CONTACT INFORMATION
Mining Records Curator
Arizona Geological Survey
3550 N. Central Ave, 2nd floor
Phoenix, AZ, 85012
602-771-1601

http:/ /www.azgs.az.gov
inquiries@azgs.az.gov

The following file is part of the Anderson Mine Collection
ACCESS STATEMENT

These digitized collections are accessible for purposes of education and research. We
have indicated what we know about copyright and rights of privacy, publicity, or
trademark. Due to the nature of archival collections, we are not always able to identify
this information. We are eager to hear from any rights owners, so that we may obtain
accurate information. Upon request, we will remove material from public view while we
address a rights issue.

CONSTRAINTS STATEMENT

The Arizona Geological Survey does not claim to control all rights for all materials in its
collection. These rights include, but are not limited to: copyright, privacy rights, and
cultural protection rights. The User hereby assumes all responsibility for obtaining any
rights to use the material in excess of “fair use.”

The Survey makes no intellectual property claims to the products created by individual
authors in the manuscript collections, except when the author deeded those rights to the
Survey or when those authors were employed by the State of Arizona and created
intellectual products as a function of their official duties. The Survey does maintain
property rights to the physical and digital representations of the works.

QUALITY STATEMENT

The Arizona Geological Survey is not responsible for the accuracy of the records,
information, or opinions that may be contained in the files. The Survey collects, catalogs,
and archives data on mineral properties regardless of its views of the veracity or
accuracy of those data.



D OLD Dt

i‘/

\/@,

2.0

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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The initial and final water depths in the well were 337.1 and 359 feet,
respectively, yielding a total drawdown of 21.9 feet and a specific
capacity of 1.4 gpm/ft of drawdown. The transmissivity determined from

the test was approximately 1000 gpd/ft.

Local Groundwater Movement

The elevation of static water levels in the wells penetrating the
barren sand and lower conglomerate units are shown in parentheses in
Figure 2.6-9. Figure 2.6—~10 provides a generalized piezometric surface
map of. the area based‘op the water level measurements presented in Table
2.6;15. In spite of the uncertain sources of the water in these bore
holes, the data are useful for discussing general trends in groundwater
movement. In addition, considerable faulting and fracturing in the vicinity
of the Anderson proﬁerty appears to have resulted in sufficient movement
of water between units that it is not appropriate to treat the units

as independent.

The water elevations for wells in the Barren Sand unit (Section 15,
T11N, RI1OW) generally decrease to the west and north toward the Santa
Maria River. This movement is in opposition to the general dip of the

sediments to the south and the east. S
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Table 2.6-15. BORE HOLES IN WHICH STANDING WATER LEVELS WERE MEASURED

Depth : Approximate
: to Collar Water
Hole Water Elevation Elevation
Number (feet) (feet) Coordinates (feet)
AM-15 245 1826 1,202,199.08 1581
© 639,760.0E -
AM-23 262 1988 1,203,080.0N 1726
250 640,601 .0F 1738
AM-134 277 2008 1,203,201.0N 1731
266 640,800.0F - 1742
AM-135 (+300) dry 1992 1,203,203.0N ~1692
: 640,395.0E
AM=~137 178 1924 1,202,815.0N 1732
: 640,005.0E -
AM-140 (+300) dry 1921 1,202,787 ,0N -1621
: 640,806.0E
AM-371 266 2008 1,203,394.58 1742
640,590.0F
AM-372 243 1996 1,203,196.1N 1753
245 640,608.9E 1751
244 ' 1752
AM-374 (+300) dry 2019 1,203,596.9N -1719
640,226 .9F
 AM~378 212 1948 1,202,9560.4K 1736
. 640,191 .0E
AM-379 235 1972 1,203,019.4N 1739
640 ,400.2E
AM-380 267 1983 1,203,180.9N 1716
640,220.9E
AM-384 238 1937 1,202,798.4N 1699
: : 640,181.3E :
AM-403 144 1893 1,202,977 .5N 1749
639,480.1E



Table 2.6~-15. (continued)

Depth Approximéte
to Collar ' Water
Hole Water Elevation Elevation
Number (feet) (feet) Coordinates (feet)
AM-405 148 - 1906 1,202,863.3N 1758
639,377 .5E
AM~406 321 1918 1,202,814.6N 1597
638,996.1E -
AM-417 361 1984 1,202,388.9N 1623
638,606 . 2E
AM-419 318 1940 1,202,435, 1N 1622
639,026.2E - ;
AM=423 256 1902 1,202,429 .45 1646
639,278.5E
AM-424 304 1899 1,202,609.0N 1595
639,206.6E
AM-422-C 262 1915 1,202,200.8N 1653
: 639,410.1E
AM 427-C 260 2078 1,201,595.98 1818
: 643,387.1E '
AM 155 337 2068 1,202,385.0N 1713
: 641,995 .0E
AM 167 312 2004 1,201,989.0N 1698
308 641,580.0F 1702
AM 177 209 2014 1,201,940.0N 1801
643,033.0E
AM 213 (+360) dry 1953 1,201,996.2N 1593~
' 645,397 .5E :
AM 234 (4+500) dry 2208 1,201,395.6N 1708~

645,858.5E



Table 2.6-15.

(concluded)

-

Depth Approximate
to Collar Water
Hole Water Elevation Elevation
Number (feet) (feet) Coordinates (feet)
AM 437 123 1894 1,202,209.8N 1771
126 640,592.7E 1768
AM 448 159 1930 1,201,992.1N 1771
| ' 641,025.6E '
AM 354 (+300) dry 1997 1,202,216.9% 1677
’ ' ' 641,577 .58
AM 444-C 217 1902 1,202,355.0N 1685
639,974.7E '
AM 442 151 1891 1,202,627.58 1740
639,974.7E
AM 134 277 2008 1,203,201 .0N 1731
. 640,800.0E
CAM 132 © (4300) dry 2020 1,203,567 .05 1720
' 604,391.0E
AM 183 267 2051 1,201,301.08 1784
634,198.0E
AM 504 218 1852 1,198,995.9% 1634
' 635,388.9E
AM 498 153 1788 1,201,443.85 1635
633,529.6E
AM 459 (520) dry 2026 1,200,597 .6E 1506
637,206.98
Source:

Dames & Moore, 1977 and Minerals Exploration Company, 1977.



Groundwater elevations in wells penetrating the lower conglomerate
(AM-28 and AM-507) decrease to the west—southwest. A west-—southwest
decline in water table elevations in this unit is further substantiated

by Grapevine Springs, which begin at approximately 1400 feet in elevation.

The static water levels in the boreholes drilled in the vicinity of
the proposed mine range from dry to 1818 feet (Table 2.6-15). Water levels
generally tend to decrease in a west—southwest direction,.although
there are some anomalies. In the vicinity of the fault that crosses
the lower half of this section, water levels range fiom 1700 to 1756.
feet. To the south and parallel to the fault, water levels are reduced
to about 1600 feet. Continuing in a‘southwest diréction, water levels
increase to about 1620 feet. To the north and parallel to the fault,

- water levels range from 1730 to 1750 feet, with the exception of three
bore holes.that are dry at depths between 1620 and 1720 feet. These

dry holes are also parallel to. the fault.

There appears to be a general west—southwestérly movemént-of
groundwater in the lower conglomergte unit that is strongly influenced
'locally by the northwesterly-trending faults in the area. The effects
of these faults are indicated by local northwesterly—trending anomélies
in water table elevations. Pfesumably'such anomalies aré associated

with groundwater movement along the faults.



WATER QUALITY

Surface Water Quality

‘_ Surface flow in the vicinity of the Andérson property normally
.océufs for only short periods during and immediately after precipitation.
A single bfief period of‘runoff was recorded on fhe propertj during the
study period; however, personnel were not present to obtain water
samples. Consequently,_surface water quality data are not available for
the‘property.

The water quality monitoring statioﬁ nearest to thebproperty is
located on the Bill Williams River (USGS 09426600) near Planet, |
Arizona. Thi; station is approximately 53 miles downstream from the
Andefson property below the Alamo.Reservoir; Data from_this station
were not included in this report since the hydrologic regime.below the
reservoir is different from the regime in the vicinity of the property.
In addition, the impoundment of the water upstream from the monitoring

‘station can be expected to substantially modify its chemical character-

istics.

The results of water quality analyses conducted on a sample taken
in the Bill.Williams River at the confluence of the Big Sandy and Santa
Maria rivers are provided in Table 2.6-16. For_compérison, thié table
also presents pertinent water quality criteria. The drinking water

standérds presented in the table were compiled from the 1962 U.S. Public

Health Service standards, the 1965 U.S. EPA Interim Primary Drinking Water

Regulations, and Quality Criteria for Water (EPA, 1976). The water quality

('\



Table 2.6~16. SURFACE WATER QUALITY OF THE BILL WILLIAMS RIVER AT THE
CONFLUENCE OF THE BIG SANDY AND THE SANTA MARIA RIVERS

F'COﬂcentratioﬁ. Drinking Water . Water Quality Standards
Constituent (mg/1) Standard* for Wildlife/Livestock

Redox Potential +245 - . -

(units)
Specific 780 C = B -
Conductance '
(ymho/cm)
DS | 550 . 280 ~ 500
pH (units) v 8.5 '5-9 | ' 6-9
Calcium ) 0.001 —_ : —_
Magnesium | 21 — ——
Potassium 7 — ' —_—
Sodium | 100 - | -
Bicarbonate . 280 ) — —_
Cloride | 72 : 250 ' -
Sulfaﬁe - " 84 250 ' -
Total Iron 8.2 _0.3
Soluble Irom | <0.1: = | —
Manganese 0.26 _ 0.5 . -
To;al Phosphorué 0.31 - — , -
Nitrogen 0.4 10 | | 22.6
as Nitrate '
Carbonate 1,8 - T -
Fluofide7 1.5 1.4 ' ' 2.0
Boron- - 0.21 0.1-2.4 : 5.0

Aluminum - 11 — _ 5.0

Arsenic | 0.03 0.5 A _ 0.2



Table 2.6-16 (concluded)

Concentration

Drinking Water

' ﬁater:QUality Standards

Constituent . (mg/1) Standard*® for Wildlife/Livestock
Chromium 0.011 0.05 1.0
Copper 0.04 1.0 0.5
Molybdenum <0.05 - —
Nickel 0.034 — —
Selenium <0.003 0.01 0.05
Vanadium <0.05 - 0.1
Zinc 0.007 5.0 25
Total U:anium 0t3 —— ——
(pCi/1)
Radium~226 - 0.12%0.04 5 5
(pCi/1) '
. Radium~228 oty — —
(pCi/1)
Thorium-228 oto.1 — _—
(pCi/1)
Thorium~230 0tp.1 — -
(pCi/1)
Thorium—~232 0t0.2 15 15
(pCi/1)
Gross Alpha ot3 - —_
Gross Beta v 16i2 - —

Source: Analyses conducted by LFE Environment Laboratories of
Richmond, California. Sample collected on 09/16/77.

*Unless otherwise noted



criteria for wildlife and livestock use that are given in the table have
been extracted from the 1973 proposed water quality standards developed
for the EPA by the National Academy of Sciences. These criteria preceded
the 1976 standards published by the EPA, which are concerned only with the

health of humans and of aquatic and marine organisms.

As can be seen in Table 2.6-16, the water from the Bill Williams
River is of fairly good quality. It does, however, exceed drinking water
standards for total iron and both the drinking water standard and the

livestock and wildlife-use standard for TDS.

Flash flooding following storms is typical on the Anderson prop-
erty. During these flood events the quality of surface water is
extremely variable, depending largely on the geologic composition of
fhe étreambed. In most cases, however, this water is laden with sedi-
menté. The sediment yield from runoff in the vicinity of the Anderson
property varies from 0.2 to 1 acre-foot of material per square mile

per year (Arizona Water Commission 1975).

Groundwater Quality

Groundwater samples were collected from a total of 10 sources
(Figure 2.6-11) representing all of the major geohydrologic units in the
vicinity of'the Anderson property (i.e., alluvium, barren sand, lower
conglomerate, and volcanics). These samples were analyzed for major
water quality constituents, minor constituents, trace elements, and

radioactive constituents. The results of these analyses are presented

A
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-on Tables 2.6-17 through 2.6-20. For comparison, these tables also
present pertinent water quality criteria in a manner similar to that

described for Table 2.6-16.

The data indicate that different types of water are present in the
vafiqus formations underlying the Anderson properfy. In the alluvium,
waﬁer is dominated by calcium bicarbonate {Table 2.6-17). In the
barren sand unit, the water has é high pH and is dominated by.sodium
bicarbonate and.sodium carbonate. 1In the lower conglomerate unit, the
water is again dominated by calcium bicarbonate. Water from both of the

wells drilled into the volcanics was dominated by sodium biéarbonatea

The major potential uses of groundwater iﬁ the vicinity of the
Anderson property are wildlife and livestock watering and domestic
consumption. Based on the recommended criteria provided in Tables
2.6-17 through 2.6-20, groundwater in the area is of fairly good quality
for these uses. However, there are several‘caSes whére water'quaiity
criteria are exceeded. Except for water from the lower conglomerate .
unit, water samples from each of the geologic units underlying fhe

.property exceeded the drinking water standard for total dissolved
solids (TDS) (Table 2.6—175. Fluoride in the water from the barren
sand unit exceeded the maximum allowable concentration of 2.4 mg/l for
drinking water (Table 2.6-18). Studies have shown tﬁat'wéter éontaiﬁ—
ing more fhan 4.0 mg/1l of fluoride causes mottled teeth. Untreated
water from this unit has the potential of causing this problem. Water

from the barren sand unit, alluvium, and volcanics also exceeded the

B
\

.
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fluoride criterion for wildlife and livestock use (Table 2.6-18). Water -

from Santa Maria Well no. 1 exceeded the drinking waterrstandard for iron
(Table 2.6-18). Since most of the other samples taken from wells |
drilled iqto alluvium contained low concentrations of irom, this fairly
high reading may be more indicative of sampling problems, such. as an

oxidized well casing, than the actual quality of the water. Water from

Tres Alamos Spring is of poorer quality than most of the other samples

taken in the vicinity of the Anderson property. This water exceeded
the drinking water standards for both borom and selenium (Tables 2.6-18 -
and 2.6-19). It also exceeded the wildlife and livestock watering cri-

terion for selenium (Table 2.6-19).

)

L O



2.7 METEOROLOGY AND AIR QUALITY

A meteorological monitoring program was initiated on the Anderson
property in December 1976. A mechaﬁical weather station measuring
wind direction, wind speed, and temperature was installed atop
a 30-foot meteorological tower (Figure 2.7-1). Early in June 1977,
instrumentation was added to measure relative humidity (at 30
feet) and rainfall (at about 10 feet). Estimates of wind direction
deviation were used to estimate atmospheric stability for each

hour according to methods developed by Slade (1966).

The tower was initially installed on a leveled area approximately 15
to 20 feet below and 200 feet south of the crest of a low hill. Exami-
nation of initial meteorological station strip charts indicated that wind
turbulence induced by the hill caused exadufated oscillation of the wind
vane (known as a "wake effect") during northerly winds above about 5 mph.
The actual wind direction was discernable with reasonable ‘accuracy, but
chart interpretation was difficult. To remedy this situation, the tower was
relocated to the tdp of the hill in June 1977 when precipitation and rela-
tive humidity sensors were installed. Comparison of wind dgta béfore and
after relocation of the station indicates that hourly direction measurements

were not significantly affected by turbulence.

Air quality was measured during two 5-day continuous monitoring
progiams near the meteorological tower site. Monitoring was first

conducted from 8:00 p.m. on July 13, 1977, to 3:00 p.m. on July 18,
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Figure 2.7-1. METEOROLOGICAL AND AIR QUALITY
MONITORING LOCATION




1977. The second monitoring period began at 10:00 a.m. on November 10,
1977, and ended at 8:00 a.m. on ‘November 14, 1977. Additional monitoring
is planned for mid-spring 1978. Total suspended particulates, sulfuf
dioxide, carbon monoxide, photochemical oxidants, nitrogen dioxide, and

hydrocarbons will be measured for a 5~day period.

During the two monitoring periods conducted to date, 24—hour sus-
pended particulate concentrations were determined with a standard high-
volume air sampler (EPA reference method) fitted with a constant flow
controller (4 1 cubic foot per minute), 24-hour sulfur dioxide concentra-
tions were determined by the Weét—Gaeke bubbler method* (EPA reference
“method) and ozone concentrationé were measured continuously with a Bendix
8002 Chemiluﬁinescence Ozone Monitor (EPA equivalent method). In addition,
MINERALS began a suspended particulate monitoring program at the site
in September 1977. The latter program includes collection of 24~hour
particulate'samples once each week (usually on the‘weekend) according
to a schedule approved by the Arizona Bureau of Air Quality Control
for the project site. Monitoring is scheduled to continue to at least
. September, 1978. At a minimum of once each quarter, one of the samples

collected by MINERALS will be analyzed for sulfate, nitrate, and lead.

Site data are presented in this section, along with long-term regional

data, to describe the existing meteorological and air quality conditions.

¥ Bubbler solutions were provided and analyzed by the Arizona Department of
Health Services, Bureau of Air Quality Control, under the coordination of
Mr. James Guyton, Monitoring Section Manager.



METEOROLOGY

The Anderson property is located in a semiarid desert region with the
following general characteristics: abundant sunshine, light rainfall,
moderate wind speeds, low relative humidity, and large diurnal temperature

fluctuations. Summers are hot and winters are relatively mild.

Temperature

July is usually the hottest month, and -January and December are
usuallyvthe coldest months in the region. Based on an analysis of
long~term temperature data for various regional weather stations* the
normal mean annual temperature on the property is estimated to be about
66° to 67°F. Normal mean temperatures are estimated to be about 48°
to 49°F during January and December, and 87°F during July. Normal
monthly means and extremes in Phoenix (Figure 2.7-2) are presented in
Table 2.7-1 to indicate annual variations. Comparisons of concurrent
temperature data at Phoenix and the property during a 9-month period
(December 1976 to August 1977) indicate that mean daily minimum.and mean
daily maximum temperatures are generally about 3°F cooler at the site,
while daily minimum and maximum temperatures are generally about‘2°F
and 5°F cooler, respectively. The minimum temperature reported at the

Phoenix Sky Harbor Airport was 19°F in January 1971, and the maximum

* Normal mean annual and monthly (January, July, and December) temperatures
for the 30-year period from 1941 to 1970 (U.S. Department of Commerce,
1973) were analyzed for 8 regional weather stations at elevations
ranging from 323 feet msl to 3773 feet msl and were found to indicate
a good correlation between temperature and elevation. Correlation
coefficients ranged from -0.94 to —-0.99,
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Table 2.7-1. NORMAL MEAN AND EXTREME TEMPERATURES REPORTED FOR
PHOENIX, ARIZONA :

Means? Extremesb

Daily Daily .
Month Maximum  Minimum  Monthly Record Highest ‘Record Lowest
January 64.8 37.6 51.2 88 19
February 69.3 40.8 55.1 89 26
March 74.5 44.8 59.7 95 25
April 83.6 51.8 67.7 101 37
May 92.9 59.6 76.3 110 40
June 101.5 67.7 84.6 116 51
July 104.8 7745 91.2 115 67
August 102.2 76.0 89.1 116 61
September 98.4 69.1 83.8 110 47
October 87.6 56.8 72.2 103 34
November 74.7 44,8 59.8 93 31
December 66.4 38.5 52.5 82 24
Annual 85.1 55.4 70.3 116 _ 19

Source: U.S. Department of Commerce, 1976.

8period of record: 30 years, 1941-1970.

bPeriod of record: 15 years, 1962-1976.
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was 116°F in August 1975. Other stations in the Phoenix vicinity have
reported temperatures as high as 118°F and as low as 16°F. On the average,
temperatures exceed 90°F about 165 days each year and fall below 32°F

only about 13 days é year in Phoenix. Monthly and daily mean, maximum,
and minimum temperatures observed at the site during the study period

are presented in Appendix B-1.

Relative Humidity

Table 2.7-2 presents mean relative humidity observed on the Anderson
property for specific hours of the day for June through August 1977.
Table 2.7-3 presents similar data for Phoenix for each month of the
year. Comparisons of concurrent Phoenix and Anderson property data
indicate that relative humidity on the property is generally higher and
does not exhibit as great a diurnal variation as in Phéenix (and other
reporting stations in Arizona at similar elevations). This relatively
small diurﬁal range suggests the possibility of a malfunctioning relative
humidity sensor. Relativé humidity patterns at the property are probably

more similar to those observed in Phoenix than the site data would indicate.¥®

Phoenix data (Table 2.7-3) demonstrate an annual cycle, witﬁ maximum
relative humidity occurring in winter as a_result of cooler temperatures
and the occasional passage of moisture~laden Pacific air masses, and a
secondary maximum (apparent in thevll a.me and 5 p.m. data) occurring

in August (the month of peak thunderstorm activity and peak precipitation)

* Because of the suspected instrument malfunction, interpretation of
site data was discontinued beyond August 1977.



MEAN DIURNAL RELATIVE
JUNE-AUGUST 1977

HUMIDITY ON THE ANDERSON PROPERTY:

Relative Humidity (%)

Month 5 a.m. 11 a.m. 5 pem. 11 p.m.
June 26 25 24 24
July 39 37 33 29
August 47 44 40 43

Table 2.7-3.

