : S
. Approx. 11 None No Historic -Dxp—slxp t’aulting with 3 to 5 te&
to 15 or Recorded of offset in pre-historic tiﬂe.y'}
L,., ‘ m » © Potentially capable. i L i
; ) Approx. 6 - None No Historic Dip~-slip faulting with 6 to. 10 «f‘
l to 30 - or Recorded  of offset. Potentially capable,
| Quaternary 24(dated) Historic Se1sm1city (M=4 to 5): asociated E
l or assoc- less than and Recorded with Quaternary faults in area.
, - iated 11 (est.) ' 7
. faults ' ;
g l Less than 10 None Historic Quatcrnary faulting in. notth-con ’v
; ; and Recorded Arizona. Events of M=5 to 5.6. i
| e Potentially capable ‘sone. o
_ l Less than 1 Greater Historic Right lat:eral sttike-—slip faulti ]
| " than and Recorded Events of M=4 to 5 at: closest
2,000 approach. Capable $one‘ B
Less than 2  None Historic " Right lateral sttike-sllp fault. :

and Recorded Offsets approx. 40 nm fn Quate
‘ : Events of n=4 to 6. Capabie 2
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© and is inferred to be dip<siip vith the basta eide &

(Jemmett, 1966).
| The second scsrp is situated in a re-entrant along thq saﬁﬁﬁ&th
~ £lanks of the Buckskin Mountains (Geology, GB-1) nsat}€he'§i6-'

posed outlet portal of the Buckskin Mountain Tunnel (Dick B;ylnni

oral communication, 1976). This scarp ‘is exptessed in intn{'

‘iate fan (ASI) trending north 30 degtses nest and aligns‘: th

fault in the adjacent volcanic bedrock conbining tot a

length of 4.3 nm.

‘ :Ro seismicity has been associated with the potentially eapnh&t

faults described above, however, two. randon epiesntczs of leli
__nm u&iu |

than 4.0 magnitude have occurred within a

(Pigure _ ). %

2.2.4.1.3 Distinct Aligpments
pistinct alignments, as defined fo: this study. ltq lﬁnnswof
'inggpg

natural origin which exhibit a linaar or slightly eﬁtﬁtdv

on imagery, aerial photographs or topogzaphic neps.
‘natural lineaments are connonly nxprcsse¢~al diisa:sogl;:

lines, fault scarplets. ttuncaeea lputs. ridgo‘ettf‘
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| - nistinct alignments were rocogni:nd 1a every Vhlloy p£

T.v ,p0rc¢nt probability for rcn.wcd volcanic aetivitkr ﬂnfth@ hnut ;3

studyvatea. !he lineaments form g:oupings or cluttet: of E$
ok more shbpatallel features. Gcn;:nlly, thos, situated nejv
the mountains reflect the orientation of the adjiéint mountain '
border (Geology, GB-2, 3, 5 and 8), whereas lineaments
situated near the valley center are more likely to reflect
more random trends (Geology, GB-5, 6 and 10). Past experience
in the region (Pugro, 1974, 1975a, 1975b) indicates that the
majority of these distinct alignments can be eipliined as'ezo!if“'ﬁ
scarps, or subsidence features frbm éroundwate: overdraft, a

nontectonic process common to southern Arizona (Section 2.4.2.7). |

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 considqred'fo

havekany potentiai for surface rupture is in the Palomae Plain

(Geology, GB-10) along the southeastern trace of the Kofa
Mountain 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 souihéastern portion 62
the study area (Geology, GB-10). A radiometric age-date trd‘
the flow indicates it ii late Quaternary in age (1. 71 + 0.25
Ry) (rug:o.1§74; Appendix B). Eastwood (1974) sugg‘ltl a 3".




0.5 million years within the ehti&g Baéiurahd_kange 2599£§§%1

2.2.4.4 Seismicity

‘and others have relatively low levels. The regional seismicity

[

Judgement of the level of seismicity for a tegion is dependené
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)

of the western United States is shown in Figure _ .

Prior to 1968, Arizona lacked a well-developed seismic dete¢£47j,";
ion network. Therefore, locations of epicenters_repdtted
ptior to July 1968 are accurate to the nearest 0.1 degrgev

(6 nm) and prior to the middle 1950's probably are acéuiate to
the nearest 1/2 to 1/4 degree (30 to 15 nm) (Hileman, 1973). X
The detection threshold, or minimum magnitude earthquake
recorded of this system was apbroximately 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 bheen 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 or eltthw
quake effects. Historic records were first'kept at tbtﬁ,?unn.
Arizona in 1852, since it was the only potential reporting
station in the immediate area. Table _ lists pt.*1927.§‘£§§$ B 3{;
quakes reported in the vicinity of the Gila ltnﬁ‘ﬁ@dwﬁig;i§!¥_é‘t>ﬁ
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Modified Mercalli Intensities (MMI; Appendix D) are the sttohyéj;
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-
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 bordér
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 1

field and a number of mapped northwest trending Quaternary
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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’

P

faults. The northeast boundary of this zone is controlled byb
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

[t R

system, nm to the northwest, have produced two historic
earthquakes with 8+ magnitudes. Therefore, the San Andreas,
Sand Hills, and Algodones faults have been considered capable

of producing an earthquake of magnitude 8+ within the Zone

2.2.4.5 Seismic Risk

The probability of the occurrence of potentially damaging

earthquakes is of major concern in evaluating the seismic

risk of a region. ‘he factors that influence the dote:aina-
tion of seismic risk are: (1) the size and location of capable -
faults; (2) the level of seismicity of the region, in particu- °
lar the seismicity associated with capable faults; apdujsyi?‘;'
levels and intensities of earthquake induced vibtltaty §w;:'W 

motion caused by earthquakes in regions of concctn; B

DRAFT - __

B adjacent the Gila Bend Group siting area, _ :

g
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-of vibratory ground motion are those experienced in San

»

Studies predidting the susceptibility of an area to gglatiﬁe"[;—

levels of seismic intensity have been done for the vest#fn" o
United States, and show that nearly all of the siting‘area'haa ?A‘”
a maxiﬁum expeﬁted seismic intensity (measured on the MMI scalé)'
of V to VI (Algermissen, 19695, with a maximum expe?ted seismic ;
intensity of <V to VII, increasing toward the Yuma Desert.

Table _ summarizes the seismic risk associated with the zones

of seismicity defined in the BLM area.

2.2.4.5.1 Levels of Vibratory Ground Motion

Maximum credible earthquakes are the largest eaiﬁhquakes that
faults or fault zones are thought éapable of producing. These
earthquakes generate maximum levels of vibratory ground motion
(Table _).- The maximum credible shaking that can occur is at
the level that has been observed very near to the fault break

-

during major earthquakes. Examples of this very severe level

Francisco in 1906 (M = 8,3?), in the Fort Tejon area in 1857
(M - 84) and in ghe Lone Pine area during the 1872 Owens Valley
earthquake (M = 8+). However, becuase of the lack of accelero-
grams obtained very near the fault break, only esttﬁntes‘df ';'f
the quantitative level of ground motion can be m@dq. ' The esti- 3
mates of different inv;atigatOIS show wide disctephnc;hut'it‘hnsgf
been estimated that peaks of acceleration ranging tgb&.@h‘ﬁhiifiz
to more than one g (g being the acceleration due to §:j§i§¥}jé»

be expected.




TABLE

LEVELS OF SBISMICIﬁ AND SEISMIC RISK IN GILA BEND

GROUP SITING AREA
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area is determined by the zones of seisnic activityj'
in section 2.2.4. 4, Within the Gila Bend beup d:ea the':m

earthquake magnitude recorded not associated with knoun faults 18

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

recorded in the Cactus-northern Ranegras Plains area.r Since

these events are not associated with known geologic structures;'

it is assumed that a random event of magnitude 4.0 or less: could

occur anywhere within the Gila Bend Group siting area. producingt>f;

__ g level ground motion.

The Kofa Mountain fault is the only capable faultgiﬁ.the‘sthgguf!
area. Since no recorded seismicity,has been asSOCictpd With_;irr;éi
a __ magnitude earthquake has been assigned on ?thbltic-oé igjffig
6.8 nm length. An earthquake of this‘magnitﬁde wiil pgadu¢,f a
shaking at the __ 1level. S S

The historic earthquakes within south-central driiona rgnqgftgopiyﬂ
less than magnitude 4 to magnitude 5.0. The clcseit'apbteaci 6!”1;

this area of seismicity to the BLM study area is approxtuatela
miles; The maximum historic earthquake assumed to. occur on: thn

closest Quaternary fault to the study area. (__ nilet)'voald’

produce shaking at the — level.

The San Andreas fault ituelf is the only !tatare TEN cloe
' proxinity to the Gila Bend Group slting atea j

~d?distcnce of abcnt




| zone at their closest approaehlhq;tha ttudy;axnt“(_;va:
been in the mqgnitude tange of 6.5 to 7.1, !he 10101 Q : i
tory ground motion to be expactcd at thc site t:oa an ta:]\
of magnitude 8+ (on the San Andreas fau1e1Aat~a distance of _ __

miles is on the order of g.

2. 2.4 5.2 Teleseismic Bvents
Distant earthquakes (generally exceeding 100 n-) of N=5 to 7
and large magnitude (M = 8+) teleseisuic events (distaucct

greater than 540 nmz Richter, 1958). may affect the sjtiay arna.Agjg

Of primary concern are the long period waves genetated hy thuae}fi?

distant eatthquakes. Resonance may produce oscillatioa of

pools of water (seiches) or damage long petiod sttuctures..lthéf’v

most likely sources for distant latge nagnitude zi:thﬁupkg. 13 {H
the seismically active portions of the western unitcﬂ‘sﬁ!ﬁ‘O. ‘i; t
(Figure __ ) are: (1) pdttions of the San Andreas 'r't“'ifiﬁéjﬂifl

g:eater than 100 nm to the northwest; (2) the Agua sllnca fautt; E
lying approximately ___ nm to the southwest; (3). thn !ie Branﬂei
Rift Zone (Figure __) lying | nu east of the ltudy a:pm‘glaa
(4) an areas of seismicity nm to the ﬁo:t&'tﬁ":FT;ﬂ"

- in north-central Nevada (near Rnno). adcition; t

and nid-Ano:ica trenches.

