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The proposed Anderson Uranium P r o j e c t  i s  l o c a t e d  i n  sou thwes te rn  

Yavapai County, Arizona,  approximate ly  100 a i r  m i l e s  nor thwest  of Phoenix 

and 43 a i r  miles northwest  of Wickenburg. Minera l s  Exp lo ra t i on  Company 

(MI&?ERALS), a wholly owned s u b s i d i a r y  of Union O i l  Company o f  C a l i f o r n i a ,  

i n t e n d s  t o -mine  uranium o r e  l o c a t e d  p r i m a r i l y  i n  Sec t i ons  9 ,  1 0 ,  11, 1 4 ,  

and 15 o f  T U N ,  R l O W  and process  i t  a t  a mill t o  be c o n s t r u c t e d  a d j a c e n t  

t o  the o r e  d e p o s i t s ,  

P o t e n t i a l l y  economic r e s e r v e s  o f  uranium o r e  were f i r s t  i d e n t i f i e d  

i n  t h e  p r o j e c t  a r e a  i n  1955 by a i r b o r n e  s c i n t i l l a t i o n ,  M r .  T, R, Anderson 

of  Sacramento, C a l i f o r n i a ,  d r i l l e d  and s u r f a c e  mined a smal l  q a a n t i t y  of  

t h i s  o r e  in 1958. The mine, l o c a t e d  i n  Sec t i on  11, TUN, RIM, was 

abandoned w i t h i r  a f e w  years .  I n  1968,  MINERALS r ece ived  a s u b m i t t a l  on 

approximately 4260 a c r e s  encompassing the o r e  r e s e r v e s ,  MINERALS p u r  

chased the prope r ty  i n  1975 fo l l owing  an e x p l o r a t o r y  d r i l l i n g  program, 

The p r i n c i p a l  ura~ium minera l  in t h e  o r e  t o  be mined i s  tyuyarwni te  

( c ~ ( u o ~  ) ( ~ 0 ~  )2 . 5-8H20) which genera l ly  o c c u r s  i n  carbonaceous material. 

The o r e  rznges  i n  g rade  from 0.03 t o  more than 0.15 p e r c e n t  uranium 

oxide  (U3G3) and has  an average grade  of 0.072 percen t .  It i s  e s t ima ted  
( 



t h a t  t h e  d e p o s i t s  on t h e  p rope r ty  c o n s i s t  of 7.2 m i l l i o n  t o n s  of o r e  

con t a in ing  10.3 m i l l i o n  pounds of uranium oxide .  

The o r e  w i l l  be recovered by cont inuous  excava t i on  of a s e r i e s  of 

open p i t  phases .  Sur face  mining i s  t h e  most a p p r o p r i a t e  method of 

recover ing  t h e  o r e  on t h e  p rope r ty  because of t h e  r e l a t i v e l y  sha l low dep th  

of t h e  d e p o s i t s .  Cur ren t  p l ans  c a l l  f o r  i n i t i a l  overburden removal t o  

beg in  i n  t h e  f o u r t h  q u a r t e r  of 1979. Within approximately 3 months, over- 

burden removal w i l l  r e a c h  2.43 m i l l i o n  t o n s  pe r  month and remain a t  t h i s  

r a t e  f o r  t h e  f i r s t  5.75 y e a r s  of s t r i p p i n g  a c t i v i t y  a f t e r  which i t  w i l l  

decrease  t o  1.73 m i l l i o n  t o n s  pe r  month f o r  t h e  remaining l i f e  of t h e  

pra j e c t  . By bkrch 1980, af aing o f  o r e  will cowLecce. Fater ia l  , remo-~ed 

Ercm the  mining zone will consist of 730,000 tons  pe r  year  of o r e  and 

2.71 m i l l i o n  tons of associztecl "internal" waste for approxi~ateiy L O  

y e a r s ,  when p r e s e n t l y  known o r e  r e s e r v e s  a r e  exllausted.  