NORMAL MEAN DIURNAL RELATIVE HUMIDITY IN.PHOENIX, ARIZONA

Relative Humidity. (%)

"Month 5 aem. 11 a.m. 5 pem. 11 p.m.
January 66 44 30 55
February 59 37 25 47
March 58 33 23 44
April 44 23 15 29
May 36 17 12 22
June 35 18 12 22
July 46 28 20 33
August 53 34 24 39
September 53 31 23 40
October 53 30 22 42
November 61 38 28 52
December 69 48 35 60
Annual 53 32 22 41

Source: U.S. Department of Commerce, 1976.

Period of record:

15 years, 1962-1976.



as a result of moist air masses originating in the Gulf of Mexico and along

the western coast of Mexico.

Precipitation

Tropical air masses from the Gulf of Mexico and the western coast
of Mexico are the source of peak monthly rainfall in Arizona, occurring
as widéspread thunderstorm activity in July and August. The other
rainfall season occurs during the winter months, from November through
March, when the area is subjected to occasional storms from the Pacific
Ocean. While this is classed as a rainfall season, there can be periods
lasting a month or more in this season (or in any other season) when
practically no precibitation occurs. Spring and fall are generally dry,
although substantial precipitation has fallen on occasion during every

month of the year.

Analysis of regional precipitation data for selected stations at
various elevations (Table 2.7-4) indicates that normal annual precipi-
tation on the Anderson property may range from about 7.5 inches at lower
elevations (near the Santa Maria River, about 1600 feet msl) to about
11 inches at higher elevations (in southern portions of the bropérty
where ground level rises to elevations of 2300 to 2400 feet msl). Normal
annual precipitation at the proposed mill site (approximate elevation
1800 feet msl) is probably between 8 and 9 inches. Normal monthly and
annual precipitation reported in Phoenix provides an indication of gen-

eral seasonal fluctuations in precipitation (Table 2.7-5)."



Table 2.7-4. NORMAL ANNUAL PRECIPITATION AT SELECTED REGIONAL WEATHER

STATIONS
Elevation AnnualiPrecipitation

Station? (feet msl) (inches)
Litchfield ParkP 1030 7.56
Phoenibekyharbor

Alrport - 1117 7.05

Alamo Dam® 1100, 1480¢ 7.41
Wickenburg? 2095 10.76
Montezuma Castle

National Monumentb 3180 11.07

8gtation locations are shown in Figure 2.7-2.

Pperiod of- record: 30 years, 1941-1970.
Source: U.S. Department of Commerce, 1973.

CPeriod of record: 10 years, 1963-1968 and 1970-1973.
Source: U.S. Department of Commerce, 1963-~1973.

‘dAlamo Dam station elevation changed in 1970 from 1100 feet to 1480 feet
msl.



Table 2.7~5. NORMAL MONTHLY AND ANNUAL PRECIPITATION AT PHOENIX SKY HARBOR

AIRPORT
Precipitation

Month (inches)
January 0.71
February 0.60
March 0.76
April 0.32
May 0.14
June 0.12
July 0.75 .
August 1.22
September . 0.69
October 0.46
November 0.46
December 0.82
Annual 7.05

Source: U.S. Department of Commerce, 1973.

Period of record: 30 years, 1941-1960.

Table 2.7-6. MONTHLY PRECIPITATION OBSERVED ON THE ANDERSON PROPERTY,
- JUNE - DECEMBER 1977

Total Monthly

Precipitation
Month (inches)
June 0.19
July 0.58
August 0.98
September 1.41
October 0.29
November 0.14
December (1-16) 0.02




Data from the Anderson property are presently available for seven
months, June through December 1977 (Table 2.7-6). Drought conditions
existed in the region during 1977. During July -and August, normally
the wettest months of the year, a total of only 1.75 inches of rain
was observed at the property. Other stations in the region reported
abnormally low precipitation amounts that ranged between 1.5 and 2
inches below normal during the same period (U.S. Department of Commerce,

1977).

Most of the precipitation within the region occurs as rainfall.
Usually snow, sleeé, and hail account for traces or small percentages
of total annual precipitation. However, stations in the region have
reported from 1 to 16.5 inches of snowfall on occasion. During a
68-year period of record (1895-1962) at the Phoenix Post Office
(elevation 1083 feet msl), a maximum of one inch of snow has fallen
(most recenfly in January 1937).. In Wickenburg -(elevation 2095 feet
msl), a maximum of two inches has fallen (most recently in December
1960) during a 51 year period of record from 1912 to 1962 (Green and
Sellers, 1964). At Montezuma Castle National Monument (elevation 3180
feet), more than 1000 feet above the elevation of the proposed mill
site, about 2.1 inches of snow normally falls. However, during a 24-year
period of record from 1939 to 1962, a maximum of 16.5 inches was recorded
in January 1949 (Green and Sellers, 1964). Wickenburg and Montezuma

Castle National Monument are both shown in Figure 2.7-2.



Wind Speed, Wind Direction

Winds are generally light to moderate on the Anderson property
(Figure 2.7-3). From the latter part of December 1976 through November
1977, hourly average wind speeds were observed to be 4 mph or less
about 32 percent of the time, and 7 mph ér less about 63 percent
of the time. High hourly average wind speeds (25 mph or greater) were
observed a total of 15 times (about 2 percent of the total observations).
Almost half of these occurrences were observed in August with corresponding
average wind directions ranging from northeast to southeast. Two occur-
rences were observed in June from the southeast, and four occurrences
were observed in March and April from the west-=northwest and the northwest.
The remaining three occurrences were observed in the fall (September

through November) from the south-southeast and east-southeast.

Dﬁring the study period, predominant wind directions were west-—
southwestefly and westerly. Togethér those directions occurred almost
20 percent of the time. The next most-frequent wind directions were
northerly (11.7 percent) and southerly (9.6 percent).  As indicated in
Figure 2.7-4, general southerly directions dominated northerly winds;
winds out of the east-southeast through west—southwest occurred about
1.5 times more often than west-northwest through east—ndrtheast-winds.
Figure 2.7-5 summarizes the relationship between wind direction and
wind speed observed on the property. Comparisons of sife data with

concurrent data from regional weather stations (including Phoenix,
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Prescott, and Yuma) indicate that wind direction patterns on the pro-

perty are significantly different from other areas in the region.

Winds on the Anderson property éxhibited a relatively complex
diurnal pattern that varied with the seasons. The differences in
seasonal patterns (mostly between winter and summer) are probably
the combined result of terrain effects and regional circulation
that both .change with the seasons. During the winter, wind direction
was observed to usually follow a full 360-degree, counter—clockwise
diurnal shift, with general northerly directions predominating during
early morning (after midnight) and continuing almost until noon.
Beginning around noon and continuing through. about 6:00 p.m., west-—
southwesterly winds predominated. Subsequently, the wind direction
shifted through south and east during evening hours, returning to
northerly flow at about midnight. Data taken during the first half

of December 1977 also indicate this same general pattern.

During summer, winds exhibited a cyclic southeast-southwest pattern,
shifting through south. Directions north of east and west occurred only
about 22 percent of the time, and only during morning hours. Topﬁgraphy
and its effects on local meteorology are complex in the site area, but it
is suspected that daytime southwesterly directions are the result of
general up-gradient flow along the Santa Maria River. Nighttime south-
easterly directions are probably the result of down—gradient flow from

higher terrain southeast of the meteorological'tower site. Spring and
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fall both appear to be periods of transition. The diurnal wind direction
distributions for these two seasons are similar and appear to represent
combinations of the summer and winter patterns. Diurnal frequency distri-
butions for each season and for the.entire study period are provided

in Appendix B-2.

Dispersion Climatology

In addition to wind speed and wind direction, the ability of the
of the atmosphere to disperse air pollutants depends on several atmos-
ﬁheric variables including stability, mixing depth, and topographic
boundaries. Topography is relatively rugged on the property and in some
directions, primarily to the south, may tend to inhibitidispersioﬁ |

potential.

Pasquill (1961) and Turner (1964) have developed methods for estimat-
ing atmospheric stability based on surface meteorological observations.
The input ﬁarameters for these calculations are solar altitude, cloud
cover, ceiling height, and wind speed. Methods are also available for
the estimation of atmospheric stability from the standard deviation of
wind direction (sigma-theta, %). According to the Pasquill system, atmos-

pheric stability is classified as follows:



Pasquill Degree of

Stability Atmospheric
Classification Stability Eg_ *
A Extremely unstable 25°
B Unstable 20°
C Slightly unstable 15°
D Neutral 10°
E ' Slightly stable ' 5°
F Stable 2.5°
G Extremely stable 1.7°

No long-term estimates of atmospheric stability are available for
the vicinity of the Anderson property. However, data collected near
the property indicate that relatively good atmospheric dispersion condi-
tions exist much of the time. Estimates of atmospheric stability class
based on determinations of wind direction deviation, sigma—-theta (‘e
using methods developed by Slade, 1966), indicate a relatively high occur—
rence of good dispersion conditions. Stability classes A through D occurred
about 71 percent of the time during the study period (Table 2.7-7). A
relative frequency distribution of wind direction and wind speed by
stability class is presented in Appendix B-3 for the study period. This
distribution was used for the radiological impact assessment and annual
average dispersion modelling for non—radiological air quality impact

assessments.

* Based on Table 2 of NRC Safety Guide 23 (NRC, 1972).



Table 2.7-7. SEASONAL AND ANNUAL RELATIVE FREQUENCY DISTRIBUTIONS OF
ATMOSPHERIC STABILITY CLASSES ON THE ANDERSON PROPERTY

Percent Occurrence of Stability Classes

Season A B C D E " F&G
Winter 2.9 11.0 18.4 35.3 29.8 2.5
Spring 4.7 17.2 14.6 40.7 19.5 . 3.2
Summer 1.8 22.0 12.9 43.9 16.4 3.0
Fall 2.2 7.9 12.3 36.2 28.2 13.3
Annual 2.9 14.7 14.3 39.3 23.1 5.7

Period of Record: December 22, 1976 — November 30, 1977.

Mixing depth, a measure of the thickness of the atmospheric layer
into which air pollutants can be mixed, is an additional useful indicator
of dispersion potential. Better dispersion results from greater mixing
depth, with a greater volume of air available for dilution of pollutants.

Furthermore, the mixing depth typically increases as wind speeds increase.

Low-level nocturnal temperature inversions, which result in low
mixing depths, commonly form in the region, particularly in wintér.
Mixing depth usually increases in the morning and afternoon as daytime
solar radiation increases surface temperatures, resulting in convective
mixing. During the winter, upper-level inversions can also extend through
daylight hours. If these inversions persist, they can create'stagnant

conditions near ground level for extended periods.



Holzworth (1972) studied mixing depths and wind speeds within the
mixing layer for a number of weather stations and generated isopleths
for the United States. Table 2.7-8 presents estimated mixing depths and
wind speeds for the Anderson property from Holzworth's work. Diurnal
variations and seasonal variations in afternoon mixing depths are pro-
nounced, but only small variations in seasonal morning depths were noted.
Holzworth's data indicate that low morning mixing depths exist, especially
in the winter. However, afternoon mixing depths are among the highest in
the country. The average morning wind speeds within the mixing layer
are less than afternoon wind speeds, and average wind speeds in winter
and autumn are generally less than those in summer and spring, as would

be expected.

Based on the above information, atmospheric dispersion conditions
on the Anderson property are expected to be reasonably good. As in most
areas of the country, the lowest potential for dispersion of atmospheric
pollutants usually occurs during the morning, with light wind épeeds, high
stabilities, and a shailow mixing layer. The highest dispersion potential
should occur during spring and -summer -afternoons. Topography will play a
role in dispersion of emissions from proposed project activities. Some topo-
graphic effects have been approximated for assessment of project-related

impacts through the use of the EPA Valley Model as discussed in Section 4.0.

Severe Weather

Thunderstorms are frequent during the summer and early fall, when

moist air moves into the region from the Gulf of Mexico and the western



Table 2.7-8. ESTIMATED AVERAGE MIXING DEPTHS AND WIND SPEEDS IN MIXING
- LAYERS FOR THE ANDERSON PROPERTY

Mixing Depths Wind Speeds
(meters) (meters/sec)
Annual
Morning 300 4
Afternoon 2400 6
Winter
Morning 280 3.5
Afternoon ' 1300 4.5
Spring
Morning : 300 4.5
Afternoon 2600 7
Summer
Morning 250 4
Afternoon o 3200 6
Autumn
Morning 250 3.5

Afternoon 2100 -

Source: Holzworth, 1972. .



coast of Mexico. Related precipitation is usually light, but a heavy local
storm can produce over an inch of rain in a single day. The maximum preci-
pitation reported to have fallen within 24 hours over a 38-year period of
record at Phoenix was 3.07 inches (U.S. Department of Commerce, 1975).

Hailstorms are observed infrequently in this area.

Table 2.7-9 shows the maximum precipitation estimated for any given
lbcation on the property (point precipitation) for specific durations
and recurrence intervals. The table was compiled using technical proce-
dures outlined by Hershfield (1961) and Miller (1964). Maximum short—~term
precipitation is usually associated with summer thunderstorms, although
winter storms may on occasion deposit comparable amounts of moisture.

Table 2.7-9. ESTIMATED MAXIMUM POINT PRECIPITATION (inches) FOR
SELECTED DURATIONS AND RECURRENCE INTERVALS AT THE PROPERTY

Recurrence Interval

Duration 2 years 10 years 25 years 50 years 100 years

1 hour 0
12 hours 1
24 hours 1
2 days 2.
7 days 2
10 days 3

Sources: Hershfield, 1961; Miller, 1964.

Strong winds can occur in the project area along with thunderstorm

activity in the spring and summer. Based on computations by Thom (1968),



"extreme-mile" wind speeds 30 feet above the ground are estimated for selected

recurrence intervals on the property as follows:

Maximum speed (mph) 62 65 74 80

Recurrence interval (years) 10 25 50 100

The project area is susceptible to -duststorms, which vary greatly in
intensity, duration, and time of occurrence. The basic conditions for
blowing dust are found in the general region: -wide areas of exposed, dry
topéoil and strong, turbulent winds. Duststorms usually occur during the
warmer months following frontal péssages and are occasionally associated

with thunderstorm activities.

Tornadoes have been observed in the general region, but they occur in-
frequently. Based on the work of Markee et al. (undated), the probability
(P) of a tornado striking a given point on the Anderson property is

‘ 4

estimated to be 1.2 x 10" ', The recurrence interval (1/P) of such an

incident is estimated to be about 8300 years.
ATR QUALITY

The Anderson property is located in an isolated rural area of west-—
central Arjizona. Air quality is generally very.good and is influenced
by natural processes, and occasionally by long-range transport of air
pollutants from major urban centers. The nearest town is Bagdad, about
22 miles north-northeast of the property (Figure 2.1-1); the nearest

major roadway is U.S. Highway 93 about 13 miles to the northeast; and



the nearest major urban center is Phoenix, about 100 miles southeast

of the property.

Existing air quality data are sparse for this area of Arizona and
are not adequate to describe air quality on the property with statis-
tical significance.. Air quality monitoring on the Anderson property,
described earlier in this section, has included two five-day monitoring
programs, one in the summer and the other in the autumn of 1977,
during which suspended particulate matter, sulfur dioxide, and ozone
were measured continuously. A one-year monitoring program to measure
suspended particulate concentrations once a week was also begun by

MINERALS in September 1977.

The property is located within an area that has recently been
designated b; the EPA (1978) as an "attainment area" for suspended par-
ticulate matter and sulfur dioxide, indicating that National Ambient
Air Quality Standards (NAAQS) (Table 2.7-10)* for these major pollutants
are not exceeded. However, the EPA has determined that attainment status
for photochemical oxidants, nitrogen dioxide, and carbon monoxide to
be unclassifiable, on the basis that adequate monitoring data are not

presently available for the area to determine attainment.

According to provisions of the federal Clean Air Act for Prevention
of Significant Deterioration of Air Quality, the Anderson property and
surrounding region have been designated Class II. The closest Class I

areas are the Sycamore Canyon Wilderness Area to the northeast and the

*Arizona has adopted the NAAQS. In the case of suspended particulate
matter, the primary annual standard and the secondary 24-hour standard
have been adopted.
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Pine Mountain Wilderness Area to the east. Both of these Class I areas

are about 80 miles from the property.

Particulate Matter

Sampling performed on the property to date* indicates generally
low concentrations of particulate matter. The state/federal 24-hour
sﬁandard of 150 ug/m3 (micrograms per cubic meter) was not exceeded
(Tablé 2.7-11). The highest value measured on the property was
104 ug/m3, when the wind speed averaged 13 mph and ranged as high
as 23 mph. Natural blowing dust is expected to have been the cause
of this concentratién. The geometric mean of the 38 particulate
saﬁples‘taken on the property is 14 ug/m3. Data collected by the
state from 1971 through 1976 at a background surveillance station
located athontezuma Castle National Monument (Figure 2.7-2) indicate

similar air quality conditions (Table 2.7-12).

Significant surface agtivities (i.e., vehicular and equipment travel
and arilling with air drills) began with the resumption of mineral ex-—
ploration prior to the February 25, 1978 sampling period. Exploration
will be continued on a 10-day on, 4-day off schedule. Activities were
initially concentrated in the vicinity of the proposed TP-2 and TP-3 pit areas
(Figure 3.1-3) which are less than 1/2 mile southwest of the sample site.
It is meaningful to note in Table 2.7-11 that no significant corresponding
increase in measured suspended particulate concentrations was observed

during these activities.

*A standard high-volume air sampler fitted with a constant flow control-
ler (+1 cfm) to increase sampling accuracy and calibrated with a cali-
brated orifice flow meter has been used to collect samples.



Table 2.7-11. TWENTY-FOUR-HOUR SUSPENDED PARTICULATE CONCENTRATIONS
MEASURED ON THE ANDERSON PROPERTY?

Date Concentration Date Concentration
(ug/mB) (ug/m3)
7/13/77 38 12/9/77 19
7/14/77 58 12/16/77 23
7/15/77 73 12/23/77 23
7/16/77 39 12/31/77 10
7/17/77 77
1/7/78 6
9/16/77 20 1/12/78¢ 3
9/26/77 21 1/12/78 2
1/4/78 5
10/1/77 13 1/21/78 7
10/8/77 ) 1/28/78 5
10/15/77 : 11
10/16/77 7 2/4/78 9
10/30/77 9 2/11/78 5
- 2/18/78 3
11/5/77 39 2/25/78 15
11/9/77 18 3/4/78 -d
11/10/77 17 3/11/78 7
11/11/77 28 3/18/78 10
11/12/77 22 3/25/78 8
11/15/77 18
11/18/77 104
11/25/77 -b
12/2/77 5

aSampling times are generally about 24 hours; however, the timer used to control
sampling duration has been observed to occasionally run approximately 1 hour
fast in a 24-hour period. This could result in a four percent error in the
reported results. Sample periods are also occasionally short due to generator
failure. Samples collected for periods less than about 20 hours are not
reported.

bSampler power supply ran out of fuel during sample collection.

CTwo samples were taken simultaneously on January 12, 1978, one 3 feet
above ground and the other 10 feet above ground.

dMissed due to bad weather and flooding.



Table 2.7-12. SUMMARY OF BASELINE SUSPENDED PARTICULATE CONCENTRATIONS
FOR MONTEZUMA CASTLE NATIONAL MONUMENT, ARIZONA

24-hour Averages

Geometric

Year Max imum Second Highest Mean

(vg/m3) (ug/m’) (ug/m>)
1971 49 * 21
1972 111 * 26
1973 54 54 28
1974 72 64 27
1975 164 103 27
1976 64 59 30

Source: Arizona Department of Health Services, 1972-1977.

*Not reported.

Table 2.7~13 presents data for sulféte, nitrate, and lead concen-
trations in nine particulate samples collected at the site. Measured
ambient sulfate concentrations ranged from 1.8 to 4.6 ug/m3 and aver-
aged 3.1 ug/m3. These concentrations are well below the 25 ug/m3 stand~-
ard adopted by California, and one of the only states with a sulfate standard.
In 1975, sulfate concentrations reported for Montezuma Castle National
Monument averaged 2.5 ug/m3 (Arizona Department of Health Services,
1976). Sulfate accounted for as much as 51 percent of the total parti-
culate weight in 1 sample and averaged 26 percent in the 9 samples.
It is suspected that native soils in the area are a major contributor to
the observed airborne sulfate concentration. However, ambient sulfate levels

did not correlate well with ambient suspended particulate levels.
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Always lower than sulfate, ambient nitrate concentrations ranged
from 0.8 to 2.3 ;ig/m3 in the 9 samples and averaged 1.4 ug/m3. This
value is very close to the 1.3 ug/m3 mean reported for 29 non-urban
National Air Surveillance Network stations located througﬁout the country
(Williams et al., 1973). Nitréte accounted for as much as 21 percent
of the total particulate weight in 1 sample, but ranged as low as 4
percent of the total. As in the case of sulfate, natural soils in the region

are suspected of contributing particulate nitrate to the ambient air.

Sulfate and nitrate combined accounted for 6 to 65 percent of the
total particulate weight, The highest percentage occurred in two samples
with relatively low total particulate concentration. Conversely, the lowest
percentage corresponded to the highest ambient particulate concentration

of the nine samples analyzed.

