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THE SITE

This section includes baseline descriptions of the physical, cultural,
biological, and socioceconomic environments that might be affected by the

construction and operation of MINERALS' proposed Anderson uranium project.

2.1 SITE LOCATION AND LAYOUT

The proposed uranium mining and milling project is located in Yavapai
County, Arizona, approximately 100 miles northwest of Phoenix (Figure 2.1-1).
Access to the site will be by a newly constructed paved country road running

westward from U.S. Highway 93.

MINERALS has obtained the mining rights on approximately 4260 acres
of land located in TlIN, RIOW and T12N, R1OW (Figure 2.1-2). The U.S.
Bureau of Land Management (BLM) owns the surface rights to approximately
2820 acres of this land and the state of Arizona owns the surface rights
to the remaining 1440 acres (Figure 2.1-2). A state grazing lease is held

by a private individual on 800 acres of the claim area (Figure 2.1-3).

MINERALS intends to mine the uranium deposits located in portions

of Sections 9, 10, 11, 14, and 15 of TI1IN, RIOW (Figure 2.1-4). It is
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Figure 2.1-1. LOCATION OF ANDERSON PROPERTY
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estimated that the proposed mine, waste dump, and haul roads will cover
about 760 acres. The mill and related facilities will cover an additional
40 acres. Mining may be extended to other areas within the mining claims
described above in the event that economically valuable uranium deposits

are discovered on them.



2.2 REGIONAL DEMOGRAPHY AND LAND USES

The following section discusses demography/demographic character-
istics, land use and ownership, economic environment, housing and
public facilities, and services in the project region. The geographic
area to be discussed consists of southwestern Yavapai and northwestern
Maricopa counties in west-central Arizona (Figure 2.1-1). Much of
the discussion is focused on the town of Wickenburg, located approxi-—
mately 43 miles southeast of the Anderson property in Maricopa County.
Wickenburg is the largest community and principal trade center in
the study region and is expected to experience the greatest socioeco-
nomic impact as a result of project implementation. Attention is
also given to the small communities of Congress and Yarnell, located

about 28 and 37 miles east-southeast of the property, respectively.

REGIONAL DEMOGRAPHY

The project region is sparsely populated, rural, and largely unde-
veloped. Approximately 20 people currently live on ranches or farms
within 10 miles of the Anderson property (Figure 2.2-1). The closest
community to the property is Bagdad, located approximately 22 miles to
the north-northeast (Figure 2.1-1). Population estimates by annular sector
(cardinal points) and distance are given in Table 2.2-1 for a S50-mile

radius from the proposed mill site.
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Note: Each household represents roughly 6.3 persons

(Source: Urban Decision Systems, Inc., 1978)

LOCATION OF FARMS OR RANCHES WITHIN TEN
MILES OF THE ANDERSON PROPERTY



Table 2.2-1. POPULATION DISTRIBUTION WITHIN 50 MILES OF THE
ANDERSON PROPERTY

Direction (miles)

Direction 0-5 5-10 10-20 20-30 30-40 40-50
NNE 0 0 89 2966 0 0
NE 0 0 0 0 558 0
ENE 13 0 0 0 0 21125
East 0 0 0 985 0 0
ESE 0 0 0 0 0 907
SE 0 6 0 0 3394 1332
SSE 0 0 0 0 619 0
South 0 0 0 0 0 0
SSW 0 0 0 0 0 875
SW 0 0 0 289 0 0
WSW 0 6 0 0 0 958
West 0 0 0 0 0 0
WNW 0 0 0 0 0 7956
NW 0 0 0 0 312 0
NNW 0 13 0 0 0 317
North 0 0 0 0 0 0

Source: Urban Decision Systems, Inc., 1977



LAND USE AND OWNERSHIP

Because implementation of the proposed project will alter existing
land use patterns within Yavapai County, this section focuses primarily

on that county.

Livestock grazing and wildlife habitat are the predominant land
uses in Yavapai County and constitute 60 percent of the total county
land area (5,178,000 acres) (Table 2.2-2). National forest lands,
primarily in the central and eastern portions of the county, represent
38.5 percent of the land area, while urbanized areas (Prescott,
Yarnell, Congress) occupy less than one percent. Lands classified as
agricultural cropland constitute 0.5 percent (24,000 acres) of the

total.

Mineral extraction activities are concentrated at Bagdad, where
Cyprus Bagdad Copper Company operates an open pit copper. mine, con-
centrator, and refinery. There is also an underground mine and concen-
trator operated by Cyprus Bruce Copper & Zinc Company at Bagdad. A limi
ted amount of placer gold mining is done in the Stanton area and around
the Vulture Mountains. Generalized existing land uses in Yavapai County

are shown in Figure 2.2-2.

Most of the land in the county is under government control (Table
2.2-3). National Forest lands cover about 38.5 percent of the county;
while the BLM administers 9.1 percent of the land and other federal

agencies control 2.3 percent. The State of Arizona owns almost 1.4



Table 2.2-2. EXISTING LAND USES, 1975 YAVAPAI COUNTY

Land Use Acreage¥® Percent
Urbanized Areas 40,000 0.8
National Forest Lands 1,993,000 38.5
Indian Reservations 4,000 0.1
Agricultural Cropland 24,000 0.5
Lake Pleasant Regional 6,000 0.1
Park
Desert or Mountainous 3,111,000 60.0
Areas
TOTAL 5,178,000 100.0

Source: Ferguson, Morris and Associates, Inc., 1975.

*Numbers rounded to nearest thousand.
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Table 2.2-3 LAND OWNERSHIP IN YAVAPAI COUTY

Ownership Acreage* Percent
Federal 2,582,000 50.0
Indian reservations 4,000 0.1
National forests 1,993,000 38.5
Prescott 1,205,000 23.3
Coconino 428,000 8.2
Tonto 335,000 . 6.5
Kaibab 25,000 0.5
U.S. Bureau of Land Management 472,000 9.1
Other 120,000 2:3
State 1,399,000 27.0
Private 1,190,000 23.0
TOTAL 5,171,000 ' 100.0

Source: Ferguson, Morris and Associates, Inc., 1975.

*Numbers rounded to nearest thousand.



million acres (27.0 percent) in Yavapai County, while private ownership
accounts for almost 1.2 million acres (23.0 percent). Existing land

ownership patterns in the county are presented in Figure 2.2-3,

Other than mineral exploration activities associated with this
project, the Anderson property and adjacent areas are currently used
exclusively for livestock grazing and wildlife habitat. Uranium was
surface-mined on the property in the 1950s, and the abandoned pit is
still present in the SW 1/4 of Section 11, T1IN, R1OW. Surface and
mineral ownership of the property and adjacent areas is shown in

Figures 2.1-2 and 2.1-3.

SOCIOECONOMICS

Wickenburg

Wickenburg is located approximately 54 miles northwest of Phoenix.
Sit was founded in the 1860s by pProspectors attracted to the area by
rich gold strikes in the nearby hills. Situated on the main route to
California, served by the Santa Fe Railroad, and having a dry, mild
climate and productive grazing land, the early boom town became
an important freighting and stage junction as well as an attractive

place for early settlers.

Today, as in the past, Wickenburg's physiographic location plays
an important role in its continued growth. Tourism, cattle ranching,

and agriculture still remain the communities' Principal economic
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activities. However, light industry and retirement-oriented facilities
have recently assumed‘preeminence in the economy and further diversi-

fication can be expected.

Population. Since 1950, the population of Wickenburg has increased

at a slower rate than Maricopa County as a whole (Table 2.2-4). This

is due almost entirely to metropolitan growth in the Phoenix area.
Between 1950 and 1960, population increased by approximately 41 percent
in Wickenburg and roughly doubled in the county. From 1960 to 1970,

the community registered a population increase of about 10 percent while
Maricopa County again experienced a substantially higher rate of growth
(about 46 percent). In recent years, considerable growth has occurred
in Wickenburg, although the county has continued to expand at a faster

rate.

Wickenburg's population consists of more elderly and fewer minority
group members on a percentage basis than Maricopa Countyvor the state.
The community has recently become a popular retirement center for Phoenix
residents, as evidenced by the high percentage of Wickenburg residents 65
years of age and older (Table 2.2-5). Table 2.2-6 suggests a high degree
of racial homogeneity in the community. Minorities comprise only about
10 percent of the residents, compared to 19.7 percent for Maricopa County,

and 27.9 percent for the state.

Population projections have been prepared for Wickenburg by the Mari-
copa Association of Governments and for Maricopa County and the state by

the Arizona Department of Economic Security (Table 2.2-7).



Table 2.2-4. POPULATION CHANGE, 1950 - 1977

Wickenburg Maricopa County Arizona

Total Population

1950 1736 331,770 749,587

1960 2445 663,510 1,302,161

1970 2698 969,425 1,775,400

1977 3015 1,289,059 2,350,950
Percent Change

1950 - 1960 +40.8 +100.0 +73.7

1960 - 1970 +10.3 +46.1 +36.3

1970 - 1977 +11.7 +33.0 +32.4

Sources: U.S. Bureau of the Census, 1973
Office of Planning, Arizona Department of Economic Security,
1977



Table 2.2-5., POPULATION BY AGE, 1976 (PERCENT OF TOTAL POPULATION)

Age Group Wickenburg Maricopa County Arizona

Percent under 21,2 35.9 37.0
19 years

Percent 20-64 44,5 53.0 52.7
years

Percent 65 years 34.3 11.1 10.3
and over

Source: Arizona Department of Economic Security, 1976

Table 2.2-6. WICKENBURG'S RACIAL COMPOSITION - 1975

(PERCENT OF TOTAL POPULATION)

Ethnic Composition Wickenburga Maricopa County State
White 89.9 80.3 72.1
Black 0.4 3.3 2.9
Indian - 1.1 5.5
Spanish Surname 9.7 14,6 18.8

Source: 2CETA Grant Demographic Study,

1976

Arizona Department of Economic Security, 1975



Table 2.2-7. POPULATION PROJECTION, 1977 - 1995

Projected Population Wickenburg? Maricopa County Arizona
1977 3,015 1,289,059 2,350,950
1980 3,500 1,405,001 2,569,442
1985 4,500 1,611,597 2,934,908
1990 5,600 1,827,021 3,303,716
Percent Change
1977-1995 +122.0 . +58.8 +55.4

Source: 2Maricopa Association of Govermments, 1977
Arizona Department of Economic Security, 1977

It is projected that the population of Wickenburg and Maricopa County
will increase over the next two decades with the community growing at a
substantially faster rate than the county. Population in the community
is expected to more than double between 1977 and 1995, compared to 59

percent projected growth rate for the county during the same period.

Employment and Income. Approximately 291 businesses are located in

the Wickenburg area (Arizona Office of Economic Planning and Development,
1977). Service and retail trade are the principal employers and income

producers in the area, accounting for about 40 percent and 35 percent,

respectively, of the total number of businesses identified (Table 2.2-8)



Table 2.2-8., NUMBER OF FIRMS IN THE WICKENBURG AREA BY MAJOR INDUSTRIAL
CATEGORY, 1977

Industry Number Percent
Agriculture and Mining 5 1.7
Construction 17 5.8
Manufacturing 7 2.4
Transportation and Public Utilities 13 4.5
Wholesale Trade 8 2.7
Retail Trade 100 34,4
Finance, Insurance and Real Estate v 20 6.9
Services 117 40,2
Public Administration 4 1.4
TOTAL 291 100

Source: Arizona Office of Economic Planning and Development, 1977



The increase in service and retail trade establishments in recent
years may be attributed to increased travel and retirement oriented

activities in the community.

Agriculture continues to be a mainstay of Wickenburg's economy.
Five agricultural companies operate in the area with a total of 20,660
acres under cultivation. Thirty-three ranches with an estimated value
of approximately nine million dollars are also located near the com-
munity. Agriculturally rich Centennial Valley is located to the west

of Wickenburg.

Nonagricultural employment in Wickenburg is concentrated in the
retail trade and service sectors (Table 2.2-9). Approximately 76
percent of the 1421 workers in the Wickenburg area are employed in
these sectors. Approximately 1/5 of service employment is seasonal.

As Wickenburg continues to increase in popularity as a retirement

and tourist center, additional employment opportunities in the non-
agricultural sectors can be expected. Table 2.2-10 further breaks

down employment into basic and nonbasic sectors. Services and retail
trade dominate basic employment, accounting for 79 percent of all basic

employment and 75 percent of total employment.