2.2,4.6 Tectonic Subs;geng

.'_‘ subsidence within the BLM study aril due to. f¢‘_
. 'been repdrted. Postulated lubzidcnce OGG“ZIQagg. "‘jl .
ﬂ.liut are dilcﬂll.d in SQcttnn 2.&.2.1'“""




2.3.1  GENERAL
2.3.1.1 Data Base

- - - ‘»lliic!;gg‘y

2.3 soIuLs nusrunnnxue

The soils engineering data and design evaluation infornltion o
presented here are detived from Soil Conservaticn Strvice (SCS)

reports (Hartman, 1973, Richardson, 1973; Chanbetlain, 197‘), ,‘
Arizona Materials Inventories (Scott, 1960; Higbie, 1@6{1. Ry
data provided by the Arizona Highway Dep&rtnent{'aqd'Bktggu_bflféii!
Reclamation data along‘the alignment of th§ Graniticqﬁpgf:‘ I

Aqueduct.

2.3.1.2 Map Units and Soils Engineering Data Shée gg

The SCS and Materials Inventories reports delineate vartou! ‘
surficial soil, rock and geologic units as generalited»sai;:5tiiﬁ
types on small-scale maps. These nap units were adjuaﬁsd i
refined to conform to the geologic units detived by ae
photographic interpretatin and limited fie;d obag;ygt“
are presented on the Soils Bngineering/@eoloqy 6§é£1i
through GB~10). There are no separate Soils ﬁnﬁiﬁ?@iﬂ
lays. Soils engineering units corrghpgnd;to'th§¢§§5if
units. Included on the combined geoloqy»quvggiiin'u
overlays are the specific test datu poiﬁts'iﬁéj

data stationing.

The Soil Conservation Service deac;ihottiéliilii.
terms which may incorpocate more than one :
by the Unified Soil CIatlification Sy!tél
The soil classification nasiqn.d to uvnnp




S o B‘RAFT

'p:edominant soil type, but not neuoﬁsntily'the an}‘”
within that pattieulat map unit area. Soil classificntious on

the Data Summary Sheets are listed in order of deetaa;lng ateal

abundance.

The Arizona Materials Inventory describes Soilsfin geologic

terms and also incorporates more than one soil type as défined'
by the USCS. The Materials Inventory also lists locations and

tet data of sources of construction materials. .

Soils Engineering Data Summary Sheets (Section 3 0) ptesent both5
specific engineering data available from the 1itetatute and

design evaluations based on engineering Judgement using’the
available data The data presented deals primarily with the ,
surficial deposits only (five feet deep or leés). Design inforé
mation should be considered general rather than Spee1£1c £or gay"€
map unit and used as general information, but not-gpﬁclf;e:» B
design. Where map units have similar soils<engineetfnq;§§ppet-la 3
ties, the units have been combined in the Data SQUiqtygghﬁéﬁsy o

Specific soils engineering data fron selected bo:inns and test

pits by the Arizona Highway Depa:tnent -and Butean aflltclana &on;’¥
within BLM Valley areas, were reviewed. !hese dahl~,




liuited amount of subsurface data which did not allow £or
extrapolation of soil properties below the sutficial five feet.

2.3.2 REGIONAL ENGINEERING PROPERTIES

2.3.2.1 General _ ‘
The BLM Valley area can be considered, for_a regional engineer-
ing discussion, to consist primarily of coa#seégrainéd (USCSs)
basin~-fill deposits, including alluvial fan, dune éands, pedi-
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).

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

BLM Valley areas. Coérse—graingd basin~-fill deposits generally
consist of gravel-, sand-, silt- and clay-size materials (see
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

The coarse-grained basin £ill encompasses 93 pétcent (2696 nm?)
of the siting area and is the major soil type within the BLM
Valleys. Of this total, 76 percent (2056 nnz) is aliuvial

fan and undifferentiated deposits, 13 percent (395 naz) strean

channel and flood plain deposits, 8 percent (219 nn ) alnd dunes.i;‘
and 2 percent (64 nm ) pediment deposits, and -less thln 1 | e
percent (11 nm ) terrace deposits. The-av&tage-gtain~size~
'disttibution of the coarse-grained basin fill is 20 percent :
gravel, cobbles and boulders, 50 percent sand, and 30 ptrn.ut:?‘
and clay (data derived frc.a Arizona nighway Depattannt). \
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and/or stream channels, telative age of the geonozphie

surface, the process by which the naterial vas depositcd. and(tht

bkt ca it

parent material.

AR T

% .
3 The coarse-grained basin fill areas are considered the most
g suitable for siting because of the granular nature of the soils
% (granular soils have higher strengths and are less compressible) f

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

' @ The portions of the coarse-grained areaa which contain posst—

By
P,

. ble design problems are the pediments where rock is encounteted ‘ ?

EE.

within tens of feet of the ground surface, ateas where.caliche

2
e ————

o

is present, collapsible soil areas, and stream channels and

floodplains where a high flooding potential exists. Depth

R

to rock ranges from zero near the mountain ranges to

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

spread (Section 2.2.2.1; Arizona Highway Department). Stream

channels have a high flooding potential and are node:lte'eo,
highly incised (Section 2.4.1).

The consistency and moisture content of the wingrblovn sands

(Section 2.2.2.5) are very loose to loose and dry. Consﬁruc—-
tion problems in these areas include low strength vdluuy,' .
erosion, and higher maintenance costs for certain MX éﬁ!ign ﬁ"' E

concepts.

The wind blown sand ateas account for eight porcoat °! thn"':'
Valley areas and ‘the are concentrated mainly in ¢

‘The wind-blown sands are coarse-grained and are




discussed with the coatge-gtainediaépogits.71n the'e:ntejasﬁ

special design considerations may be reguired for roads, excavas

tions and foundations and will be noted where applicdble.

43
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2.3.3 ROAD CONSTRUCTION

P e R
~

Specific design data for road construction, including California

Bg;ring Ratio values, both in-situ and tecompacted,‘(CBR; Ameri-

[ G

can Society for Testing and Materials, Designation D 1883),

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

I

are presented in the Data Summary Sheets where availdble.' The

Al
(SRR

AASHO classifications were obtained from route studies along
)

major highways (Arizona Highway Department, Bureau of Reclama-

tion). Little engineering streny.h property data are aiailable
for actual design values and the following discussion provides
some general information on road design in BLM leley areas based
on available soil data and engineering judgement. The model zoaq;'
section used conaists_of an 18" structdral‘layer (CBR > 28)

placed on compacted subgraded (CBR > 12) with a wheel 10&@ 0£ SBV

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

;.'."::‘4'-'-‘ : B
ey

considered in the Terrain Analysis (Section 2.6).

For most of the BLM Valley areas it is estimated that:a'C&a-valgi.g

B e S

of 10 to 20 is reasonable for in-situ material (KOA, 1970). Aﬂ'*;;

CBR value of greater than 20 and on the order of 30 lbuuld be. fl?

obtainable by scarifying and recompacting the. nnttaelllbiii. ;




| !lasb ﬁlooding (Section'2.4 and SQGtion 2.5) may occur ia ‘;f
and intermittent drainages, requiring either periodic :oad ce-
pairs or design of costly road structures across thelerareas.
Maintenance to clear flood debris should also befaaxicipated.
Paved roads with reinforced concrete aprons haée been plaéed on
channel inverts in some areas as an alternative to culverts.
Roads will require periodic maintenance and in some areas hayg~<
been completely washed out by flash floods (Arizona ﬁighiay
Department). It is advisable that the system iayout be planned 75i
as much as possible to parallel major drainages to alleﬁiate this ;3

problem.

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

Posa Plain North) will necessitate periodic road miintenance or
some form of surface stabilization of adjacent duhes. Dune

areas also have lower CBR values. Wind erosion and sbiftihg

soil occurs to a lesser extent (i.e., limited amount of move~
ment, fine-grained materials only) throughout BLM valleys,

but is not considered a significant design probleam.

2.3.4 EXCAVATIONS

No test data are currently available upon which to bltn‘déntgn

excavations. General considezations for making excavationa

involve the following factors:

1. stability of excavation side slopes;
2. Presence of free groundwater;

3. Presence of caliche; ,
4. Presence of ﬁntippablo rock (Section 2{2;§i
5. Presence of cobble- ;uﬂ,bquléitwﬁﬁgﬁg
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Based upon the engineering and geologic classifications ofﬁﬁﬁqr
surficial soils and engineering judgement, the ease of eicaiﬁs,'fi
tion for each soil map unit has been evaluated and is preéenﬁed E
in the Data Summary Sheets. The following discussion provides

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 £o,60
degrees with the horizontal (SCS). 1In the‘dune areas, flatter
side slopes will be required. Caliche and cobbles or boulders
are widespread and occur randomly throughout the BLM Valley
areas with the exception of the centrel portions (Arizona
Highway Department). Blasting of caliche has been requitéd in

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

Near-surface rock occurs along the mountain flanks (Section
2.2.3.3). With the exception of a few seismic velocity measure-
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 extent i
perched water may be encountered and some local dtuat!ting.llgiéﬁ

required.

”n .
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and chemiaals is possible. In,qeneral, cament.can b@ l&z§d¢

or'aurface. Clay soils are more difficult to nixvahd rtqui:e.

highet percentages of _cement.

Asphalt can also be combined with granular matﬁiihltVtﬁféteatiy‘

a stabilized asphaltic'concreté.' Polymer conpounds'lte &wiil-r
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‘Geoloqy, G&-S and 6).

l.ar-ge watershed areas.

‘szary ephemeral drainages are most comohly aitnt,f

The pr imary drainages are inﬁe Wmeciﬁ




Pete's Wash

Trigo Wash

Weaver Wash ‘ \
Indian Wash - Indian Wash Oolorado -
Valley Los Angeles Wash and .