Ambient particulate lead concentrations for the 9 samples ranged
from 0.02 to 0.07 ug/m3. For comparison, particulate lead concentrations
averaged 0.1 ug/m3 at Montezuma Castle National Monument in 1975 (Arizona
Department of Health Services, 1976). These levels are well below the pro-
posed 1.5 ug/m3 National Ambient Air Quality Standard for lead. ‘By weight,
lead:accounted for only 0.04 to 0.6 percent of total suspended particulate
matter. As in the case of sulfate and nitrate, the lowest percentage of

lead corresponded to the highest ambient particulate concentration.



Sulfur Dioxide

Consecutive 24-hour—average sulfur dioxide (SOZ) concentrations
were measured on the property during the two 5-day monitoring programs,
using the Federal Reference Method (West-Gaeke bubblers). Solutions sup-—
plied and analyzed by the Arizona Bureau of Air Quality Control were
kept in a temperature-controlled shelter during sampling (approximately
200 ml/min), and were placed on ice immediately following sampling and
kept there until delivery for analysis. These precautionary measures

were taken to minimize the possibility of sample degradation.

Sampling results (Table 2.7-14) indicate generally low background'SO2
concentrations that are well below state/federal standards. However,
the observed concentrations are higher then would be expected at such
a remote site. Potential reasons for the unexpectedly high results
could include influence of emissions from the diesel electric power
source located downhill and approxiﬁately 200 feet from the monitoring
station, and possible analytical error or bias.

Table 2.7-14. TWENTY-FOUR-HOUR SULFUR DIOXIDE CONCENTRATIONS
MEASURED ON THE ANDERSON PROPERTY

Date Concentration (ug/m3) Concentration (ug/m3)
7/13/77 9 11-9-77 14
7/14/77 17 11-10-77 14
7/15/77 11 11-11-77 25
7/16/77 11 _ 11-12-77 21

7/17/77 16 11-13-77 14




Photochemical Oxidants

‘Ozone, a major component of photochemical oxidants in rural air,
was monitored continuously with a Bendix 8002 Ozone Analyzer (chemi-
luminescence method) during both 5-day field s;udies. The monitor was
cglibrated against a calibration standard and a calibrated monitor at
the Arizona Bureau of Air Quality Control immediately prior to each
study. In addition, operational checks were performed daily with an

internal ozone generator.

In general, observed ozone concentrations were well below the federal
one-hour standard (0.08 ppm). However, levels reached 75 percent of

the standard one day during the July, 1977 field study.

A diurnal cycle was observed in hourly average ozone concentrations
during both field studies, with higher concentrations occurring during
the daytime and lower concentrations during the night. The highest con-
centrations and greatest daily ranges were. observed during the July
study as would be expected with greater solar radiation during summer
months. Concentrations ranged between 0.025 ppm and 0.062 ppm in July,
but were generally below 0.010 ppm during the November study-wheﬁ observed
‘hourly average concentrations ranged between 0.005 ppm-and 0.010 ppm.
Observed hourly average ozone concentrations are provided in Appendix

B"l" .

An analysis of synoptic (large-scale) meteorological conditions

during each field study indicates that air flow toward the property



was generally from a southeasterly direction. Therefore, Phoenix is
indicated as a possible source of ozone precursers during both studies.

Long range transport of photochemical oxidants in urban air pollution

plumes to remote rural areas has been observed in other areas of the country
and is a main reason for most areas of Arizona having been tentatively
determined to be '"unclassifiable" with respect to attainment of the photo-

chemical oxidant standard.
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Appendix B-1l. DAILY AND MONTHLY TEMPERATURE DATA



AVERAGE AND FXTSEMT JATILY AND "ONTHLY VALUES FOR TE“FEZRATURE
AT: MINERALS ANDERSON
PERICD: 12/21/76¢ = 12/16777

MONTH DAY DAILY AVERAGE DAILY “8x DAILY MIN

12 21 2249 £4 .3 44 .0
12 22 4848 630 39.0
12 23 5042 £4.0 39.0
12 24 4645 5790 3640
12 s 434 £241 3860
12 26 £2e3 644C 42 .0
12 27 45 .€ 620 40.0
12 28 51.5 58.0 39.0
12 29 5047 59.0 43 .0
12 20 4446 52.0 3760
12 31 41.9 4Z.0 41.0

MOCNTE  MONTHLY AVE  MONTHLY AVE MAY  MONTHLY AVE MIN MONTHLY MAX MONTHLY #

~8.0 3640

co

12 49,0 59.4 35.



AVERPAGE AND TXYTREME DAILY AND
AT: "IMERALS ANDERSON
PERICNS 12721776 - 12/16/77 -

YONTHLY VALUTS FCR TEMPERATURE

MONTH DAY DAILY AVEPAGE DAILY MAX DAILY MIN

1 1 4344 3049 4040
1 2 45,7 5240 I8.0
1 3 45 .4 : £2.0 40.0
1 4 44,5 54,0 3F e
1 5 42437 S0.0 37490
1 & 4663 £5.0 40.0
1 7 44,0 49.0 4040
1 8 41.2 4640 3640
1 9 35.1 480 Z.0
1 10 3I3.8 2140 2840
1 11 41.C 5761 283
1 12 47.4 60.0 40.0
1 14 4641 59.0 3540
1 18 47.0 62.0 3348
1 16 a9 - 6b6.C 3860
1 17 5547 - 6840 4340
1 18 6045 73.0 S1.0
1 19 £l1.9 77.8 5060
1 20 5145 72.C 348
1 21 55432 £1.0 51 .0
1 22 55,1 6840 S0el
1 23 5“.9 6705 450:} i
1 24 5345 h7e0 43.0
1 25 5163 63eC 45,0
1 25 45,7 5840 Tel
1 27 42,9 F.2C 330
1 28 Shol; £R.C +Z e
1 23 5541 £3.0 49 .80
1 30 5.5 7C.0 45.0
1 31 5. 720 5343

MONTY  MONTHLY AVE MONTHLY AVE MAX  MGHTHLY AVE MIN  MOMTHLY MAX  MONTHLY ¢

1 43 .6 60«4 4145 770 2842



 AVERAGE AND EXTEEME DAILY AND MANTHKLY VALUES FOk TENPERATURE
AT: MINERALS ANDERSON
PFRICD: 12/21/76 - 12/16/77

DATLY AVEPAGFE DAILY MAX DAILY MIN

MONTH DAY
2 1 51.8 £3.0 43,0
2 2 49,9 634C 3840
2 3 S4 o4 670 4540
2 4 5641 £8.40 43,0
2 5 6.8 7240 4740
2 6 5446 7C.0 42,0
2 7 £5.5 ‘ 73.0 5140
2 8 £1.2 | 73.0 5340
2 9 5844 7249 %
2 1c 57.9 73.0 4540
2 11 £1.0 77.¢ 4340
2 12 £3.4 776 5343
2 13 €043 7740 44,0
2 14 S1.8 5340 5043
2 15 399.9 999.9 929.5
2 16 71.7 8240 580
2 17 66 - 48,9
2 18 6640 B340 5140
2 19 7043 §540 5940
2 20 6849 23,5 5640
2 21 £9,2 83.0° 520
2 22 5048 €740 49,0
2 23 53,7 6640 41 .¢
2 24 4841 574 1840
2 25 43,5 5248 31.0
2 28 4843 £34C 3640
2 27 52.1 £9.0 3740
z 28 59.0 74.5 49.0

BCONTE  MONTHLY AVE  “MONTHLY AVET FAX  MONTHLY AVE MIN  MONTHLY MAX  MOMTHLY

2 58,3 71.2 4643 R340 31.

[en)



AVFOAGE AND EXTREME DAILY AND MONTHLY VALUES FCR TEMPEPATUPF
AT: “YINERALS AMDERSON
SFRICD: 12/21/76 - 12/16/77

MCNTH DAY DAILY AVEPAGE DAILY MAX DAILY MIN

3 1 51.0 S8.C 43,0
2 2 46.8 560 3740
3 3 45,8 57«0 3249
2 4 51.0 64..0 4040
2 5 53.4 6740 4440
3 6 5643 £9.70 4740
3 7 £3.4 8540 4840
3 8 £T.8 440 570
3 9 £4e8 7840 53.0
2 10 530.3 57«0 45.90
2 11 5543 6640 44 .0
3 12 59.9 730 £3.0
2 13 5543 £6 e 4540
2 14 4845 8.0 38«0
z 15 532.1 TCO 390
3 16 565 70.0 4640
3 17 S50.4 60.0 41.0
3 18 53.0 £6 .8 40,40
3 19 56.5 700 40493
3 20 525 720 4240
2 21 445 770 5040
2 22 71a1 86«0 57 60
2 23 7.8 80,0 S5.C
2 24 LB 71.¢C 52470
3 25 P e B 570 IS5 .0
3 26 4.1 580 3440
z 27 Eha3 £Q 40 4240
3 28 5.5 £3.0 4640
3 29 0.7 £1.0 4240
30 4,5 2740 44 .0
LR 53.4 €643 46,0

MONTE  MONTHLY AVE  MONTHLY AVE MAY  MOMTHLY AVE MIN  MOKRTHLY MEX  MONTHLY *

3 55,6 67.5 44,3 £6 .0 32,0



AVERAGE AND FXTREME DAILY AND MONTHLY VALUES FCR TEMPERATURE
AT: MINERALS ANDERSCN
PERIQSD: 12721/7¢& = Y2/16/77

MONTE DAY DAILY AVERAGE DAILY MAY DAILY MIN

4 1 Z1.8 6040 35.0
4 2 41.0 4740 3840
4 3 4540 6340 32.0
4 4 53,1 730 42 .0
4 5 BB oK §7 40 52.0
4 & 775 94.0 £6e0
4 7 7S5 .6 37 .0 £4 40
4 8 7645 9040 64 a0
4 9 7444 89.0 6340
4 1¢ 6740 7640 57«0
4 11 6546 77.0 532

4 12 7242 8440 570
4 12 72,1 £8a0 2,0
G 14 723 . 8740 63.0
4 15 £8e4 77.0 5540
4 l¢ 72.7 £5.0 63.0
4 17 T7.2 3.0 6240
4 18 7€k 8340 63.0
4 19 71.5 82.0 5240
4 2¢ 70.8 82 .0 5940
4 21 T4.5 $1.0 €540
4 22 78,0 33,0 6560
4 23 85,4 9843 720
4 24 7945 £8.0 72«0
4 25 RZ .G 95, ¢ 7144
4 26 2,6 . 85.0 7143
4 27 79.% 8,0 72.0
A 28 T6el 85 .0 69490
4 239 772 51.0 6340
4 2g 785 300 £6e0

MCNTF  MONTHLY AVE MONTHLY AVE MAX  MONTHLY AVE MIN  MONTHLY MAX  MONTHLY #

4 720 £4,.6 53 .6 98.0 32.0



LVERAGE AND CXTOEME DAILY AND MONTHLY VALUES FCR TEMPERATURE
AT: MINERALS ANDERSON
ecRI0N: 12/21/76 - 12/16/77

MONTH DAY DAILY AVERAGE DAILY MAX DAILY MIN

5 1 TT7e3 P8.0 67«0
S 2 7761 20.0 63.0
5 3 7645 8740 66 .0
S 4 728 8640 8.0
5 5 7038 80.0 620
S 5 5445 73.0 537.0
2 T £2e8 £9.0 535.0
€ 8 £945 81.0 £0.0
5 9 554 4,0 490
5 10 6063 730 45 .0
5 11 ETab 7840 S3.0
5 12 £748 775 59.30
) 13 583 68.0 510
S 14 £240 7440 50.0
5 15 £3 ek 81.0 550
5 16 5746 17.30 £0.0
5 17 628 T1.0 5C.0
5 18 FEe?l 77.0 S50
5 19 70.8 85.0 57.0
g 20 771 1% 0 £3e0
5 21 7343 3240 3ed
5 22 81.73 3369 3%.0
3 23 T5e4 - &9.0 £330
£ 24 5545 5845 54,0
5 25 6574 6040 550
5 26 72435 4.0 57.0
5 27 TFLS A9 £lec
5 28 £3e5 3640 £S5
5 29 3%3.9 S39.9 399.9
5 33 95949 593,39 995 .7
5 31 925.5 9%9.9 339.9

MONT-  MONTHLY &VF  MONTHLY AVE MAX  MONTHLY AVE mIn  MONTHLY M2AX  AONTHLY .

5 697 ’0.7 578 Je .0 4543



AVERAGE AND ©XTREME DAILY AND MONTHLY VALUES FCR TLSPERATURE
: AT: YINERALS ANDERSIN
PERIOD: 12/21/76 - -12/16/77

MONTHE DAY DAILY AVERAGE DAILY MAX DAILY MIN

6 1 999,43 999.9 999 .9
6 2 52.8 102.0 79.0
£ 3 93.5 105.0 83e0
6 4 5§94 ’ 1C0.0 82 a3
) 5 £3.8 102.0 el
& 6 907 101.0 82.0
6 7 £9.3 100.0 810
£ 8 E4 .4 95406 764G
& g 350 Se0 S0
6 1n 82e5 93.0 710
£ 11 82.5 S93.0 70.0
) 12 84.7 298.0 71.56
) 13 8549 53,0 7040
6 14 8842 101.90 7440
6 15 FCe1 104.0 TG40
5 i6 905 103.0 755
€ 17 3C.8 104.0 7848
S 18 88.5 - 102.0 7.0
6 19 85.0 97.0 70.C
3 20 8547 98¢ 7240
& 21 95.8 3740 720
g 22 2%.8 10149 T7eC
€ 23 91.5 102.¢C T6a¢
£ 24 S3.5 105.0 8240
£ M) S4.6 1CS.t £2aC
€ 26 554% 107.0 B2a0
3 27 974 11c.0 G20
3 28 9742 11¢.¢ 84,2
3 S 9.4 1103 869
€ 30 9545 110.0. 8740

MONTH  MONTHLY AVE  MONTHLY AVE My MONTHLY AVE MIN  MONTHLY MEX  MONTHLY H

£ 0 &2 1C1e7 17.5 11C.¢C 70.¢C



AVERAGE AND EXTREME DAILY AND MORTHLY VALUES FOR TEMPERATURE
AT: MINERALS =~ ANDERSON
PERIOD: 12/21/76 * = 12/1¢/77

MONTH DAY DAILY AVERAGE DAILY MAX npally MIN

7 1 95.0 10540 8440
7 ? 948 103.0 83.0
7 3 B8 e 93,0 8n.0
7 4 BB+Y G8.0 8n.0
7 5 300 100.0 7840
7 6 93.8 105,0 8n.0
7 7 S€.l 107.0 82.0
7 A Shet 107.0 82,0
7 9 970 107.0 82.0
7 10 94 .4 103,0 82.0
7 11 9440 103,0 84,0
7 12 94,9 105.0 82,0
7 14 9446 10640 81.0
7 15 92.7 107.0 85,0
7 16 934 108.0 85,0
7 17 92.0 10640 85,0
7 18 83.1 8640 77.0
7 19 89.3 100.0 79.0
7 20 92.1 107.0 8n.0
7 21 92.2 101.0 83,0
7 22 91 .8 95840 82,0
7 23 7943 88,0 73.0
7 4 8507 100.,0 70.0
7 25 95.h 108,0 80,0
7 26 9449 108.0 82.0
7 27 9646 108.0 83,0
7 28 1003 112.0 87.0
7 26 97.8 107.0 97,0
7 30 95,1 102,0 83640
7 31 9549 111.0 85.0

MOMTH  MONTHLY AVE  HMONTHLY AVE Max  MONTHLY AVE MIN  MONTHLY MAX  MONTHLY M

7 93.0 103.4 82.1 112.0 70.0

»



AVERAGE AND EXTREME DAILY AND MOnNTHLY VALUES FOR TEMPERATURE
AT: MINERALS = ANDEWSON
PERIONS ~14/21/76 = 12/1&/77

MONTH DAY DAILY AVERAGE DAILY Max DalLy MIN

R 1 S7.6 10840 87,0
2] 2 G569 108.0 85,0
8 3 97.9 109.0 87.0
8 4 97.2 108.0 - 85,0
a 5 QR..8 110.0 85.0
8 A 96« B 108,0 85.0
8 7 9643 10660 A 87.0
A/ B 9549 103,0 85.0
8 9 S92.4 103.0 84.0
8 10 89.0 103,.0 82,0
R 11 G3.4 108,0 8n.0
8 12 90«4 10440 83.0
8 13 92.8 104,0 82,0
8 14 8G.6 10440 82,0
8 15 80.1 91.0 72.0
g 16 7.0 85,0 72,0
A 17 81.0 91.0 720
8 18 87.0 98,0 73.0
] 19 90.6 102.0 72.0
8 20 93.9 106.,0 8n.0
8 71 918 102.0 872.0
R 22 882 G800 80.0
8 24 868 98.0 76.0
B 25 BY.l 102.0 78.0
g ch 8740 58,0 TR.0
A 27 B4 44 97,0 72.0
R ~8 89,0 103.0 76,0
8 29 91.1 103.0 75,0
8 30 919 10340 81,0
e 31 ‘ 931 102.0 78.0

MONTH ['ONTHLY AVE MONTHLY AVE Max  MONTHLY AVE MIN  MONTHLY MAX MONTHLY »

5 9045 171.9 79.8 11040 7240



AVERAGE AND EXTREME OATILY AMD MOMTHLY VALUES FOR TEMPERATURE
AT: MINERALS - ANDERSON
PERIOD: . 12/21/76 - 12/16(77

MONTH DAY DAILY AVERAGE ODAILY MAx DaILY MIN

] 1 91.1 10240 7Q.0
9 2 P65 102.0 B1a.0
9 3 9441 104.0 83.0
9 5 94,43 106.,0 81.0
9 o) 94,48 10840 82.0
9 7 97«4 11040 86,0
Q9 8 96 .8 11040 84,0
Q 9 9249 103.0 83.0
G 10 83.6 94,0 73.0
9 11 73.8 79.0 63,0
9 1?7 7861 90.0 69.0
Q 13 82.8 97.0 72.0
9 14 8445 95,0 75.0
9 16 TT.7 87.0 70.0
9 17 73.8 84,0 62.0
9 1R 78.8 93,0 66.0
9 10 80.3 93.0 68,0
9 20 T6eTl 89.0 64,0
9 21 T7 8 90.0 66.0
Q 22 77.9 8900 7(‘;.0
G 23 79.3 89,0 7040
9 24 R0e3 93.0 69.0
9 25 8443 97.0 72.0
9 26 8640 95.0 77.0
9 27 T1lel 8040 65,0
S 28 T6.6 90.0 55,0
9 29 80eb 93.0 Tnel
9 30 T 0 89.0 67,0

MONTH  HONTHLY AVE  MONTHLY AVE MAX  MONTHLY AVE MIN  MONTHLY MAaX MONTHLY M

9 83.8 35,0 72.9 110,0 62.0



AVERAGE AMD EZTREME DAILY AND MO:=THLY VAILUES FOR TEMPERATURE
AT: MINERALS -~ ANDERSON
PERIOD:Y -12/21/76 = 12/16/77

MONTH DAY DAILY AVERAGE DAILY MAX npalLy MIN

10 1 79,3 94,0 68.0
10 2 8l.1 95.0 68,0
10 3 83,1 96,0 72,0
10 4 83,3 97.0 70.0
10 5 80.0 94,0 73.0
10 6 671 700 63.0
10 7 72.9 84,40 6540
10 8 743 89.0 66,0
10 9 7547 86,0 6440
10 10 763 88.0 66,0
10 11 79.0 92,0 72.0
10 12 79,0 90.0 71.0
10 13 776 92.0 68,0
10 l4 786 93,0 65,0
10 15 83.1 95,0 T4.0
10 16 83.1 $3.0 76,0
10 17 83.2 97.0 73.0
10 18 86.7 94,0 72.0
10 19 753 8640 67.0
10 20 9.3 77.0 62.0
10 21 6746 78.0 6n.0
10 22 70.7 " 83.0 59,0
10 23 73,1 84,40 64,0
10 24 T2.4 8640 6440
10 25 Tiaed 88.0 57.0
10 26 77.0 89,0 68.0
10 27 7442 84.0 6540
10 28 737 83.0 6340
10 29 B8e7 73.0 63,0
1n 30 63.9 75,0 53,0
10 31 6345 7540 53.0

MONTH  MONTHLY AVE MONTHLY AVE MAaK  MONTHLY AVE MIN  MONTHLY MaX  MONTHLY M

10 755 271 661 97.0 53,0



MONTH
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
n
11
11
11
11

MONTH

11

<

AVERAGE AND EXTREME DAILY AND MONTHLY VALUES FOR TEMPERATURE

A

DAY DAILY AVERAGE

VO ~NIITPR W -

10
11
12
13
14
15
16
17
18
19
20
21
272

- 23

24
25
24
27
28
29
30

MONTHLY

61,9

T: MINFRALS = ANUERSON

PERIOD: '12/21/76 = 12/16/77

64 e2
68.0
714
5.8
65.8
51.7
5.1
5542
5542
el
6Be7
£3848
69,2
6545
64‘.3
6540

650

0404
59,9
49.3
5] 4%
57.8
5f.6
6045
62.8
t6hel
636
670
604
5¢.8

AVE

DAILY Max DAILy MIN
77.0 53,0
8l.0 57.0
84,0 6n.0
82,0 59.0
7640 57.0
59.0 4n.0
59l0 44.0
6940 43.0
65.0 49,0
7540 50.0
80,0 61.0
8400 60.0
82.0 59.0
78.0 5440
77.0 572.0
T78.0 52.0
8240 54,0
73.0 56,0
65,0 2.0
57.0 43,0
65.0 39,0

_T0.0 49,0
Tl.0 5n.0
73.0 40,0
8l.0 50,0
8la.0 53.0
76,0 53.0
73.0 49,0
6840 Ste
73.0 46,0

MONTHLY AVE Max

73.8

MAONTA4LY AVE MIM

S1.8

MONTHLY MAaX MONTHLY

84.0 35.0

L,



AVERAGE AND EXTREME DAILY ARND MOMTHLY VAL UES FOR TEMPERATURE
AT: MINERALS = ANDERSON
PERIOND:  .12/21/76 = 12/1&/77

MONTH DAY DAILY AVERAGE DAILY Max nalIlLy MIN

12 1 57.0 69,0 47,0
12 2 5761 7040 45,0
12 3 59.0 73.0 46,0
12 4 56,0 73.0 48,0
172 8 5G.1 7240 47.0
12 6 6241 77.0 47,0
12 7 615 7640 5n.0
12 8 60 o4 74,0 50,0
12 9 619 7640 50.0
12 10 6363 7340 56,0
12 11 607 73,0 55,0
12 12 5649 6840 48,0
17 13 574 690 49,0
12 14 571 730 4440
12 15 H0e4 72.0 50.0
12 16 487 ) 55.0 44,0

MONTH MONTHLY AVE MONTHLY AVE MAX MANTWLY AVE MIN  MONTHLY MAX MONTHLY

12 58,8 Tle4 . 48,3 ' 7740 44,0



Appendix B-2. DIURNAL WIND DIRECTION FREQUENCY TABULATIONS SEASONAL
AND ANNUAL
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Appendix B-3.