Table 2.2-11 summarizes general labor force and income character-
istics of the Wickenburg area in relation to the county and state for
1975. The unemployment rate in Wickenburg (6.7 percent) was lower

than the rate recorded for the county (11 percent) and state (10.1
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Table 2.2-11. GENERAL

LABOR FORCE AND INCOME CHARACTERISTICS, 1975

Total Employed
(Percent)

Total Unemployed
(Percent)

Median Family Income

Per Capita Income

Wickenburg Maricopa County Arizona
93.32 89.0 89.9
6.72 11.0 10.1

10,442 14,336 13,362
= 5,800 5,383

Source: ZArizona Office of Economic Planning and Development
Arizona Department of Economic Security



percent). Families in the community earned considerably less on a per-
centage basis than the families in the county and state (37 percent
less than the county and 28 percent less than the state). This is
characteristic of many relatively isolated communities in the

Southwest.,

Housing. A lack of necessary infrastructure and an unresponsive
financial market has limited housing construction in Wickenburg. Due
to overall inflation and spiraling construction, finance and land costs,
average home prices have risen from $20,400 in 1970 to over $35,000
in 1976. Moreover, costs have risen at a faster rate than average
household income, reducing the purchasing power of the prospective
buyer (Maricopa Association of Governments, 1978). The vacancy rate
in Wickenburg for conventional single family units is less than two
percent. Vacancies in other types of housing fluctuate widely during
the year as a result of the winter and early spring influx of tempor-
ary residents. Rents have increased in the community due to demand,

inflation and increased costs of maintenance and utilities.

Table 2.2-12 shows the housing composition in Wickenburg. The
single family unit, still favored in the community, dominates the hous-
ing market. However, in recent years, the community has witnessed
a marked increase in mobile homes and more development is expected.
Currently, over half of Wickenburg's residents live in single family
units, many of which are located in the Sunnygrove aﬁd Palo'Verde West

subdivisions, approximately 35 percent live in mobile homes concentrated



Table 2.2-12. HOUSING UNITS IN WICKENBURG (AUGUST, 1977)

Type of Unit Number Percent of Total
Single Family 678 54,2
Multiple Family 129 10.3
Mobile Homes 444 35.5

Total 1251 100.0

Source: Donald W. Hutton, November 1977, personal communication



in Westpark and Country Club mobile home parks, and about 10 percent
reside in apartments. Several sizeable additions to the housing stock
are in various stages of planning, including a proposed major subdivi-

sion which will provide between 700 and 800 housing units.

Community attitudes. In Wickenburg, community attitudes are very

tangible and apparent and may be used as a barometer of the direction
in which the community is moving. Comunity image, size, and environ—
mental quality are important issues to Wickenburg residents. These

issues are directly related to economic changes in the area.

Wickenburg's population is still relatively homogeneous; social
and institutional relationships have remaiﬁed fairly stable through
the years. Its residents are fairly cautious towards major growth,
especially if it contributes to a decline in environmental quality
and hence, in the community's attractiveness as a popular retirement
and tourist center. However, as Wickenburg increases its feliance
on tourism and seeks further diversification of its economic base through
light industry, a gradual change will occur in the community's social
and cultural composition. New job opportunities will cause considerable
in-migration and provide employment for a large segment of the population
in the region. The new population, some of which would be typically
young and blue-collar, is expected to have different values and
lifestyles than the present population and may influence the existing

social, cultural, and institutional structure.



Public Facilities and Social Services. Wickenburg's water supply comes

from three wells. Water storage is provided by two elevated tanks with

a combined capacity of 900,000 gallons. The water system has a capacity

to serve up to 7000 people. Several projects to increase the water

system are in various stages of planning, including development of three
additional wells, construction of a two million gallon storage reservoir
and additional high capacity mains, and development of a new water source
and storage/distribution system capable of serving 14,000 people in south-
eastern Wickenburg and the surrounding area. Estimated costs for these
projects are $337,500 for the reservoir, $84,240 for well development,
$794,160 for main line construction, and $265,475 for the additional water

system.

Wickenburg operates a 600,000 gallon per day (gpd) activated sludge
treatment plant that can provide adequate service for 6000 people. However,
the sewage plant is subject to flooding from the Hassayampa River. The
community has proceeded with the construction of a new treatment facility
at a higher site and expansion of the wastewater collection system. The
new plant will be capable of initially serving 8000 people, with a final
design capacity for 25,000 people. It is currently planned to have the

facilities in service by early January 1980.

Solid waste collection services are provided by the community.
Solid waste is hauled to a disposal site near the Wickenburg airport.
The site is expected to reach full capacity in about 1981 under projected

usage rates.



Wickenburg receives electricity from the Arizona Public Service

Company (APS). Natural gas is also supplied by APS.

The Community Hospital in Wickenburg has 35 beds and a staff that
includes four medical doctors and consulting specialists from Phoenix.
Other health services are provided by the Wickenburg Medical Center,
the Health Analysis Center, two chiropractic offices, and the Meadows,

an alcoholism treatment center.

The Wickenburg Police Department, Maricopa COunty'Sheriff's
Department, and the Arizona Department of Public Service provide police
protection to the community. The Wickenburg Police Department has a
staff of nine that includes a chief, a sergeant, desk clerk, and six
patrolmen. The department has four patrol cars. The Maricopa County
Sheriff's Department substation located in Wickenburg is staffed by a
sergeant, 11 deputiés, and a detective. A 37-member sheriff's posse
has also been organized in the Wickenburg area for search énd rescue
operations. The Department of Public Safety has assigned eight offi-

cers to patrol the Wickenburg area.

Fire protection is provided by the Wickenburg Volunteer Fire De-
partment. The community's 23 volunteers operate three pumpers with a
combined capacity of 2850 gallons and 1000-gallon tanker with a

750-gallon pump. The community has a National Board Class 6A insurance

rating.



Wickenburg School District 9 encompasses approximately 700 square
miles of northwestern Maricopa County and serves many neighboring
districts. Table 2.2-13 lists districts in the region that send all or
part of their students to Wickenburg's school system. Educational facil-
ities within the school sys tem are presently adequate (Table 2.2-14).
Enrollment projections for the district are provided in Table 2.2-15.

The estimates are based on projected population and age distribution
in the Wickenburg area, and assume that the population in the unincor
porated areas of the region will remain relatively stable.

Expansion of all three schools in the district has been proposed as

enrollment is expected to increase slightly over the next five years.

Prescott National Forest provides a variety of recreational oppor-
tunities within a short distance of Wickenburg. Developed recreational
facilities within the community include four parks, a playground, a pic-
nic area, an athletic field, two tennis courts, a shooting range, a swim—
ming pool, and rodeo grounds. School facilities include two gymnasiums,
two playgrounds, and an athletic field. In addition, private recreational
facilities (e.g., Wickenburg Country Club) help meet the recreational
demands of the residents. Finally, Phoenix provides a wide range of
of recreational facilities within a reasonable distance from the communi-

ty.

Access to the Wickenburg area is provided by U.S. Highway 60 and
89-93 (Figure 2.1-1). U.S. Highway 60 connects the community with

Phoenix to the southeast. Six miles north of Wickenburg, U.S. Highway



2.2-13. OUTSIDE DISTRICTS SERVED BY WICKENBURG SCHOOL DISTRICT 9

All All or Part
District High School Elementary School
Aguila District 65 X
Champie District 14 X X
Congress District 17 X X
Morristown District 75 X
Nadaburg District 81 X
Peeples Valley District 55 X X
Rincon District 47 X X
Walnut Grove District X
Yarnell District 52 X X

Source: Wickenburg Unified School District 9, 1977
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Table 2 02—15 °

WICKENBURG

SCHOOL DISTRICT 9 ENROLLMENT PROJECTIONS, 1979-1995

School Grades Projected Enrollment

1979 1980 1985 1990 1995
MacLennan K-5 368 377 433 495 556
Elementary
Garcia 6-8 237 247 303 365 426
Elementary
Wickenburg 9-12 455 463 513 566 620
High
TOTAL 1060 1087 1249 1426 1602




89-93 divides and provides direct access to Las Vegas, Nevada (U.S. 93) or
Prescott and the Grand Canyon (U.S. 89). Construction of the Black

Canyon Highway (Interstate 17 south to Phoenix) and completion of the
Brenda Cutoff (Interstate 10 east to Phoenix) have considerably decreased
traffic in the Wickenburg area (Table 2.2-16). Rail transportation (freight
service only) is provided by the Santa Fe Railroad. Regional bus service

is provided by Greyhound Lines and Continental Trailways as well as two
local bus lines. Motor freight service is provided by two interstate and

two intrastate lines.

The Wickenburg Municipal Airport, located five miles west of town,
provides private aircraft service and hangar space. The community plans
to improve the airport for commercial use. At present, commercial air

service is provided by the Phoenix Sky Harbor International Airport.

Financial Resources. The greatest source of revenues for Arizona

taxing jurisdictions are from local property taxes and through transfers
from taxes collected by the state. Large capital expenditures are gen-
erally financed through bonded indebtedness based on assessed valuation
and capitalized through the property tax or through intergovermmental
transfer payments. Assessed valuation of real and personal property
(except mines, railroads, and some utilities) is fixed by county assess-

ment. Real property is assessed at 15 percent of cost.

Arizona levies a four percent sales tax. In addition, incorporated
communities levy an additional one percent tax on retail sales. Public
finance data for the potentially impacted taxing jurisdictions in the pro-

ject region are provided in Table 2.2-17.



Table 2.2-16.

TRAFFIC VOLUMES ON WICKENBURG HIGHWAYS

Highway

U.S. Highway 89
(at Ject. 60)

U.S. Highway 60
(at Jct. 89)

U.S. Highway 93
(at Ject. 89

Average Annual Daily Traffic

Length in
Miles 1974
15.54 1300
1.84 5200
10.85 1600

1975

1600

5400

1900

1976

1700
6000

1500

Source: Arizona Department of Transportation, 1976
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Yarnell

Yarnell is located in Yavapai County on U.S. 89, approximately
80 miles northwest of Phoenix and 37 miles southwest of Prescott.
The town is 37 miles from the Anderson property. Situated high in
the Weaver Mountains, Yarnell's 4782-foot elevation provides an excel-
lent year-round climate. The Yarnell area includes the small community

of Peeples Valley located immediately northeast of Yarnell.

Yarnell was founded in 1893 after gold was discovered in the area.
Today, it is an incorporated retirement community of approximately 1000
people. The town's growth rate between 1970 and 1977 was appreciably
slower than that of Yavapai County. The town's most attractive assets
for growth have been its pleasant climate, its natural surroundings, and
its low cost of living. In addition to the town's new role as a
retirement community, Yarnell serves the many cattle ranchgs in the

surrounding area.

There are 3 motels with a total of 30 units and three small trailer
parks in Yarnell. Housing values range from approximately $15,000 to
$35,000 due to the large number of mobile homes favored by retired
people. Housing availability is estimated to average 25 units at

any one time.

Yarnell's municipal service system is presently adequate to serve
a larger population. Rugged terrain in the area has generally prohibited

large scale housing development. However, several sizable developments



are in the planning stages, including county approval for construction of
100 single family homes, the purchase of two parcels of land totaling about
86 acres for single family housing, and zoning for a l3-acre trailer park

development.

Yarnell has a small commercial and service sector that serves the
community and the immediate surrounding area. Commercial businesses
include three motels, two gas stations, two grocery stores, and a
small assortment of clothing stores, cafes, and curio shopé. There

is no large or small industry in the Yarnell area.

The water system in this community is operated by the Yarnell Water
Improvement Association. Expansion of the system was recently completed
to allow for community growth. The main water source is wells located
in Peeples Valley. The present production and distribution capacity
is 936,000 gpd, which is currently limited to 360,000 gpd by the transfer
pumps. Summer peak demand is estimated at 120,000 gpd. Water storage is

provided by a 500,000-gallon elevated storage tank.

Sewage disposal in Yarnell is provided by septic tanks. APS
provides electricity to the town. There is no natural gas supplied

to the area.

There is a shortage of medical services in Yarnell. The area
normally has only one physician. Major health care is available in

Wickenburg and Prescott, both about half an hour's drive from Yarnell.



Three county deputies reside in Yarnell, providing adequate local
law protection for the community. Yarnell staffs a 1l0-member volunteer

fire department. The town's National Board insurance rating is 8.
=P

Yarnell School District 52 operates an elementary school for grades
K-6. Present enrollment is 64, but new classroom facilites provide

capacity for 150 students. Junior and senior high school students are

bused to Wickenburg.

Developed recreational opportunities within the community are
limited. Recreational activities within close range of Yarnell are

offered in Prescott National Forest.