McAllister Wash  Gila Rivers -

Castle Dome Big Eye Wash _ Gila River
Plain : Castle Dome Wash

King Valley | Gila River
Palomas Plain Hoodoo Wash Gila River

Yuma Desgert Colorado
Gila Rivers

G’ilanim

————— . .
- - . .-




‘Cactus Plain

McMullen Valley:

la Fosa Plain

'Ranegras Plain

Harguahala Plain

Palomas-Hyder
Valley

Mohave Wash
Valley

“CQunningham
Bullard Wash '

ral

 prainages

Date Creek
wWash

Centennial Wash
Tiger Wash

Tyson Wash

Bousé Wash - .
Cunningham Wash

CEnténh ial wash

Gila River
Hoodo Wash

Numerous named

and unnamed washes

Gila River

Oolb;ado River

Gila River (‘-‘!—5,

Gila River - -9,

Colorado. R,i"“ ‘ B "

6 10

7.




| _»(sam}-ﬁnee rock tanks). m length ef ‘tme ‘that watet 7
'fftanains in these features depends on local conditians (i.e.. R
'~fﬂpozltability. source of water° B:yan, 192%a). Theue fé@tﬂx&&

'are eharacte:istic of the arid southwest and aze uj_v,

:;nized dur;ng the brief field tecanniissance.

2.4.1.4 Surface Water Quality |
FSu:face water in these ephemeral systeus varies fton trcsh tob-
, 1 moderately saline (Table _). Total dissolved soliﬁn (!ﬁs) nte
i f_geneta11y much greater than 500 milligrams pet litez (29/1) .
ﬁiylt is probable that drainages flowing to the Gila nivbt will be
telatively higher in total dissolved solids than Colotldo l&v&:’”
ntlow due to the large areas of enroute cultivuttbn (Cﬁlﬁransf'
ﬁ&v&r State-redetal Intetagency Group, 1971).‘ ntinaipui‘
ucét‘ for sutface waters enterinq tha louux ﬂhibtaﬂo n&v&t ébn~







b

Waté:'rypd

Fresh (F)

Saline

v

Slightly saline (SS)

Moderately saline (MS)

Very saline (VS)

Brine

-Source:

(B)

TN

.. TAME 28

 CLASSIFICATION OF FRESH AND SALINE WATER

fotal Diss¢1y§d;
Solids (mg/1)

<1000
1000 to 3000

10,000 to 35,000

535,000

Robinove, Langford and Brookhart, 1958.

3000 to 10,000



-";increasingly more braided with channels becoming :otc

| C?l'drainages correspond,to ptin@zyfand najor seeondaxy a¢
i3éeologxc and qeomorphxc evidence auch as channel uorphovog v
depth of incision, bottom roughnesa, overbank deposits and hlqh,Am
water marks were evaluated along with histo:ical structural s
damage to bridges, roads, culverts and,check dams, to determine a B

probable flood susceptability’rating for each drainage.

Landforms were rated based on their susceptibility to flooding,
however, most areas lacked sufficient evidence to indicate
fiooding potential. A flood susceptibility rating can be
applied in association with a landform without specifid bound-'
aries, but it will only apply locally. 1In 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 3
and Harquahala Valley (Hydrology, GB-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 amaller basins and

mountain passes. On reaching the relatively flat (15 to 2ﬁ"£§et;if

per mile) floodplain area flow velocities decrease, and hiGOhi

. defined to non-existent. At this poink;‘!haﬂlci tlin*'

¥
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sheet flow and may join wikh othervttibutary flbws to fbit’

fronts as broad as five miles (U.‘s; Department of Agricultu:é;' S

1975). 1Inundated 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 éhannels with limited overland
" £low. Typically, debris flows occur following high intensity

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

v
N
' N
e 2 ¢ . .

or multiple pulses (Croft, 1967). The sediment load may be

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

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-~
¥l1 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 i

excess of the retention (amount of water necessary for soil




i
Extreme (CF2)

High (CF1)

£

Unknown (no symbol)

Plood Potential suscapti&ility hzmte:s
Por Drainage Chamwls or Systems

Flood Susceptibility Rating
(Overlay Symbol)

Documented historic flooding and damage
or significant geologic/gecmorphic
evidence (e.g., chamel morphology,
depth of incision, over-bank deposits)
suggests. periodic torrential vnw flow.
Predominantly primary d:aim

Possible evidence of hisbotic ﬂeod_ing

and specific geologic/geomorphic
evidence suggests periodic torrential
water flow. Predominantly secomnry

drainages.

No specific evidence to indicate '
flooding potential, and/or drainages
in area not analyzed. Predominantly
minor secondary or smaller dzainages

TABLE 12

Flood Potential Susceptibility Parameters

Flood Susceptibility Rating
~ (Overlay Symbol)

Extreme (SF2)

For Landform Surfaces

Description

Historic or significant geologic/
geomorphic evidm of ponaed £lood
waters.,

Historic or guologic evidence of
significant overland fiow or shwet :
flooding. Fossible h ﬁea: ic oc mqw
ic evidence of ponded f£icod
waters, overland flow of shest M

andingthd, . N .
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TABLE /4

Flood Potential Susceptibility Parameters
For Drainage Chanmls or Systena

~ Flood. Suscepnbility Rating
(Overlay Symbol) . Description’

Documented historic flooding and dmage
S A 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 flooding
: : and specific geologic/geomorphic

" High (CF1) evidence suggests periodic torrential
water flow. Predominantly secondary
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

Flood Potential Susceptibility Parametets
For Landform Surfaces

Flood Susceptibility Rating

-

{Overlay Symbol) 'Desdtiption ' )
~ ' Historic or significant geologic/
Extreme (SF2) geomorphic evidence of ponded ‘flood -
* W&tEtS.

Historic or geologic evidence of
] significant overland flow or sheet
High (SF1) flooding. Possible historic or geologic/ - - = 3
g geomorphic evidence of ponded £lood ~ e
waters, overland flow or sheet ﬂoeding. AT

tnknown (no symbol) Insuficient evidence to estimts
. : flooding potential. o S

-
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paucity of accurate steam gaging data thhin the sitinq

Accurate calculations o! the an

can occur in the study area are difficnlt becauae of thc

area. Some estxmates can be made by studying and classifyinq »

the general soil characteristics of the basin and watezshgﬁ

geology and the physical cnaracterzstlcs of  the streals 1n the

area, and by reviewing runoff studies conducted 1n siailat

environments. Estimates for direct runoff in the study ate

are based upon: (1) analysis of surface runoff in the western

portion of the Yuma Proving Grounds (Hely and Peck, 1984)3 (2)
analysis of existing records adjacent to the area (U. S. Geologi-‘*
cal Survey, 1964, 1965b, 1967, 1968b, 1969, 1974a; Aldtidgho';
1970); (3) studies done in s1m11ar desert envxronments (Davi#.
1938; Lowdermilk, 1952; Benson, 1964. Croft, 19673 Moore, 1968:
Rahn, 1968; Baker, 1973); and (4) genetal runoff calculations

per formed by the U. S. Bureau of Reclamation (1973). .

These studies indicate that in the area direct runoff range! o ,@%
from less than 0.02 inches to greater than 0.5 1nchc! (lesa b
than one percent to approximately ten petcent of the tean fgf~j"?-'¥

annual precipitation) in the valley areas, with the la:g;t

values generally corresponding to topographically htgh'x ﬁcr-'ﬁ”
tions of the Valley. Greater runoff values ranging trggfg!s
inches to greater than 2.5 inches (approximately 15 petcen

to greater than 30 percent of the mcln’annull'pkcciﬁthttiﬁi

occur in the mountainous areas of groatét tﬁia“tinjg"}‘“”




inpervious nature of the rock ani§§;§xposed‘a: the sét!a@d;h‘

Basin acreas with nearly imperyiousﬂsoils (playas and pedincnti)”
may have higher runoff values (Rahn, 1968) than reported by
Hely 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
ﬁaximum point rainfall values based on studies of ptbbahle
maximum general-type storms. The BLM study area lies approxi-
mately 400 to 485 nm west of the 105° meridian which i{s the
dividing line between rainfall presented as probable maximum
general-type storms and probable maximum precipitatin (PMP;

U. S. Bureau of Reclamation, 1973). Bécausé PMP information is
only available for areas east of the 105° meridian and there ‘
is a lack of detailed existing data for computation of such
values within the Gila Bend Group, PMP values are not presented

here.

The probable maximum six~hour point rainfall values for a

general-type storm are based upon approximately 330 design

storm analyses prepared by the Bureau of Reclamation and

numerous other désign storm analyses by the National WQathesﬁ

Service (U. S. Bureau of Reclamation, 1973). These values can
be applied to areas up to 1000 square miles {754 nmd). The  f~f'y
y :prbbable maximum six-hour point ruinfall;ialues,tbr'thi‘tﬁigf
J'Qflytndy area are shown in Thbld'__,"Aléélihﬁludiqlgrifﬁﬁiiib

Sy
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9.2
1.2
12.6
14.5

Probable Maximum Foint Rainfall Values for Thumdlrstoeas




. TABE 1T o
Probable Maximmm Point Rainfall Values for

Duration (in inches)
{Hours) " :
1 0.25 4 . 5.3
7.8
11.0
13.9
14,7




ulhnndo:lto:ma account tor the most intense rainfall that:ueeﬂtﬂ
1in the study area over a short period of time. The tain!all

- values for the p:obable maximum thunderstorm are also lhoun ln
Tuble ~ for areas as large as 100 equaze ailes (75 nazl and '
increments of time less than and groater than one hou:. !bt }
design putposea, the probable maximum thunderstorn rutntnll
should be assumed to occur over the upstrean area acarest the
'point of interest for those drainage basins exceedinq 10& sqﬁn;e

miles in the area.