ANNUAL RELATIVE FREQUENCY DISTRIBUTION FOR WIND DIRECTION
AND SPEED BY STABILITY CLASS 12/21/76 - 11/30/77
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' APPENDIX B-4

HOURLY AVERAGE OZONE CONCENTRATIONS
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2.8 BIOLOGY

Biological field studies were conducted on the Anderson property
and in the vicinity of the pfoposed access road and Palmerita
Ranch water pipeline from February through October, 1977 (Dames &
Moore, 1978a and b). Both quantitative and qﬁalitative information on
the plant and animal communities in the area was collected during these
studies. Sampling procedures used during the field program are discus-
sed in Appendix C-1. The locations of sampling sites are given in Figure

2.8_1.

The following discussion is based largely on the results of the
these field studies. This information was supplemented by data on the
mesquite bosque near Palmerita Ranch collected by personnel from the

Arizona Academy of Science (Smith and Bender, 1973).
VEGETATION

The Anderson property is located within the Sonoraﬁ Desert (Lowe,
1964 and Lowe and Brown, 1973). The plant associations on and in the
vicinity of the property can be generally classified into two broad sub-
divisions of this desert; the Lower Colorado Subdivision, which is domina
ted by creosotebush/bursage communities, and the Upper Arizona Subdivision,

which is characterized by palo verde/ saguaro cactus plant communities.
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Although most of the species growing in the vicinity of the
Anderson éroperty are typical of Sonoran Desert vegetation, there
are two, Joshua tree and bladdersage, that are characteristic of the
Mohave Desert to the west. The presence of both saguaro cactus
and Joshua trees in this area denotes that it is part of a transition

zone (or ecotone) between the Sonoran and Mohave deserts (Lowe, 1964).

Four vegetation types were identified in the vicinity of the
Anderson property and the proposed access road (Dames & Moore, 1978a and
b). These communities are upland desert, Joshua tree woodland, riparian
and pseudoriparian (Figure 2.8-1). The species identified in each of these

vegetation types are listed in Table C-2, Appendix C-2.

The four types are recognized primarily by those species that
are visibly dominant (over six feet tall). It should be noted that a large
number of the plants identified during the field studies are common to most

of the types.

Upland Desert

Upland desert constitutes the largest vegetation type on the property,
covering more than 2/3 of the area. Species composition and density varies
considerably within this vegetation type due to microclimatic and edaphic
variability across the property; however, the upland desert type is readily

definable.



Vegetation over six feet high in the upland desert community
is dominated by palo verde and Joshua trees. These two species have
an average dominance value (measured in square feet of basal area
per acre) of 2494 and 1298.6, respectively (Table 2.8-1). Although
less abundant, saguaro cactus and ocotillo (average dominance values
of 602 and 752, respectively) are also common in the upper strata

of this type.

Below six feet, the basal area cover of upland desert vegetation is
relatively low, varying from 0.6 percent (sample site 7) to 14.8
percent (sample site 8) and averaging 5.3 percent (Table 2.8-2).
Shrubs constitute most of this lower strata, accounting for an average
of 73 percent of the total basal area cover (Table 2.8-2). The
most common shrubs throughout the type are creosotebush, brittlebush

and white bursage.

Except for sample site 13, cacti, lilies and their allies
constitute less than one percent of the cover in the upland desert
type. Yucca, a member of the lily family, had a total basal area
cover of 57 percent at sample site 13. Grasses and forbs are also
relatively sparse, comprising approximately 13 percent of the

total basal area cover.,

The paucity of desert succulents in the vicinity of the property
may be due to soil conditions. Loose gravels or rock crevices

where infiltration of precipitation is rapid are necessary for the



TABLE 2.8-1

DENSITY AND DOMINANCE OF UPPER STRATA PLANTS

BASED ON POINT-CENTERED QUARTER DATA

Density given as number per acre.

Cominance given as basal arsa per acre (in sq

Source: Dames & Mooreh;978a

Y

Palo Verde Saguaro Joshua Trae Ocotillo
Lecation Sita Den.a Dom. Den. Dcm. Cen com. Den. Com.
Upland 1 20 5865 8 202 11 3142 20 1071
Desert .
7 18 965 23 296 59 167 g7 6€E8
8 27 852 7 1308 15 337 19 517
MEAN 2.0 2494.0 1246 502.0 28.3 1228.6 32.0 752.0
Joshua-tree 2 - - - - 10 7182 22 718
Woodland
5 12 1539 - - 20 5669 17 879
6 - - - - 8 4619 43 233
MEAN 4.9 513.0 0.0 0.0 12.6 5816.3 28.3 560.3
* Density and dominance given as absoluts values (Phillips, 1259)



- TABL

D]

2.8-2

PERCENT BASAL COVER AND PERCENT RELATIVE COVER OF
VEGETATION MEASURED ON LINE INTERCEPTS AT FOURTEEN SAMPLE SITES

SAMPLE SITES

-
~
w
>
w
a
~
w
0
e
o
-
=

=

~

L3 L4

Pre I. TREES

A basal cover o' @ 9.2 3 O U W ND - - ND  ND N0 NB
( Mesquite 100 1

\ II SHRUBS, CACTI, LILIES, AND ALLIES

%\ basal cover il 0.8 cC.2 0.3 10.1 7.6 o0.s 12.9 3.7 279 5.7 4.3 2.5 220

{ Agave ' 16
g Srittlebush 21 16
i Burrobrush 9 18 13
. Cane Cholla 2 1
Catclaw 3 7
Craosctebush 8Q 41 33 19 24 32 39 64 3 3
Znglemann Pr. Paar <1 ’
Goldenweed 29 13
Yedgehog Cactus <1 <1
Joint=-£fiz
Mesquite 100 89 51 96 75
Paper f{lower 3 30 18
{ Racany

. Saltbush 19 la
Senecio spp. 23
Uniderzified 3pp. 12 9
White Sursage 34 46 30 il 16
Wolfaberry ; 3 L 2
fucca sé

w

~

10

4

III. GRASSES.

% basal zover 0.2 3.4 0.8 0.3 1.0 0.6 - 1.9 19.0 6.2 0.+ Q.4 Q.2 -
Bermuca 1S
Big Galleta Sl 73 18
Bush Munley 23
| Dropseed 48
Plurffgrass 24 9 40
k. Mediterranean 11 13 100 160 3
Grass

Muhley sgp. ki)
{ Red Brome 3
: Tobosa Grass 32 19 18 13 59 100 190 °
Loz Anaual Grasses 100 35

IV. FORBS

3 basal cover
Desert Mallow
Tllaree
Tour 0'Clock 30
Owlflower S8 67
! Skeletonweusd . 100
Ve Wild Seurd 100
Wooly Indianwheat 109 W

~N o
o ®o
.
[N
o
[N
'
[
’
'
'
'
'
o
’e
o
“
o
3
(]
[
'

a. ND - no daca, line intarcept (300 £t zer line) far the ccver usad only ac sieces 3, 4, 9, 10,
b. Dash means no basal cover of the size-class (verticai secrata) derecrad on the insezcep:
. % basal cover = sum cf basal area interzastad x 100

300 fr.

O

{ i relative cover = sum of 3pecies incercention x 100 (rauaded t- ACarest Lnc24ger gredbsr .30 Jae)
cotal intarception for stra=a

* Noe identified to species due 0 absencs of specific taxsnomic characgars.
Source: Phillips (1959)

Source: Dames & MooreAl978a (—"



prolific growth of these succulents, particularly cacti. While
sandy to gravelly soils are present on and in the vicinity of the
property, they may not be sufficiently permeable to support large

numbers of these plants.

Precipitation in the Sonpran Desert is seldom high enough to
support extensive grasslands. While a variety of annual and perennial
grasses such as big galleta, tobosa, dropseed, and fluffgrass are
adopted to these arid conditions, they seldom constitute a major
portion of any of the desert plant communities. Essentially the
same is true for forb species. Grasses and forbs on the property
may have been further reduced by the drought conditions that prevailed
before and during the field study period and by grazing pressure
(refer below to the discussion on Range Condition for further description

of the effects of grazing).

As can be expected in desert environments, the response of annuals
to sporadic precipitation provides seasonal variation in the species
composition of the vegetation on the Anderson property. The first
four vegetation sites were sampled in April and the remaining sites
were sampled in October. Annual grasses were relatively abundant
during the spring sampling period and almost nonexistant in the fall
(Table 2.8-2). . It is apparent that there was sufficient winter
rain to stimulate spring germination and growth, but precipitation
during the summer was not abundant enough to support these annuals.

The composition of the forb component also varied between seasons.

Globe mallow, filaree, and owl clover were particularly common in



the spring while four o'clock, skeleton weed, wild gourd, and wooly

Indianwheat were common in the fall (Dames & Moore, 1978a).

Joshua Tree Woodland

Joshua tree woodland is located on top of the mesa to the south
and southwest of the Anderson property (Figure 2.8-1). It generally
occurs above the 2000-foot contour. This type is the most prevalent
vegetation association along the right-of-way for the proposed access

road.

Joshua tree woodland is distinguished from the upland desert type
by a lack of saguaro cactus (Table 2.8~1). The paucity of this species
may be due to soil conditions. Saguaro cactus is relatively shallow-
rooted énd top~heavy. In fine soils similar to those on the mesa top,
the species is frequently up~rooted by winds and flash flooding. On
coarser soils, such as those found on the Anderson property, the species

is much more stable.

Species coﬁposition of the understory in the Joshua tree woodland
is virtually identical to the understory of the upland desert type |
(Table 2.8-2). However, total basal area cover in the woodland understory
is slightly higher than in the understory of the upland desert. Total cover
in the Joshua tree woodland averages 6.7 percent compared to 5.3 percent for
the upland desert type. If the results from sample site 8 (Table 2.8-2) are
deleted, the average basal area cover of the upland desert understory falls

to 3.4 percent.



This difference in basal area cover can probably be attri-
buted to soil moisture conditions. Upland desert vegetation is most
prevalent on the north facing slopes to the south of the Santa
Maria River. Soils on these slopes consist primarily of sands,
sandy gravels, and gravels. Soils on the mesa top where the Joshua
tree woodland is most prevalent consist largely of silty sands that
have a higher moisture retention capacity than the sands and gravels
of the north-facing slopes. In addition, the level aspect of the
mesa top probably results in a more favorable infiltration to runoff
ratio than on the north-facing slopes. Since the mesa top is at a
higher elevation than the slopes, it may also receive slightly more

precipitation.

Riparian

Riparian vegetation is present along the Santa Maria River in
the vicinity of Anderson property (Figure 2.8-1). This vegetation
consists largely of mesquite stands. Where undisturbed, these stands

(termed mesquite bosques) are typically quite dense.

Sample sites 3 and 4 are representative of the riparian vegeta-
tion on the Anderson property (Figure 2.8-1 and Table 2.8-2).
Overstory vegetation conéists of essentially 100 percent mesquite.
The understory shrub component is also composed largely of young
mesquite plants. Other shrub species that may be found in the type

in low numbers include white-thorn acacia, wolfberry, creosotebush,



and burrobush. Forbs and grasses are often not present in the type.
Where sufficient light and surface moisture are available, Medi-
terranean grass was found to be the most common herbaceous species in

the riparian vegetatiom on the property.’

A large, relatively undisturbed mesquite bosque is located along
the Santa Maria River near the Palmerita Ranch in Sections 14, 15 and
16 of TLIIN, R1IW (Figure 2.8-1). The bosque covers approximately 960
acres and is located on private land. It is quite dense and contains
many old trees, some reaching a height of 25 feet. The only major dis-
turbance to this bosque is an unimproved road running along its southern
edge (Smith and Bender, 1973). The bosque has been recommended for desig
nation as a Scientific Natural Area by the Arizona Academy of Science

(Smith and Bender, 1973).

Pseudoriparian

Pseudoriparian vegetation is located along the intermittent streams
and washes that drain the property and adjacent areas (Figure 2.8-1).
Sample site 14 (Figure 2.8-1) is representative of this association (Table

2.8-2).

The pseudoripérian vegetation type is a transition between the ripa
rian vegetatioﬁ along the Santa Maria River and the upland desert (Dames
& Moore, 1978a and b). Mesquite as well as shrub and tree species common
to the upland desert are found in the type. Although quantitative data on

the overstory component of the pseudoriparian association was not collected,



mesquite, Joshua treé, and little-leaf palo verde were observed to

be abundant in many of the draws and washes in the area (Dames &

Moore, 1978b). The understory vegetation in the type consists largely

of mosquite, burrobush, catclaw, and creosotebush (Table 2.8-2) although
a variety of other shrubs, cacti, and herbaceous plants are also found in
the association (Table C-2, Appendix C). Most of the shrubs observed in
the pseudoriparian type were larger and more robust than individuals of
the same species growing in adjacent upland areas. This is apparently due

to increased soil moisture in the drainages.

Range Condition

Assuming no disturbance, plant communities such as those occurring
on the Anderson property and in adjacent areas are described as epheme-
ral livestock range with the primary forage consisting of annuals such as
grasses, filaree, Indianwheat, and mustards (Dames & Moore, 1978a). The
growth of these annuals is closely tied to precipitation which is extreme-

ly varied from year to year.

Given that the property is not highly ﬁroductive livestock range,
its quality relative to similér habitats can be estimated based on the per-
centage of regression that has occurred from "climax" vegetation to early
successional stages as the result of disturbance. Four range condition
classes (excellent, good, fair, and poor) have been recognized (Dames &
~Moore, 1978a). Each condition class represents a 25 percent reduction in
the vegetative potential of a given area of rangeland. The appropriate

condition class is generally determined by the abundance of key indicator



plant species. These plant indicators are termed decreasers, increasers,
and invaders. Decreasers are native plant species such as galleta grass
and bush muhley that become less abundant due to grazing pressure. Increa—
sers are native species such as senegio, bursage, and bricklebush that
become more abundant due to grazing preséure. Invaders are exotic (nonna-—
tive) plant species such as paperflower, buckwheat, and skeleton weed

that also become more abundant on disturbed sites.

Point intercepts were taken at three locations in the Joshua tree
woodland and one location in the upland desert type (Table 2.8-3). One
of the samples (Sample D) was taken in a fenced exclosure constructed
by the U.S. Bureau of Land Management (BLM) in the mid-1960's. The vege-
tation in this exclosure is representative of ungrazed Joshua tree wood

land habitat.

As can been seen from the data in Table 2.8-3, the vegetation cover
at sample sites A, B, and C was less than half that found in the exclo-
sure. Big galleta grass, which is an important livestock forage plant
and a decrea ser, was more than five times as abundant in the exclosure
than at the other sample site. Bursage, an increaser, and paperflower,
an invader, were found at all of the sample sites except the exclosure.
These data, as well as field observations on the low reproduction of pala-
table forage plants, indicates that the property and adjacent areas are

in the "poor" range condition class (Dames & Moore, 1978a).



TABLE 2.8-3

PERCENT RELATIVE COMPOSITION AND PERCENT ABSOLUTE

5 COVER BASED ON PCINT INTERCEPT DATA FROM FOUR SAMPLE SITES
- SITES
lllll SPECIES Ax B* c* B
% Com % Cov % Com % Cov % Com % Cov % Com % Cov
e Annual 4 2
r Barrel Cactus ' 2 <1l - - - - - -
Beavertail Cactus - - - - 1 <1l - -
L Blackbrush 2 <1l 4 1 1 <1 | - -
| Big Galleta Y . & 2 1 <X 18 10
;j Bladderped - - 1 <1l - - - -
e Bush muhley 2 <1 1 <1 - - 2 1
B Cane Cholla 15 2 8 2 6 2 15 3
i} Catclaw - 2 <1l 5 1 - - 4 2
; Creosotsbush 25 4 27 10 23 6 18 12
LE Desert Holly - - - - - - 2 1
“; Desert Trumpet - - i <1 - - - -
'J Engelmann P;. Pear - - - - - - 2 1
Eriogonum spp. 4 <1l 3 1 4 L - -
Flat-top Buckwheat 4 <1l - - 1 <1l - -
L} Fiuff Grass - - - - 1 <1 - -
Globemallow spp. - - - - - - 2 1
” Hedgehog Cactus - - 1 <1l - - 2 1
: Joint-fir - - 1 <1l 1 <1l 4 2
| Joshua tree - - 4 2 - - 2 8

~ Little-leaf Palo Verde 4 1 - - ) 4 - -



TABLE 2.8—3 concluded

A%* B* C* D
SPECIES . ¥ Com % Cov % Com % Cov % Zom % Cov % Com 5 Cov
Little-leaf Ratany 2 <1 3 1 1 <1l - -
Mediterianean Grass é <1 9 2 4 1 5 3
Nightshade - - - - - - 2 1
Qcotillo 4 <1 4 1 1 <1 - -
Paperflower 4 < 3 2 2 @ - -
Red Brome - - - - 2 <1 S ]
Saguaro - - - - 2 <1 - -
Squirrel-tail Grass - - 1 <1l - - - -
White Brittlebush - - -- - 4 1 - -
Whites Bursage 13 3 8 3 12 5 - -
Wild Gourd - - - - - - 9 5
Wecol Indiantwheat - - 3 1 17 5 - -
Total 100 11+ 100 24+ 100 25+ 100 63

* Average of three 100-pt. intercept. A) 3 lines near sample site 6 - Joshua
tree forest; B) 3 lines near sample site 5 - Joshua tree forest; C) 3 lines
0.2 miles north of sample site 1 - Sonoran Desart ecotone; and D) one line
in an exclosure 4 miles west of Hwy. 93 on Alamo Rd. Joshuza tree foras=

(see Plate 3.1.1-1}).

% Relative Composition = No. plants intercepted per specizss
Sum plants intercepted for all species

X 100

% Absolute Cover = Yo. Flants intercepted per species
Total Plants taken

X 100

Source: Dames & Moor%ﬁ&?78a

)



Drought cénditions over the last few years and foraging by feral
burros appear to be the primary factors causing a deterioration of the
range in the vicinity of the Anderson property. Stocking rates for
domestic animals can be easily adjusted to prevent range destruction,
but drought and feral burros pose a more perplexing problem. The BLM
has recently attempted to bring grazing pressure into balance with ran-
ge production. They have removed a large number of burros from the gene—
ral area as one means of reducing further deterioration of the range

(Dames & Moore, 1978a).

Grazing pressure on the property is regulated by the BLM. The
Anderson property is located in the BLM's Santa Maria Community Allot-
ment which encompasses 62,000 acres. The stocking rate for this allot-
ment is currently 198 animal units (defined as one cow or one cow with

unweaned calf) per year (Dames & Moore, 1978a).

Threatened, Endangered or Protected Plant Species

The 1974 listing of protected plant species published by the Ariéona
Commission of Agriculture and Horticulture include the following species
identified on the Anderson property or in the adjacent area during the bio-
logical field program. It should be noted that none of these species are
considered to be endangered or threatened.

e Mescal (Agave deserti). 0.1 mile north of the Anderson
Mine at about 1800 feet. Approximately 20 plants.

¢ Saguaro (Cereus giganteus). Throughout upland desert
type.




Hedgehog cactus (Echinocereus fasciculatus). Throughout
upland desert on exposed ridges above washes.

Engelmann hedgehog cactus (E. englemannii). Same location
as hedgehog cactus.

Barrel cactus (Ferocactus acanthodes). On canyon walls
and mesa slopes in Sections 3, 10, and 16, T1IN, RIOW.

Ocotillo (Fourquieria Splendens). Throughout upland
desert on well drained bajada and mesa.