U.S. 89 provides intrastate and interstate truck transportation to
Yarnell. Greyhound buses serve the community. The nearest airport

is located in Wickenburg.

Congress

Congress is located at the junction of U.S. 89 and 71, approximately

28 miles south—southeast of the Anderson property in Yavapai County.

The unincorporated community began as a bustling mining camp of nearly
2500 people in the late 1880s. Today there is very little activity

in the old mines surrounding Congress. The community presently has

a population of about 500. More than 36 percent of these people are
retired. The people living in Congress are dependent on Wickenburg

for employment and community services. Local commerce consists of

three gas stations, three cafes, one motel, and a post office.



Housing in Congress ranges from older, somewhat deteriorated
single family units and scattered mobile homes to modern, well designed
and constructed homes throughout the main residential area. A lack
of demand and available financing has inhibited housing development
in the community. However, recent construction has occurred one
mile west of Congress in a development know as Paso Del Sol. The
major subdivision has on-site provisions (including water) for at
least 100 large lots. Home prices start at $35,000. The development

is about one quarter complete.

The Congress Water Company recently expanded the town's water system.
The company estimates that it has 200 hookups and is capable of supply-
ing an additional 200 hookups. The water system consists of two wells
that produce less than 100,000 gpd. Peak usage in 1976 was estimated at
30,000 gpd. Water storage capacity is ﬁore than adequate at 450,000

gallons.

Congress relies on Wickenburg for educational facilities. Law
enforcement and fire protection are supplied by Yavapai County and

Wickenburg.

The community has no sewage treatment system, relying solely on

septic tanks. Electric and gas service in Congress is provided by APS.



2.3 CULTURAL RESOURCES

HISTORY AND ARCHAEOLOGY

There are no historical or archaeological sites in the vicinity
of the Anderson property that are included in or currently being con-

sidered for inclusion in the National Register of Historic Places.

This statement is based on a review of the register and correspondence

with the Arizona State Historic Preservation Officer (Appendix A).

Few historical or archaeological field studies have been conducted
in the vicinity of the property. The earliest known archaeological
survey done in the region was conducted by Malcom Rogers in the 1930s
(Powers et al. 1977). Rogers is said to have recorded sites along the
Bill Williams River to the west of the property. The Arizona State
Museum is currently excavating six archaeological sites located during
a survey of the Bagdad to Wikieup pipeline corridor that runs to the
east of the property. Personnel from Arizona State University are
conducting surveys of the cultural resources in the vicinity of Alamo
Reservoir, located on the Santa Maria River about eight miles down-—

stream from the Anderson property.

In order to determine the extent of the cultural resources on the
property, MINERALS contracted the Museum of Northern Arizona to conduct
a historical and archaeological survey of the area. This survey

covered approximately 9500 acres in portions of T11N, R1OW and T11N,



RIW and included all of the land to be disturbed by the proposed

mining and milling activities (Figure 2.3-1).

Approximately 15.5 percent of the 9500 acres was surveyed. This
survey included 12 randomly located transects generally one mile long
by 100-meters (approximately 328 feet) wide and examination of specific
areas that could potentially contain cultural sites. Cultural sites
were defined according to the following criteria:

® any structural remains

e any artifact scatter of 10 or more items per 10 square meters
(108 square feet)

® any historic material pre-dating 1950; the site had to inclu-
de either structural remains or more than 10 historic arti-
facts per 10 square meters (Powers et al. 1977).

One historic (NAL5, 166) and 13 prehistoric sites were identified
during the survey. The historic site and eight of the prehistoric sites
are located on the property. The remaining five sites are located within
two miles of the right-of-way for the proposed access road. Table 2.3-1 is
a list of the types of artifacts found at each site. The likely activities

that took place at the prehistoric sites are listed in Table 2032,

The single historic site is located on the banks of an intermittent
stream in the south half of Section 9, T1IN, R1OW. This site consists of
a 50-gallon drum, a 1000-gallon water tank, a wash tub, some cut logs and
bleached stock bones. It is believed to have been a cattle watering station,

possibly dating from the 1920s (Powers et al., 1978).



Teble 2.3-1. TYPES OF ARTIFACTS FOUND ON AND IN THE VICINITY
OF THE ANDERSON PROPERTY

GROUND
CERAMICS - STONE CHIPPED STONE _ MISCELLANEOUS
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Table 2.3-2. PROBABLE ACTIVITIES THAT TOOK PLACE AT ARCHAEOLOGICAL

SITES
STONE WORKING
Cluster_l_

NA15,167 . <
NA15,170 v b v v
NA15,177 >4 : - >
NA15,178 2 < 2
Cluster 2
NA15,168 = = >

T NALS,171 < < < >
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NA15,173 ; > > =
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*No collections were made at this site and only a few artifacts
were present at the surface. There is a potential that other
activities may have taken place there.
Source: Powers et al.. 1978



Except for site NA15,179, the 13 prehistoric sites are geographic-
ally clustered into 3 groups. Each group is located on or near a major
drainage in the area. Site NA15,179, is set apart from the others appro-
ximately six miles southeast of the property. The specific locations of
the archaeological sites have been provided to BLM and Arizona state ar-
chaeologists. However, for their protection, these locations have not
been provided in this report at the request of the Museum of Northern
Arizona. Interested parties may obtain this information by contacting
Mr. Alexander J. Lindsay, Jr., Coordinator of Archaeological Research,

Museum of Northern Arizona.

One group of prehistoric sites appears to represent a plant pro-
curement area. This hypothesis is based on the presence of many util-
ized flakes and the absence of other more finished implements. This
type of artifact denotes that lithic materials were reduced at the site
for immediate use. A lack of charcoal or ash and animal bones excludes
the possibility that activities such as animal procurement or food pro-

cessing regularly took place at these sites.

While some plant procurement and processing was carried out at the
second group of sites, this area appears to have been used primarily
for the collection and reduction of lithic material into cores, second-
ary cores and blanks. These partially-worked stones were then trans-—
ported to another location for further reduction into finished tools.
One of the sites in this group is a prehistoric quarry and many cores

were found in the area.



The third group of sites is located to the southeast of the Ander-
son property. The activities that appear to have taken place at these
sites were involved primarily with the secondary processing of materials
(both food and lithic material) brought in from other areas. The pre-
sence of pottery at some of the sites and a rockshelter (site NA15,176)
indicates that this group was used on a more permanent basis than the

other two. Site NAL5,176 has been extensively vandalized.

Site NAl5,179 is a rockshelter. Artifacts found at this site
indicate that it was used for animal processing. This rockshelter has

been affected by only a few small vandal pits and is in relatively pristine

condition.

The archaeological sites on the Anderson property and in adjacent
areas are significant because they appear to répresent a wide variety of
different subsistence and manufacturing activities. These sites con-
stitute evidence of the ways in which prehistoric people adapted to the
Mohave—-Sonoran Desert ecotone. The two rockshelter sites are particularly
imporfant in this respect. They not only offer the opportunity to re-
cover specimens of plant and animal species used by prehistoric inhab-
itants but also provide a source of radiocarbon samples that can be
used to date the period of occupation of the area. Site NA15,176 offers
the potential for dating several of the ceramic types found in the area

that are poorly understood at the present time.



PALEONTOLOGY

MINERALS contracted the Musuem of Northern Arizona to conduct a
paleontological survey of 11,840 acres that included the Anderson pro-
perty. A total of 11 fossil locations were identified during this

survey (Figure 2.3-2 and Table 2.3-3).

The lacustrine and fluvial sediments that outcrop on the property
generally contain few fossils; however, some horizons contain numerous
palm and water reed fragments (Breed and Billingsley, 1977). Palm root
impressions are also common throughout the area. Silicified palm fragments
should have been more abundant than what was observed during the survey.
The lack of these fossils is due primarily to a thorough examination

of the surface area by amateur rock hounds over the past several years.

Very few vertebrate fossils were found during the survey. Isolated
specimens may have been removed by rock hounds, but these fossils were
probably never abundant on the property. Fossil fish remains were
found at sites 3 and 10 (Figure 2.3-2). These specimens are very
poorly preserved and fragile. The fish species has been tentatively
identified in the Family Cyprinidae (western minnow) by Dr. E. Wiley
of the University of Kansas; the genus and species are not known. The
age of these fossils ranges from Eocene to Recent, closer dating cannot
be made due to their poor condition. One tooth fragment of a rhinoceros

(Diceratherium sp.) was found in a talus slope near outcrops of white

calcareous sandstone (site 9). The distal end of a left humerus from a
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Table 2.3-3.

Site No.

10

11

Source:

PALEONTOLOGICAL SITES ON THE ANDERSON PROPERTY

Site Description

Draw on east side of road

in white siliceous and cal-
careous fine-grained siltstone
In silica in abandoned mine
Paper thin beds of calcareous
shale, 70-80 yards NE of over-—
hang

Grey marl in wash

White bed of siliceous and

calcareous shale and siltstone
between green mudstone layers

Thin bed of siliceous limestone

in steep gully

Anderson Mine excavations

In silica in eastern section
of Anderson mine pit

Near top of steep talus slope

Paper thin beds of calcareous
shale '

Pink layers of calcareous
siltstone

Breed and Billingsley, 1977

Fossil Description

Water reeds

Petrified palm and
occasional roots

Fish and worm burrows

Pollen

Rhinocerous jaw bone
found by A. P. Deutsch,
camel humerus and

gastropods

Silicified gastropods
and pelecypods

Palm bark containing
carnotite

Weathered palm roots
Rhinocerous tooth
fragments

Fish

Water reeds



camel (Oxydactylus sp.) was found in a cemented fine-grained layer of
green calcerous mudstone (site 5). These mammalian fossils are approx-—
imately 15 to 20 million years old (Breed and Billingsley, 1977).

Other known finds of vertebrate remains in the area are a rhinocerous
fossil discovered by A. P. Deutsch in the late 1950s and a few bone

fragments found by Mr. Charles Smith in 1972.

Numerous small internal molds of aminocolid gastropod and pelecypod
shells, completely replaced with silica, were present in siliceous
limestone. These fossils have been tentatively identified as Physa sp.,
Planorbis sp., and Campeloma sp. by Dr. Dale Nations of Northern Arizona

University.

A sample of calcareous siltstone was collected for pollen analysis
(site 11). Dr.'Hevly of Northern Arizona University found 22 pollen
grains and several algal relics (fragments, cysts, and spores) in this

sample.
AESTHETICS

Like most of the desert in southwestern Arizona, landforms constitute
by far the most dominant visual element in the landscapes on the Anderson
property. Since vegetation is quite sparse, the patterns created by
erosion are not masked. The details of even minor drainages or rock

outcrops can be seen at a distance.



As can be seen in Figure 2.4-2, the Anderson property is located
in rugged-terrain. Erosion has created a wide variety of strongly angu-
lar forms that tend to hold viewer attention. While the maximum relief
on the property is only about 700 feet, slopes are generally quite
steep, approaching near-vertical walls along many reaches of the Santa
Maria River. These slopes are cut by numerous, often relatively
straight, erosion channels that visually accentuate their steepness.
The channel of the Santa Maria River contrasts strongly with the
surrounding mountains. Visually, this channel creates a flat, smooth
"ribbon" cutting through areas of highly irregular topography. This
visual effect is increased by the contrast between the light-colored
alluvial sediments and bordering green vegetation of the channel and

the darker grays, browns, and reds of the surrounding land.

Except in foreground views (0 to 0.5 mile), the vegetation in the
area adds little color or form to the landscapes. However, much of the
vegetation, particularly the saguaro cactus and Joshua trees, are
large enough to provide a grainy texture to most middleground (0.5 to

three miles) and some background (beyond three miles) views.



2.4 GEOLOGY

REGIONAL CHARACTERISTICS

Physiography and Topography

The Anderson property is located in the Sonoran Desert section of the
Basin and Range Province (Fenneman, 1931). Although its boundaries can-
not be specifically defined, the Basin and Range Province is generally
considered to cover the entire state of Nevada, north- and southeastern
California, southeastern Oregon, southern Idaho, western Utah, and
northwestern Arizona, as well as parts of northern Mexico. The province
is characterized by sets of roughly parallel mountain ranges separated
by desert basins that are frequently internally drained. This character-

istic structure was formed by horst and graben block faulting.