Excava t ion  w i l l  beg in  a t  t h e  n o r t h e a s t  end of t h e  o r e  d e p o s i t  and 

progress  s o u t h  and west. S t r i p p i n g  w i l l  be done w i th  two e l e c t r i c  shove l s  

on 50-foot benches. The a p p r o d n a t e  s l o p e  between each  bench w i l l  be 

O.5:1, w i t h  an o v e r a l l  p i t  s l ope  vary ing  between 0 . 4 : l  and 1.0:1,  depend- 

i ng  on t h e  h e i g h t  of t h e  s l o p e  ( t h i s  i n c l u d e s  s a f e t y  benches w i t h  a minimum 

wid th  of 10  f e e t ) .  Overburden m a t e r i a l  and i n t e r n a l  was t e  w i l l  be hauled 

t o  e i t h e r  t h e  was te  dump a r e a s  l o c a t e d  n o r t h e a s t  and northwest  of t h e  o r e  

body o r  t o  a n  exhausted p i t  a r e a  where i t  w i l l  be used a s  b a c k f i l l .  

Before  t h e  f i n a l  overburden bench i s  excava ted ,  a d d i t i o n a l  h o l e s  w i l l  

be d r i l l e d  t o  de te rmine  t h e  exac t  l o c a t i o n  of t h e  i n d i v i d u a l  o r e  l e n s e s ,  a 



This information w i l l  be used t o  c o n t r o l  t h e  a c t u a l  bottozn e l e v a t i o n  of 

t h e  f i n a l  bench and t o  determine f i n a l  mining plans.  Af t e r  t h e  overburden 

has  been removed, t r a c t o r s  equipped w i t h  r i p p e r s  w i l l  be used t o  loosen  the 

ore .  The ore will then be lcaded into trucks and h z u l e d  tc a p r ~ b e  tower 

where a sample w i l l  be analyzed to determine uxaniua content .  Material 

conta in ing  less than  0.028 percent  uranium oxide w i l l  e i t h e r  be hauled 

t o  a low-grade s t o c k p i l e  o r  t o  exhausted p i t  a r e a s ,  Ma te r i a l  w i t h  a 

higher uranium oxide content  will be depos i ted  i n  one of t h r e e  m i l l  

s t ockp i l e s .  

The mine w i l l  ope ra t e  primary s t r i p p i n g  crews f o r  18 s h i f t s  p e r  week, 

52 weeks p e r  year .  Mining crews w i l l  ope ra t e  15 8-hour s h i f t s  pe r  week, 

52 wesks p e r  year. 

Construction of t h e  proposed uranium m i l l  w i l l  begin S z  t h e  t h i r d  

quarter  of 1979. Mi l l ing  opera t ions  w i l l  begin i n  t h e  f i r s t  quarter of 

1981. The proposed m i l l  w i l l  p rocess  an  average of 2000 tons  of o r e  per 

day (dry  weight b a s i s ) ,  365 days per  year .  It i s  expected t h a t  the m i l l  

w i l l  have an overall uranhm oxide recovery r a t e  of 88,6 percent .  Based 

on t h i s  a n t i c i p a t e d  recovery ra te ,  t h e  average m i l l  throughput, and the 

average o r e  grade ,  t h e  m i l l  w i l l  produce about 2550 pounds p e r  day of 

uraniuii ox ide ,  ox approxinately 930,000 pounds per year. 

The primary m i l l i n g  circuit involves g r ind ing  t h e  siltstone ore,  

then dissolving t h e  uranium from the particle su r faces  u s ing  a s u l f u r i c  

acid solution. The uranium-rich acid s o l u t i o n  w i l l  be recovered i n  a 



five stage countercurrent decantation process. The leached silt will 

be discarded as tailings to an open impoundment. The uranium will be 

transferred from the aqueous acid phase to an organic phase by means of a 

solvent extraction process. The uranium will be removed from the organic 

phase by ammonium sulfate and will then be precipitated by the injection 

of ammonia gas. The final precipitate will be washed, dried, and 

packed into 55-gallon drums. The finished product will then be shipped 

to a uranim hexafluoride conversion plant and eventually turned into 

fuel for nuclear power plants. 