The variable topography in the southwestern portions of the
United States greatly influences the flooding potential/ana
‘pernits only limited transposition of storns. ~The point valnes
presented in Table __ can be applied to areas up. ho iuﬂﬂ-nqn  tf;
miles for general-type storms and 100 squa:e niles~£6 kthﬁnaet; fu
storms by multiplying the point values by the approptlata tatto

ahown in Table

Studies by the National Weather SQ:vice (U. s. Depltﬁﬂtntfﬂf:




‘2 s, 2. 1 Genetal GtOund‘w€§ @.ﬁ T

The m.u study area is bissected hy a sinuona mt:h-nuth

ary which separates two majot gtoundwatet :ystens. Tha eastorh
one-half of the study area com@rises the tha subreq_an, uith
Valleys havlng direct groundwater flow south touzxa fhefcill'f
River. The Gila subregion enconpasses mcuullen Vhlley ;‘
Plain and Palomas-Hyder Valley (nydrology. GB-S, 6, 9 ahd 10
The western one-half comprises the Lower Hain Stan<snbcoqioa
which is Valleys directing groundwnter £low to the notth an.
toward the Colorado River. Mohave Wash and Butler Vhlleys.
Ranegras, Cactus and La Posa Plains lie within the-hoﬁet”na&ﬁ
Stem subregion (Hydrology, GB-1, 2, 4, 5, 7 and 8). Altﬁouﬁﬁ »
Butler Valley is part of the Lower Main Stem qroup. i£ is -
suspected of being a closed basin (uaneta, 19101g1vin;hn£§;

beating source. Fluctuations in the lt&tie qrouuﬂ!ﬁttt CM!iir

: undottlow frou bo:deting areat.v niachacg: of #toihﬂuittz'iunﬂk_




(aq. nilﬁt)
100

200

400

600

800
1000

 Note: Multiply the above values by/t
: rainfall values for acea‘con

Source:
2.4.2.2

L‘Approxiﬂately

study area. Table




and Yost, 1958; Kau 1951: uane:a. 1970). Quate:nary and !i,

‘age basin fill consists of a heteroganeous mixture of gravol;
sand, silt and clay of sufficientvextent ‘and perneability t&
allow unconfined groundwater flow. Alluvxal thichnesaes qnnq#il_
range from 1000 to 3000 feet in most Valleys (Appendit
Section’____), however, the upper several ‘hundred feet ot unaénr_
solidated Quaternary gravel and sand are. genetally the- higﬁgnt
yielding aquifers ranging in ptoduction of ,-ﬁ“to ;;_ (netsgur
1951, 1957). Local areas of perched watet are’ suspeetad ot
occurring near Quartzsite and artesian aquifers have been

tapped in fanglomerate beneath Mohave Wash Valley (Byﬂtalogy.
.GB~4 7Y (Metzger, 1973).

Static groundwater levels range frow less than 30 féet belﬁt.f
land surface near Bouse to greater than 550 feet in the~aatqnj:°

Plains (Hydrology, GB-4, 10) (U. S. ceo1ogiea1 Survey, 1875) ,fjf'

In general, groundwater movement is in the diteetioh éf the
'slope of the water table, that is tcward the tes?eetik o
stream in the hydrologic region. 3ﬁhe watet tablh slqp& ﬁ&
commonly less than the sur face slnpe, hence grow

Vtend to inctcaso normal to the Vlllty a«ln aadx

distal end of the Valley.
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" to “spill-over® into the adjacent Valley (Metzger, 1951, 1957).
Water is at a minimum depth under these conditions, occurrin§
-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 Hargquahala 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 £ill may

poduce perched groundwater conditions. Perched water tablcsf} o %
‘ ” . ,;";“‘“ ‘ o L

-rn;piu-u-nhuil.-;‘,ﬁ'-'y,#f‘ o _
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Metzger (1973). The most extensive perched»qondition lies
beneath the town of Quartzsite extending northwatd along Tyséﬁ .
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 BHarquahala
Plains (Kam, 1961; Stulik, 1964) (Hydrology, GB-3, 5, 6 and

10). Due tu 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 fractures within
the basement rocks and confined within bedrock strata. Igneocus
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). v ~;

Bedrock aquifers are limited in occurrence to Tbrtiary sediment-

ary rocks in the study area. The Bouse Formation, a_intgggl,,taa_,
deposit is not exposed, but known to underlie largevpoggggn;7°£zﬂ75
the Cactus and La Posa Plains and Mohave Wash Villayz(gyﬂtgﬁhgéﬁ;

O
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GB-1, 4, 7) (Metzger and others, 1973). The Bouse Formation
is informally subdivided into upper and lower water bearing aapd'__if.:
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-1l)
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

Fugro, 1975).

N
. \
S S .

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

tial source of water (Metzger, 1973).

1

2.4.2.5 Water Quality

Chemical analyses of groundwater from wells in the study area

!

¢

¥

:

:ij in the northern La Posa Plain (El Paso Natural Gas company, 1968;
! _

1

U

;

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 _).

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 total
dissolved solids up to 12,500 ppm occur along the southern .=
margin of Palomas-Hyder Valley, northern Ranegras Plata. aouth- ;1;

ok .
'. o ' S R
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ern McMullen Valley and adjacent to the town of Quartzsite in

o

the La Posa Plain (Hydrology, GB-4, 5, and 10). Principal
- constituents are commonly chloride, sodium, sulfate ahd calcium.

A primary contaminant is flouride, which ranges from approxi-

v’

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

Other contaminants may be present in small amounts and include
iron, nitrate, boron and arsenic (Lower Colorado River State-

Federal Interagency Group, 1971).

2.4.2.6 Subsidence

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.

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

S

142

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

sidence per 100 feet of groundwater level decline with a minimum

R T

of 200 feet groundwater level decline necessary for recogniszable

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 nortﬁf_
west from Tucson toward Prescott, Arisona, within approximsately -

-1l-ini-nlungui| " '.X_Af:f:;l;;““r
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;:w § investigated (Leonard, 1929; H?indl'and feth. 1955; Paahley,}:“r
kQ& 3 1961; Robinson and Peterson, 1962; Winikka, 1964; Kam, 1965;

. | Poland, 1967; Polad and Davis, 1969; Schumann and Poland, 1969;
';' ; | Mildner, 1970; Pope and others, 1972; Anderson, 1973; Bull,

'
——— e 2 & e

e

?

nm of the study area. These features have been extcndi?@i‘

1973; and Sumner, 1973).

Both the Harquahala Plain and McMullen Valley have been subjected’

;H‘} to extensive groundwater overdraft far in excess of the natural

1'f 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 pﬁmping; 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 potentiai
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 tissu:as‘
appear as narrow cracks one to six inches in width with v&atiéﬂl >
offsets of zero to 12 inches (Anderson, 1973) and are :aputtad

to have split concrete roads and curbings {Robinson und Eutt:lon.
1962; schumann and Poland, 1969). When earth cracks tthﬂnuct 7

drainages, water entering the fissures is t:ansnittcd vtcti~




‘ing (Kam, 1965). Hidths of ezoded tiaautes sre ennaonly tlvu

to ten feet, but may be as great as 20 feet (Anderson, 1913).'

) \




CLIMATOLOGY
2.5.1 GENERAL :
Climatic conditions within the BLM stuay area are pzilnrily a

result of its inland location and lqtitudinal position. iblic‘

two factors combine to produce an arid to semi-arid clinhtec

characterized by hot summers, mild wint%rs. relatively low

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

Climatic conditions are fairly unifora through-

tense rainfalls.

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 Shegis

) were compiled for selected recording stations

(Appendix _

within and adjacent to the BLM study area representing general

climatic conditions within the area. Users of the‘CIInatologi-rid

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 oh the Clinaféloglcdl‘
(1) the uitional Oeilnie and

- Data Summary Sheets and are: .
Atmospheric Administratin (NOAA) Envi:onnantal Data ‘ttﬂiﬂl‘ |

\ﬂusva); and (2) Sellers and Hill, 1974.




Station
Name

Aguila

- Alamo Dam

6ESE

~Blythe Airport
Bouse

Buckeye
Eﬁrenberg

Harquahala
Plains No. 1

Kofa Mountains
Lake Havasu
Parker
Phoenix
Quartzsite
Salome 6SE
Signal 13SW
Tonopah 28
Wickenburg

Coey

R I
TABLE .

CLIMATOLOGICAL Ratbaaruc”srnyrois

Latitude N

33° s7¢

340 15°
339 37°
339 57
330 22¢
330 36

339 30
339 16
34° 27
34° 10
339 26
339 40
1339 40
349 22¢
33° 270
33° s5g°¢

Longitude W

113° 11°

1130 28
114° 36
114° 1

1120 35
1140 32

113° 04°

‘1139 s52°
114° 23

114° 17
112° 01°
114° 14°
113° 32¢
113° 48°
112° s¢*
112° 44

Elevation
(Leet)

2170

1480
268
930
870
323

1260

1775
482
425

1117

- 890

1700

2505
1090




CLIMATOLOGICAL RECORDING STATIONS

Station K Elevation tgats'nt ]

Name . Latitudé-n .Longitudé‘w ' (feet) . Record -
Aquila 33° 57° 13° 11+ 2170 38
Alamo Dam ‘ - K '
. GESE . 340 15 1130 28*° . 1480 11
Blythe Airport 330 37' 114° 36' 268 -
Bouse 330 57 1140 1 - 930 - 20
auckeyé 330 22' 1120 35! - 870 4 :
Ehrenberg 330 36°  114° 32° 323 31
Harquahala . o .
Plains No. 1 33° 30° 113° 04° 1260 21
_Kofa Mountains  33° 16' 1139 52° 1775 20
Lake Havasu 349 27° 114° 23' 482 5"
Parker | 34° 10° 114° 17" 425 a1
Phdenix 33° 26° 112° o1' 117 - |
Quartzsite 33° 40° 114° 14° . 890 a
Salome 6SE 33° 40! 113° 32 . 1700 | , 26
Signal 13SW - 34° 22° 113° 48" 2505 9 E
Tonopah 2S 339 27° 112° s56° 1090 15
wickenburg 33° s8¢ 112° a4 2895 a4

o




LOCATION OF CLIMATOLOGICAL RECORDING STATIONS
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2 5.1.1 Precipitation » i

The Low mean annual precipitatlon at the BLM study aﬁni;_
trolled by (1) the inland location of the area; (29 the riin,
shadow effect of the nountain ranges on the west coast of uhe

U. S.; and (3) the north-south trending mountain zanges within
the sxting area. Precipitation occurs: przncipally in tha aonehl'
of July, August and September and Decembet, January and !nbruazyr
and is generally in the form of rain, although traces ef snow, v,r
sleet and/or hail have been recorded throughout the atudy area._‘
Genetally, the western area has less average rainfall (2.&1
inches at Lake Havasu) than the eastern portion of the atga:: 
(6.0 inches at Harquahala Plains ﬁo. 1 and 10.77 inChe§ ﬁti

Wickenburg) where elevations are also generally highér;f

August is statistically the month of heaviest rainf#ll; alﬁﬁoﬁﬁhff'I

approximately two-thirds of total annual precipitation oeenrt ,H lfvw

during the winter months. Summer rains usually :cnult frou localf

~thunderstorms; while in the winter, gentler tains over a largefz~

area are more common. Maximum daily pzecipitation of 4.0 iuehas
in the Kofa Mountains and 3.60 inches at Alamo Dam, dnting th&
months of July and August have been tecorded (Salletc ana ti :
1974).