Crucifixion-thorn (Halocantha emoryi). SW 1/4 of Section
11, T11N, RIOW. About 0.3 mile SW of Anderson Mine at
base of rocky slope, elevation 1800 feet. Also on mesa
slopes to the east and west.

Fishhook pincushion (Mammallaria microcarpa). Throughout
upland desert on slightly modified exposures or at sites
where soils have some water retention capacity such as
rock crevices, washes, and shaded areas.

Bigelow nolina (Nolina bigelovii). Six plants immediately
south of Anderson Mine road, SW 1/4 of Section 11, TIIN, RIOW,
elevation 1820 feet.

Buckhorn cholla (Opuntia acanthocarpa). Throughout upland
desert on sandy or gravelly soils of benches, mesa slopes,
and washes.

Beavertail cactus (O. basilaris). Upland desert on well-
drained sandy and gravelly soils above 1400 feet.

Teddy bear cholla (0. bigelovii). On well drained,
rocky or gravelly south-facing slopes and mesa tops
below 2000 feet.

Pancake prickly pear (0. chlorotica). A few isolated
plants on north-facing rocky slopes of higher mesas
facing the Santa Maria River in Section 3, TIIN, RIOW.

Christmas cactus (0. leptocaulis). Mesas, bajadas, and
arroyos throughout upland desert in sandy soils.

Englemann prickly pear (O. phaecantha). Rbcky, gravelly
or sandy soils of higher mesas and bajadas in the upland
desert to the east and north of the Anderson Mine.



® Banana yucca (Yucca baccata). Rocky to sandy soils on
higher ridges and protected slopes in the upland desert
north and east of the Anderson Mine.

® Joshua tree (X. Brevifolia). Throughout upland desert,
particularly numerous on arroyo slopes above 1400 feet
and in Joshua tree woodland on the mesa south and west
of the Anderson property.

® Soaptree yucca (¥. elata). Throughout upland desert in

arroyo flats and other locations having sandy alluvial
soils above the Santa Maria River floodplain.

WILDLIFE

A total of 95 species of land vertebrates were identified on the
Anderson property and in the vicinity of the proposed water pipeline
route and access road (Table C-3, Appendix C-2). Of these species,

2 percent were amphibians, 16 percent were reptiles, 63 percent
were birds, and 19 percent were mammals. The low number of amphibian
species found in the area isg due largely to the general lack of
surface water. The large proportion of bird Species is charcteristic
of temperate terrestrial ecosystems. The mammals observed in the area

were primarily rodent species.

Reptiles and Amphibians

Fifteen species of reptiles and two species of amphibians were
observed in the vicinity of the Anderson property (Table (-3, Appendix
C-3). As would be expected, the amphibian species were found exclusively
in the riparian habitat along the Santa Maria River. Of the 15 reptile
species, 8 were recorded in the riparian habitat, 6 in pseudo-riparian
vegetation, 9 in the Joshua tree woodland, and 13 in the upland desert

type.



TABLE 2.8-4

REPTILIAN COMPOSITION AND
ON NUMBER OF CAPTURES FROM FOUR

ABUNDANCE BASED
5 X 5 DROP-TRAP GRIDS

I. April 21-23 GRID
A* B c c Total
Side~blotched Lizard - - 2 1 3
Desert Horned Lizard - - 2 - 2
Western Whiptail 2 2 - 1 S
TOTAL 2 2 4 2
IZ. June 8-10
Banded Gecko ' ' 2 - 3 - 5
Side-blotched Lizard . 1 - 8 1 10
Desert Horned Lizard - - 1 - 1
Western Whiptail - 3 - 1 4
TOTAL 3 3 12 2
III. OQctober 21-23
Zebra~tailed Lizard 1 - - - 1
Side~blotched Lizard 2 - 1 1 4
TOTAL 3 - 1 1

Grid A - Joshua tree woodland, B- Upland desert, C-Upland desert west of

Anderson Mine, and D - Riparian

Source: Dames & Moore/g978a

)



i ~ TABLE 2.8-5

AVERAGE BIRD DENSITY (Per 100 ACRES) BASED ON 3-DAY TRANSECT COUNTS

I. February 25-27

Lee =1 M- S=1 3-2 -1 R=2.,
¥ N N
}
AN Rad-tailed Hawk <1
- Gambal’s Quail <1 . 10
S White-throated sSwife <1l )
. Costa’'s Hummingbirzrd : a4
;" Gila Woodpacker 2
1
{ ) Laddmr-hackad Woodpecker 3
Verdin 3 3 2
)I ) Cactus Wren 4 2
b Rock Wren . 3
ot Bendize's Thrashar 1
% Slack-tailad Gnatzatcher 3 2
Zhainogepla 3
i ) Leggerhead Shrike 3
- House Tinch 138
L American Goldfinch 5
é o Brcwn Towhee 2
N 3lack-throated Sparrow ) 12 7
§ White-crowned Sparrow 12 9
4
o TOTAL AVERAGE DENSITY n37 LB 249
TCTAL SPECIES 9 6 1l

o *Transect ¥~1, S-2, and R-l were run in winter census. All transects werze run during other seasons.

[ II. April 6-8

N N ¥ ¥ § I
l} ‘; Turkey Vulture <1l <l <l <1 <l <1
"" Sharp-shinned Hawk <1 <1 1 2
: Rad-Tailed Hawk
! , Golden Zagle <1
B American Kascrel 1 <1
P Gambal's Quail 9 3 3 7 9 15
\_~ Mouzrning Dove 2 2 1

Roadrunner <1

Whita=-Throated Swift <l L <1



Black-ch. Hummingbird
Costa’'s Hummingpird
Commeon Flicker

Gila Woodpecker
Ladder-backed Woodpecker
Westarn Kingbizd
Ash-throatad Flycaccher
Violaet-gr. Swallow
White=necked Raven
Verdin

Caczus wWren

Canyon Wren

Rock Wren

¥ocking 8ird

Bendire's Thrasher
Curved-billed Thrasher
Crissal Thrasner
Black-tailed Gnatcatcher
Ruby-crowned Kianglet
Phaincpepla

Loggerhead Shrike
Hutton's Vireo

Bell's Vireo

Lucy's Warbler
Yellow-rumped Warbler
Wilson's Warbler
Scott's Oricle

House Finch

Brown Towhee

Lessar Goldfinch
8lack~-throaced Sparrow
Chipping Sparrow
Brewer's Sparrow

Xhica-crownad 3parrow

TOTAL AVERAGE DENSITY

TOTAL SPECIES

Turkey Vulcure

Shazrp~sninned Hawk

TABLE 2.8-5 (Cont)
M=l M=2 S-1 §=2 R-1 R
3
2 7
7 <1l <1
<1
L
7 5 4 5 4
E S 4 12
<l 2
<1 ’ <1 I
4 3 7 s 22
7 8 3 L0 Ca
4
7 3
<l 2
5 1 2
1 <1
2 3
1 11 19 2
18
2 7 25 32
!
s
2
7 40
H
s g
<l <l
27 10 2 1 14 37
1 3
]
34 12 i4 31 5 23
]
59 19 3 7 28 2
3 " 10 14 n
179 "8 %100 “129 165 308
21 18 12 14 24 19
III. June 3-10
<l <l

*"



T

Rad-tailed Hawk
american Kastrel
Gambel's Q;ail
White=-winged Dove
Mourning Dove

Great Hormed Qwl

ELlf Owl

Lessar Nighthawk
Whita~throacad Swift
3lack~-ch. Hu.mj.nqbird
Costa's Hummingbizd
Common Flicker

Gila Woodpecker
Laddar-backed Woodpecker
Wascern Xingbird
Ash=throated Flycatcher
Say‘s Phoebe
Violet-green Swallow
Cliff Swallow
wWhite-necked Raven
Verdin

Cactus Wren

Canyen Wren

Rock Wran

Mockingbird
Quzve~-billed Thrasher
Crissal Thrasher
Phaincpepla
8lack-tailed Gnaccatcher
lLoggerhead Shrike
Bell's Vireo

Lucy's Warbler
Hooped Oriole

Scott's Qricle

House Finci

Lasser Finch

Brown Townee

slack-throacad Sparsow

TOTAL.  /ERAGZ QENSITY

TOTAL SPECISS

TABLE 2.8-5 (Cont)
M-1 M= 5-1 §=2 k- L K=z
1
1
2 8 2 7 L 13
6 1 L s 21
s 3 4 q i 4
<1
<l
2 2 <1 1
1
7 9
7 3 1 ]
2 s 2 3 L
il
2 5
10 3 4 L 7 3
5 7 10 6 14 it
L
2
< <L 1 el
3 Lo 21 It
17 6 5 3 ] »
1 <1 1
7 3 3 1
7 13
,;
3 8 3 11 34 27
3 <1 1 3
18 14
18 70
L
5
3 4 6 1 3 7
3 4
] 3
17 10 19 22 2 s
w122 V79 7L WG 299 w24l
18 16 18 15 24 ¥ 29



Red~-cailed Hawk

American Kestrel

Gambel's Quail

Mourning Oove

Roadrunner

Whita-chroated Swift

Black~ch. Hummingbird

Cogeta’s Hummingbird

Comman Flicker

qila Woodpacker

Ladder-backed Woaodpecker

Viclet-green Swallow

Cliff Swallow

White=neckad Raven

Verdin

Cagsus Wren

Canyon Wren

Rock Wren

Mockingbir

Curved-nilled Thrasher .

Sage Thrasher

Robin

Black~tailed Gnatcatcher

Phainopepla

Loggerhead shrike

Bell's Virso

Yeliow Warbler

Yellow=-rumped Warbler

Srown-headad Cowbird

House Finch

Lark Bunting

Vasper Sparrow

Slack~throated Sparrow

Chippink Sparrow

3rewer's Sparrow

Wwhita~crowned s;ar::;
T;OTAL AVESAGZ OENSITY

TOTAL SPECIES

//?{E}’L&JﬁLﬂgj?

TABLE 2.8-5 concluded

IV. OQctober 21Ll-i3

M=1 M=2 5-1 5-2 K=t =2
<1 <l
<1 B3]

3 <1 3 16
3 3 O
2
H
S
<l <1 3
2
1
i
<1 <1
) L 7 1
H 3 3 ~1 i
<1l
2
2 <1 2
.,1
2
)
5 i 13 )
7 3 5
<l 3 1
14 ie
S
2 2
3
q 2 2 3 12
<l 10
1
10 2 L5 7
3
5
<l EY

28 A WSl w390 ~79 5]

2 10 14 12 L3 14



Only five reptile species were collected in the drop-trap grids es-
tablished in the area (Figure 2.8-1 and Table 2.8-4). The data from
this sampling program indicate that the greatest reptile activity took
place in June, with the sideblotched lizard being the most commonly

caught species followed by the western whip-tail and the banded gecko.

No significant difference in the numbers of captures per species or
the total captures per season was found among trap grids (Friedmann
Test, S = 16.5 in both cases). These results indicate that captured
reptile species are widely dispersed in the area and show no selective

habitat preferences (Dames & Moore, 1978a).
Birds

Based on census transect data (Figure 2.8-1 and Table 2.8-5), there
is a significant seasonal change in the number of bird species and
the density of birds on the Anderson property and the adjacent areas
(Krushal-Wallis Test, H = 14.20, P<0.0l, and H = 8.92, P<0.05, respec-
tively). Wintering and breeding bird populations are relatively abundant
in the riparian vegetation type (transects R-1 and R-2, Table 2.8~5)
compared to the Joshua tree woodland (transects M-1 and M-2) and upland
desert vegetation type (transects S~1 and 5-2). The mesquite bosques
along the Santa Maria River are apparently used heavily by resident
species during the winter and by a variety of species that breed in the
area during the summer. These bosques also appear to be an important
habitat for arborescent birds that migrate through the area (Dames

& Moore, 1978a).



Transect counts taken during each of four seasons were analyzed for
species similarity and demsity similarity (Table 2.8-6). None of the
transect data collected in February were similar in terms of species
Oor mean densities. This indicates a dissimilarity of bird communities
among the different vegetation types of the area during the winter. In
April, species similarity was greater than 50 percent for all transects
except for one case of Joshua tree woodland and mesquite bosque (Transect
M-2 x R-1 and R-2). Density similarity was also greater in April than
in February. The April data indicate that there_are three distinct
groups or communities of birds in the area during the spring; one group
utilizes Joshua tree woodland, upland desert, and mesquite bosque (tran-
sects M-1 and M-2 x S-2 and R-2), another inhabits upland desert (transect
5-1 x.8-2), and the third inhabits riparian vegetation (transect R-1
X R-2). This pattern is the result of resident species dispersing through-
out the area and migrant birds utilizing pseudoriparian and riparian
habitats (Dames & Moore, 1978a). Similarity patterns in species composition
for the June data was identical to that of the April data; however,
summer density clustered in two groups, desert (Joshua tree woodland
and upland desert) and mesquite bosque. The October transect data indicate
dispersal of bird species with mutual species occurrence in deserts (Table
2.8-6). Bird distribution was spotty in the fall, suggesting aggregation,

as would be expected preceding and during migration (Dames & Moore, 1978a).

A total of 22 bird species were noted to be breeding in the vicinity

of the property (Table C-3, Appendix C-2). Nests of white-winged dove,



TABLE 2.8-6

SPECIES AND DENSITY SIMILARITY
CF BIRDS BASED ON TRANSECT DATA

I February 25-27

1 Density Similarity a
APPROX. TOTAL
Transect M-l 5=-2 R-1 MEAN DENSITY
M-1 #* 43 8 17
% Species §~2 40 * 1a 18
similaricy ° R-1 40 24 % ' 249
TOTAL SPECIES 9 § 11
II April 6-8
% Density Similarity
APPROX. TOTAL
Transect M=-1 M=-2 §-1 §-2° R-1 R=2 MEAN DCENSITY
M~1 % 44 |S5 42 |53 178
-2 72 % 44 40 44 33 79
¥ Species s-1 58 56 % 23 24 100
Similarity §-2 61 53 5L % 6 3a 129
R~1 51 45 56 S8 % 185
R-2 |53 a1 s3 ss  sa] % 105
TOTAL SPECIES 19 20 19 14 2619

III June §~10
1 vensity Similarity

APPROX. TOTAL

Transect MEAN DENSITY
M-1 122
M=2 79
s-1 §9
§=-2 80
R-1 299
R-2 241

TOTAL SPECIES 18 17 18 16 24 20



~ R

TABLE 2.8-6 concluded

IV Qctober 21-23
3 Dengity Similarity

APPROX. TOTAL

Transect M-1 M=2 s-1 s-2 R-1 R-2 MEAN DENSITY
M-1 * 21 33 335 7 <l 28
M-2 32 * 20 17 8 47 19
s-1 286 42 % 37 29 28 51
s-2 |53 50 s3] % 16 15 30
R=-1 17 32 48 40 * 49 89
17 17 43 33 41 * 62
TOTAL SPECIES 9 10 14 10 15 14
3 Density Similarity = (2 Mw/Ma+MB)x 100 where

Mw = smaller density value of a species mutually occuring in two
transects.

Ma = total mean density of all species for a transect

Mb = total mean density of all species for the second transect
(Motylea et al., 1953

% Species Similarity = (2c/A+B)x 109 where
¢ = number of species common to two transects

A

total number of species for a transect

total number of species for a second transect
(Sorensen, 1948},

3

Total mean density rounded to nearest whcle number.

Matrix values entered as percent rounded to nearest whole number greater
than one. Similarity greater than or equal to 50% eaclosed in a
polygon.
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common flicker, verdin, cactus wren, lesser goldfinch, and black-throated
sparrow were found in the area. Juveniles of Gambel's quail, mourning
dove, lesser nighthawk, western kingbird, ash—throated flycatcher, black-
tailed gnatcatcher, and loggerhead shrike were observed in the area

in June and August. Pairs, possibly breeding on or near the property,
included redtailed hawk, American kestrel, great horned owl, Costa's
hummingbird, canyon wren, rock wren, curvebilled thrasher, crissal

thrasher, Bell's vireo, Lucy's warbler, and brown towhee (Dames & Moore,

1978a).

Mammals

A total of 18 species of mammals, primarily rodents, were observed
on the Anderson property and in adjacent areas (Table C-3, Appendix
C-2). Of these species, 11 were recorded in both the riparian and
upland desert vegetation types, 7 were observed in the pseudoriparian

type, and 12 were recorded in the Joshua tree woodland.

Small mammals were trapped at seven locations on and near the prop-
erty during the spring and fall of 1977 (Table 2.8-7). Merriam's kangaroo
rat was thé most abundant species captured during both sampling periods.
The Arizona pocket mouse was also present in relatively large numbers
in the spring, but‘none were captured in the fall (Table 2.8-7). The
rock pocket mouse was the third most abundant species captured in the
area, being about equally common in both seasons. The other species
trapped in the area were not common during either season. As is expected,

general breeding activity of these rodents was highest in the spring



and sub-adults became increasingly important in. the population towards

fall (Table 2.8-7).

The simiarlity for captures among trap lines during the spring was
greatest in the Joshua tree woodland (trap line A x G, Table 2.8-8).
This was due largely to the abundance of Arizona rock pocket mouse.
Similarity for captures was greater than 50 percent in most of the
trap lines run during the fall. This was due primarily to the wide

spread occurrence of Merriam's kangaroo rat.

The black-tailed jackrabbit was the only intermediate-sized mammal
species commonly observed in the area, although the presence of desert
cottontails was also noted. Road census data (approximately 20 mile
route) collected over three day periods after sundown in April, June,

and October was as follows:

Season Species Number and Age Class
Spring Black-tailed jackrabbit 16 adults
Desert cottontail 2 adults
Summer Black-tailed jackrabbit 8 adults, 12 sub-adults
Desert cottontail 1 adult, 1 sub—-adult
Fall Black-tailed jackrabbit 3 adults

Deer have been occasionally sighted in the vicinity of the Anderson
property by MINERALS employees and Dames & Moore biologists. Three sets
of deer tracks were noted along bird transect M-l in February. Iﬁ October,
deep pellet groups were found along bird transect S-2. BLM persornel have

observed as many as 35 deer near Tres Alamos Peak southeast of the property.



Lj, Yuma Ante
B Arizona P
Rock Pock
(;‘ Bailey's
Merriam's
- Deer Mous
Brush Mou

Whitethroe

* Number

** [lomass

TABLE 2.8-7

SMALL MAMMAL DATA OBTAINED FROM

SEVEN SETS OF LIVE-TRAP ASSESSMENT LINES

I. Capture Success

April 21-23

Number of sample site

Number of trap lines per
sample

Number of live traps per
line

Number of nights traps
were set

Total trap nights(axbxcxd)
Total capturss

Percent capture success

1050

98

9.3

II. Composition, captures, and biomass

N* Bx*
lope Squirrel 10 1439
ocket Mouse 32 390
et Mouse 14 202
Pocket Mouse - -
Kangaroc Rat 33 1447
e 1 18
se 3 44
ated Woodrat 5 708
TOTAL 98 42438

of captures.

(8) and average biomass (3)

in grams.

90

1050

90

Qctober 20-22

wj

98.3

13.2
18.3

38.2



r TABLE 2.8-~7 concluded
III. Age and Reproductive Status - Adults-Reproductively

REPRCDUCTIVE STATUS

ACTIVE INACTIVE SUBADULTS
MALES FEMALES MALES FEMALES MALES FEMALES

?‘ Yuma Antelope Squirrel Apr 5 2 - 3 - -
o ot 1 - - 2 1 -
(
[ Rock Pocket Mouse Apr & 4 - 4 - -
: Oct - - -2 3 .2 3
L Arizona Pocket Mouse Apr 11 S 10 4 - 2
, Oct - - - - - -
B Bailey's Pocket Mouse Apr - - = - - -
‘:j Oct - - 1 3 - -
. Marriam's Kangaroo Rat  Apr 15 4 2 10 - 2
l- Oct 20 1 5 19 4 22
Deer Mouse Apr 1l - - - - -
f
) Qct - - - - - -
‘ Brush Mouse Apr - 1 - 1 - 1
, Qct - - - - - -
' - Whitethroat Woodrat Apr - 5 - - - -
(1:, Qct - - - - - -
(-
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o TABLE 2.8-8

_ CAPTURES AND PERCENT SIMILARITY FOR
s ‘ CAPTURES AMONG ASSESSMENT LINES

I. Captures (April 21-23):

SITE
A B c D E F G TOTAL
5; Yuma Antelope Squirrel 2 1 1 1 - 4 1 10
Arizona Pocket Mouse 16 1 - - - 5 10 32
Rock Pocket Mouse 1 - 7 1 4 1 - 14
Merriam's Kangroo Rat 15 - 2 1 - 1 15 33
Deer Mouse - - - 1 - - - 1
tf Brush Mouse - - - 1 2 - - 3
y Whitethroated Woocdrat - 1 1 1 - - 2 5
o ' TOTAL 34 3 11 6 6 10 28 98
h II. Captures (October 20-22):
r Yuma Antelope Sguirrel - - 3 - - - - 4
Rock Pocket Mouse - = 6 - 1 3 - 10
i Bailey's Pocket Mouse ‘ - - - 3 1 - - 4
o
- Merriam's Kangagroo Rat 17 11 5 9 2 11 1s 71
: Whitethroated Woodrat - - - - - - 1 1

W
.—l
>

TOTAL 17 11 14 12 18 90



TABLE 2.8-8 concluded

III. Percent Similarity for Capture Among Assessment Lines

a.