A slurry pipeline will transport tailings from the mill to an inpound- 

nent located in exhausted pit areas. In orde r  to con ta in  the tailings, it 

w i l l  be necessary to construct a dam. This dam will be built in stages t o  

prevent interference with miaing opera t ions  and still provide adequate 

tailings storage capacity. The impoundment will be of sufficient size t o  

store all of the solid tailings and entrained water discharged from the 

mill; however, it will be necessary to remove excess "free" water to pre- 

vent overtopping of the tailings dam. Standing water from t he  center of 

the impoundment will either be sprayed from the top of the tailings dam 

down into the qond or pumped to evaporating ponds located on a waste 

d m p W  * 



2.0 
TBE SITE 

This s e c t i o n  inc ludes  baseline d e s c r i p t i o n s  of  t h e  physica l ,  c u l t u r a l ,  

b i o l o g i c a l ,  and socioeconomic environments that might be affected by the 

cons t ruc t ion  and ope ra t ion  of MINERALS' proposed Anderson uranium project. 

2.1 SITE LOCATION AND LAYOUT 

The proposed uranium mining and m i l l i n g  project i s  Located in Yavapai 

County, Arizona, approximately 100 a i r  miles northwest oE Phoenix (Figure 

2.1-1). Access to :he site will be by a newly constructed paved c a w t r y  

road running westward from U. S .  Sighway 93. 

MINERALS has obtained the mining r i g h t s  on approxinately 4260 acres 

of land loca ted  in T11N, RlOW and T 1 2 N ,  RlOW (Figure  2.1-2). The U.S. 

Rureau of Land Management (BLM) owns the surface  r i g h t s  t o  approx imate ly  

2820 acres of  t h i s  l and  and the  state of Axizona owns t h e  surface r i g h t s  

to t h e  remaining 1440 a c r e s  ( F i g u r e  2.1-2). A state graz ing  lease i s  h e l d  

by a private individual on 800 acres o f  t h e  claim a r e a  (F igure  2.1-3). 

M I N E W S  intends t o  nine t h e  uraniua  d e p o s i t s  loca ted  i n  p o r t i o n s  

of Sect ions 9 ,  10,  11, 1 4 ,  and 15 of  TIIN, RIOW ( F i g u r e  2.1-4). It i s  

estimated that the proposed mine, wsste dumps, and haul roads  w i l l  cover 
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Figure 2.1-1. LOCATION OF ANDERSON PROPERTY 





about 770 acres. The m i l l  and related facilities will cover an additional 

40 acres. Mining may be extended to other  areas within t he  mining claims 

descr ibed  above in the event that economically valuable uranium d e p o s i t s  

are discovered an then. 



2.2 REGIONAL DLYOGWHY AND LAND USES 

The fol lowing s e c t i o n  d i scusses  demography/demographic cha rac te r -  

i s t i c s ,  land use and ownership, economic environment, housing and pub l i c  

f a c i l i t i e s ,  and s e r v i c e s  i n  the p r o j e c t  reg ion ,  The geographic area t o  

be discussed c o n s i s t s  of  southwestern Pavapai and northwestern Maricopa 

coun t i e s  i n  west-central  Arizona (Figure  2.1-1). Much of t h e  d i scuss ion  

i s  focused on the town of Wickenburg, l o c a t e d  approximately 43 a i r  miles 

southeas t  of the  Anderson proper ty  i n  Maricopa County. Wickenburg i s  t h e  

l a r g e s t  community and p r i n c i p a l  t r a d e  c e n t e r  i n  t h e  s tudy r eg ion  and i s  

expected t o  experience t h e  g r e a t e s t  socioeconomic impact a s  a r e s u l t  of  

p ro jec t  implementation. At ten t ion  i s  a l s o  given t o  the small communities 

of Congress and Yarneil, l oca ted  about 28 and 37 air ailes east-southeast 

of t h e  proper ty ,  r e s p e c t i v e l y .  