2.5.1.2 Wind

a—

Wwind data are not particularly abuudant,ﬂdiiﬁkthg*an&? ,

area (Sellers and Hill, 1974). A auunary~ot vta&




g

£

valleys.' If winds in the free atmesphete are 1ight, the 'u
wind will blow upslope or upvalley durxng the; day and’ dcun ¥
or dovmvalley at night (Sellers and Bill, \1974);.' naytine P

valley winds are normally two to three times sttonge; thin deun»‘

valley winds.

Wind speeds annually average about ten miles per houz in?ﬁhe

. eastern portion of the study area and five to- six ndlea.petrhou£~
: tn the western areas. Maximum wind gusts of'up~to 59 tc 75" Yo

per hour have been recorded at uearby stations t!hocnix aﬁi

_2.5.1 3 Tbnggiature

’ n.td-uvmﬂu . '!ho utwt
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in January and 30.8° F in Decembet ‘».;('3851;}1;:;6“4,,

' The spring and fall months in Axisona ace eharactetizcd by'l_ "

daily temperature, changes (Sellers And Hill, 1914). Barly -otn-v

ing temperatures in the higher valleys (ne;thern\portians of the

study area) may average near freezing, warming to éftctnoon
In the south and southwest section of

maximums in the eighties.

the study area.the temperature range is more likely to be from

titre low sixties to greater than 100 degrees.

2.5.1.4 - Barometric Pressure

Daily and monthly average barometric pressure data are not avail-

able for the BLM study areas. Averagc'seasonal levels of station '

'“ptessure (in inches of mercury) for Phoenix and Yuma, respect-

fully, are: winter -~ 28.89 and 29.85; spring - 28.73 and 29.66;

summer - 28.65 and 29.55; and autumn - 28.78 and 29.69. The

mean annual station pressure for 1974 is 28.75 inches at Phoenix

and 29.69 inches at Yuma.

2,5.1.5 Relative Humidity and Evaporation Rates o ,;

Relative humidities range from late afternoon (6:00 pm) lows of

less than ten percent in May and June to greater than GoApcrpont

during the period of December through Pebruary and in August.
Early morning (6:00 am) relative humidity values range Erdnviaf

| to 45 percent in May and June to greater than 65 pntccnt dﬁriaq

—!qux-f

' the period December through Pebruaty and duran hmgult..




Pan evaporation rftes in the study afeakrange between 80‘and.fa .
105 inches per year. Corresponding lake or reseivoit evapora-

tion rates range between 55 to 75 inches per year (Sellers and

Hill, 1974). .
2.5.2 SEVERE WEATHER CONDITIONS
2.5.2.1 General

Severe weather conditions included here are unusual weather
phenomena and are not extremes of the standard climatological
parameters recorded in the Climatological Data Summary Sheets

(Appendix _ ).

2.5.2.2 Fog

Fog may develop over the western portion of the study area
particularly during the months of December, January and February.
Alghough 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 intqnsity

of these thunderstorms are available,

2.5.2.4 Dust Storms
High winds that accompany thunderstorms and low pressute storm

R

fronts passing through the area may pick up dust and sand, etnaﬁ*f-

B '




ing local dust storms that can limit visibility to zero in the
affected area. Dust devils or sand spouts are common in the
late spring and summer in the low desert portions of the BLM

study area. They are especially common in the dry months of

May and June, when they form over the hotvdesert floor (Sellers

and Hill, 1974).

2.5.2.5 Tornados and Funnel Clouds £

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
tornados in Arizona have been observed in the Wellton-Sentinel
area along the lowgr Gila River south of the BLM study area

(Sellers and Hill, 1974).

2.5.2.6 Bail, 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
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, 1967).

Rare and isolated occurrences of snow or sleet have been reported

in the BLM 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 the ngagh of Novesber, 1954

e il
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2.5.2.7 Tropical §torms

‘Prom August through October, tropical cyclonic storms {(counter-

‘clockwise similar to hurricanes) occur over the Pacific Ocean

off the coast of Baja, Mexico. These tropical storms §enera11y
dissipate rapidly as they move inland. However, from 3 October
to 7 October 1972, tropical storm "Joanne” moved across Arizona
and is the first time in the recorded history of the state that a
tropical storm has entered Arizona with its cyclonic air circula-
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 mph

across southern Arizona. Tornados were reported in association

with local thunderstorms that developed within the tropical storm

system.
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2.6 TERRAIN ANALYSIS
2.6.1 GENERAL

The purpose of the terrain analysis is to :ank qualitatively,

using 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

of design and construction of the aim point or line concepts of

the land mobile system. This analysis (Table __i Section 2.6.3.1)

was performed on the entire siting area and not refined to the

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);

3. Pertinent literature;

4. Topographic base maps (scale 1:62,500; and

S. Application of the terrain analysis technigues described
by the U. S. Army Corps of Engineers for preparing desert
terrain analogs (Yuma Test Station served as the base

area for these analogs; van Lopik and Kolb, 1959).

The completed terrain analysis was then compared to similar
terrain and surface materials studies (Millet and Barnett, 19701
Barnett, 1975, in preparation) conducted at the Yuma Proving

Grounds (YPG) DoD siting area.




Rating of the selected landforms is accomplished by:

l. Selecting the major factotz to be anliyted based on

surface geometry and near-surface soil charaetnrilticl‘"

t

IR

believed critical to siting;

e v e

2. Assigning a range of values which describes either

.
-

guantitatively or qualitatively the individual factors
which comprise the physical characteristics of the
selected landforms;

3. Subdividing this overall range into three to six value

ranges which were most suitable (or lowest total) to

least suitable (highest total) condition;

4. Determining the characteristic factor value range; and

5. Totalling the ranking values for each landform.

The resultant rating represents the cuﬁulativo analysis per-

formed on all landforms. These results presented in Table __

and Section 2.6.3 should not be considered a lubltitut. for a

more specific analysis based on detailed field related studies.

T S SV U O

S

2.6.2 FACTORS USED IN THE TERRAIN ANALYSIS

The selection of the major factors for the terrain analysis dis-
cussed in the subsections below, was based on surface geometry

oy

and near-surface soil properties believed critical in a tecraia

study. Many of the factors and value rauqcc nay a-pmy Sore , %ﬁ
detail than is available based on data collectad im thil intttil |
phase of the study. Descriptions are intended to allow 'lllltin
activities to proceed until further refinement of the md ; ",'y
can be made based on future field tnvoattgltlcas !htud'.&
value ranges for a factor ovcrlap tuo cnal ng!




L THBLE 19 .
— - - | TERRAIN ANALYSIS

\

o CUNRACTERISTIC ~  Drainage Density - EE SIS
ARIZOWA ‘BIM SLOPE IN PERCENT - (Topographic Texture) SR

u LANDFORMS © Value Rank(1) Value Rank (2)

, old . 510 4 . 815 3

U Intermediate 3-7 2 612 2

Undiffer- ' ’
B entiated 1-6 2 10->20 4

Yong =~ - 1-5 1 10->20 4

) | - . :

Pediments 3-7 3 5-10 2

B nd Dunes >10 5 <5 1

R AT 2
»

8 River 1 1 <5 1

i

~ i

4 l‘ N ..

Valve Value .
Range Rank . Range Rank

-2 1 0-5 1

™
U,

2-5 6-10 2

5-7 11-15 3 T TR
16-20 4 ' '

200 S

 7-10
510

»w e w N




¥ v
-

"" CHANNEL CHARACTERISTICS ' | |
! -Characteristic Relief Frequency of Slopes
| Depth of Incision (Feet) Greater than S0% (No/rm)
- Valve (Avg.) Rank(3) Max. Min, - Value  Rank(4)
e 1520 5 >20 510 1-15 3
S T 3-10 2 15 12 3
o ) ,
Ey <5 1 5 < 10 2
’ <5 1 5 q <5 1
{? . 3-10 2 515  1-3
' {j <5 1
p " !
E
L
v

B g:'];;: Rank
Fd 0-5 1
LI :

N 11-15 3
L o 16-20 4
[E | >20 3
i




Peakedness
!J‘Value (a) Rank
) S

[
1
L

' '
[ Value Rank

Yo promi-
went highs
Jr lows(N) 1
| Tat-" .
| Topped(P) 2

_ ('nber~
| rpupmn 3

'[gnnmc) 4

[}

' PLAN PROPILE

Or jentation

Planar Shape " Areal Occupance
Value Rank Value|c) Rank value (d) Rank
L 1 40-60% 2 P 1.
L-1 1 40-60% 2 P 1 B
L-1 1 >60% 1 P 1
L 1 >60% 1 P 1
1 2 40-60% 2 P i
L 1 <40% 3. k1 2
1 2 © 560% 1 B-I 1
value Rank value Rank Value Mt
Linear (L) 1 >60% 1 Pacallel(® 1
Inter- 40-60% 2 mtee-
mediate(1) 2 mediate (1) ]
<A 3
Non-Linear (N} 3 Rardom ({5 3
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-
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i : ’ : v : ’ -
| ! SOIL PROPERTIES ‘ ]

] ‘" : Plan Profile CBR (in-situ) AASHO Classification |
| ! Total=atbic+d Rank(5) Value Rank(6) - Value Rank (7)

‘ 7 2 >0 1 A1 1 ;
- ! 7 2 520 1 A-l/as2 2 | i

>20 1 A-1/A~2 | 2

(.
wn
[

_ 4 1 20 1 A-1/A~4 4

| : m 8 3 >20 1 A-1 1

| , p 10 4 10-12 3 A-2/A-3 3

E 6 2 15-20 2 A-2/A~4 4

| e

f g Total | :‘3

£ ) : Value Value Value , 9

? | B Range Rank Range Rank Range Rank i
» A
: 4-5 1 >20 1 A-1 1 4
i £ . 2 1915 2 aloraz ‘2 i
1 ' 89 3 125, 3. A2or A3 -3
1Y te-13 4 10-12 4 A2or A4 4 &

\
S Sttt - s, ———— ..
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TERRAIN ANALYSIS RATING .