£ o
SRBANS AL '

For Spring and Fall

SPRING

Site A B C D E

b
@

A X 11 18 15 5 36 |84

BJI79 X 29 44 0 31 19
C 32 490 X 47 47 19 21
FALL D |62 78 62 X 33 25 138
, E 19 27 33 38 X 13 Q
P71 88 57 92 |33 X 32
G |97 8L |40 ] 64 |20 73 X
% Similarity = (2Mw/MA+MB) x 100 where
Mw = minimum number of mutual captures for a species in two
transects .
MA = total captures of all species for a transect
MB = total captures of all species for a second transect in

the crosswise comparison (Motyka et al., 1947)
% Similarity is rounded to the nearest whole numbker greater

than one.
Similarity greater than, or equal to 50% enclosed in a rolygon.



These observations indicate that deer utilize the Anderson property

and adjacent areas in small numbers (Dames & Moore, 1978a).

Feral burros appear to utilize the property extensively. Four-
teen burros were observed in the wash east of the Anderson Mine in mid-
March. Another 21 animals were seen east of the mine in June and 3 bur-
ros wére observed approximately 1/2 mile south of the driller's camp in
October. Burro tracks were recorded in Section 4, T1IN, RLOW along the

canyons and the Santa Maria River.

Threatened and Endangered Species

None .of the species designated by the U.S. Department of the Inter-
ior as threatened or endangered were observed on the Anderson property
or adjacent areas. There is evidence that two species, the desert tor-

toise and gila monster (Heloderma suspectum), listed by the Arizona Game

and Fish Department as "species whose status in Arizona may be in jeopardy
in the near future" utilize the area to some extent. Tortoise tracks

were observed along the Santa Maria River west of the Anderson property

in August and in Section 2, T11N, R1OW near the river in October. No gila
monsters were observed in the area by Dames & Moore biologists, but unve
rified sitings of this species have been reported by persons working in

the area (Dames & Moore, 1978a).

The Federal Wild Horse and Burro Act of 1971 (Public Law 92-185;
85 Stat. 649) does not recognize the burro as an endangered or threatened

species but it does grant the burro protected status. The proliferation



of burro populations in the vicinity of Alamo Reservoir has posed a
problem for the BLM (Mr. Dean Durfee, Phoenix District Office, BIM,
persénal communication by Dames & Moore, 1977). As discussed above,
feral burros, possibly from the Alamo Reservoir herd, were found to

utilize the property, particularly near the Santa Maria River.

ENVIRONMENTAL STRESS

Other than the effects of extensive grazing discussed above, envi-
ronmental stresses are evident in the vicinity of the Anderson property

as a result of past human activity.

Disturbance associated with past mining covers a radius of approxi-
mately 0.5 mile from the center of the old Anderson Mine. This distur-—
bance is characterized by a scarified surface and the absence of domi-
nant desert plant species. A number of unimproved roads have been cons—
tructed recently in the area to accomodate drilling and other mineral
exploration activities. These roads have contributed to an increase in
the amount of cleared or scarified land on the property and in adjacent

areas.

i



APPENDIX C

- BIOLOGY




APPENDIX C-1

BIOLOGICAL SAMPLING PROCEDURES

Sample site locations were stratified to obtain a representative
sample of each of the major vegetation types identified on the Anderson
property and in adjacent areas. Three majof strata were recognized
during a reconnaissance of the area: Joshua tree woodland, upland desert
and riverine (riparian and pseudoriparian). All sample grids, lines and
poinﬁ transects were selected randomly within each strata. The objective
of each sample method was to obtain maximum coverage and provide repli-
cation within strata. When a random sampling point fell in aﬁ area
that had been obviously disturbed, such as areas disturbed by past
mining activities, new random sites were selected. The field sampling

schedule is provided in Table C-1l.
VEGETATION

Vegetation sampling procedures used in the field program are de-
scribed by Mueller-Dombois and Ellenberg (1974) and Phillips (1959).
The line intercept method was used to measure vegetation cover and
composition of shrubs, forbs and grasses. Size-class criterion was used

in the sampling; measurement of basal area of any intercepted plant
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less than six feet in height was included in the sample. Line intercepts
were run at 14 locations (Figure 2.8-1). Twenty square meter quadrats
were placed along each line intercept at 15-foot intervals. The density

of forbs and grasses was measured in each quadrat.

The point-center quarters method was used to measure absolute den-
sity and dominance of large shrubs, trees, and cacti on sample sites
1, 2, 5, 6, 7, and 8 (Figure 2.8-1). At each of the selected sample
sites, 20 points were read along a compass transect. Points along the
transect were placed at 100-foot intervals to insure that plants were
not resampled. At each point a 90° arc was read from true north dividing
the full circle into four quadrants. In each quadrant the distance
from the point to the nearest plant exceeding six feet in height was

measured as well as the plant diameter at ground level.

Ten 100-point intercepts were read in upland areas to measure per-
cent relative composition and cover. The points were read at three
foot intervals along the intercepts. All plants intercepting the vertical
plane to the point were tallied and the sum of sample plants per species
was recorded. Three intercepts were run at each of the following
locations: 0.2 mile north of sample site 1, in the vicinity of sample
site 5, and in the vicinity of sample site 6. These locations were
selected as representative of Joshua tree woodland and upland desert
vegetation. One 100-point intercept was read in an established exclo-

sure in Joshua tree woodland vegetation approximately four miles west



of Highway 93 on Alamo Road. This site is about 16 miles southeast
of the Anderson property. The exclosure has been fenced from live-

stock since the mid-1960s.

In addition to these samples, six 300-foot line intercepfs were
run parallel to the proposed access road right-of-way at intervals of
approximately 2.2 miles. Plant occurrence was noted along the lines.
Plants less than six feet in height that intercepted the vertical plane
of the lines were counted. All plants greater than six feet in height
within 50 feet of the road were counted, These data are in general

agreement with the data presented in this report.

During the field program, floral composition was studied through
the use of standard keys and field guides. Kearney and Peebles (1960)

was referenced as the authority for scientific nomenclature.

WILDLIFE

Four rectilinear drop-trap grids were used to sample herptiles
(reptiles and amphibians) (Figure 2.8-1). Traps consisted of open top,
one gallon cans set in the ground so that the rims were level with the
surface. The cans were placed at 12 meter intervals along coordinates
in a 5 x 5 can grid. Samples were taken on a seasonal basis (Table C-1).
During each sample period a one-square-foot masonite board was placed
over each can and supported on stones to insure about two inches of clear-
ance between the can rim and the lid. After three days, all traps were .

inspected for captures.



Birds were surveyed seasonally (Table C-1) by transect counts and
general reconnaissance. Six transects were established in the area
(Figure 2.8-1). 1In each season, counts were taken on three consecutive
days along each transect. The number of all birds and the distance
between the transect and the sighting.were recorded. These data were
converted to density based on methods described by Emlen (1971). Signs
of breeding activity were recorded during all censuses and general
reconnaissance. Data on breeding included evidence of breeding pairs,

courtship behavior and presence of nests, juveniles, and broods.

' Small mammals were sampled in the fall and spring (Table C-1) using
the modified Calhoun method (1956). Seven sample sites were established
in the area (Figure 2.8-1). Four of these sites (A, B, C and D) coincided
with the drop-trap grids. Two traplines were established at each site.
These lines were placed 250 feet apart and parallel to each other. Twenty-
five Sherman live traps were places at l2-meter intervals along each
line. The traps were baited and checked for three conmsecutive nights.
Captured animals were marked, identifed, sexed, aged, and released at
the point of capture. These data were used to determine composition,

abundance, and reproductive status.

The relative abundance and population trend data for rabbits and
other intermediate-sized mammals was obtained by using the roadsite—
spotlight method (Lord, 1959). This census was conducted for three con~

secutive nights during April, June, and October (Table C-1) and involved



counting all sightings within the headlight beams of a vehicle driven
at less than 10 mph. The routes randomly traversed approximately 20

miles of unimpfoved road in the area (Figure 2.8-1).

Deer were sampled by noting evidence of tracks and pellet groups
along bird transects. Sampling was conducted simultaneously with bird

counts.

Other mammals such as predators and bats were noted by sightings

and evidence of sign during general reconnaissance.

During the field program, wildlife was identified using standard
keys and field guides. Scientific nomenclature follows Stebbins (1966),
Blair et al. (1968), American Orithologist Union (1957), Phillips et
al. (1964), Robbins et al. (1966), Burt and Gossenheider (1964), and

Cockrum (1960).
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PLANTS AND ANIMALS OBSERVED IN THE VICINITY OF THE ANDERSON PROPERTY




TABLE C-2

- PLANTS OBSERVED AT THE ANDERSON URANIUM PROJECT AREA

COMMUNITY/VEGETATION TYPE

{ : TREES | : 1 2 3 4

L

i Canotia heoloccantha Crucifixion Thorn X X X

'(; Cercidium floridum Blue Palo Verde X e

'{j C. microphyllum | g Little-leaf Palo Verde b4 X X X

- Chilopsis linearis Desert Willow X

.LQ Porulus Fremontii Fremont Cottonwood

f‘ Salix spp-. Willow

{f: SHRUBS, CACTI, AND LILLIES

?f, Acacia constricta White-thorn X X X

= A. Greggi Catclaw X X X

22 Agave parfvi Agave z
Agave sSpp. Mescal X

L; Aplopappus qracilis Slender Goldenbush X

;‘ Aplopappus sSpp.- Goldenbush X X X

L

Communitv/Vegetation Type:

1. Riparian

2. Dssudoriparian .
| I

3. Joshua Tree Woodland

4. Upland desert



S

ey

|

Atriplex polycarpa

Atriplex spp.

Baccharis alutinosa

B. sarothroides

‘Brickellia californica

SHRUBS, CACTI, AND LILLIES

‘Carsus giganteus

Chrysothamnus paniculatus

Condalia spp.

Cowania Stansburiana

‘Crossosoma Bicelovii

‘Echinocersus fasciculatus

E. Engelmanii

‘Encelia farinosa

Ephedra trifurca

Eprhedra sop.

Eriogonum fasciculatum

Ferocactus acanthodes

Foucuieria splendens

Franseria deltoidea

F. dumosa

Holocantha Emorvi

TABLE C-2 (CONTINUED)

Desert Saltbush
Saltbush
Seep-willow
Desert-brocm

Brickelbush

Saguaro

Black-bark Rabbitbush
Graythorn

Cliff-rose

Bigelow Ragged Rock-flower
Hedgehog Cactus

Englemann Hedgehog Cactus
Brittlebush

Joint-£fir

Joint-fir

Flat-top Buckwheat-brush
Barrel Cactus

QOcotillo

Triangle Bursage

White Bursage

Crucifixion~thorn

X X

X X

X

X X X
X

COMMUNITY/VEGETATION TYRE

1 2 3 4
X
X
X
g
X
X X
X
X X
X X X
X
X X X X
X X
X X
X X
X X X



gymenoclea monogyra

H. salsola

Hyptis Emoryi

Krameria Gravi

K. parvifolia

Larrea divaricata

Lycium Anderscnii

SHRUBS, CACTI, AND LILLIES

L. pallidum

Lycium spo.

Mammallaria microcarpa

Nolina Bigelowvii

Opuntia acanthocarpa

{0

basilaris

|O

bigelovii

{®]

chlorotica

1O

englemannii

leptocaulis

le]

{e}

. phaecantha

Psilostrophe cooperi

Prosopis juliflora

P. pubescens

Salazaria mexicana

TABLE C-2 (CONTINUED)

Burrobush
Burxobush
Desert Lavender
White Ratany
Range Ratany
Creosctebush

Anderson Thornbush

Rabbit-thorn

Wolfberry

Fishhook Pincushion
Bigelow Nolina
Buckhorn Cholla
Beavertail Cactus
Teddy Bear Cholla
Pancake Prickly Pear
Englemann Prickly Pear
Christmas Cactus
Engelmann Prickly Pear
Paper Flower

Mesquite

Screwbean

Baldder=sage

X
X
X
X X
X X
X X X
X X

COMMUNITY/VEGETATION TYPE

1 2 3 4

X
X X X

X X X

X

X X X X

X X

X

X

X

X X

X

X X
X X
X X

X X



Senecio spp.

Tamarix pentandra

Yucca baccata

¥. brevifolia
Y. eglata
Yucca spp.

"GRASSES

Aristida spo.

Bouteloua aristidoides

GRASSES

Bouteloua spp.

Bromus arizonicus

Bromus rubens

Cynecdon Dactylon

Hilaria mutica

H. rigida

Muhlenbergia porteri

Muhlenbergia spp.

Schismus barbatus

Setaria spo.

Sperobolus cryptandrus

Sporopbolus spo.

Tridens oulchellus

TABLE C-2 (CONTINUED)

Goldenbush
Salt Cedar
Banana Yucca
Joshua Trese
Scaptree Yucca

Yuceca

Threeawn

Six Weeks Grama

Grama Grass
Arizona Brome
Red Brome
Bermuda Grass
Tobosa

Big Galleta
Bush Muhley
Muhley
Schismus
Bristlegrass
Sand Drooseed
Dropseed

Desert rluffgrass

COMMUNITY/VEGETATION TYPE

1 2 3 4
X X
X X
X X
X
X X X
X X X
X X X
X
X X X X
X
X
X X
X



o~
f

/‘-
4
o

© ey

Allienia incarnata

Allionia sgp.

Ambrosia spp.

Amsinckia spp.

Aster abatus

Aster spp.

Baileva multiradiata

Boerhaavia spp.

Chaenactis stevioides

Calochortus Kennedyi

Cassia spp.

—n

Cucurbita digitata

Datura metaloides

Erigeron spp.

Eriogenum deflexum

Eriogonum inflatum

Eriogonum sSpp.

Erodium circutarium

Euphorbia prostrats

TABLE C-2 (CONTINUED)

Trailing Four C'Clock
Four O'Clock

Ragweed

Fiddle-neck

Mohave Aster

Aster

Desert Marigold
Spiderling

Chaenactis

Mariposa Lily

Senna

Wild Gourd
Western-jimson
Fleabane
Skeletonweed
Desert Trumpet
Buckwheat
Filaree

Spurge

COMMUNITY/VEGETATION TYP

E
1 2 3 4
X X X X
X X x X
X X

X X
X X X X
X X
X X
X X hi¢ X
X X X
X X X



FORBS

Hymenoxys spp.

Lepidium spp.

Lesquerslla gordoni

L. palmeri

Lupinus sparsiflorus

Lupinus sop.
Mimulus spp.

Moncoptilon belloides

Nicotiana spp.

‘Oenothera brevipes

Qenothera spp.

Orobanche ludoviciana

Orobanche multiflora

Qrthocarpus purpurascens

Phacelia Fremontii

Phacelia spp.

Plantago Purshii

Rafinesguia neomexicana

Rafinesquia spp.

Rumex Spp.
‘Senecio spD.

Sisymbrium irio

Sohaeralcea ambigua

Sphaeralcea spp.

Verbena spp.

Source: Dames & Moor%”&978a
1

TABLE C~2 Concluded

Rubberweed
Peppergrass
Bladderpod

Bladderpod

Arizona Bluebonnet

Lupine

Monkey Flower
Mohave Desert-star
Tobacco

Desert Sundrop
Primrose
Broomrape
Broomrape

owl CLover
Scorpionweed
Scorpionweed
Wooly Indianwheat
Desexrt Chickory
Desert Dandelion
Sorrel

Senecio

London Rocket
Desert Mallow
Globemallow

Verbena

COMMUNITY/VEGETATION TYEE

1 2 3 4
X X
X X X X
X X
X X
X
X X
X
X X X
X X
X
X X
X X
X X
X X X
X X X
X X
X X
X X X X
X X
X X
X X
X X
X
X X X X
X X
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2.9 BACKGROUND RADIOLOGICAL CONSIDERATIONS

Generally speaking, the most significant source of ionizing radiation
exposure to the general public is from the natural environment.

This exposure is not uniform for all individuals, but varies due to a
number of factors, including altitude, geological features, and human
habitats. Variations in exposure as a result of these natural factors
of ten exceed exposures from man-made sources (e.g., x—-ray equipment and
nuclear reactors) that receive considerably more publicity. According
to the literature, the dose from natural radiation to an individual in
the United States ranges from 80 to 250 mrem/yr. [One millirem (mrem)
is defined as that quantity of any type of ionizing radiation which,
when absorbed by man, produces an effect equivalent to the absorption
by man of 0.001 roentgen of x-ray or gamma radiation (400 kilovolts).]
The average individual living in the United States in 1964 received an
x~ray exposure of 55 mrem/yr for medical purposes. Other sources, such

as nuclear reactors account for less than 5 mrem/yr.

In order to determine the significance of the effects of small
man-made increments of exposure, it is necessary to determine the larger
natural radiation compomnents. Several studies have shown no correlation
of background radiation with health effects. However, background radia-
tion exposure is less well defined than exposure to man-made sources, so
it may contribute to the deleterious effects that may be associated with

low levels of radiation.



Natural background radiation comes from cosmic radiation and from
radioactive elements in the earth's crust and in building materials.
An additional increment of external exposure, which accounts for less
than five percent of the total, is due primarily to the presence of

radon isotopes and their radioactive decay products in the atmosphere.

The natural radiation environment is believe@ to ﬁave been rela-
tively constant for at least 10,000 years. However, human living
habits have changed in such a way as to increase exposure. Populations
have tended to migrate from coastal to inland areas, thus increasing
their elevation and exposure to cosmic radiation. Outdoor agrarian
society has been largely replaced by indoor work and life in urban
centers. Exposure has thus been increased in some instances because
of the natural radioactivity of building ﬁaterials; while in other
instances, buildings may attenuate exposure to outdoor terrestrial

sources, thereby lowering exposure.

Additional increments of radiation exposure result from ingestion
of natural radionuclides. Potassium—40 is the principal contributor
of internal doses; other significant internal emitters are carbon-14,

radon—222, radium~226 and -228, and their daughter products.

The retention of inhaled radioactive daughter products of radon
isotopes is the primary source of lung radiation dose to the general
public. The inhalation of radon daughters requires special attention

in the case of underground uranium miners (Federal Radiation Council



1967). Exposure to occupants of residential dwellings can also be
significant. A potential average lung dose of about 250 mrem/yr to
occupants of unventilated wood dwellings and about 1800 mrem/yr to

occupants of unventilated concrete buildings has been calculated.

Since the proposed mine and mill will release radioactive mate-—
rials, it is important to establish baseline radiation levels and
concentrations of radiocactive materials. Periodic monitoring during
project operations can then detect any significant increases by com-
parison with these baseline levels. To obtain the necessary baseline
information, the following sampling programs were conducted:

o atméspheric radon—222 concentrations

¢ radon—222 daughter analysis

. radoﬁ flux determinations

® integrated gamma radiation

e radionuclide content of sediments, water, vegetation,
and soils

RADIOACTIVE MATERIALS IN THE AIR

As a general rule, gaseous radon-222 and radioactive constituents
of suspended particulate matter account for most of the background air-
borne radioactive matter. Surface soils and rock, which are the most
significant existing sources of airborne particles in the project area,
contain traces of radioactive matter, as do most materials of the

earth's crust. Gaseous radon-222, a radioactive decay product of



radium-226 in the soil and rock, decays to radioactive daughter prod-
ucts that deposit on soil particles and airborne particles that can be

ingested by man and animals.

Radon—-222

Air samples were collected for two periods of two hours each at
roughly 24—hourlintervals at the meteorological tower located near the
center of the ore body and five satellite locations (Figure 2.9~1).
The samples were analyzed for radon-222 content within 48 hours of col-
lection by Eberline Instrument Corporation of Albuquerque, New Mexico.

The results of these analyses are presented in Table 2.9-1.

Concentrations of radon-222 ranged from undetectable to nearly 2
pCi/1l on the property. The average radon concentration for all samples

was 0.35 pCi/1.

The highest radon-222 concentration was observed at the meteoro-
logical tower which is located on a ridge above the ore body. This
reading was taken in the morning during a light, increasing northwest
wind following several hours of very light southeast-east to northeast
winds. Considering that on the previous day the winds reached a higher
peak than on any other day during the sampling period and that flushing
was relatively thorough, this reading probably represents a radon=-222

buildup of only a few hours.
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Table 2.9-1.

ATMOSPHERIC RADON CONTEN

Date T
of Collection of Co
7-13-77 09:12
13:04
7-14-77 07:15
12:00
7-15-77 07:40
12:21
7-16-77 07:17
12:15

11-9-77
11-9-77 12:00
11-9-77 to 07:30
11-10-77 09:30
11-10-77 07:30
12:00
11-11-77 07:30
12:00
11-12-77 07:30
12:00
11-13-77 07:30
12:00

ime Sample Al + Sample 1A Time Sample A9
llection (pci/1) of ¢ (pCi/l) of Collection (pCi/1)
- 11:15  0.00% + 0.10

- 15:04 0.00 + 0:20 -

- 09:00  0.35 + 0.23

- 14:00  0.14 ¥ 0.10

- 09:40  0.00 + 0.20 0.00 + 0.20

- 14:21  0.29 ¥ 0.22 0.37 ¥ 0.19

- 09:17  0.44* + 0.13  07:0)

- 14:15 1.6 + 0.3  12:0

- 14:00 0.3 + 0.1

to 0.00 + 0.2

- 09:30 0.3 + 0.2

- 14:00 0.3 *0.1

- 09:30 0.0 + 0.2

- 14:00 0.8 * 0.2

- 09:30 0.8 + 0.1  07:3

- 14:00 0.0 F0.2 1135

- 09:30 0.7 +0.2 ' 08:10 = 10:10 0.6 + 0.3
- 14:00 0.0 * 0.2 12:00 - 14:00 0.7 + 0.3

*Sample bag leaked,

reading is for total sample re



Radon-222 concentrations at sample sites A3, A4 and A5, located down—
wind from the ore body (Figure 2.9-1), were not consistantly high during
the morning sampling periods (Table 2.9-1). Consequently, overnight
drafts from the desert floor did not result in the concentration of
radon in canyons and stream channels at lower elevations. Based on
these results, there appears to be sufficient winds in the area to dis-—

perse radon from the property.