Mountain ranges in the Sonora Desert region are lower (seldom
rising more than 4000 feet above mean sea level [msl]) and perhaps older
than the mountains in the central portion of the Basin and Range Province.
In addition, many of the basins in this desert are not internally drained.
Mountain ranges in the Sonoran Desert trend roughly in a north-northwest
to south-southeast direction and are generally quite symmetrical. In-
dividual summits are normally of about equal height and they are lat-
erally equidistant from their valley margins (Dunbier, 1968). The
mountains cover approximately one-fifth of the land, while mountain
pediments == broad rock platforms that surround and form the base of

these mountains -- cover two-fifths of the area (Fenneman, 1931).



The Anderson property lies along the northeast margin of the
Date Creek Basin, a small structural basin bordered to the north and
east by the Black Mountains, to the south by the Harcuvar Mountains,
and to the west by the Buckskin Mountains (Figure 2.4-1). These
mountains rise 3000 to 4000 feet above sea level and are bordered
by broad, alluvium—filled valleys. Three drainages cross the basin:
the Santa Maria River, Date Creek, and Bullard Wash. The general

gradient of these drainages is to the west and northwest.

All of the drainages on the Anderson property grade to the north
and northwest into the Santa Maria River (Figure 2.4-2). The erosion
of these tributaries southward into the Date Creek Basin surface has
resulted in a series of subparallel gullies and ridges trending north
and northwest, frequently controlled by northwest-to-southeast oriented

faulting. Maximum topographic relief on the property is about 700 feet.

General Geology

Precambrian igneous and metamorphic rocks and thick sections
of Tertiary volcanic rocks and interbedded sediments are characteristic
of the stratigraphy of the Sonoran Desert. This appears to be due
to continued uélift in this portion of the Basin and Range Province,
which has resulted in erosion of Paleozoic and Mesozoic rocks (although
a few isolated outcrops do occur). Igneous intrusions are more common

in the Sonoran Desert than in other portions of the'province because
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erosion has extended more deeply into the stratigraphic succession and
the region is in a more advanced stage of arid-land pedimentation,
Masses of igneous rock were again intruded into the existing
rocks during repeated activity in the late Cretaceous. Some volcanic
activity also occurred at that time. From the late Cretaceous, and
particularly in the Tertiary, deposition was renewed with terrestrial
and then lacustrine sediments, as well as the intrusion of volcanic
rocks. Since the cessation of volcanic activity in the Quaternary,
the region has been undergoing a new cycle of erosin on the mesas and

mountains, with deposition of sands and gravels in the valleys.

Tectonic History

In the early Precambrian era, a broad northeast-trending geosyncline
extended across much of central Arizona. At the end of this time,
compression and uplift during the Mazatzal Orogeny created roughly
northeast-trending mountain ranges in this region. Accompanying this
orogeny was extensive volcanism and the implacement of many granitic

plutonic bodies.

Erosion greatly reduced these mountains during middle Precambrian
time. However, central Arizona remained an area of uplift throughout
the remainder of the Precambrian and during most of the Paleozoic and
Mesozoic eras. At the end of the Precambrian the Grand Canyon Dis-
turbance resulted in deformation and intrusion of diabase to the north-

west and southwest of central Arizona.



During the Paleozoic era the area of uplift, called Mazatzal Land,
remained relatively stable. At the same time, the Cordilleran Geo—
syncline to the northwest and the Sonoran Geosyncline to the southeast
of Mazatzal Land downwarped and were the sites of the deposition of
thousands of feet of Paleozoic sediments. Deposition in these geo-

synclines continued into the Mesozoic.

From the Mesozoic into the Cenozoic era the relative movement of
the North American Plate westward or northwestward increased the com-
pressional forces on the western portion of the continent. A trench or
subduction zone formed along the North American Plate margin, and the
small plate or plates between it and the Pacific Plate were subducted.
This activity initiated a series of orogenies that generally progressed
eastward, deforming the Cordilleran Geosyncline and also affecting the
Sonoran Geosyncline. Although parts of this general activity have
been given separate names, many researchers now apply the name Laramide

Orogeny to the entire series of deformationms.

In the middle of the Cenozoic (Late Oligocene), the northern
portion of the East Pacific Rise was either subducted into the Cali-
fornia trench system or passed eastward under the North American Plate.
As a result, the trench system ceased and transform movement between
the North American and Pacific plates was initiated, releasing compres-—
sion forces and creating tensional forces. With the transform movement

and related tensional forces, western North America is literally being

~



pulled apart. The Basin and Range block faulting is the result of
this tension stretching of the earth's crust. Commonly associated with
the transform movement is basaltic volcanic occurrences, possibly
derived from ocean basin sources subducted beneath the continental

plate.

Although it is not proven, it generally appears that the southwest
Arizona portion of the Basin and Range Province is a marginal wrench
zone between the rest of the Basin and Range Province to the north,
the Colorado Plateau to the east and northeast, the Salton Sea Rift to
the west, and the Sierra Madre in Mexico to the south. The Sonoran
Desert is acting as a pivotal point between the movement of plates to

the north, south, and west.

LOCAL GEOLOGY

General

The geology of the area in the vicinity of the Anderson property is rela-
tively complex and further complicated by numerous northwest-to—-southeast-
trending structural features generally downfaulted to the southwest.

No detailed regional geologic map is available for the area; however,

the geological units exposed on the property are all Cenozoic in age,
resting on Jurassic granites. Precambrian rocks outcrop north of

the property.

Sediments dip an average of about 7° to the south on the Anderson

property. Since the land surface rises to the south, the depth to a



given stratigraphic unit becomes progressively greater in a southerly
direction (Figure 2.4-3). Erosion of the overlying congiomerate and
basalt has exposed the mineralized units to be mined at the land surface
on a portion of the property. Uranium mineralization occurs at depths
greater than 1000 feet below the land surface to the south of the

Anderson property.

Local Stratigraphy

Nine informal stratigraphic units have been identified by Minerals
Exploration Company on the Anderson property. From youngest to oldest,
they are: alluvium, upper conglomerate, basaltic volcanic flows and
dikes, lower conglomerate, lacustrine sediments, andesitic volcanic
flows, felsic to intermediate volcanic clastic sediments, felsic to
intermediate (extremely varied composition) intrusions and flows, and
crystal-

line intrusive rocks.

Alluvium (Quaternary) (Qal).* Unconsolidated sands and gravels are

present in most of the stream courses on the Anderson property. At least
one older alluvial terrace is present in the northeast portion of the
area and remnants of several older alluvial deposits are present along
some of the deeper drainages. Most of these older deposits have well-
developed caliche zones within them.. Recent alluvial deposits along the
Santa Maria River contain groundwater and are discussed in detail in

Section 2.6,

*The symbols given after each heading refer to the mapping symbols
on Figure 2.4-3. §
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Upper Conglomerate (Quaternary Tertiary) (Qcgl). The upper conglomerate

unconformably overlies either the basaltic volcanics or the lower conglom-
erate. This unit is composed of cobbles and boulders of felsic and

mafic volcanics, basalt, granite, and metamorphics in a matrix of medium—~
to coarse—grained arkosic sandstone. The presence of basaltic boulders
differentiates it from the lower conglomerate. The unit is weakly to
moderately indurated and is locally well—cemented by calcite. Like the

lower conglomerate, this formation contains groundwater (see Section 2.6).

Basaltic Volcanics (Miocene) (Tmb). Basaltic volcanic flows unconformably

overlie the lower conglomerate, forming erosionally resistant capé on
many of the mesas and eroding cliffs in the area. Ljung et al. (1976)
describe the basalt as "black fine—grained to aphanitic, containing
calcite~filled amygdules, and commonly jointed parallel to the flow
surface.”" The basalt attains a maximum thickness of 120 feet southeast
of Flat Top Mesa and thins to the east. At least two flows are present
in the western portion of the property. To the northeast of Flat Top
Mesa (NE 1/4 Sec. 10, T11N, R1OW) several dikes, possibly basaltic, have
been noted. These dikes cut the felsic to intermediate and andesitic
volcanics; however, no direct pipe has been observed to the basaltic
flows from these dikes. Pierce* reports that a sample of basalt taken
at the Anderson Mine in the southeast 1/4 of Section 10, T11N, R10W,
was dated (Pétassium Argon Method) at 13 to 14 million years old, or

Miocene in age. Basalt to the west of the property at Palmerita Ranch

*W, Pierce, Arizona Bureau of Mines, personal communication, 1977.



has recently been dated at 11 million years old, and samples from

Malpais Mesa, northeast of the property, are 8 to 9 million years old.*

Lower Conglomerate (Miocene) (Tmc). A tan to brown siltstone is usually

present immediately above the lacustrine sediments. This siltstone
grades upward into arkosic sandstones and then into the conglomerate.

The unit is composed primarily of arkosic sands and granitic and meta-
morphic clasts. Minor amounts of rhyolitic and andesitic volcanic mater-
ials are present throughout the unit. The sandstone and conglomerate

may be either locally well cemented by calcite or relatively unindurated.
To the southwest, where the lake beds interfinger with sandstones, the
lower conglomerate is indistinguishable from these sandstones. This
conglomerate unit contains groundwater which may be present in sufficient

quantities to provide a source of water.

Lacustrine Sediments (Miocene) (Tml). The lacustrine sediments unconform—

ably overlie the andesitic volcanics over most of the Andérson property.
However, east of the center of the property they overlie the volcani-clastic
sediments and farther to the east they onlap the felsic to intermediate
volcanics. The felsic to intermediate volcanics or the tuffaceous

part of the volcani-clastic sediments were encountered immediately below

the lacustrine sediments in one drill hole in the southeast 1/4 of Section

10, T11N, R1OW.

*W. Pierce, Arizona Bureau of Mines, personal communication, 1977.



Evidence now suggests that deposition of the lacustrine sediments
occurred in a restricted basin. These sediments probably represent
time~transgressive facies deposited within a narrow, probably shallow,
basinal feature. This type of depositional environment exhibits com—
plex rationships between individual facies, such as lensing out,
vertical and horizontal gradation, and interfingering. Ljung et al.
(1976) simplified these complexities by dividing the lake~bed sequence
into four subunits: (1) a basal coarse clastic unit; (2) a mudstone~
siltstone unit containing interrelated carbonaceous zones; (3) a succes~—
sion of interbedded limestones, silicified limestones, cherts, mud-
stones, and siltstones; and (4) a thin, fissile, fossiliferous marker

bed that has been designated the top of the lacustrine unit.

The lake sediments include green siltstones and mudstones, white
calcareous siltstones, and silty limestone or calcareous tuffaceous
material. Much of this material is silicified to varying. extents and
was partly derived from volcanic ashes and tuffs common throughout the
lake beds. Also present in fhe lacustrine sequence are zones of carbon-
aceous siltstone and lignitic material. A basal arkosic sandstone was
encountered in drill holes along the southern boundary of the property.
To the south and southwest, the "typical" lake beds interfinger with,
and eventually are replaced by, a thick, medium- to coarse-grained,
arkosic sandstone unit. It is not known whether this unit relates to

the basal arkosic sandstone mentioned above.



All of the lake bed facies may exhibit some uranium mineralization.
However, the highest grade and most consistent mineralization is located

in the carbonaceous siltstones and lignitic materials.

In addition to the organic material in the carbonaceous zones,
abundant plant remains (including twigs, reeds, and small roots) are
present in the lacustrine sediments. Reyner et al. (1956) identified
abundant silicified palm-type wood in these sediments. In addition,
many faunal fossil remains are present in the deposits. Freshwater
molluses, up to 1.5 inches long, are locally common. Thin, laminated,
calcareous siltstone near the top of the lake beds contains small
freshwater fish fos;ils. The leg bone of a duck found in the unit has
been dated as Miocene by the Los Angeles County Museum. A jaw of a
fhinoceros reportédly found at the Anderson property is on display at
the Wickenburg Museum. Breed and Billingsley et al. (1977), of the
Museum of Northern Arizona, collected fossils at the Anderson
property in April 1977. 1Included in their finds were a camel bone,

a rhinoceros tooth (Miocene), and freshwater fish fossils (for

further discussion of paleontological resources refer to Section 2.3).

Halpenny (1977) refers to a coarse-grained unit (barren sand) which
which appears to be the equivalent to the basal red arkosic sandstone of
the lucustrine sediments. The barren sandstone lies immediately above
the volcanic andesite basement. It is absent near outcrop and increases

in thickness to the south (see Section 2.6).