Rank = 14+243+445+6+7 Evaluation‘
. 19 Poor

14 . Fair

13 . God

13 " Good

14 Fair
' 22 Very Poor
12 : Good

- ;

Evaluation
713 . Good
14-16 Fair
17-20  poor

>20 Very Poor

.t

»
v
- v
. L.
t
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" major landforms in the Arizona BLM Valleys are based upon the :

~in this terrain analysis.

R

predominant value was used; if ncax equal, the more consntvl

(higher) value was nsed..

2.6.2.1 Slope Characteristics

The slope, or topographic grade of a surface may be detined in
terms of its angle with the hotizontal. usually expressed as

the tangent of that angle. The characteristic slopes of the_'

topographic grade determined by the average contour interval
and topographic expression. Values ranging from 0% to 16! were
r;ted (Table _ ). Characteristic slopes of the major landform
surfaces typically range as follows: alluvial fans, 1% to 10%; - {
pediments, 3% to 7%; terraces, 0% to 2%; the uppef teache§.§£
alluvial fans and pediments near the mountain front exceéd'iﬂ!i

and sand dunes may exceed 10%.

2.6.2.2 Channel Characteristics _
Drainage density (topographic texture), charactetlptic_ehannel.
relief (in terms of depth of incision) and frequency of channel

slopes exceeding 50% are the channel characteristics utiliged v~*"f§

The density of drainages is de.ined as the number of Giltinct
drainages per nautical mile determined from avammi” pegr
maps and aerial photograhs. The :Uttﬁgs in Thblt gu;g
density have been adjusted to reflect toeannaislundb f;;c
observations and data available in the Iitttakurn. L;”'“
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',thuu less suitable. 1In oraer to I&jult fac tH

geenntric profile found within eht figian f sga:upop" ‘
sampling in the area. lt is the typieal preftle a 1audfomlgdiw

poséoas. Major elements of the plgn p:ofile (rigarc . azit

1. The peakedness or degree and extent of thc highs
versus the low areas (no prominent highs or lout.
flat-topped, intermediate, or ctested),

2. The planat shape of the landform highs (linclx. 1nttt-‘

| mediate, or non-linear);

3. The areal occupance of the crests or peaks as oppéiad ‘%

to the lowlands (greater than 608, 40 ba sﬂ&, ot}1¢s¢~,;

than 40%); and S
4. The degree of alignment of theseslahﬂﬁqflk gpaﬁéék‘

other (parallel, intermediate, or,:ahdonl,'

2.6.2.4 Soil Properties

The terrain parameters discussed in Sections 2. 6.2.1 tﬁrﬁugh
2,6.2,3 deal primarily with the geometric configu:atf

individual landforms. Using only tha geonetztc eﬁj*”

a terrain analysis could . result in a high tating !c&“iﬁht\“

eeers were selected and appittdx the csi forala !hﬁ’




_geometricC profile of a landform (van Lopik and Kolb,: 19!

CHARACTERISTIC P

Areal Occupance of Highs -
- 60% of area i  ~__¥]"“.;5ﬁ:

40 to GOi‘of_area

40% of area ' | N

60% of area

40 to 60% of area 1
40% of area ]
Ro'pionounced highs or lows
ORIENTATION AND PLANAR SHAPE OF FEATURES
Non~linear Linear and ~ Non-Linear Linear and- . §

and Random Random ‘and Parallel Parallel

1 Highs are considered to be, (a) peaked or crested and exhibit-
ing characteristic slopes greater than 6 degrees, or (b) flat- . . ;
topped prominences on high level arsas bounded by slopss in -~ . |
excess Of 14 degrees. L

rigﬁto . The characteristic plan ptofilcﬂi!'£h§¢¥&big;1”
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CHARACTERISTIC PLAN PROFILE

Arcal Occupance of Highs! Schematic Profile

No pronounced highs

'
Q)

Lt @ BENRY

60% of area  |® | TUTUTUTUTUTUTUTUTUTUTUTU

40 to 60% of area 1

40% of area —~ J\__ "\ M\ /\ J\ SI\__ /I

60% of arca '8 ) N\/\/W\/\/\/\/\/\N\/\/\/\/\N\N
AN N_N_N_N_N_N_
40% of area © /\____/\ /\ /\ /\ VAN /

40 to 60% of area

Crested
?

or lows

-

e e e e e e —

ORTENTATION AND PLANAR SHAPE OF FFATURES

P o ©
Q c? %

Non-linear Linear and Non-Linear Linear and
and Random Random and Parallel Parallel

lﬂiqhs are considered to be, (a) peaked or crested and exhibiting
characteristic slopes greater than 6 degrees, or (b) flat-topped
prominences on high level areas bounded by slopes in excess of
14 degrees.

Figqure W 13The characteristic plan profile is the typical
geometric profile of a landform -(van Lopik and Kolb, 1959).
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surface soil strength; values exceeding 20 are assumed to b( :
acceptable or would require minimalvstrength improvement to
support loads imposed by an overland system. CBR values less

than ten are considered unacceptable.

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 éssumed 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 t:svetses'f
(level surveys), 3) aerial photographic interpretation, 4) topo
graphic map interpretation, and 5) selected soil lanpling
testing. resulting in a series of 15-minute ntpt depicting th‘
surficial materials and terrain features withn YPG. Inrgtuctll.f:%
the surface materisls and terrain features identified within !!G '
| and associatod with specific landforms (Millet and !atnntt; 1970& ?
,1:.‘l¢:nitt, 1978, in prepcration) corrcspond elotcly with sinilil'f“
"ﬂ‘xanafer-. identitied vithis the Gila Bund Group BN
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and thus reinforce the terrain ratings independently dezived:iu*a
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 ptesénce 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

favorable and unfavorable characteristics.

Alluvial fan ratings range from Good to Poor. The old fans
(AS° ) are rated Poor due to unfavorable slope and channel
characteristics, The intermediate fans (ASi ) are rated fair
due to unfavorable channel characteristics. The intermediate
(ASi ) and young (ASy ) fans which are the predominant land-
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 nature

of the near-surface soil properties and unfavorable alope, channel

and plan profile characteristics.

sand dunes (A3d) and those areas of apreciable sheet sand caa.)

accumulation, thickness and extent are rated Very Poor dnp.to ;
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‘River terraces (Azr) are rated Good due to tavorabie SIope,

unfavorable characteristic slope and plan protile aﬁa;uthé-f-

surface soil properties.

channel and plan profile characteristics, even though the near- i
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 MX siting. It combines an evaluation of critical geomorphic
elements, such as drainage density and landform and channel
morphology, with near-suface 80il properties. It includes none
of the other geotechncial constraints, which also have to be
considered in the overall analysis of siting suitability, and
no direct evaluation of the relationship of construction prob-

lems or cost related constraints.
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TABLE 20

Fesignated Valley Areas Within the Gila Bend'Grbup élting At§i N<
Applicable

Valley
Name

Cactus Plain
Butler Valley
McMullen Valley
La Posa Plain
Ranegras Plain

Harquahala
Plain

Palomas-Hyder
Valley

Mohave Wash

Text Total Valley

Area of
Section Area (nm ) 8iting valley (nm )
3.3 237 208
3.4 365 310
3.5 317 216
3.6 349 330
3.7 494 351
3.8 542 351
3.9 525 424
" 3.10 71 61
\
NPT - il

Ge-1,

GB-2,

2,
3,
S,

a,

5,

6,

* Four~Quad

4,5




TABLE N
DESIGNATED VALLEY AREAS WITHIN THE G1LA
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3.0 VALLEY ANALYSIS |
3.1 GENERAL

The Valley Analysis Concept diqcustgd ia-t#is‘aéatloaﬁias dgf@iidﬁ
to allow fot-pteseﬁtation of geotochnichl_dota‘in-i uho?ulifimﬂ. ‘
uniform hannet'uﬁique to an individual V@lley. !he'ditn ‘:!: |
presented on Data Summary Sheets'which are to be used in ébnb
junctin with the general text and the pertinent fout;qpad over-
lays. Table __ shows the Valleys, their total land areas, the
area of the siting Valley (based entirely on teh percent tapo#’A
graphic grade exclusions and major cultural and quaatity-diltance'lfi
exclusions), and the four-quad sheet or portion of four~quad .

sheets (and overlays) which the Valley occupies.
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‘ tained from the literature, observations made during thc htint

‘comnnnications with individuals huvlng Ipteitic kaoviti!!ftf
_ expertise in the Valley. -Quality of Gota is ptti.utlﬂ=¢&,§h(‘
'flett-hana margin and indiccbcs:

which.comptise the Ariaana‘BLa.sﬁudy,arga; .lach of tp;p.,gqg_”
consists of: R | o
1. A black and white topographic baae may (SCIle 1:250,660!

1 inch = approximately 3.5 nm) shoving the va;ley

boundary, interior ten percent topographic grade atens,
and major cultural and quantity-distance exclusions -
(ownership conditions not shown); and _ : 7“  ,;;{

2. Five data sheets which appear in the follouinq_orqjgs J,.f';z
a. Ownership, Topography and Cultural Feai&thsl_;'l | ; é
b. Geology '

c. Soils Engineering
a. Surface_ﬂydtologyv

e. Groundwater Hydrology

The data presented on the Data Summary Sheets inclado data db*

ground and aerial field reconnaissance of the area and pttf""”

R

' Zy

from gencral stuciol, iuﬂ
'<0pon ci:elo - inautci ‘




«

Y e e

'four-quad base maps into North or South. Most data shown on the

e IR TR SIS e - s

The nlnlnxs section may contain numerical quantitigl“ %7;
vhere they are the primary response to the D!SCRIPTION: 2 ‘0
(zero) indicates no occurrence in the valley. Quantity “nt&’lw

2, ¢t.) are indicated in the RENARKS sections only when they

(nm
differ from those given in the DESCRIPTIOS. Blank spaceﬁ indi-
cate that no data exist or that no data are available. Where
conditions or featues listed in the DESCRIPTION are known not
to exist, "None" is entered under the REMARKS} subheadings,
which do not apply, are designated by "N/A". Abbreviations

used on the Data Summary Sheets are listed in Table .