Radon-222 concentrations did not consistantly increase from the
morning to the afternoon samples. If such an increase did occur, it
would indicate a daytime atmospheric inversion on the property. An
inversion would tend to trap the radon-222 emanating from the soil in

the lower layers of air where the samples were taken.

Radon Daughters

The presence of radon in the atmosphere is often difficult to detect
and/or measure because of its normally low concentratioﬁ, its character
as one of the noble gases, and its transitory presence due to radioactive
dgcay. Radon as a noble gas shows little inclination for concentration
on solid surfaces or in liquids because of its inherent resistance to
ionization. However, radon gas in the atmosphere breaks down radio-—
actively forming highly ionized polonium, which in turn breaks down
forming other ionized isotopes. These highly charged ions are attracted
to dust particles in the air and collect on them. In a carefully con-

trolled situation, collection of such dust particles and determination



of radon daughter content would provide a measure of radon content in
the ambient air. However, in field conditions, drifting air masses
dilute or concentrate the daughters. Consequently, the most signifi-
cant readings reflecting local conditions are those taken during

stagnant inversions when air flow is minimal.

Radon—222 has at least 11 daughters (including the final product
of stable lead—266), only a few of which are practical to measure.
Polonium—218 has a 3.05 minute half-life and its daughter, lead-214,
has a 26.8 minute half-life. Both of these radon daughters are commonly
measured for direct radon—-222 determination where the laboratory appar-
atus is close at hand or where field conditions support use of a mobile
laboratory with this capability. Since the samples collected on the
Anderson property for radon daughter analysis were stored for several
days, measurement of‘these isotopes was not meaningful. For the Ander-
son property samples, the most practical isotopes to measure were lead-
210 with a half-life of 21 years and its bismuth and polonium daughters

(these daughters should be in equilibrium with lead-210).

Due to its long half-life, lead-210 concentrations reflect only
the effective time of dispersion of dust paricles. High winds preced—
ing the sampling may lead to measurements reflecting radon daughter
accumulation in regional soils rather than local atmospheric radon or

local soil conditions. In any case, it is useful to measure these more



stable radon daughters since radiocactive material in dust forms a sig-

nificant portion of atmospheric radioactivity.

Airborne particulate samples were collected at the meteorological
tower and four satellite locations (Figure 2.9-1) in 1977. The satel-
lite stations were sampled sequentially and no station was sampled more
than once. A total of five samples were collected in July 1977 at the
meteorological tower. All samples were analyzed by Eberline Instru—
ment Corporation for total particulates, thorium-230, radium—-226, and

lead-210. The results of these analyses are presented in Table 2.9-2.

Examination of the data (Table 2.9-2 and Figures 2.9-2 and 2.9-3)
indicate that the radioactive composition of the dust is a function of
the wind azimuth as well as wind speed. For example, north winds pro-
duced the highest dust loads and lowest uranium concentrations, while
the highest uréﬁium measurements were taken when the winds were from
the east and west. These results may be due to the source of the par—
ticulates. Winds from the north cross the Santa Maria River channel and
the lower reaches of several tributaries before reaching the sampling
sites. Since these drainage channels are covered by loose silts and fine
sands, suspended particulates would be relatively high with strong winds.
Winds from the east and west cross areas composed of coarser materials;
consequently, the dust load of these winds is somewhat lower. North

winds cross a minimum of exposed ore deposits in the vicinity of the

property so it would be expected that the concentration of radioactive
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MEAN HOURLY WIND VELOCITY (mph)
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LEAD-210 (hourly average pCi/filter)

Figure 2.9-3. LEAD-210 CONCENTRATION IN THE
ATMOSPHERE RELATIVE TO WIND VELOCITY



materials in the dust would be lower than winds from the east and west

which have relatively long sets over expoéed ore bpdies.

Subsoil Radon Measurements

On a local basis, one of the most significant components of atmos-—
pheric radon is provided by radon emanating from the soil. During periods
of stable pressure and low winds; radon.movement is generally influenced
by diffusion coefficients, both in the atmosphere and in the soil.

Daily, weekly, and seasonai fluctuations in étmoépheric pressure and
winds, however, cause migration of radon to and from the surface at ac-
celerated rates; comsequently, radon from a considerable depth may find
its way to the surface over a period of time. Obviously, with the limited
half-life of radon (3.823 days), there is a maximum pepth beyond which

no significant quantities of radon could be expected to reach the sur-
face. The factors determining this depth include the rate of movement

of radon to the surface, the production rate of radon at the source,

the flow path, and the features of the soil or rock and atmosphere inter-

face.

The relative emanation of radon from the Anderson property was
determined by use of track etching analyses of alpha~sensitive photo-—
graphic films mounted in inverted styrene cups (radon cups) and buried
two to three feet below the surface of the ground at 20 locations

(Figure 2.9-1). Because of their physical characteristics, these



cup~mounted films sense only radon gas in their immediate‘environmeht*
and integrate the levels.perceived over time. For this determination,
two cups were placed in each hole, covered with a plastic bag, and
buried. They were not distﬁrbed again except to reméve one of the cups
after three montﬁs and the other after six months. The results of the
fack etching analyses for the cups are presented in Table 2.9-3.

Although an empirical method exists for converting these reading to
concentrations on the basis of laboratory testing**, it has yet to be
affirmed that this conversion is applicable to field data. Consequently,

the relative track numbers obtained are presented in lieu of actual

concentrations.

‘Since the two sets of data provided in Table 2.9-3 represent two
different seasons, one relatively dry and the other relatively wet, it
is possible to obtain a relativé evaluation of the éxponential term in
the diffusion.eqqation incorporating a decay term (presuming the produc-—
tion of radon-222 in the surface soils is negligible coﬁpared ﬁo the

production at depth).

)
C =Co e YD/ *

where: C = concentration of radon gas in interstices of soil/rock at
distance x from plane source units (pCi/l)

*These films also may be affected by radon daughters that plate out on
the sides of the cup. The influence of the plating out on the radon
levels reported is unknown at this time.

**H.W, Alter, President, Terradex Corportion, Walnut Creek, Callfornla
personal communication, November 21 1877.



Table 2.9-3. RADION CUP READINGS ON THE ANDERSON PROPERTY

First 3-month Second 3-month 6-month
Sample  Average Average Average k*
Site Tracks/mm“/Month
Cc2 ‘ 28.4 76.0 52.2 1.215
C3 23.2 1.4 12.3 0.3538
C4 17.1 - - -
c8 33.6 " 63.8 48.7 1,135
c9 12.8 - - -
Cl10 113.3 603.3 358.3 1.281
cl1 29.9 45,3 37.6 1.090
Ccl2 20.8 67 .0 43.9 1.274
Cl3 28.5 56.3 42.4 1.149
Cl4 38.1 18.1 28.1 0.847
Cl5 88.0 -27.8 30.1 -
Clé - 76.3 70.5 73.4 0.986
cl7 44,5 29.5 37.0 0.918
Cc21 21.9 54.9 38.4 1.213
C22 62.1 72.1 67.1 1.028
C23 12.6 45,2 28.9 1.339
C24 27 .6 100.8 64.2 1,285
C25 26 .4 46 .8 36.6 1.127
C26 51.4 26.4 38.9 0.871
c27 29.4 81.2 55.3 1,220

1InCy

*Where uy = kul, k= TI_IC_]-_-



Co

concentration of radon gas in interstices of source ma-
terial, presumed homogeneous in distribution (pCi/1)

A = activity coefficient (2.1 x 1078 sec! for radon—-222)
D/S = effective diffusion coefficient divided by porosity
X =‘distance from plane source (cm)

A v '
If u-= 'VD/S then a ratio of the equation under the two conditions

(dry and wet) allows for computation of the relative "u" values where:

-~ 1nCy
Uy = v InCy
These values were calculated for each location and are tabulated
in Table 2.9-3. This information shows that while the soils in general
were less permeable in the wet season, this was not uniformly the case.

Consequently, an areal distribution that bears on geoleogy and geologic

structure may be indicated.

Most of the radon cup data from the first three months (dry period)
fell within four distinct groups (Pigure 2.9-4). Each group could be

described by the general equation:

where
y = number of tracks
a,b = empirical constants

x = elevation above a datum
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The distribution of the data points suggest that the groupings are sen-
sitive to the underlying base rock geology, modified by the relative

thickness of the overburden and their proximity to the ore body.

Based on experience, Terradex Corporation has estimated that the
overall migration rate of randon-222 through soil and rock on a world
wide basis is roughly on the order of 15 to 30 feet per day. Conse-
quently, for the sampling period involved, the radon cups could detect
radon emanating from a source at a depth of 100 to 300 feet. This de-
gree of semnsitivity allows detection of radioactive materials in the

formations beneath the alluvium on the Anderson property.

As Figure 2.9-4 shows, each of the four groups relate to elevation
above an arbitrary datum plan (1500 ft msl was used in this analysis).
Group I comsists of three points on the desert floor south of and str;t—
igraphically above the exposed ore body on the property. Group II con-
sists of seven points that are located progressively further from the
central ore body (Figure 2.9-1). Group III consists of four pionts
which appear to be marginally beyond the ore bed. Two of these points
lie west-southwest of the deposit and the other two lie east-northeast
of the deposit. Group IV consists of three points which are located
considerably west of the main ore deposit and are stratigraphically

below the miocene lake beds that constitute the ore bearing zone.

The groupings appear to provide reference points for the relative

position of the ore body. They may also identify the relative transmissivity



of uranium daughters through the intervening rock and soil. It would
not be justified at this point to assume that all of the radon detected
by the radon cups was due to radon—222 migration from the ore body.
Dissolved radium moving with moisture upward or laterally in rock and
soil may, over time, have also contributed to the readings by providing
a closer source. However, it 1is likely that the primary source of the

readings is the radon from the ore bed itself.

TOTAL RADIATION LEVELS

Total natural background ionizing radiation from all sources (air,
water, and cosmic radiation) was measured on the Anderson property by
means of thermoluminescent dosimetry. Special weatherproof thermolumin-
escent dosimeter (TLD) packets containing three high-sensitivity fluoride
chips were placed at some of the same locations as the radon cups to
monitor the general ionizing radiation in the area (Figure 2.9-1). Two
TLDs were placed at each selected location. One was collected after
three months and the other was collected after six months. One TLD was
kept at the Eberline laboratory in Santa Fe, New Mexico, for control

purposes. The results of this program are presented in Table 2.9-4.

The geometric mean of the TLD readings was 1.97 mrem/week (excluding
sample Tl, the geometric mean was 1.85 mrem/week), which was slightly
higher than the 1.88 mrem/week registered from the control kept at the
Eberline laboratory. Except for one high reading from the TLD located

above the ore body, the dose data can be separated into two groups, one



Table 2.9-4. TLD READINGS IN THE VICINITY OF THE ANDERSON PROPERTY

TLD Reading
Sample Site : mrem/wk
Tl 3.40
T2 1.99
T3 1.74
T4 1.76
T5 1.70
T6 1.54
T7 2.06
T8 | 2.07
9 ' 2.12

T10 1.76




with a mean of 1.74 mrem/week (sample sites T3, T4, T5 and T10) and one

with a mean of 2.06 mrem/week (sample sites T2, T7, T8 and T9).

RADIOACTIVE MATERIALS IN THE WATER

Groundwater samples were collected from a total of 10 sources in the
vicinity of the Anderson property (Figure 2.6-11). These samples were
analyzed for total uranium, radon-222, radium=226 and =228, thorium—228,
-230 and -232, gross alpha, and gross beta (Table 2.6-20). As discussed
in Section 2.6, no surface water samples were taken on the property since

surface flows did not occur during the field studies.

The following discussion is based on the analyses conducted on
samples collected in April and May, 1977. These results are considered
to be more accurate than the results from the analyses conducted on
the Septeﬁber 1977 samples since they correlate well with nonradio-
logical constituents. It is probable that the analytical procedures
used for the September samples were not sensitive enough to detect

the small amounts of radioactive materials present in the water.

The assumption that the distribution of uranium isotopes is "normal"
in the water on the Anderson property does not appear to be warranted
based on the results of the groundwater sampling program. Gross aipha
values were too low in all of the samples to account for normal uranium
isotope distribution, let alone equilibrium between uranium and its

daughters (Table 2.6~20). While gross alpha determinations are often



inaccurate for water with a high total dissolved solids content, analytical
error does not necessarily account for the mismatch between gross alpha
readings and the uranium content of the water on the Anderson property.
The resuits indicate the absence of uranium daughters which suggests a

disequilibrium in the uranium parents (uranium-238 and uranium-234).

This disequilibrium may have been brought about by geochemical
processes resulting in a differential movement of uranium—234 relative
to the other isotopes in the uranium series. The beginning of the

uranium decay series is as follows:

Isotope Half-life
Uranium—-238 4,5 x lO9 years
Thor;um~234 24,1 days
‘Protéctinium—234 1.2 minutes \
Uranium—-234 2.5 x lO5 years
Thor%um-ZBO 8 x lO4 years
Radium—226 1.6 x lO3 years

If uranium~238 is in the +4 valence state it does not differ significant~
ly in solubility from the thorium isotopes. Protactinium~234 has too
short a half-life to account for any significant change in solubility.
Uranium—234, on the other hand, is commonly produced in an oxidized state
(+6 valence) which readily forms complexes with bicarbonate ions and is,

in essence, solubilized.



Most of the groundwater samples contained few alpha-emitters other
than uranium (Table 2.6-20). Consequently, most of the gross alpha
readings should be attributed to uranium—-238, uranium-235, and uranium—
234, By determining the portion of the gross alpha values that can be
accounted for by uranium—~238 and uranium-235 (uranium-235 does not
commonly dissociate from uranium—-238 by geochemical processes), it is
then possible to estimate the uranium—234 content of the water. Table
2.9-5 provides the expected concentrations of uranium-234 given the

gross alpha values for the water samples.

Comparison of the total uranium concentrations to gross alpha read-
ings for the samples suggests a general depletion of uranium—234 in the
groundwater of the area (Table 2.6-20). At least two of the samples
(AM-28 and Grapevine Springs) had gross alpha readings too low to account
for the uranium-238 content alone, indicating analytical problems.

Samples from well DC-5, Palmerita Ranch well, Pipeline Ranch well, Santa
Maria Highway, and Tres Alamos Spring had gross alpha couﬁts slightly above
the level that could be attributed to the presence of uranium-238 and
uranium-235. If this difference was due only to uranium-234, approximately
22 percent of the expected concentration of this isotope is present

in the samples. Accounting for the thorium and radium isotopes present

in two of those samples (Palmerita Ranch well and Santa Maria well #1)

would make this fraction even smaller.



EXPECTED CONCENTRATIONS OF URANIUM 234

Total Activity Due to
Uranium Non-differentiated Alpha Difference
ug/l U238 Plus U233 (Gross) Assumed to be Percentage
Observed @ 0.346 pCi/ug  Observed pCi/l u?3* pci/1 U234 in U Total
7.6 2.63 21 <0 -
46,0 15.92 21 £ 5 5.08 1.79E-3
11.1 3.84 <2 <0 -
5.0 1.73 22 0.27 0.87E-3
7.2 2.49 32 0.51 1.15E-3
11.5 3.98 4 £ 3 0 -
18.8 6.51 8§ 5 1.495 1.29E-3
16.9 5.85 7% 4 1.15 1.10E-3

O
v:(j“)



Except for the sample from the Palmerita Ranch well no significant
concentrations of radium~226 or radium—-228 were found in the groundwater
samples. The water from the Plamerita Ranch well contained a significant
quantity'of radium-228 (Table 2.6-20). In contrast, this water contained
the lowest concentration of total uranium of all the samples. The Palmerita
Ranch well water also contained significant quantities of thorium—228
and =230, but no significant concentration of thorium~232 was found.

The only other sample with significant thorium levels was taken from
Santa Maria Well No. 1. Significant quantities of all three thorium
isotopes were found in the water from this well. The total uranium

content of the Santa Maria Well No. 1 water was approximately twice
that of the Palmerita Ranch well water, but no significant levels of

either radium isotope (226 or 228) were found in the water.

In evaluating the relative concentrations of thorium-232 daughters
(radium—228 and thorium-228) and the thorium daughter of uranium—-234
(thorium=230) in the samples from Santa Maria Well No. ! and the Pal-
merita Ranch well, it was‘noted that these two groundwater sources have
several features in common. Water from both sources contain relatively
high concentrations of calcium along with low carbonate and were among
the lowest in pH (Table 2.6-17). Both wells are also located in the
alluvial plain of the Santa Maria River near outcrops or near-surface
deposits of basalt, which inherently contains large quantities of
calcium. Since calcium and radium are chemically similar, the sampling

results imply a coordinated movement of the radium with calcium.



The presence of relatively high levels of radium—228 in the Pal-
merita Ranch well water with no significant concentration of thorium-
232 may be the result of differences in solubility. Thorium is much
less soluble in water than radium. Consequently, the results suggest
a chemical separation of the two elements, perhaps as a direct result
of infiltration of precipitation in a nearby recharge area. If this
is the case, then the radium~228 would have moved free of thorium~232
to its present position. The presence of thorium—228 in the water

would result from the decay of radium-228.

The water from Santa Maria Well No. 1 contains essentially the
same amount of thorium—228 as the water from the Palmerita Ranch well
plus the only thorium-232 observed in any of the samples, but no
radium=-228. In an area lacking significant rainfall for many months
and assumiﬁg a nominally low rate of groundwater movement, this situa-

tion may be due to analytical error.

The apparent lack of radium—226 in any of the groundwater samples
may also be due to analytical problems. However, its continuous and
conspicuous absence would infer a circulation of the groundwater in
the area as opposed to the presence of ancient stagnant waters that

have been in place for thousands of years.

i
Analysis of the uranium content of groundwater in the vicinity of

the Anderson property relative to other water quality constituents pro-
4§
vides some information on the mobilization mechanisms of the groundwater



system in the area. While other radiocactive components of the water
could also provide this information, only uranium was present in
sufficient quantities to provide a reasonably reliable analysis of

all the samples.

Uranium appears to be mobilized, i.e., free to enter water, in
essentially two forms. One of these forms is a complex of the uranyl
ion and the other is when uranium is in the form of or associated with

particulates, especially particulates of colloidal size.

Ferruccio (1975) found that dissolution of uranium from carbonate
rocks is appreciably influenced by cationic components of the water

according to the following series:

++ +

> Ca > Na

Mg-H-
Carbonate rocks are neither characteristic of the country rock nor the
ore in the vicinity of the Anderson property, although calcareous chert

constitutes a large portion of the upper layer of the Miocene lake beds

in which the uranium ore is found.

In the noncarbonate rocks typigal of the area, the solubility of
uranium appears to be a function of cation concentrations in essen-
tially the inverse of the relationship described by Ferruccio. There
is a very high correlation between the uranium content of the ground-
water and the concentration of sodium (Figure 2.9-5). The presence of

calcium, magnesium, and potassium appears to decrease the solubility
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of uranium. Consequently, solubilization would not appear to be the
mechanism of uranium mobilization on the Anderson property; rather ion
exchange or possibly mobilization of colloids containing uranium

appears to be the more likely method.

Examination of anion concentrations in the groundwater clarifies
this observation to some degree. The presence of sulfate seems to
retard the movement of uranium into the water while chloride and bi-
carbonate appear to encourage it. Although somewhat similar to the
effect of sodium at lower concentrations, the data show that at higher
bicarbonate levels the movement of uranium into the water accelerates
(Figure 2.9-5). This appears to be the result of two reactions. One
is the effect of ion exchange, which is relatively linear to bicarbonate
concentration, while the other is apparently the result of uranium
(probably the uranyl ion) and bicarbonate complexing. A similar, if

accelerated, reaction may be seen between uranium and chloride (Figure

209—5)0

The relationship between uranium content in the groundwater and
silica is particularly interesting and reflects the importance of
colloidal behavior in uranium mobility. At the pH levels encountered
in the sampling program (7.3 to 8.9), colloidal silica must be present
to account for the silica concentrations in the groundwater (Table

2.6-19). Therefore, the curve in Figure 2.9-5 relating uranium to silica

3



is essentially Langmuirian and probably relates to the surface area of

the silica colloids.