Andesitic Volcanics (Tertiary) (Tva). A series of andesitic volcanic

flows unconformably overlies the felsic to intermediate volcanics or

_the volcani-clastic sediments. Reyner (1956) described the unit as a
fine-grained, vesicular, augite andesite locally containing calcite-
filled amygdules. The flows are generally purple, red-brown, gray-brown,
or gray. In several areas of outcrop they are interbedded by volcani-
clastic sediments composed of felsié volcanic pebbles and arkosic sands.
The andesitic flows have been considered "basement'* on the Anderson
property, as no uranium mineralization has been observed in or below
them. Before depositon of the lacustrine sediments, erosion and faulting
developed a complex paleotopography and locally thick red-brown paleosols
on the top of the andesitic volcanics. Agglomerate is also reported as
occurring at the top of this formation underlying the lake bed sediments
(Halpenny, 1977). This agglomerate contains groundwater and is discussed

further in Section 2.6.

Volcani-Clastic Sediments (Tertiary) (Tvg). Interbedded with and uncon—

formably overlying the felsic to intermediate volcanics are tuffs, ashes,
and volcani-clastic sediments. All of these appear to be of felsic

to intermediate composition and are therefore believed to be contem—
poraneous with the felsic to intermediate volcanics. However, deposition
of this unit continued after the felsic to intermediate volcanic activity
ceased, as this unit is also interbedded with the overlying andesitic

volcanics.

*"Basement" is used here in reference to the uranium mineralization
basement; that is, mineralization lies above it.



The most complete section of this unit is located in the northeast
portion of the property. Here the basal part of the section is composed
of white felsic to intermediate tuffs, thin ash flows or volcani-clastic
sediments, lahar breccias, and volcanic bombs. Volcani-clastic sedi-
ments increase upward in the section, and the color changes from white
to yellow—tan to tan. These sediments include felsic volcanic material

and arkosic sandstone.

Many aspects of these sediments (crossbedding, thin continuous
beds, etc.) lead to the conclusion that they were deposited in a lake

bed ancestral to that of the overlying lacustrine sediments.

Where exposed on the surface or encountered in drill holes, these

volcani~-clastic sediments exhibit no anomalous gamma activity.

Felsic to Intermediate Volcanics (Tertiary) (Tuf). Unconformably

overlying the crystalline basement, or in fault contact with it, is a
series of felsic to intermediate volcanics. This series includes
intrusive necks, flows, lahar breccias, and tuffs. These volcanic rocks
appear to be rhyolitic to andesitic in composition and are generally

white to light gray in color.

Crystalline Intrusive Rock (Jurassic) (J). In the extreme northeast

portion of the property, the Santa Maria River and its tributaries
have cut into a crystalline basement complex. These rocks are low in
quartz content but have been termed granitic (they were termed biotite

granite by the analytical lab, despite the apparent low quartz content).

SN



This granitic rock is purplish-gray in color, medium-to-coarse crys-
talline to pegmatitic, and is intruded by veins of quartz and plagio-
clase feldspar with large crystals of hornblende and black biotite. A
sample of the crystalline basement complex was dated as Jurassic (157.5
million years ago, +3 million years) by the Geochron Laboratories Division

of Kruger Enterprises.

Local Structure

As discussed above, the Anderson property is located in the Sonoran
Desert section of the Basin and Range Physiographic Province and the
local geology exhibits the general structural pattern common to this
region. Parallel to subparallel fault blocks with usually normal bounding
faults predominate. These faults are often rotational or hinged and
may have experienced some longitudinal movement. While much of the Basin
and Range faulting is on the magnitude of thousands of feet of displace-
ment, displacement along faults at the Anderson property are measured

in tens and hundreds of feet.

Faulting on the property was active before, during and after the
deposition of the Miocene section (lake beds, lower conglomerate, and
basalt). The general dip of the sediments is 5° to 15° to the south,
steepening to the north along the granite front. The general dip to
the south appears to be the result of the recurrent nature of the faul-
ting, and in these areas dips on the drag folds may surpass 20°. Many
of the onlap, pinchout, and lens relationships in the lake beds are

probably due to or related to recurrent contemporaneous faulting.

[



The recurrent and hinging nature of the faulting makes it
extremely difficult to predict how a specific fault will afféct the
individual stratigraphic units along it. At one point along a fault
there may be only a few feet of vertical displacement, while 200 feet
beyond that point portions of the section may be displaced several tens
of feet. Many of the faults that displace the lake beds show diminished
or no movement in the basalt, and most of the faults die out before or

in the upper conglomerate. The faulting and basalt flows are relatively

contemporaneous. Therefore, the basalt is not heavily fractured.

Three major faults - the East Boundary Fault System, Fault 1878
(so named because it intersects a hill of 1878 feet elevation adjacent
to the Anderson property), and the West Boundary Fauit System - are
present in the area. 1In addition there are many parallel faults that
have less displacement (Figure 2.4-4). All of these faults trend
between N30°W and N55°W. Another set of faults trending more westerly
(N65°W) is present, at least in the south-central portion of the
property. A set trending northeast has been conjectured by Urangesell-

schaft and others, but it has not been observed in the field.

The West Boundary Fault System includes at least two distinct
normal faults. Movement on these faults is down to the southwest.
Vertical offset of the volcanic basement across the two faults is
approximately 100 feet. Another fault is indicated to the southwest

that vertically offsets the volcanic basement about 250 feet. Including
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all three faults of the West Boundary Fault System, total vertical off-
set of the basement volcanics across the system is more than 700 feet,

and vertical offset of the basalt is less than 200 feet.

A large hinge fault, fault 1878 exhibits 200 feet of vertical
displacement near the southern boundary of the property. To the north-
west along the fault strike, displacement appears to decrease and move-
ments appear to be distributed across a zone of faults. The movement
along this normal fault has been down to the southwest. Along the zone
of faults, movement, while generally down to the southwest, has produced

horst/graben features.

The East Boundary Fault System consists of several large faults
along the eastern and northern portions of the property. These faults
are beyond the limits of mineralization and have not been thoroughly
explored. 1In general, they are downthrown to the southwest and several
of them probably have displacements approaching 1000 feet. The western—
most fault of this system marks the foot of the Black Mountains, and

the more eastern faults in the system lie within the Black Mountains.

Geologic History of the Anderson Property

Many of the regional geologic trends are reflected on the Anderson
property. The mine is located in an area that has been marginal or

is marginal to every regional deformation.



The lack of Paleozoic rocks on the property is the result of the
area's position on the margin of Mazatzal Land, a positive, stable area.

Rocks of this era were either not deposited or have eroded away.

After a long period of relative quiescence, the Laramide Orogeny
began in the Mesozoic. During the later Jurassic, the granite on the
northeastern margin of the property was emplaced. This was the result

of the Nevadian Orogeny, a local name for part of the Laramide Orogeny.

The felsic volcanics on the Anderson property are possibly associ-
ated with the subduction of the Pacific plates into the California
trench system. It is expected that dating of these volcanics would

provide ages falling in the late Cretaceous to middle Tertiary.

With the termination of the trench system at the end of the 0Oli-
gocene, Basin and Range block, transform, and normal faulting began.
The lacustrine sediments have been dated paleontologicaliy as Miocene,
and a geochemical date of Miocene (13 to 14 million years ago) has
been obtained for the basalt. These lake beds were probably formed
in the early or middle Miocene. During this time, while volcanism was

waning, ash and tuff deposits were still common.

Drill hole data lead to the conclusion that deposition of the
lacustrine sediments occurred in a very restricted area. To the north
of the Anderson property in Section 4, T11N, R10W, the basalt caps

Hill 2826 (Figure 2.4-2) and is underlain by the lower conglomerate.



This in turn rests unconformably on the "basement volcanics." Two
possibilities arise: (1) the lake beds were never deposited there, or
(2) they were deposited and subsequently eroded. The fact that the
lake beds thin rapidly northward suggests that the beds were never
deposited there. The intertonguing and interfingering of the "typical
lake beds with clastic siltstones and medium— to coarse-grained sand-
stones to the southwest and south limits the lake boundary in this
direction. The relationship of coarse-grained lithologies in this
direction and the lack of them to the north in the "typical lake-bed
sequence implies that the sediment source was from the west or the
soufh. Drilling has traced the lake beds and mineralization to the
southeast. Drilling to the southeast of Urangesellschaft's claims
(adjacent to the southern boundary of the Anderson property) has
encountered‘iﬁterbedded green siltstones and sandstones and little
mineralization. Thus, it appears that the lacustrine sediments were
depogited in an area less than three miles wide and only about five or
six miles long. The lake trended roughly northwest-southeast and generally
paralleled the dominant post-Oligocene faulting trend of the area. One
further lithologic implication is of interest. The northern and north-
eastern margin of the lake was probably the Black Mountains. It is
known that the lake sediments thin markedly in this direction and some
agglomerates are present within the lake bed sequence north of the

proposed mill site.



The lower conglomerate overlying the lake beds atteéts to the
continuation of Basin and Range faulting and development. Erosion from
nearby sources, possibly from the north or northeast, is indicated.
Near the eﬁd of the Miocene the basaltic volcanics flowed across part
of the area, possibly marking the passage of the East Pacific Rise
beneath the area. Normal faulting continued and the upper conglomerate
was deposited. Its very coarse texture implies nearby sediment sources
and a high-energy environment of deposition, as it would require a
strong current of water to carry such boulders. The inclusion of fresh
basaltic boulders suggests the source was to the north and that the

transporting agent may have been the Santa Maria River.

Mineralization

Uranium mineralization on the Anderson property is primarily
associated with carbon. In fact, it is suspected that mineralization
not associated with carbonaceous material may represent the pinchout of
this material or very thin carbonaceous laminae. The primary mineral-
ized zones on the property are carbonaceous siltstone and lignitic
facies in lake beds. In addition, occasional mineralization has been
noted in the basal sandstone of the lacustrine sediments and in the
lower conglomerate where uranium was deposited as fracture fillings
around and below the main mineralized zones after remobilization.

Carbonaceous material is known to occur in these two units.

Carbon tends to immediately fix uranium when soluble forms of the

mineral come in contact with it. Much of the mineralization is at the



top or bottom of the carbonaceous facies; however, mineralization does
occur in the middle of some carbonaceous zones. This latter relation-
ship implies that mineralization occurred contemporaneously with the

deposition of the carbonaceous material.

Silicification of various parts of the lake sediments on the
property probably occurred soon after deposition. Devitrification of
the tuffaceous and ashy lake-bed sediments and/or the felsic volcanics

were probably the primary sources of silica.

Reyner et al. (1956) suggest three possible origins for the uranium
on the Anderson property: hypogene, ash leach, and bog deposition. A

fourth possible origin is mobilization across the Date Creek Basin.

Reyner et al. (1956) cite field evidence in favor of a hypogene
source and state that "(1) uranium ore has not been observed beyond the
boundary faults; (2) intense silicification has altered nudstone and
limestone; (3) limonite and hematite staining occurs on bedding and
fracture planes; (4) calcite, chalcedony, sepiolite, and manganese are
found associated with the west bounding fault." This field evidence
can have different interpretations. Drilling data indicate that the
carbonaceous sediments also have not been observed beyond the boundary
faults. This may explain why the mineral is localized within this
area. Further, if uranium-bearing solutions migrated up faults, one
would expect mineral and grade to be concentrated along the faults.

Subsurface interpretations indicate no such association. Data indicate



that faulting offsets mineralization. Intense silification is probably

a result of devitrification of silicic volcani-clastic sediments.
Bentonite, can also be an alteration product of tuffaceous material.
Hematite and limonite stain on bedding and fracture planes was possibly
derived from pyrite associated with carbonaceous material. Calcite, se-
piolite, chalcedony, and manganese deposited along this zone, but without
associated uranium. Such deposits cannot significantly be cited as

evidence that uranium-bearing solutions migrated up the fault zone.

Support for this source, over devitrification, is implied by
mineralization throughout the carbonaceous materials. If the source had
been from overlying sediments containing volcanic fragments, mineraliza-
tion would be expected only at the top of the carbonaceous zones.
Further, if mineralization had been tied with devitrification, uranium
should be present in all of the partings and fractures where silica was

deposited. This is not the case on the Anderson property.

A fourth possibility for the deposition mechanism is that the
uranium was mobilized from the western Date Creek Basin, carried by
groundwater across the basin, and deposited in the reducing environment
of the lacustrine sediments. It is interesting to note ihat uranium
mineralization in the western Date Creek Basin is limited to the
Artillery Peak Formation of Oligocene age. Overlying the Artillery
Peak Formation is the Chapin Wash Formation, which is composed of
altered (red) arkosic sandstones. Pierce (1976) suggests correlation

of the Chapin Wash and the Anderson Lake sediments. Sedimentation



at the Anderson property suggests a western or southern source. Ground—
water movement during the Miocene therefore may have been easterly across
the basin from the west. Uranium, remobilized from the Artillery Peak
Formation, or derived from the same source but later, could have been
carried in soluble form across the basin to the lacustrine sediments

where the reducing environment of the carbonaceous facies precipitated

its deposition. Other sources (ashes, tuffs, granites, and hot springs)
may have contributed to some extent to the mineralization of the lacustrine

sediments.