A single Data Summary Sheet set is used for those large BLN

Valleys which have one geographic name, but are divided on the

Data Summary Sheets would directly apply to both areas because ot'
similar existing geotechnical conditions. 1In those instances

where data are uhigue to a single portion, it is noted by (N))

for northern portion, or (S) for the southern portion,’follaﬁing

the data entry.




TABLE OF ABBREVIATIONS




HARQUAHALA PLAIN

VALLEY ANALYSIS

WX SITING INVESTIGATION
OEPARTMENT OF TME AIR FORCE - SAMSO
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EXPLANATION

msmsmenme Limit of BLM valley

w» ==« 000 boundary.

Area of greater than 10%
grade within BLM valley

SCALE: 1:250,000
(APPROXIMATE)
NOTE: Unsultable siling areas may exest
wilhin non.excliuded areas: use
overlay graphics for all calculstions
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- QUALITY :
OF CATA DESCRIPTION |
o
| A, VALLEY AREA, OWNERSHIP AND LAND UTILIZATION ;
Ll
o ! o 1. Area of Valley (nm2) 542 1
) I o 2. Area of Valley not Controlled by BLM or DoD (nm2)} 31901 i
o a. Excluded public-use land (E-5) 0
l o 1) present use N/A
[ 4
' o b. State owned land (E-6) 51
| o 1) present use Cattle Qﬂ
o c. Privately owned land (E-7) 123
1 o]
1) present use Cattle 'ij
o d. Non-DoD, non-BLM Federal land (E-8) 17
o 1) present use U.S. Bure
‘ o 3. Area of Siting Valley (A.l minus A.2: nm2) 351 {
'_. o) a. Present use public dom
B. VALLEY TOPOGRAPHIC CONDITIONS
(o) 1. Area with 5 to 10% Grade (nmz) a1
i (o) 2. Area with 0 to 5% Grade (nm?2) 501
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
0o a. Relative location Central
[ b. Type and use Improved,
o 3. Utilities (type) Buried n
(o] a. Relative location Northwes
(o) b. Type and use
o 4. Other Granite
D. CONTIGUOUS DoD OR CC-USE LAND
o] 1. Name (map area in nm?2) None
o) 2. Present Use
None
E. ADDITIONAL REMARKS
Quality of Data
o Data derived from detailed studies
@ Estimated values
o Insufficient data available
’




"OwNE GULP, TOLCorar Y

AND CULTURAL FEATURES
-3.8.1 Harquahala Plain DRAEI

100%

35%

0%

9%

battle ranching

(?)

23%

(2)

3%

.S. Bureau of Reclamation (USBR) corridor for Granite Reef Aqueduct

1

65%

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

Southern Pacific

ntral portion of Valley

Randomly transect. entire valley

Southeastern portion of Valley

proved, public

Improved, unpaved, public, private

Railroad, commercial

ried natural gas line

Buried coaxial telephone cable

Electrical power lines

rthwestern portion of Valley Central portion of Valley

Southeastern portion of Valley

ranite Reef Aqueduct, central portion of valley

ne

ne




QUALITY
) OF DATA DESCRIPTION

a, ROCK CONDITIONS IN VALLEY

;fi I (BR=Basement, B Bedrock, VF=Volcanic Flows)
e o 1. Exp&sed Rock (category/symbol/lithology)
fé I o a. Map area in nm? and relative location 11 -
I (o] b. Seismic velocity (p/s in fps) o
, | 1 0] c. Other
lr o 2, Pediments (category/symbol/lithology) BR/M, - (?) /gneis
o a. Map area in nm2 and location 9
3 | o b. Pistance into valley from rock
exposures (max./avg. in nm) 3.5/

o
n

Other

Extensive pedi]
Tail Mountains

B. SUBSURFACE ROCK CONDITIONS IN VALLEY
(BR=Basement, B=Bedrock, VF=Volcanic Flows)

1. Depth to Rock (map area in nm2; category/
symbol/lithology; physical properties)

SR e W S e o
O

]
0O 0 0O 0 0 O ©°
a

2, Rock Type(s) (category/symbol/lithology)

a. 0 to 100 feet (excluding pediments) 143 ;

b. 100 to 250 feet ?

c. 250 to 500 feet |
500 to 1600 feet

e. Greater than 1000 feet i

f. Unknown 399 |

U

DMA gravity pﬂ
3169 feet neaj
the southwestd
1995 feet.

(o] 3. Physical Properties of Rock

Quality of Data
® Data derived from detailed studies,
=] Estimated values
Insufficient data available




GEOLOGY

3.8.2 Harquahala Plain DRAET

BR/Mpc/gneiss, schist; BR/Ilyp/granite and
' related rocks; :
11 Northern, soéuthern and Nor thern portion . -
eastern portions of Valley | of Valley ~
17000-18000 14000-16000 ) o
R/Mp. (?) /gneiss, schist
" e
9 Along northern flanks of the Big Horn Mountains !‘
3.5/ {;

tensive pediments have been cited along the flanks of the Gila Bend and Fagle
ail Mountains and less commonly adjacent to the Harquahala and Saddle Mountains

143 : %

399 3 Depth to rock greater than 100 feet

DMA gravity profile 18-Bl indicates maximum depth to rock to be approximately
3169 feet near the south-central portion of the Valley. A dee¢p water well in
the southwestern portion of the Valley penetrated granite basement rock at
1995 feet. i

he i - . . etk s




QUALITY
OF DATA DESCRIUPTION
o) 4, Rock in Basin-Fill Deposits _
(map area in nmZ?; cateqory/symbol/lithology)
o] a. Depth to (ft.)
(o) b. Thickness (ft.)
o] c. Seismic velocity (p/s in fps)
C. BASIN-FILL DEPOSITS IN VALLEY
(o] 1. Type (symbol) Alg;98
(o) 2. Map Area (nm <10t/
@) 3. Thickness (max./avg. in ft.)
. B sand and
o] 4. Lithology gravel
o 5. Seismic Velocity (p/s in fps)
o 6. Other
(0] D. VALLEY GEOLOGIC RELATIONSHIPS Available w
: interfinger
is no indic
countered in
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
Estimated values
Insufficient data available

i :

4
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GEQLOGY
3.8.2 Harquahala Plain D

———————

AlQ;98 A3SQ;1 A5Q;355 AS5,;37

>1200'/ \360'/200/
t Sand and Gravel, sand
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 zijacent basins.

i




DESCRIPTION Al
SOIL IDENTIFICATION PROPBRTIBS(I)
1. Unified Soil Classification SM, GM, ML, CL
2, AASHO Soil Classification A-2, A-4, A-1, A-6
3. Percent Passing # 4 Sieve 90
4. Percent Passing # 40 Sieve 76
5. Percent Fassing # 200 Sieve 40
——
6. Liqguid Limit/Plasticity Index 17/4
7. Consistency
8. General Surface Moisture Condition
SOIL ENGINEERING PROPERTIESC“
1. Dry Density (pcf)
2. Permeability (cm/sec.) 1072 to 1074 10§
3. Shear Strength
a. Angle of internal friction (degrees)
b. Cohesion (psi)
4. Shrink-Swell Potential
5. Coefficient of Compressibility (in.2/1b.) "
6. CBR (in-situ/recompacted)
7. Compression/Shear Wave Velocities (fps)
s. Water Content (percent)
Y. Celeterious Substances
c. coxstruction proPERTIES(!)
1. Suitability as Source of Sand/Fill MateriaI' Good/Good
2. Suitability as Source of Aggregate/Base Course Good/Good
3. Excavation Limitations and Slope Angle (45° - 60°)
4. Near-Surface Foundaticn Design Characteristics Moderate Strength
D. ADPTPITIONAL REMAKKS Good source of
EXPLANATION construction mat-
[~ %o literature available and data not extrapolated]| erials in stream
(SP-SM)| No literature available and data extrapolated channels, poor
SP-S Data available in literature source in flood
(1) Surface soils only, depth of less than 5 feet plains




O

3.8,3 Haiguahaia Plain

MAP UNIT
t CL, SP-SM SM, GM, ML GM-SM
1
2-6 A-2, A-3 A-1, A-2, A-4 A-1, A-2, A-4
75
50
30 _.,1
21/7 —{
Loose B j
-
-
-4 1071 to 1073 107! to 1073
-l
vaecoonm ﬁ
el
o s onn [ i e RN 20 0 e e T e e ]
- Bl AT AN A PR AN SR OO ey
1000-3000/ . '
o wnmcoeras 4
V\‘o‘-mq
Good/Good Good/Good Fair/Good
SN [ ol
Poor/Fair Fair/Fair Fair/Fair
, stouaning | - Difficult Difficult ‘
)| oughing 7 (45° - 60°) (possible ripping)
ngth Low Strength High Strength High Stength
pf Possible wind Limited localized| Abundant caliche
mat- erosion caliche
ream




QUALITY :
OF DATA DESCRIPTTION
I A, SURFACE WATER IN VALLEY
o 1. Playas; Intermittent or Perennial Lakes None
— I o a. Duration of surface water (wks.) ' N/A
) o b. Maximum extent (nmz) N/A
, l o] c. Water depth (max. in ft.) N/A
W4 - .
I (o] d. Source of water N/A
o e. Water quality ' N/A
l (o] 2. Rivers, Streams, or Springs Centennial WQi
-4 ervaae R b A s S8 - -
| Ephemeral (n
I O a.. Duration OE.E}OW (wks. ) | _of the t_i_gpg_j
L o b. Estlnated maximum flow rate (gpm/season) 14,500 ft3/s.
. 4 l o c. hater quallty
ﬁ o B. HYDROLOGIC CHARACTERISTICS OF VALLEY
I_ o) 1. Drainage Channel (PR=Primary; S=Secondary) Centennial
|
o (o) a. Depth of incision (max. /avg. in ft.) />5
-~ o b. width (max /avg. in ft. ) /2640
i o) c. Gradlent (ft /m1 ) 20 to 80 .
; (o) d. Channel bottom characteristics Sand, gravel
I O e. Channel cross-section (schematic)
| 'I o) f. Channel spacmg (avg. in ft.) Primary chal
| o . . -
{ | 1 o g. Prellmxnary flood susceptlblllty ratlng CFj
. | o) 2. Historic flooding Historic f1
documented
] 1 25 years.
': have been a
; l cfs.
i C. ACDITIONAL REMARKS
!
. l Quality of Data
! 1 i ® Data derived from detailed studies
| @ Estimated values
i l (o) Insufficient data available