In summary, there appears to be a geochemical situation in the
general area of the Anderson property in which certain constituents
of the groundwater, namely sodium, chloride, silica, and bicarbonate,
encourage the presence of uranium in the water while other constituents
are antagonistic to it. The antagonistic constituents include the

principal ions calcium, magnesium, sulfate, and potassium.
RADIOACTIVE MATERIALS IN SOILS, PLANTS AND ANIMALS

Soils
As discussed above, migration of uranium and its daughters ocecurs
in the groundwatgr on and in the vicinity of the Anderson property.
Since uranium mining was conducted on the property in the past and
radioactive materials were largely left exposed after termination of
these activities, direct particulate displacement due to erosion of the
exposed ore beds may have provided another significant source of uranium
migration in the area. For this reason, 19 sediment samples were
collected along the drainage channels on the property (Figpre 2.9-1).
These samples were analyzed for uranium-238 and 6 of its 14 daughters
(uranium-234, thorium—-230, radium-226, lead-214, bismuth—-214, and
polonium-210). These six daughters were chosen on the basis of their
sensitivity to geochemical separation. In addition to these isotopes,

the samples were analyzed for thorium—232 and its daughter lead-212,



gross alpha, gross beta, cesium~137 (a fallout product), and potassium~

40. The results of these analyses are presented in Table 2.9-6.

In order to identify the origin of sediments and erosion mechan-
isms, an analysis of particle size distribution was also conducted on
the samples. Particle sizes ranged in diameter from about 4 to
approximately 12,000 microns with distinct peaks at 4 to 40 microns,
111 microns, 220 microns, and 800 to 900 microns. Each peak appears
to represent a separate material source. The 4 to 40 micron particles
represent wind-bloﬁn dust typical of the project region and the other
semi-arid and arid regions of the west. On the Anderson property, these
particles have been transported to the site by winds largely from the
south-southwest. The particles 11l microns in diameter have been

.generated from the exposed ore deposits on the property. These par—
ticles are agglomerative in nature, generally forming aggregates too
large to be carried by the wind; consequently, this material is nor-
mally transported by surface runoff. Particles in the 220 micron class
appear to be derived from the Tertiary volcanic series in the vicinity
of the property. These particles are also transported primarily by
water. The 800 to 900 micron particles originate from the fluvial
material typical of the river alluvium that borders the Anderson
property. These particles were moved to the sample sites primarily

by strong north-northeast winds.

A good correlation between uranium~238 and uranium—-234 concentra-

tions was observed in the sediment samples; however, the uranium—234
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values were equal to or slightly lower than the uranium-—238 values,
suggesting that uranium-234 may not yet4have reached equilibrium since
deposition of the uranium-238. No significant separation of the two
uranium'isotopes has occurred in the sediments, which indicates that
both are oxidized. This is not unexpected in a region with a rela-

tively depressed water table(s).

The thorium-230 concentrations in the samples were approximately
half of the value to be expected if this daughter was in equilibrium
with its parent, uranium-234. This implies a relatively recent (in
geologic time) separation of oxidized uranium and thorium. On the
assumption that the transfer of the uranium parent took place without
thorium=230 accompanying it, then the separation took place roughly

77,000 years ago.

Comparison of radium—226 data to that of lead-214 showed the latter
to be abnormally high relative to the radium content of ghe sediment
samples. Two trends can be‘seen in the relationship between these iso-
topes. In samples S2 and S3, the concentration of lead-214 is about
twice that of radium-226. In samples S13 and S15, the lead-214 concen—
tration is about three times greater than the concentration of radium-226.
This difference in concentrations is possible because of the presence
of the highly mobile intervening daughter of radium—-226, radon—-222.

As a gas, radon has the capability of migrating from below the surface



of the ground and depositing its daughters, of which lead-214 is one,

on or near surface soils.

Lead-214 decays by beta emission to bismuth-214 which has a half-
life of less than 30 minutes. Consequently, the concentrations of these
two isotopes should be in a 1:1 ratio, but they are not in the sediment
samples taken on the Anderson property. Due to the short half-life of
lead-214 and bismuth-214 (26.8 minutes and 19.7 minutes, respectively),
analysis for these isotopes should be done in the field to obtain accur—
ate results. Because of a high dependence on rapid analysis, ventilation,
careful handling, and possibly analytical procedures, the lead-214/bismuth-
214 results obtained for the Anderson property may represent procedural

bias.

Since lead-210 has a half-life of 22 years, the results of analysis
for this isotope should be more pertinent than the lead-214 results for
samples transported from the field to a laboratory for aﬁalysis. Except
for sample S2A which was unaccountably high in lead-214 and sample S3B
which had no significant lead-210 concentration, the data verify the

lead—-214 readings on close to a 1:1 basis.

If uranium-238 is in equilibrium with its daughters and no thorium
is present, the gross alpha measured in a sample should be equal to the
total activity of the uranium—-238 plus its alpha-emitting daughters or

roughly eight times the activity of uranium—~238 (Faul, 1954). Calcula-



tions based on the sediment analyées result in a uranium (plus daughters)
to gross alpha ratio of 1:1 to 1:3.3. Allowing for error in the mea-
surement of both variables, these calculations indicate that the alpha
levels are slightly higher than can be accounted for by the uranium

series.

The only alpha-emitting isotope in the uranium-238 series that
would not be expected to be in equilibrium in the sediments is polonium-
210. Polonium-210 is a daughter of radon-222. As discussed above,
radon migrating to the surface of the soil could deposit its daughters
there, resulting in higher than normal concentrations of polonium-210
and other isotopes. This could account for the excess gross alpha

readings.

A potential exists for the differential accumulation of polonium—
210 in the surface soils compared to its daughter, lead-210. Polonium
is relatively insoluble in the alkaline environment typicél of the
groundwater and soils of the property; consequently, differential
migration by groundwater movement seems unlikely. However, polonium-
210 is relatively volatile, particularly at the high temperatures
experienced in the Arizona desert. Concentrations of polonium—210
relative to lead-210 in the near surface soils could result from

"random walk" of polonium atoms.

Thorium~232 concentrations in the sediment samples ranged from

0.26 to 1.04 pCi/g with a geometric mean of 0.48 pCi/g (Table 2.9-6).



Concentrations of lead-212, a‘thbrium—232 daughter, ranged from 0.2

to 1.1 pCi/g with a geometric mean of 0.67 pCi/g. Since the concen-
trations of these two isotopes should be equal in equilibrium condi-
tions, the results indicate geochemical separation. The highest values
for thorium came from samples taken near basalt outcrops. The highest
values for lead-212 came from the basalt outcrop areas and the stream

course along the western side of the property.

The decay chain for thorium-232 is shown in Figure 2.9-6. The
figure includes the primary decay modes (alpha or beta emission) and
half-lives of each of the major intermediate products between thorium-
232 and stable lead-208. Compared to the uranium series, the time
required for thorium-232 to decay to lead-208 is short, taking slightly
less than nine years. The most stable nuclides in the series are radium—
228 (half-life of 6.7 years) and thorium—228 (half-life of 1.9 years).
With the exception of radium—~224 (half-~life of 3.64 days), all the other
intermediate isotopes have half-lives of considerably leés than one day.
Consequently, after the production of radon-220 (half-life 54.5 seconds),
the only nuclides in the series that are reasonable to analyze for in
field samples analyzed in a laboratory are lead—-212 (half-life of 10.6

hours) and bismuth-212 (half-life of 60.5 minutes).

Due to the short half-life of the intermediate isotopes between
thorium—228 and lead-212 and the length of time between sample collec~—
tion and analysis, thorium-228 and lead-212 should have been in equil-

ibrium at the time laboratory tests were conducted. The only nuclide
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between thorium-232 and lead-212 that has a sufficiently long half-life,
as well as different chemistry, that would permit significant differen—
tiation is radium—228 (half-life of 6.7 years). Therefore, the only

plausible explanation for the results is a physical-chemical separation

of thorium-232 and radium-228 in the sediments.

An evaluation of the samples for which both thorium—232 and lead-
212 concentrations were determined provides some information on the
possible mechanisms causing this differentiation. Sample locations
52, 83, and S15 lie along the same stream course (Figure 2.9-1),
with sample S3 closest to the basalt that appears to be the primary
source of thorium in the area. As may be seen, the average of the
thorium-232/lead-212 ratios for the two samples collected at each of the
three locations is a continuous function with distance along the stream

course (Figure 2.9-7):

wJ
|

= 1.91 - 0,157 In D

where

R

thorium=-232/lead-212 ratio
ln = log td the base e

D = distance in feet from the source along the stream course

Although the number of locations examined is limited, the correlation
is good. Since the function is log-linear, the differentiation is

probably due to differences in solubility between thorium and radium.
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Evaluation of the uranium-238 and thorium—-232 concentrations in
the sediments shows two relationships between these isotépes. The
upper curve on Figure 2.9-8 represents samples starting at the ore bed
and proceeding along the given stream course. The second curve repre-—
sents samples starting at the basalt outcrop and proceeding downstream;
however, all of the samples were not taken from the same stream course.
It is interesting to note that both curves have the same zero thorium

intercept on the uranium axis, about 0.l4 pCi/g.

Cesium-137 levels in the sediment samples were at or below the
detection limits of the analysis. Because the values were so low
compared to the potential error, it is not possible to determine any
distribution relationships for this isotope. However, it should be
noted that the locations where cesium-137 may have accumulated corres-—
pond with deposition of sediments by southwest winds (Table 2.9-6 and

Figure 2.9-1).

Potassium—40 concentrations were generally four to six times the
probable analytical error, representing significant levels of this
radionuclide in the sediments on the property (Table 2.9-6)f Distri-
bution of the potassium appears to be relatively uniform, although
higher values were assoclated with basalt areas and one position in
the river bottom roughly at the confluence of Karnak Creek (Figure

2.9—1)0



1.0

From ore body
proceeding
along stream

From basalt outcrop
proceeding downstream

URANIUM-238 (pCi/g)

0 l T T T T
0 .2 .4 6 .8 1.0

THORIUM-232 (pCi/g)

Figure 2.9-8. RELATIONSHIP BETWEEN URANIUM-238 AND
THORIUM-232 CONCENTRATIONS IN THE
=== - - SEDIMENTS ON THE ANDERSON PROPERTY



Comparison of uranium—238 and thorium—232 concentrations with
potassium~40 on the property is of interest due to the intense igneous
activity that occurred in the area during the Tertiary. Potassium,
like uranium and thorium, is commonly rejected to a late crystallizing
phase in melted rock. Consequently, associations between the three
elements are commonly sought in geochemical analyses. As can be seen
in Figure 2.9-9, thorium and uranium are at minimum levels when
ﬁotassium—40 concentrations are on the order of 26 to 27 pCi/g. Below
this concentration, uranium and thorium decrease as potassium increases
while above this concentration uranium and thorium increase as potas-—
sium increases. The "null" value on the uranium-238/potassium—40 curve
in Figure 2.9-9 is close to the value of uranium—-238 at the thorium—
uranium intercept on Figure 2.9-8. This suggests a baseline concentra-
tion of uranium for the area in an earlier geologic time which has
subsequently increased due to concentration through altered geochemical

conditions.

Vegetation

Vegetation samples were collected at 11 locations encompassing
the area exposed to the ore deposits on the Anderson property (Figure
2.9-1 and Table 2.9-7). These samples were composited and analyzed for
total uranium, gross alpha, gross beta, potassium—40, beryllium—~7
(a natural radioactive isotope found in the atmosphere), the uranium

daughters lead-214 and bismuth-214, and five beta-emitting fallout
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Table 2.9-7. VEGETATION SAMPLES COLLECTED ON THE ANDERSON
PROPERTY FOR RADIOLOGICAL ANALYSIS

Sample Location Elevation Contents (In Descending Order by Weight)
vl NE 1/4 Sec. 10 1760 ft Brittlebush (Encelina farinosa)
: Coincides with soil sample #2 Catclaw (Acacia greggii)
’ Wolfberry (Lycium Spp.)
V2 NW 1/4 Sec. 14 2120 ft White Bursage (Franseria dumosa) \
along wash, coincides with Globemallow (Sphaeralcea spp.)
soil samples #3 A & B Joint-fir (Ephedra trifurca)
Bladdersage (Salazaria’mexicana)
V3 Near tank at South Border 2320 ft White Ratany (Kamaria Crayi)
Sec. 27 Beavertail Cactus {(Opuntia basilaris)
Cane Cholla (0. acanthocarpa)
Paperflower (Psilotrophe cooperi)
Tabosa Grass (Hilaria mutica)
Va4 NE 1/4 Sec. 11, at confluence 1760 ft White Bursage
two washes 1/2 mi. ENE of Ratany (Kamaria spp.)
Anderson Mine. Coincides Catclaw
with soil sample #6 Paperflower
Tabosa Grass
Globemallow
V5 S. side Santa Maria R. at 1520 ft Mesquite (Prosopis juliflora)
confluence with wash near Catclaw
north edge Sec. 3, coincides Seep~willow (Baceharis glutinosa)
with soil sample #11
V6 East edge Sec. 3 upslope from 1600 ft Brittlebush
confluence of two washes; soil White Bursage
sample #7 taken downstream in Palo Verde (Cercidium microphyllum)
wash below this sample
v7 NE 1/4 Sec. 9, south side 1580 ft Mesquite
mesquite bosque at south Catclaw
side Santa Maria River. Seep~willow
Coincides with soil sample #1 Black~bark Rabbitbrush
(Chrysothamaus paniculatus)
V8 West edge of Sec. 9 along 1600 ft White Bursage :
wash False Palo Verde (Holocautha emoryi)
Bladder-stem
V9 South side Santa Maria River 1480 ft Catclaw
at north border Sec. 8, about Mesquite
0.2 mi. west of NE Sec. corner Cane. Cholla
V10 Southwest facing slope of 1750 ft Brittlebush
Black Mtn., SE 1/4 Sec. 2, ' White Bursage
about 0.1 mi northwest soil
sample #14
V1l Near road junction at north 2268 ft Brittlebush

edge Sec. 22.

Beavertail Cactus



isotopes (ruthenium-103, niobium~95, zirconium-95, cesium—137 and

cerium~144) (Table 2.9-8).

Total uranium content was low in all the samples with less than
half having concentrations greater than the limit of detection
(approximately 0.05 yg/g). The highest concentration of uranium
(0.3 ,g/g) was detected in the vegetation growing on the ore deposits.
Of the four other vegetation samples that contained detectable levels
of uranium, two were taken downstream of the ore deposits, one was
taken in the vicinity of the basalt outcrops on the property, and one
(the lowest detectable concentration) was taken on the desert floor
approximately one mile south of the exposed ore deposits (Table 2.9-8

and Figure 2.9-1).

The highest uranium concentration in vegetation was only about 10
percent of the uranium concentration found in the sediments at the
sample sites. The other vegetation samples also containéd far less
uranium than the soils where they were growing. This may be due to
rejection of the heavy uranium isotopes by the plants and/or the

uranium may not be in a chemical form available for plant uptake.

Gross alpha counts for the vegetation averaged about 1.2 pCi/g.
Three samples had a zero reading for gross alpha and the count for the
remaining 8 samples ranged from 1.1 to 2.5 pCi/g with analytical

error ranging from 0.9 to 1.5 pCi/g, respectively (Table 2.9-8).
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{ Table 2.9-8. RADIOACTIVE MATERIALS IN PLANTS AND ANIMALS ON THE ANDERSON PROPERTY - !

i
e

. . Weight i
Vegzggiion Sg:/rgt ﬁ;iz G;:ii Kz.o 795 Np23 Ru103 pp2lé pillé cs137 celbb Be! w—ig—ra%:‘% pp2l2 Ra226 Th2 K 4] Th2 2 pp210 ’
A2 0.3 2.5 1,5 25 2 43 13 3.6t 0.8 2.0% 0.7 1.0t 0.5 - <2.1 <0.6 6.3 £ 5.4 5.7 4,7 500 154 f
v2 0.07 1.6 1.3 101 11 5 1.4 £ 0.5 1.0t 0.4 <0.6 1.4 £ 1.2 - 0.3 £ 0.2 - 4.3 £ 2.4 500 362 n
v3 <0.05 1.4%1.3 14%1 16% 4 0.9%0.3 0.7%0.3 - - <0.8 <0.2 2.2 £ 1.9 - 500 293 { -
V4 . <0.05 0.0+1.0 12+1 10% 5 0.9 £ 0.4 0.5t 0.3 - <1.6 <0.5 <0.4 <4.6 3.1t 2.2 400 376 i 1
V5 <0.05 0.0+x1.,0 161 21 % 10 1.2 £ 0.6 1.2 i 0.6 - - - <0.6 ) - - 400 204 i
v6 <0.05 1.4 % 1.3 20% 2  <6.3 - - 0.6 £ 0.5 - - - <1.4 - - 400 330 ' T
v7 <0.05 1.4%1.,3 131 10 5 0.7 £ 0.3 0.5 % 0.3 0.3 % 0.2 <1.3 <1.3 <0.2 . 2.6 £ 2.3 <2.8 300 244 !
v8 0.08 1.8+ 1.3 161 17 * 6 1.2 £ 0.4 0.5 * 0.3 0.5 0.3 <1.5 - <0.4 2.9% 2.8 - 400 222
V9 <0.05 0.0+1.0 11 1 8.1 4.2 0.9 0.4 0.5 £ 0.3 - <1.5 <1.2 <0.3 ‘ 0 3.7 * 2.0 500 343
V10 0.08 1.4 21,3 2522 15 4 0.7 £ 0.3 0.6 * 0.3 0.3 £ 0.2 - <1.5 0.3 £ 0.1 2.1%1.9 < 2.1 500 276
Vil 0.06 1.1+ 0.9 212 25+ 10 0.9 £ 0.5 <1.0 0.4 £ 0.3 - - <0.4 - - 500 189
avge. 1.15 16.6 16.6 1.13 0.75 |
Fauna ‘ %
Sample
Biomass 1 <0.05 0.6 + 0.2 8.9+ 0.3 14 = 7 <0.5 <1.5 0.00 £ 0.05 <0.02 <0.02 <0.1
Skeleton 1  <0.05 0.0 £ 0.1 1.7 £ 0.2 27 + 8 <0.2 <0.1 . . <0.2 0.00 £ 0.05 0.02 £ 0.01 <0.02 <0.1
Biomass 2 <0.05 0.6 * 0.2 8.6 * 0.2 9.2 £ 4 - <0.2 <0.7 0.00 * 0.05 <0.02 <0.02 <0.1

Skeleton 2 <0.05 0.0 £ 0.1 2.1

+

0.1 28zt 6 <0.1 <0.1 <0.1 0.00 * 0.05 <0.02 <0.02 <0.1




In the vegetation sample with the highest gross alpha reading, approx-—
imately 80 percent of the count can be attributed to uranium, thorium,
and their daughters. In the other samples with significant alpha
readings, the uranium and thorium series accounts for only about

25 percent of the gross alpha activity. This suggests that the lower
error limit (i.e., 1.6 - 1.3 = 0.3 pCi/g for sample V2) may be

the actual gross alpha reading in these samples.

Gross beta counts for the vegetation averaged 16.6 pCi/g and

ranged from 10 to 25 pCi/g. In most cases, these readings can be

attributed primarily to potassium—40. In fact, in samples V1, V2,
V3, V5, V8, and V11, potassium—40 levels were higher than the gross

beta counts, indicating self-absorption during the laboratory tests.

O0f the fallout isotopes, only niobium—-95 and zirconium—-95 were
measured at reasonably detectable levels in most of the vegetation
samples (Table 2.9-8). Concentrations of the other falloﬁt nuclides
(rubium-103, cesium-137, cerium-144, and beryllium-7) were relatively
low (Table 2.9-8). For most of these nuclides, the higher concentra-
tions were measured in samples taken in the vicinity of the ore deposits.
This is apparently due to the drop off from the desert platform at this

location, providing a deposition point for winds from the southwest.

No significant concentrations of lead-214 and bismuth-214 were

found in the vegetation samples (Table 2.9-8).



Fauna

Two jackrabbits were collected on the Andersom property for
radionuclide analyses (Figure 2.9-1). Both total biomass and skeletal
tissue was analyzed for total uranium, gross alpha, gross beta,
potassium—-40, lead-212, lead-214, lead-210, radium226, cesium-137,

thorium—-230, and thorium—232 (Table 2.9-8).

None of the radionuclides were found in significant concentra-—
tions except for potassium—40. Both jackrabbits contained higher
levels of potassium~40 in their skeletal tissue than in all the tissue
as a whole. The potassium-40 levels observed in the skeletal tissue
were approximately the same as the concentrations measured in the sedi-
ment samples taken on the desert floor in the general vicinity of the
fauna collection sites (Table 2.9-6) and close to the "null" value of

uranium in the uranium/potassium curve shown in Figure 2.9-9.

Assuming that the relationship of uranium and thorium to potas-—
sium observed in the sediment samples is correct, then a concentration
of 26 to 27 pCi/g og potassium in the jackrabbit tissue should be
accompanied by 0.2 to 0.4 pCi/g of uranium-238 and O to 0.3 pCi/g of
thorium-232. Neither uranium—238 nor thorium—232 were found above the
limits of detection in the animal tissue. One skeletal sample did con-

tain 0.02 (+0.01) pCi/g of thorium—230. If it is assumed that the

thorium=230 was in equilibrium with uranium-238, then biochemical



rejection of uranium relative to potassium has occurred in the jack-

rabbits by at least a factor of 10.

The gross alpha counts for the total biomass of the jackrabbits,
while subject to many variables, are on the same order as the radon-
222 levels measured in the general area of collection for roughly a
comparable volume of material. Since no heavy isotopes were reported
for the jackrabbit biomass, equilibration of radon—222 content between
the atmosphere and the tissue (assumed to be mostly water) may be a

factor attributing to the gross alpha readings.
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