REGIONAL DEMC)GRAPHY 

The p ro jec t  r eg ion  i s  s p a r s e l y  populated, r u r a l ,  and largely undevel- 

oped, Approximately 38 people c u r r e n t l y  l i v e  on ranches o r  farms w i t h i n  

10 mi les  of the Anderson p r o p e r t y  (F igure  2.2-1). The closest comnunity 

t~ t h e  property i s  Bagdad, l oca ted  approximately 22 a i r  m i l e s  t o  t h e  north- 

no r theas t  (F igure  2.1-1). Popula t ion  estimates by annular  s e c t o r  (cardinal 

p o i n t s )  and distance are given in Table 2.2-1 f o r  a 50-mile rad ius  from t he  

proposed mill s i te .  
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Table 2.2-1. POPULATION DISTRIBUTION WITHIN 50 MILES OF THE 
ANDERSON PROPERTY 

NNE 
NE 
ENE 
East 
ESE 
SE 
SSE 
South 
S SW 
SW 
WSW 
West 
WNW 
NW 
NNGd 
North 

Distance (miles) 
0-5 5-10 1 0-2 0 20-30 30-4 0 4C-SO 

Source: Urban Decision Systems, Inc., 1978. 



LAND USE AND OWNERSHIP 

Because implementat ion of t h e  proposed p r o j e c t  w i l l  a l t e r  e x i s t i n g  

l and  use  p a t t e r n s  w i t h i n  Yavapai County, t h i s  s e c t i o n  focuses  p r i m a r i l y  

on t h a t  county. 

Livestock grazing and w i l d l i f e  h a b i t a t  are the predominant l and  

u s e s  i n  Yavapai County and c o n s t i t u t e  60 pe rcen t  of t h e  t o t a l  county 

l and  a r e a  (5,178,000 a c r e s )  (Table  2.2-2),  Nat iona l  f o r e s t  l a n d s ,  

p r i m a r i l y  i n  t h e  central and e a s t e r n  p o r t i o n s  of t h e  county,  r e p r e s e n t  

38.5 pe rcen t  of the l a n d  a r e a ,  while urban ized  areas ( P r e s c o t t ,  

Ya rne f l ,  Congress) occupy less than  one pe rcen t .  Lands c l a s s i f i e d  a s  

a g r i c u l t u r a l  c rop land  c o n s t i t u t e  0.5 percent (24,000 acres) of the 

t o t a l i l  

Mineral  e x t r a c t i o n  a c t i v i t i e s  a r e  concen t r a t ed  a t  Bagdad, where 

Cyprus Bagdad Copper Company ope ra t e s  a n  open p i t  copper mine, con- 

c e n t r a t o r ,  and r e f i n e r y .  There i s  a l s o  an underground mine and concen- 

t r a t o r  opera ted  by Cyprus Bruce Copper & Zinc Company a t  Bagdad, A l i m i t -  

ed amount of p l a c e r  gold mining i s  done i n  the Stan ton  area and around 

the Vul tu re  Mountains. Genera l ized  exis t ing land  u se s  i n  Yavapai County 

a r e  shown i n  F igu re  2.2-2. 

Most of tne l and  i n  t h e  county i s  under government c o n t r o l  (Table 

2.2-3). Na t iona l  F o r e s t  l ands  cover  about  38.5 percent  of the county;  

while the  BLM a d m i n i s t e r s  9.1 pe rcen t  of the l and  and o t h e r  federa l  

agenc ies  c o n t r o l  2.3 percent. The S t a t e  of Arizona owns a lmos t  1 .4  



Table 2.2-2. EXISTING LAND USES, YAVAPAL COUNTY 

Land Use Acreage* Percent 

Urbanized Areas 40,000 

National Forest Lands 1,993,000 

Indian Reservations 4,000 

Agricultural Cropland 24,000 

Lake Pleasant Regional 6,000 
Park 

Desert or Mountainous 
Areas 

TOTAL 5,178,006 100.0 

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

*Numbers rounded to nearest thousand. 



Table 2.2-3 LAND OWNERSHIP IN YAVAPAI CCUTY 

Ownership Acrsage* Percent 

Fede ra l  

Indian reservations 

National fores ts  

Prescott 

Coconino 

Tonto 

Kaibab 

U o S o  SLM 

Other 

S t a t e  

P r i v a t e  

TOTAL 

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

*Numbers rounded to nearest thousand. 



i n i l l i s n  a c r e s  (27.0 percent )  i n  Yavapai County, whi le  p r i v a t e  ownership 

accounts f o r  almost 1.2 m i l l i o n  a c r e s  (23.0 percent ) .  Ex i s t ing  land  

ownership p a t t e r n s  i n  t h e  county a r e  presented i n  Figure 2.2-3. 