»t




SURFACE HYDROLOGY
3.8.4 Harqguahala Plain

Several unnamed and named stream channels

Ephemeral

tennial Wash (PR)

Several unnamed and named stream channels (S)

bS5 10 />5
640 /5-10"
to BOQWM.A 30 to 120
d, gravel Sand
kimary channel 20,000

2

storic flooding is well

umented over the past

years. Peak discharges
jave been as high as 7000

Historic flooding on Tiger Wash

N

.

e

Se gt
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IQUI\LITY
\ OF DATA DESCRIPTION
% l A, DEPTH TO GROUNDWATER WITHIN BASIN-FILL MATERIZ"

( IN VALLEY (Map area in nm2) .
e !
= | o 1. 0 to 50 Feet N/A *
- —
X
_ o a. 0 to 25 feet N/A
- | o) b. 25 to 50 feet N/A |

I o 2. 50 to 100 Feet N/A |
o o 3. Greater than 100 Feet i
I o 4, Unknown or Not Present
I B. AQUIFER CHARACTERISTICS IN VALLEY
. (o] 1. Type of Aquifer (B=Basin Fill; P=Perched;
R=Rock; u=unconfined; c=confined) Bu
o I O a. Map area (nm2) and extent
" | o b. Depth to aquifer (ft.) <150 to >554
o o c. Thickness range (ft.) 250 to 1200

I (o] d. Composition Sand, grave]

P '

' (o] e, Porosity (%) .

| ,

i o f. Specific yield (%) 10 to 20

} —

! lo) g. Transmissivity (ft.2/day)

: ) h. Specific capacity (gpm/ft. of drawdown) 3 to 80/1

o i. Peimeability (gpd/ft.z) <ﬁ

‘ o) j. Total pumpage (ac. ft./unit time) 109,000/yej

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 th
D. ADDITIONAL KEMARKS (a) Tots

Quality of Data

® Data derived from detailed studies

(-] Estimated values

o Insufficient data available

|
?
'i
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. 3.8.5 Harquahala Plain
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<150 to >550

eyl - o © S e v - A A e e a8 e ot et

250 to 1200

sand, gravel, clay, silt

10 to 20

3 to 80/1

109,000/year See Additional Remarks (a)

Several thousand/year

Several thousand/year

(a) Total pumpage in 1968 was 200,000/year
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ﬁenditiom in the White Sanda uiaa;le umn» &mﬂm vhiah

are of 1nterest for this inveutigatien rglato ve:y Gloil1¥ ha
those present in the White Sands Missile Bangn (USHR) oan ‘
area immediately adjacent and to the south.‘ nata pertainiag
to the regional analysis presented in Vblume.lzaﬁnf the DoD
Geotechnical Report for WSMR/FBMR describe for~tﬁe nokt‘part
conditions in the Extension. No data collection trips uure'

made related specifically to the Extension area, althoneh

numberous telephone discussions were held with persons kaaw—

ledgeable of conditions in the area.

Section 4.0 describes‘those geotechnical factors‘specifically
relatéd to the Extension area which add to or contrast with
the regional analysis data presented in the DoD Volume SIA;
All major headings from the regional analysis of th.‘noa*
Volume IIA are presented here. Section 5.0 is the Vllkty
Analysis which introduces and precedes the Data Sulnury Shn.tt
for Jornada del Muerto North Valley. - '
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| military reservation (WSMR). The Extension area lies princi-

DRAFT . T u_ g

4.2 GEOGRAPHY AND DEMOGRAPHY

4.2.1 SITING AREA LOCATION AND DESCRIPTION

The White Sands Missile Range Extension area (WE) is a roughly
rectangular area lying north of the White Sands Missile Range

pally in the Jornada del Muerto basin area and occupies portions
of Socorro and Torrance counties (Figure _ ). The
Extension area has a total of nmz, with maximum dimensions

of nm east-west and nm 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

and feet in the siting valley. This area accounts
for percent of the total area of the Extension, or

nmz.
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.

-15--iﬁuu-m-uuu; _ | o i
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FIGURE __

General Location Map

White Sands Missile Range
Extension Area
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Table summarizes the total area for each of the three

categories and their known uses.

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 Unknown
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-1, WE-2,
WE-3). State lands, in most instances, include Sections 2,
16, 32 and 36 per township with particularly large parcels
located in the vicinity of Bingham. Privately owned lands
compose two or more sections per township with large tracts

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 Quivera National
Monument, Cibola National Forest and Busque del Apache National

Wildlife Refuge.
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‘Land Use - White Sanda Missle Range Extensign,%:ea
. RN i e jﬁﬁv
Category Total ' 2 Percent of3ﬁ~l““

Area (nm )

Total Area

- Bureau of Land ;3'47 
Management - L
State of New 29 ¢
Mexico K , ¥
" Private “ 24  cattle ranchingj'*
limited agriculture
TOTALS 431 . © 100 '
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. Remaining lands include the Seviueta Land me nﬂ | ‘,

fied small and large land parcels. - | ‘!ahle ———

uge for these categories of land.

No significant occurrences of surface water ekip‘t in the
Extension area. Unappropriated water sources cqiisipt only of =
flood and sheet flows, spring flows, irrigation retm:n waters,

drainage waters or sewage effluents.

4.2.3 POPULATION AND POPULATION DISTRIBUTION

Approximately people are known to habitate the townl and
small settlements within and mmed:.ately adjacent to. ﬂw study "
area (Table __ ; ‘and Figure ___ ). Small populations are g;ne . 3
erally located at ranches and service stops alonq tham"ajﬁ: : R
highways in the area. A moderate transient population- i.msludes
individuals traveling to the recreation areas in thve v.ioinity
and military personnel monitoring 1ong-range missile firings ‘
in the area. Average daily traffic values for U. VS. luqhvny
380 ranges between 460 and 1290 units (EDAW, 1975). :

4.2.4 CULTURAL IMPROVEMENTS
A¢cess to the Extension area is provided primrny by u.

Highway 380 in the south and State Highway 60 j,n the mm";"f: .
(Pigure ___). Numerous uni.mrovod dirt ana Joop m’-h‘_ i

extend from these highways into var:lous portiaas o"'u e b
ares. Travel on the public roads is balieVed to B’ Giry
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TABLE 'M-m:

Population Centers

Population Center* Population** Distance from Range
El Paso; Texas 522,261 -0 nm
lLas‘Cruces, New Mexico 37,857 - é nm
Alamogordo, New Mexico 24,180 5 nm
Tularosa, New Mexico 2,851 3 nm
Anthony, Texas 1,728 . 4 nm
Organ, New Mexico 400 1 nm
Orogrande, New Mexico 60 1l nm
Newman, Texas 25 ‘ o nm

* Locations shown on Figure 4.

*## All population figures based on 1970 census (U. S. Census Bureau).
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,-jsa:lor 1ines parallel U._s, Higthay’ 35 and ” ad :j-"
o ”‘itinﬁ area (!‘igure 3 5t

Maj or electrical transmission and telmhone lines are pm

| the area as needed for range operations (EDAW, 1975).

in portions of the siting area (rigure — ). The major -mcu—
cal lines are subparallel to u. s. Hiqhwa.y 380 with RM
lines leading north into the Valley area.

Only one permanent mobile instrumentation site is known to be -

present in the area, however, temporary sites may be lpvod inbo

4.2.5 CULTURAL AND QUANTITY DISTANCE EXCLUSIONS ’

The only cultural or quantity-distance el:clusion which li.lni.ts

R o St i S S i:»:‘

siting area potential is a corridor, 1780 feet wide, on nac.h

side of Highway 380 (Ownership WE-_).

In addition, minbr quantity-distance and cultural features
not restrictive to siting include:

1. Several small buildings whose locatiqas were deter-
mined primarily from old topographic maps; and
Several semi-permapent military instrumsntation’
and monitoring sites which are i_ubahttiﬂ on ar _
periodic basis. | |

A criterion tor tht mmm M'

gradl .
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hasins._ Landforma whzch predeminate iﬁ.thia gri
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Ares of Thirty-Minute Quadrangle Map.
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4.3 GEOTECHNICAL CONDITIONS
4.3.1 GENERAL

Geotechhical conditions in the Extension area are very similar
to those described in the Geolog y, sbils Engineering, and Hydro-
logy Sections of the DoD Volume IIA report for the northern
portions of the WSMR, in particular the Jornada del Muerto

North DoD siting valley.

Specific information for the Extension area was derived from:
1. Regional studies applicable to both DoD lands and
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

The basin-fill deposits which are primarily coarse-grained
with lesser fine-grained sediments, probably attain a cumula-
tive thickness of less than 500 feet for most of the Jornadﬁ
del Muerto North valley (Herrick and Davis, 1965). Seismic

wave velocities (p = compressional) in basin-fill materials

?
k|
|
1

in adjacent DoD areas range from 1000 to 10,000 feet par

second (fps) (Ballard, 1963; Zohdy and others, 1969; Air
Force Weapons Laboratory, 1973). The higher seismic vtloeiti.l-1
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and substations throughout ‘the

New Mexico (Pigure ___). The Climatological Dus
Sheets from the DoD volume Inxopm:t mm m
Appendix _ . ’ SRR U

4.3.8 TERRAIN ANALYSIS ey
] g i Terrain characteristics for the qcolagic,topmmﬂ

rsoils‘conditions in the ntcnsion do not Vaxfy qntbxf!tﬁ

those in the WSMR area to the lq\!th.

The terrain analysis worksheet from the DoD rcpbte m
included in Appendix . R
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