2.5 SEISMOLOGY
HISTORICAL EARTHQUAKE ACTIVITY

Seismic activity in Arizona or adjacent portions of California
that may affect the Anderson property can be assessed in part by
examining the earthquake history of the region. The locations and
magnitudes of earthquakes that occurred within 100 miles (160 km) of
the property between 1930 and July 1976 are shown in Figure 2.5-1.

This epicenter map includes events located by their reported effects
and events located by modern seismographic instruments. Earthquakes
occurring prior to the early 1900s in the Arizona area were not well-
recorded instrumentally, and locations were generally assigned on the
basis of earthquake effects on people and structures. The Modified
Mercalli (MM) intensity scale is used to rate earthquakes by.reported
effects and observations (Table 2.5-1). Distribution of the reports

of effects provides an estimate of both the size and location of an
earthquake. Since this analysis depends on recorded reports, its accuracy
depends on population density and distribution at the time of the
earthquake. After approximately 1902 there was an improvement in
seismographic instrument coverage in the region that includes Arizona.
Upgrading of instrumental coverage also made possible the more accurate
indication of earthquake size as a Richter magnitude determined from

seismographic recordings.
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Approximate

Ground Acceleration

Acceleration

a/g =

Gravity

0.002g. -

0.0034. —

0.004 4, —

0.005gq.
0.0064.

0.0073.
0.008g4.

]

0.0094.

1

0.019.—

0.024. =

0.03q.

0.049. ~

0.05¢. ~

0.069. -
0.07q. ~

Q084¢. =

0099. ~

0.19. -
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MODIFIED. MERCALL! SCALE OF EARTHQUAKE INTENSITY
1931
(BASED ON OBSERVER'S REFERENCE TO SCALE OF "EFFECTS")

Not felt by people, except undsr especially favorable circum=
stances. Sometimes birds and animals ars uneasy or disturbed.
Trees, structures, liquids, bodies of watsr may sway gently,
and doors may swing very slouly.

Felt indoors by a few people, especially on upper floors of
multi-story buildings, and by sensitive or nervous persons. As
in Grade I, birds and animals are disturbed, and trees, struc=-
tures, liquids and bodies of water may sway. Hanging objects
swing, especially if they are delicately suspended.

Felt indoors by several peopls, usually as a rapid vibration

that may not be recognized as an earthquake at first. Vibration
is similar to that due to passing of a light, or lightly loaded
trucks, or heavy trucks soms distance away. Ouration may be es=
timated in some cases. Movements may be appreciable on upper
lavels of tall structures. Standing motor cars may rock slightly.

Felt indoors by many, outdoors by feu. Auakens a feu individuals,
particularly light slesepsrs, but frightens no one except those
apprehensive from previous sxperience. Vibration like that dus to
passing of heavy or heavily loaded trucks. Sensation like a heavy
body striking building or the falling of heavy abjects inside.
Dishes, windows and doors rattle; glasswars and crockery clink

and crash. UWalls and house frame creak, especially if intansity
is in the upper range of this grade. Hanging objects oftan suing.
tiquids in open vessels ars disturbed slightly. Stationary cars
rock noticeably.

Felt indoors by practically everyone, outdcors by most people, with
slight excitement. Awaksns many or most slsepers. Frightens a
few people with slight excitement; same persons may run outdoors.
Buildings tremble throughout. Dishes and glassuare bresak to same
extsnt, Windows crack in some cases, but not generally. Vases
and small or unstable objects overturn in many instances, and a
few fall. Hanging objects and doors swing qenerally or consider-
ably. Pictures knock against walls, or suing out of place. Ooars
and shutters open or close abruptly., Pendulum clocks stop ar run
fast or slow. Small objects move and furnishings may shift to a
slight extent. Small amounts of liquids spill from well-filled
open containers. Trees and bushes shaks slightly.

Felt by everyons, indoors and outdoors. Awaksns all sleepears,
frightans many psoplse; general excitement, and some persons run
outdoors. Persons mave unsteadily., Trees and bushes shaks slightly
to moderately. Liquids are set in strong motion. Small bells in
churches and schools ring. Poorly built buildings may be damaged.
Plaster falls in small amounts. Other plastsr cracks somewhat.

Many dishes and glasses, and a few windous, break. Knick-knacks,
books and pictures fall, Furniturs overturns in many instances.
heavy furnishings move.

Frightens everyone. General alarm, everyone runs autdoors. Peaspls
find it difficult to stand. Persons driving cars notice shaking.
Trees and bushes shaks moderately to strongly. Uaves form on ponds,
lakes and streame. VWater is muddied. Gravel or sand stream banks
cave in. Large church bells ring. Suspendad objects quiver. Dam-
age is negligible in buildings of good design and constructiang
slight to moderate in well-built ordinary buildings, considerable in
poorly built or badly designed buildings, adobe houses, old walls (ss=-
pecially vhers laid up uwithout martar), spires, etc. Plastsr and
some stucco fall., Many uindows and some furniturs break. Loosened
brickwork and tiles shake doun. Ueak chimneys break at the rooflins.
Cornices fall from towers and high buildings. Bricks and stones ars
dislodged. Heavy furniture overturns. Concrata irrigation ditches
are considerably damaged.

TaAldAaN - 4
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Genaral fright and alarm approaches panic. Persons driving cars arse
disturbed. Trees shakes strongly and branches and trunks brasak off
(espscially palm trees). Sand and mud srupts in small amounts. Flou
of springs and wells is temporarily and sametimes permanently changed.
Ory vells renew flow. Temperaturs of spring and well watsrs variss.
Damage slight in brick structures built sspecially to withatand
earthquakes; considerable in ordinary substantial buildings with

some partial collapse; heavy in some wooden houses with some tumb-
ling doun. Panel walls break awvay in frame structures. Decayed
pilings break off. Walls fall. Solid stone walls crack and braak
seriously. Wet ground and steep slopes crack to some extent. Chim—
neys, columns, monuments, and factory stacks and tousrs tuist and
fall. Very heavy furniture moves conspicucualy or overturns.

Panic is general. Ground cracks conspicuously. Damage is consider-
able in masonry structures built sspecially to uithstand earthguakes;
griat in other masonry buildings, some collapss in large part. Some
vood frame houses built eepscially to withstand earthquakes ars
throun out of plumb, others-are shiftaed wholly off foundatiocns.
Reservoirs are seriously damaged, and underground pipes sometimas
break.

Panic is general. Ground, especially when loose and wet, cracks

up to widths of several inchss; fissures up to a yard in width run
parallel to canal and strsam banks. Landsliding is considsrable
from river banks and steep coasts. Sand and mud shifts horizontale
ly as beaches and flat land. UWater lsvel changes in uslls. Uater
is throun on banks of canals, lakes, rivers, aetc., Oams, dikes,
embankments are seriously damaged. Well-built wooden structures
and bridges-ars ssveraly damaged and some collapss. Dangsrous
cracks develop in axcaellant brick walls. Most masonry and frame
structures ‘and thair foundations ars destroysd. Railroad rails bend
slightly. Pipe lines buried in earth, tsar apart or are crushed
enduise. Open cracks and broad wavy folds opsn in csmant pavements
and asphalt road surfaces.

Panic is general. Disturbances in ground ars many and uidespread,
varying with the ground material. 8road fissurss, sarth slumps, and
land-slips develop in soft wet ground. UWater charged with sand and
mud is ejected in large amounts. Sea uaves of significant magni-
tude may develop. Damage is ssveras to wood frams structures es-
pecially near shock canters; great to dams, dikes and embankments,
even at long distances. Ffew if any masonry structurss remain stand-
ing. Supporting pisrs or pillars of large uwsll-built bridgas arse
urecked. Woodsn bridges that "give" are less affected. Railroad
rails bend grsatly and some thrust enduise. Pipe lines buriesd in
earth are put completaly out of servica.

Panic is gsneral. Damage is total and practically all uorks of
construction are damaged greatly or dsestroyed. DOisturbances in
the ground ars great and varied and numerous shearing racks de-
velop. Landslides, rock falls, and slumps in river banks ars
numerous and extansive. Largs rock masses are ursnched loase and
torn off., Fault slips develop in firm rock and horizontal and
vertical offset displacsmsnts ars notabla. WUatsr channels, bath
surfaca and undsrground, ars disturbed and modified greatly,
Lakes are dammed, new wvatarfalls ars producaed, rivers ara da-
flected, etc. Surface waves are sesn on ground surfacss. Lines
of sight and lsvel ars distortad. Objects ars thrown upward into
the air.



The seismic activity data presented in Figure 2.5-1 began in 1930
for the Arizona area. In order to provide an earlier historical
record, additional historical seismicity catalogs were examined.
Townley and Allen (1939) report earthquakes in Arizona for the period
1850 to 1928. For this period the majority of the repbrted earthquakes
occurred either in northern Arizona, north of Flagstaff or in south-
western Arizona near the Gulf of California and the San Andreas fault
zones. None of the larger magnitude events reported by Townley and Allen
appear to have occurred closer than about 80 miles (130 km) from the

site. In the publication Earthquake History of the United States

(Coffman and von Hake, 1973), 14 earthquakes are listed for Arizona.
All of these events are included in either the National Oceanic and
Atmospheric Administration data presented in Figure 2.5-1 or in Townley

and Allen (1939).

Figure 2.5-1 indicates 8 earthquakes within 100 miles (160 km)
of the Anderson property. The closest events lie at a distance of 26 to
37 miles (42 to 60 km) northeast of the property. Two of these events
(in 1973 and 1974) are suspected explosions. The largest of these 8
earthquakes occurred on February 4, 1976, 50 miles (80 km) northeast of the

property and had a magnitude of 4.9.

Published curves relating the decrease of intensity level with increa-
sing distance from the earthquake epicenter (Brazee, 1977) suggest that the

maximum intensity that has occurred on the property in the hisotrical



period is III to IV MM. This level of intensity is not normally

associated with structural damage (Richter, 1958).
EARTHQUAKES AND REGIONAL TECTONICS

The majority of the earthquakes located either by observed effects
or by instrumental analysis in Arizona are associated with two zones of
seismic activity. The major zone lies along the San Andreas, San
Jacinto, and other fault zones in eastern California and encroaching
slightly into southwestern Arizona. This zone is clearly identified by
the dense concentrations of seismic events in Figure 2.5-1 and is
located approximately 150 miles (240 km) or more from the property.

The second zone is a region of very diffuse and low-level seismic
activity in northern Arizona. This zone is located approximately 100

miles (160 km) or more from the property.

EARTHQUAKE RECURRENCE

Because of the low level of seismic activity within 100 miles (160
km) of the Anderson property, it is difficult to estimate the recurrence
of earthquakes and associated ground motioms. Algermissen et al. (1976)
have published a report and map for the contiguous United State s that
presents contours representing the probability of exceeding a given‘level
of acceleration (expressed as a percent of gravity) in 50 years at various
locations (Figure 2.5-2). Since the Anderson property lies outside of the
0.04g contour, it can be concluded that there is a 10 present or less chance

of exceeding an acceleration of 0.04g on the property over the next 50 years.
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property over the next 50 years. Effects from such an acceleration
level would depend heavily on the period and duration of the ground
shaking and on the site response characteristics. However, this level
of acceleration in itself would not be expected to cause other than

minor damage, if any, to properly designed and well-built structures.



2.6 HYDROLOGY AND WATER QUALITY

SURFACE WATER HYDROLOGY

Most streams in southwestern Arizona have surface flows for only
short periods during the year. This is due largely to the low annual
precipitation and high evapotranspiration rate of the region. High

infiltration rates also reduce surface flows.

The Anderson property is drained by the Santa Maria River and
several of its tributaries. The Santa Maria watershed covers approxi-
mately 1520 square miles and constitutes about 30 percent of the Bill

Williams River Basin.