Other than  mineral  exp lo ra t ion  a c t i v i t i e s  a s soc ia t ed  wi th  t h i s  pro- 

j e c t ,  t h e  Anderson property and ad jacen t  a r e a s  a r e  c u r r e n t l y  used exc lus ive ly  

f o r  l i v e s t o c k  graz ing  and w i l d l i f e  h a b i t a t .  Uranium w a s  surface-mined on 

the proper ty  i n  t h e  1950s, and t h e  abandoned p i t  i s  s t i l l  present  i n  the  

SW 1/4  of Sec t ion  11, TIIN, R1OW. Surface and mineral  ownership of t h e  

proper ty  and adjacent  a r e a s  i s  shown i n  Figures 2.1-2 and 2.1-3. 

SOCIOECONOMICS 

Wickenburg 
f 

It was founded i n  t h e  1850s by prospectors  a t t r a c t e d  t o  t h e  a r e a  by r i c h  

gold s t r i k e s  i n  t h e  nearby h i l l s .  S i tua t ed  on t h e  main r o u t e  t o  Ca l i fo rn ia ,  

served by t h e  Santa Fe Rai l road ,  and having a dry ,  mild c l imate  and produc- 

t i v e  graz ing  land,  t h e  e a r l y  boom town became an important  f r e i g h t i n g  and 

s t a g e  junct ion as well  as an a t t r a c t i v e  place f o r  e a r l y  s e t t l e r s .  

Today, as  i n  the  p a s t ,  Wickenburg's physiographic l o c a t i o n  plays an 

important r o l e  i n  i t s  continued growth. Tourism, c a t t l e  ranching,  and 

a g r i c u l t u r e  s t i l l  remain the  c o m u a i t i e s '  p r i n c i p a l  economic a c t i v i t i e s .  

However, light i ndus t ry  and re t i rement-or ien ted  f a c i l i t i e s  have r e c e n t l y  

assumed preeminence i n  the  economy and fu r the r  d i v e r s i f i c a t i o n  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, popula t ion  increased by approximately 41 percenr in Xcken- 

burg and roughly doubled in the county. Prom 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 County or the szate. 

The community has r e c e n t l y  become a p o p u l a r  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 t h e  residents, compared to 19.7 percent for Maricopa County, 

and 27.9 percent for the state. 

Population projections have been prepared f o r  Wickenburg by ihe 

Maricopa Association of Governments and for Maricopa County and the 

s t a t e  by t h e  Arizona Department of Economic Security (Tablc  2 .2-7) .  

It i s  projected that the population of Wickenburg and Baricopa County 

will increase over the next two decades with the community growing at a 

substantial1.y f a s t e r  rate than the county. Population in t h e  community 

is zxpected t o  nore than doubie between 1977 and 1995, compared t o  5 9  



Table 2.2-4, POPULATION CHANGE, 1950 - 1977 

Total P o p u l a t i o n  

Wickenburg Maricopa County Arizona 

Percent Change 

Sources: U.S, Bureau of the Census, 1972  
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 m d e r  
19 years 

Percent 20-64 
years 

Percent 65 years 
and over 

Source: Arizona Department of Economic Security, 1976 

Table 2.2-6. WICKENBURG'S UCIAL COrYiBOSITZON - 1975 
( PERCENT OF TOTAL POPULATION) 

Ethnic Composition wickenhurga Maricopa County State 

White 

Black 

Indian 

Other 

Spanish Surname 

a 
Sources: CETA Grant Demographic Study ,  1976 

Arizona Department of Economic Secur i ty ,  1975 



Table 2.2-7. POPULATION PROJECTION, 1977 - 1995 

Projected Popu la t i on  wickenburga Maricopa County Arizona 

Percent Change 

1977-1995 

Source: a ~ r i c o p a  Assoc i a t i on  of Governments, 1977 
Arizo-na Departinent of Economic Securityy, I F 7 7  

percent projected growth rate for the ccunty dur ing  the same per iod .  

Much of this growth will consist of inlnigration as new job opportuni- 

ties, primarily in tourism- and retirement-oriented facilities, a r e  

created in the area. 