Regional Surface Water Hydrology

The Bill Williams River Basin covers approximately 5140 square
miles (Figure 2.6~1). The principal subbasins within the basin are
listed in Table 2.6-1. The northwest portion of the river basin lies

in the Central Highlands water province. Unit runoff for streams in

this province ranges from 1 to about 10 inches (Figure 2.6-2). Most of

Arizona's perennial streams originate in this mountainous region; and
these streams provide approximately 50 percent of the state's total
surface runoff (Arizona State Water Plan, 1975). The rest of the Bill
Williams River Basin is located within the Basin and Range Province.
-Surface runoff in the low mountains and alluvial valleys of this

province ranges from less than 0.1 inch to 0.5 inch.
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Table 2.6-1. AREAS OF SUBBASINS IN THE BILL WILLIAMS RIVER BASIN

Approximate
Area  Percent of
Subbasin (sq mi) Total Area
Big Sandy River
Above gaging station 2420*% on Cottonwood Wash 143
Above gaging station 2445 on Big Sandy River 2800
Above mouth of Big Sandy at Alamo Reservoir 2810
Total 2810 , 55
Santa Maria River
Above gaging station 2447 on Kirkland Creek 109
Above gaging station 2490 on Santa Maria River 1210
Date Creek and local washes 310
Total 1520 29
Bullard Wash (runoff into Alamo Reservoir) 400 8
Centennial Wash and Castenada Wash (runoff 410 8

into Bill Williams River)

Total drainage area of Bill Williams River 5140
Basin at Planet

*See Table'2.6—2 and Figure 2.6-1 for locations of gaging stations
within the drainage basin.
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Table 2.6-2. STREAMFLOW GAGING STATIONS IN BILL WILLIAMS RIVER BASIN

Gaging Drainage
Gaging Area Period of
Station Location (sq mi) Record
2660 Bill Williams River at Planet Ranch 5140 1913-1915,
(about 6 miles upstream of discharge 1928-1946
point into Lake Havasu) SE 1/4 SW
1/4 Sec. 36, T1IN, R17W
2600  Bill Williams River below Alamo Dam, 4730 1939-1975
SE 1/4 SE 1/4 Sec. 4, TI10N, R13W
2445 Big Sandy downstream of Wikieup, SE 2800 1966-1975
1/4 Sec. 16, T13N, R13W
2420 Cottonwood Wash No. 1, NW 1/4 Sec. 143 1964-1975
29, T21IN, RI1W
2550 Santa Maria River near Alamo Dam, 1520 1939-1966
NE 1/4 SW 1/4 Sec. 9, TLIN, RL2W
2490 Santa Maria River downstream from 1210 1966-1975
Anderson Mine, SE 1/4 Sec. 12, T11N,
R11W
2447  Kirkland Creek, SE 1/4 Sec. 7, 109 1973-1975
T12N, R4W
2652 Date Creek, NW 1/4 SE 1/4 Sec. 13, 310 1939-1944
T10N, R9W
Source: Water Development Corp., 1977a.
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Precipitation within the Bill Williams River Basin 1s strongly
influenced by elevation and ranges from up to about 20 inches per
year in the higher mountains to the north and east to less than
10 inches per year in the desert regions to the south. Mean annual
precipitation data for selected weather stations in the vicinity of
the basin are provided in Table 2.6-3. The data from Prescott, Cottonwood,
and Seligman are indicative of the precipitation in the higher portions
of the basin, while the records for Parker are typical of the precipi-
tation in the low desert regions of the basin. Throughout the basin,
precipitation normally occurs in the late summer and early fall in
conjunction with thunderstorm activity and during the winter in the

form of snow at higher elevations.

Evaporation rates in the basin are also influenced by elevation.
The average annual lake evaporation rate is approximately 50 inches at
higher elevations, while it reaches 80 inches in the lower desert

regions (Arizona State Water Plan, 1975).

As could be expected from these climatic conditions, perennial or
'near—perennial streams within the Bill Williams River Basin are 6nly
found in the mountains to the north and the east. Examples of such
streams are Cottonwooq Wash No. 1 and the upper reaches of Kirkland

Creek (Figure 2.6-1).



Table 2.6-3. CLIMATE OF SELECTED ARIZONA WEATHER STATIONS

Mean Annual

Temperature

Mean Annual

Elevation Max Min Precipitation
Station County (feet) (°F) (°F) (inches)
Cottonwood Yavapai 3320 77.6 48.4 11.12
Prescott Yavapai 5389 69.4 35.4 18.47
Seligman Yavapai 5219 71.0 35.2 11.07
Parker Yuma 425 88.1 51.8 5.04

Source: Arizona State Water Plan, 1975.

The large rivers in the basin -- the Santa Maria, Big Sandy, and
Bill Williams rivers —- are located in the hot, dry southern portion of

the basin. All of them are intermittent.

Smaller washes in the southern portion of the basin, such as lower
Date Creek, Bullard Wash, Centennial.Wash, and Castenada Wash are
dry during most of the year except after rain storms. Flash floods
occur in these washes, during which the runoff is highly erosive.
Deposition from flash floods has assisted in creating the broad alluvial

channels common to the Santa Maria, Big Sandy, and Bill Williams rivers.

An example of the seasonal distribution of average monthly flow
for two of the rivers in the basin, the Bill Williams and the Big
Sandy, are given in Figure 2.6-3. As can be seen in this figure and in

Table 2.6-4, the maximum monthly discharge for the streams in the basin
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normally occurs in February or March. This discharge is in response to
increased runoff resulting from snowmelt. The other major period of
flow in these streams occurs in the late summer and early fall in

response to precipitation and runoff from thunderstorms.

The average annual flows in the Santa Maria and Big Sandy rivers
are comparable even though the Big Sandy has a much larger wafershed.
This is probably due to higher overall precipitation in the Santa
Maria River watershed, since a larger percentage of this watershed is
located in mountainous terrain. Table 2.6-5 provides peak discharges
for the Santa Maria, Big Sandy, and Bill Williams rivers for selected

recurrence intervals.

Infiltration also plays an important role in the surface hydrology
of the basin. Long reaches of the Santa Maria, Big Sandy, and Bill
Williams rivers, and of the principal washes in the basin, are composed
of coarse alluvium. The high permeability of this material, coupled
with groundwater levels well below the depth of the stream channel, can
drastically reduce surface flows. Substantial groundwater flow; in the
form of underflow, also occurs in these channels where the alluvium is
underlain by impervious material such as bedrock. Consequently,‘surface
flow in the major streams of the basin may be highly influenced by
surface-subsurface water exchange that is regulated by the nature of the

wunderlying sediments and the degree of saturation of these sediments.

Underflow has been identified as the possible cause of what appears

to be contradictory flow data for the Santa Maria and Bill Williams



Table 2.6-5.

PEAK DISCHARGES FOR SELECTED RIVERS IN THE BILL WILLIAMS

RIVER BASIN

Santa Maria Santa Maria Bill Williams*
Recurrence near Bagdad, near Alamo, near Alamo,
Interval Gage 2490 Gage 2550 Cage 2600
(years) (cfs) (cfs) (cfs)
5 8,000 9,800 24,200
10 13,800 16,900 41,800
20 22,400 27,400 68,000
50 33,500 41,100 102,000
100 41,500 (extrapolated) 50,900 126,000
Source: Patterson and Somers, 1966.

*Before construction of Alamo Reservoir and Dam, which now controls
flow at Alamo gaging station.

AN



rivers (Water Development Corp., 1977a). The Santa Maria River flows
perennially at gaging station 2550 and is quite often dry several miles
upstream at station 2490. Apparently, the underlying impermeable layer
rises near the downstream station and brings streambed underflow to the
surface. The surface flow of the Bill Williams River at Planet is
approximately 50 to 90 percent of the upstream flow near Alamo Dam during
floods; however, during low-flow periods surface flow at Planet is two to
four times greater than that at Alamo Dam. Groundwater recharge during
high-flow periods and seepage into the streams during low-flow periods

are assumed to be the causes for this phenomenon.

A prominent hydrologic feature within the Bill Williams River Basin
is the Alamo Dam and Reservoir, constructed by the U.S. Army Corps of
Engineers in the mid-1960s (Figure 2.6-1). The dam was constructed to
control flooding in the basin. Both the Big Sandy and Santa Maria rivers
flow into tﬁe reservoir.v The Bill Williams River is fed .by the release

or overflow from this reservoir.

The Alamo Reservoir contains a recreational pool of 10,000 acre-feet
of water with a surface area of 556 acres. A maximum of 1,040,000 acre-
feet of water can be stoéed in the reservoir below the spillway. Annual
evaporation loss from the recreational pool is approximately 3290 acre-
feet, or about 10 percent of the average annual flow of the Bill Williams
River downstream of the dam. Prior to construction of Alamo Dam, the

Bill Williams River was a perennial stream. Since the dam was built, the



river has had an average of 76 zero flow days a year (Table 2.6-4). The
average annual flow in the Bill Williams River at Alamo was 66,760 acre-
feet for the period of record prior to construction of the dam and 30,909
acre-feet for the period of record following completion of the dam. This
difference in flow is much larger than the evaporation loss and rate of
change in storage and must also be attributed to seepage losses and/or

differences in precipitation amounts between the two periods.

Water Rights

The Santa Maria River surface water rights are fully appropriated
(Table 2.6-6). Approximately 650 acre-feet per year is appropriated in
the vicinity of Palmerita Ranch. Most of this water is used for crop
irrigation. An additional 272 acre-feet per year is appropriéted from
Grapevine Springs for irrigation purposes. Below the Alamo Reservoir,
Sevier Mineral annually appropriates 729 acre-feet of water from the
Santa Maria River. A total of 724.acre—feet is used for‘mining. The

remaining 5 acre-feet is used for domestic purposes.

Local Surface Water Hydrology

Surface water hydrology studies were conducted on the Anderson
property in 1977. One stage gage was established on the Santa Maria
River, and gages were established on seven tributaries of the Santa Maria
that drain the property (Figure 2.6-5). The cross sections of the
channels were measured and notes were taken on channel geometry. Rain-

fall was monitored at each gaging station, with a single precipitation
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EXPLANATION: Well and test hole numbers in this
report describe the location of wells and test holes
according to the Bureau of Land Management’s system
of land subdivision as follows: first number, town-
- ship; second number, range; third number, section;
first letter, 160-acre tract (quarter section) within
that section; second letter, 40-acre tract (quarter-
quarter section) within that quarter section; third
letter, 10-acre tract (quarter-quarter- quarter section)
within that quarter-quarter section. The 160- -acre,
~ 40-acre, and 10-acre tracts are desugnated a, b,ec,
and d in a counterclockwise direction beginning in
the northeast corner. For example, well 23-94W-15ddd
is in the SE%SE%SEY% Sec. 15, T23N, R94N. When
two or more wells are located in the same 10-acre
tract, the wells are numbered seriallv in the order
they were inventoried.

Figure 2.6-4. LOCATION NUMBERING SYSTEM
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event (0.51 inches in two hours) that resulted in runoff occurring on
August 15. Pertinent hydrologic data for each of the eight tributaries

is presented in Table 2.6-7.

The drainages studied during this hydrology program can be divided
into the following categories: flat, wide alluvial washes; narrow
alluvial washes; and rocky, steep canyons. Alluvial washes (stream
stations 1, 3, 4, 6, and 8) are the most common type of drainage chan—
nel on the property. The washes normally consist of sand and gravel and
are bounded by rocky canyon walls. Sparse vegetation frequently grows
in the washes at lower elevations. The channel bottom slopes of these
washes generally range from.yery gradual to moderate. Stream stations
5 énd-7 were locateAlin-ﬁaffow,-rocky canyons with moderate channel
slopes. While both of these canyons consisted largely of gravel and
small boulders, station 7 was established in an area of fine sand.
Stream staﬁion 2 was located in a sfeep, narrow canyon. The streambed
consists of solid rock and contains numerous large boulders. The chan-

nel of this canyon meanders to a considerable extent.

Surface flow seldom occurs in the drainages on the Anderson'prop—
erty except for flash floods immediately following thunderstorms. The
dry soil of the washes and canyons tends to seal when wet, inhibiting
infiltration and resulting in relatively high runoff. This runoff
is nomally quite erosive, particularly in the steeper, narrower can-

yons. Using the U.S. Soil Conservation Service method for estimating



Table 2.6-7. HYDROLOGIC DATA FOR SUBBASINS IN THE VICINITY OF THE

- ANDERSON PROPERTY

5 Drainage Drainage Lag
Stream Area Length Time
Station (sq ni) ~ (mi) (hr)
1 8.0 7.9 2.1
2 0.17 0.66 0.28
3 3.4 3.7 1.1
5 0.50 0.70 0.30
6 0.41 1.3 0.48
7 .0.20 2.4 0.79
8 6.0 6.4 1.7

Source: Water Development Corp., 1977a.

Note: The average watershed slope for all subbasins has been assumed
to equal 10 percent, as given in Water Development Corp. (1977)

for the subbasin contributing to flow at stream station 1.

vegetation cover type for the subbasins is desert shrub and
cover density is approximately 40 percent.

subbasins are classified in group C.

the watersheds is 79.

,,,,,

Soils in all the
The cover number used for



runoff (Water Development Corp. 1977a), the drainages on the property
have a potential maximum water retention (infiltration, interception,
and surface storage) of only about 2.7 inches. The lag time between the
centroid of rainfall and peak runoff for these drainages ranges from
0.28 to 2.1 hours.

During the single runoff event recorded during the hydrology
program, the high-water mark at gaging stations 1, 2, 3, 5, 6, and 8
fanged from 3 to 6 inches (Table 2.6-8). Station 7 in the steep canyon
was washed out. No runoff was recorded in the Santa Maria River
(station 4), as the water created its own channel at a distance from

the stage gage within the broader wash.

Peak discharge was estimated for each tributary over selected
recurrence intervals and for the probable maximum precipitation (PMP)
event (Table 2.6-9) using the runoff and triangular hydrograph method
of the U.S; Soil Comnservation Serviée (1972). Peak discharge was not
estimated for the Santa Maria River because of unknown but apparently
significant effects of infiltration and underflow. The largest dis-
charges are expected to occur at stations 1, 3, and 8. Peak discharge
for these stages ranges from approximately 250 cfs for the 5-year re-—
currence interval (Station 3) to over 12,000 cfs during the PMP event
(Station 1). Peak discharges at stations 2, 6, and 7 are expected

to be minimal because of their small drainage areas.

Peak stages for each of the Santa Maria tributaries were estimated

(Table 2.6-9) using Manning's Equation and the channel cross sections
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shown in Figures 2.6-6 through 2.6-8. It was assumed that the energy

line slope during the peak stage was approximately 20 percent greater

than the channel bottom slope. Although this assumption is arbitrary,

it+is felt that the ﬁeak stage estimates are corfect to the order

of magnitude. Because of the effects of cross—sectional area énd

wetted perimeter on flow, peak stage for each channel is not metely .
proportional to discharge. For example, the peak stage in narrow

canyons may be as high as the peak stage in wide alluvial washes

for a correspondingly low discharge. The low stage valges estimated

fbr station 2 ére probably related to the high channel slope, whicﬁ

would create supercritical flow.
GROUNDWATER HYDROLOGY

As discusséd earlier, the Bill Williams River Basin is contained
within both the Central Highlands and the Basin and Range provinces, |
two major physiographic regions in Arizoha. In the Basin and Range
Province, groundwater generally occurs in unconfined or "water table"
aquifers formed in alluvial valleys between mountain blocks; The
alluvium, which may be several thousand feet thick, consists of inter-
bedded clays, silts, sands, and gravels. Reqharge is small aﬁd occurs
mainly along mountain fronts and thebnormally dry stteam_courses. In

the Central Highlands province, small valleys between volcanic mountain

-

blocks filled with unconsolidated sediments are the main source of
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groundwater. The mountain blocks offer little potential for the devel-

opment of groundwater except in places where the rocks are fractured or

large solution cavities have formed.

Regional Groundwater Uses and Rights

Groundwater provides approximately 60 peréent of the annual water
requirementé of Arizona. Most of this water is used for irrigatidn._
Heavy puﬁpage for irrigation in many of the bésins of’the‘state_has
causéd large chahges in the flow pattern of groundwater and substantial
drops in the water table. The groundwater réservoir in much of the
state has been established over geologic time, and replenistment from
recharge areas is much less than pumpage. In this context, groundwater
may be considered a nonrenewable resource. Currently, withdfawal from
developed aquifers annually exceeds rgcharge by about 2.2 million acre~
feet and the average annual decline in water tables is as high as 14
feet per year for selectéd basins in central Arizona (Water Development

Corp., 1977b).

~ Approximately 23 million acre-—feet of groundwater is stored in
- (W_fﬂilbiﬁ:rg?mv“'
the Bill Williams River Basin (Water Development-Corp., 1977b). It is
estimated that 17 million acre-feet is stored between the water table
and 700 feet below the land surface. The remaining 6 million acre-feet
lies from 700 to 1200 feet below the land surface. (The depths currently
considered practical for irrigation and municipal water withdrawals are .

700 and 1200 feet, respectively.) Approximately 5600 acre-feet of this

\\

12



water is used annually for irrigation and 3600 acre-feet per year is
used for municipal and industrial purposes. The annual depletion (with-

drawal minus recharge) is about 7300 acre-feet.

In Arizona, groundwater rights are associated with land surface
ownership. Table 2.6-10 lists the groundwater rights im the vicinity of

the Anderson property.

Local Groundwater Hydrology

_Tﬁe following disc¢ussion is based primarily on studies conducted by
Water Development Corp. (1977b) and Dames & Moore (1977). The purpose
of the studies conducted by Water Development Corp. was to determine
feasible_séurces of surface water and/or groundwater in the vicinity
of the Anderson property for’use in milling operations. The studies
included a'review of the surface water and groundwater characteristics
of the property, compilation of existing well productivity, and test
drilling in selected areas. The purpose of the Dames & Moore study
was to determine the stability'of the ultimate open pit slopes. A

large number of drill holes were measured for static water level.

.Allﬁﬁium. The alluvial valley of the Santa Maria River varies substan-—
tially in width and depth to bedrock. For example,_the Santa Maria

flows in a narrow canyon from 500 to 1000 feet wide north of the Anderson
Mine. vBeﬁween gaging station 2490 and the Alamo Reservoir (Figure
2.6-1), the valley is one—half to one mile wide. In this reach, the

depth to bedrock isvapproximately 60 feet. As mentioned above, the



Table 2.6-10. GROUNDWATER RIGHTS IN THE VICINITY OF THE ANDERSON PROPERTY

T Well Depth’ 'Casing“Depth_ Case Diameter " Depth to Yield Drawdown

Location* (feet) (feet) * (inches) Water (feet) (gpm) (feet) Owner
. 10-8W=3 dc 180 180 8 -' 110 6 0 Bar D
' Four Ran;h
10-8W-5 dab = - 265 - 12 120 — — USGs
10-84-5 bbb 216 - o 12 120 - - uses
10-8%-5 bbb 130 - 6 120 - - UScSs
10°8W-5 abd - — — 12 136 ' - - UsGs
10-8W-12 ddb 10 10 22 1 600 1 Evans
10-8W-12 aad 75 _ Incomplete, File Date 11/76 . . _ ' - - Matthews
10-8W-13 'dca .24 _— _— 12 — 1 - Anderson
10-8W-14 aaa . 40 40 10 - - 8 " 400 — .Evéng
10-8W-14 abd 180 Incomplete, File Date 12/76 - j : Torzec
10-8W~14 adb 200 | Incomplete, File Date 12/76 ' . "VTorzec
10-8W=24 aad 360 30 5 82 3 0 Knight
11-8W-21 beb 175 175 A 7 100 - - James
12-8W-3 cce - 120 120 . ’ 7 - 82 — - James
12-8W-27 bbb 100 100 6 _ 28 — = James
© 12-9W-24 dab 50 50 8 - 5 —_— Curtis
11-10W-11 cec 200 200 ' 5 50 ‘ 125 —~ " Minerals
Exploration
» Company-
11-10¥-24 aca 100 22~ 7 10 ' - — Veaver
12-10W-1 bbb 100 -— — - 6  5' Curtis
12-10W-12 dde 50 50 | 8 25 ' 5 - Curtis
11-114-16 abc - 61 - - —— - - -~
T 11-11W-16 dd . 64 64 20 19 800 12 mreé .
: . : Rivers
Ranch
11-11%-17 dda 60 60 20 10 1860 . 30 Fuller
11-11%-31 abb 1769 - 520 16 - -_ _— -
11-11¥-31 bbb 888 268 : 16 60 470 - Fuller
11-11%-31 bbb 400 400 8 64 10 0 Fuller
Source: Minerals Exploration Company, 1977 ‘ . ‘ o / i

*Refer to Figure 2.6-4 for explanation of location numbering system.



volume of alluvium, and particularly the depth of the material, influences

the proportion of surface flow to underflow in_the river valley.

Seven irrig;tion welils are loéated in the reéent alluvium of the '
Santa Maria River near the Palmerita Ranch (Figure 2.6-9). These wells
range in depth from 60 to 196 feet, with a maximum discharge of 2700
gallons per minute (gpm) (Table 2.6-11). The depth to the static water
level in these wells generally decreases downstream. This 1s consistent.
with the concept that the groundwater in the alluvium consists of
underflow that is forced toward the surface as the depth of the allu-

vium decreases.

As part of a water supply investigation, foﬁr hydrologic explora-
.tion holes were drilled by'Wéter Development Corp. in the alluvium of
the Santa Maria River in Section 3, TilN, R10W (Figure'2.6—9)._ Well
depths ranged from 27 to 61 feet (Table 2.6—12). Well 1 was airiifted
for three hours, creating a discharge of about 160 gpm and a drawdown
of approximately 7 feet. It would appear that the alluvium in this
area, though porous and permeable, is not sufficiently deep (and per-

haps not wide enough) to provide substantial groundwater storage.

A 24-hour pump test on well 2 in the alluvium near the Palmerita
Ranch was conducted by Water Developﬁent Corp. in 1§77. During this
~ test the ;verage flow rate was 21.8 gpm. Formatipn constants (trans—
missivity and storage coefficients) were estimated om the basis,of.the

rate of drawdown at the pumped well and the surrounding observation
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LEGEND
° Irrigation well o~ Spring a Hydrologic exploration hole
O  Stock well —~-+=~—-- |ntermittent stream —_t e Fault showing dip

dashed wh imat
A Drilling water supply well (dashed where approximate)

Anderson property boundary

Figure 2.6-9. PRINCIPAL WELLS IN THE VICINITY
OF THE THE ANDERSON PROPERTY
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wells (wells 1, 3, 4, and 5). For the pumped well, the transmissivity
was determined to be. approximately 2.5 x 100 gallons per day per foot
(gpd/ft). Transmissivity was estimated to be from 1 x 10° to 1;5 X

»106 gpd/ft in wells 1 and 3, These higher values may_Be related to the
partial penetration of well 1 and the effects of an irrigation channél
near well 3. - Infiltration from nearby irrigation channels caused a
rise in the groundwater level in well 5 and also biaséd the daté for
well 4. The short—-term storage coefficient ranged from 0.06 to 0.08

for well 1 and was apprdximately 0.02 for well 3. The long-—term stbrage
coeffiéient for the alluvial aquifer is thought to be ip.the range of

0.2 (Water Development Corp., 197755.

“HLOWefVSahdétqhéiCongldméfété. Table 2.6-13 provides information on

wells in the vicinity of the Anderson property that are located in_

the lower sandstone conglomerate unit. (The upper capping conglomerate
is essentially abové the water table.) The only existing.wells tapping
this unit that are located on the property are AM-28 and AM~507. AM-28
was originally drilled to 535 feet for mineral exploration and was

lgﬁer converted to a water supply well. This well.haé beeﬁ cased

to 200 feet (blank casing down to 60 feet). IWell AM-28, locaﬁed between
two major northwesterly trending features (Figure 2.6-9), has a static
water level elevation of 1788 feef, the highest elevétion of any well
in the vicinity of the property. Well AM~507 was drilled for hydrologic

information and is located about 1500 feet southwest of one of the
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two major structural features on the property (Figure 2.6-9). The
hole was air-drilled, and water was encountered at a depth of 485
feet. A static water level of 394 feet was measured after airlifting

ceased.

A brief pump test was performed on well AM-28. The average flow
rate during this test was 57 gpm. The initial and final water depths
in the well were 56.2 and 78.6 feet, respectively, yielding a total
drawdown of 22.4 feet and a specific capacity of 2.5 gpm/ft of drawdown.
The quantity of this rate of‘drawdown data did not warrant calculation

of formation constants.

Barren Sand. All of the wells in the barren sand unit are located to

thé south of the Anderson‘property (Figure 2.6~9). The water supply
well (DC-5) for Urangésellschaft U.S.A. is the only well known to

be prbducing from this unit. Perforated casing extends from 750 to
950 feet in this well and a submersible pump is located at 815 feet.
The top of the barren sand unit is at approximately 800 feet (Table
2.6-14). A static water level of 328 feet was measured in well

DC-5 on December 1, 1976; consequently, it appears that the barren
sand unit is confined, with an artesian head in the range of 500

feet.

A 10-hour pump test was conducted on well DC-5 by Water Development

Corp. in 1977. The average flow rate during this test was 30.7 gpm.
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