Employment and Income. Approximately 291 businesses are located in the 

Wickenburg a r e a  (Arizona Office of Economic Planning and Development, 

1977). Service and retail trade are the principal employers and income 

producers i n  the area, account ing  f o r  about 4 0  percent and 35 percent, 

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

The increase in service and retail trade establishments in recent years 

may be a t t r i b u t e d  t o  increased t ravel-  and retirement-oriented activities 

in the community. 



Table 2.2-8. NUMBER OF FIRMS IN THE WICKENBURG AREA BY MAJOR 1NIlUST'RU.L 
CATEGORY, 1977 

Industry 

Agriculture and Mining 

Construction 

Manufacturing 

Transportation and Public Utilities 

Wholesale Trade 

Retail Trade 

Finance, Insurance and Real Estate 

Services 

P u b l i c  A d d n i s t r z t i o n  

TOTAL 

Number Percent 

Source: Arizona Office of Economic Planning and Development, 1977 



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 1/51 of service employment is seasonal. 

As Wickenburg continues to increase in popularity as a retirement 

and tourist center, additional employment opportunities in the non- 

agricultl~ral sectors can be exyected. Table  2.2-10 f u r t ~ e r  breaks down 

employment into basic and nonbasic sectors. Services and retail trade 

dominate basic employment, accounting for 7 9  percent of all basic em- 

ployment 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 unemploynent rate in Wickenburg (6.7 percentj was lower than 

the rate recorded for the county (11 percent) and state (10.1 percent). 

Families in the commnity earned considerably less on a percentage 

basis than the families in the county and state (37 percent less than 

the county and 28 percent less than the state). 



Table  2.2-9. EMPLOYMENT IN THE WICKENBURG AREB, BY MAJOR INDUSTRIAL CATEGORY, 1977~ 

Indus t rv 

Agriculture and Mning 

Manufacturing 

Transporation and 
Pub l i c  Utilities 

wholesale  Trade 

Retai l  Trade 

Finance, Insurance and 
Real Estate 

Services 

Full-Time 

15 

P a r  t-Time Seasonal 

0 

20 

4 

7 

Source: Arizona Office of Economic Planning and Development, 1977 

a ~ h e  figures on th i s  table  represent a l l  workers employed in the Wickenburg area 
regardless of the i r  p l ace  of residence. This would inc lude  region res idents  and 
in-cammuters but exclude out-commuters, 





Table 2,2-11, GEbTERAL LABOR FORCE INCOME CHARACTERISTICS, 1975 

T o t a l  Employed 
(percent) 

T o t a l  Unemployed 
(percent) 

Median Family Income 

Per  Capita Income 

Wi ckenburg Maricopa County Arizona 

Source: a ~ r i z o n a  O f f  ice of Economic Planning and Development, 1977 
Arizona Department of Economic S e c u r i t y ,  1977 

Type of Unit Number Percent of To ta l  

Single Family 

Multiple Family 

Mobile Bones 

T o t a l  

Source: Personal communication, Donald W. Hutton, Wickenburg P L a ~ n i n g  
Consulcant ,  Xovenber 1977 



Housing. A l a c k  of necessary i n f r a s t r u c t u r e  and an unresponsive f i n a n c i a l  

market has l imi t ed  housing cons t ruc t ion  i n  Wickenburg. Due t o  o v e r a l l  

i n f l a t i o n  and s p i r a l i n g  cons t ruc t ion ,  f inance  and land c o s t s ,  average 

home p r i c e s  i n  t h e  a r e a  have r i s e n  from $20,400 i n  1970 t o  over $35,000 

i n  1976, Moreover, c o s t s  have r i s e n  a t  a f a s t e r  r a t e  than average hsuse- 

hold income, reducing the  purchasing power of t h e  prospect ive  buyer (Maricopa 

Associat ion of Governments, 1977). The vacancy r a t e  i n  Wickenburg f o r  

conventional s i n g l e  family u n i t s  i s  l e s s  than  two percent ,  Vacancies i n  

o the r  types of housing f l u c t u a t e  widely during t h e  year a s  a r e s u l t  of t h e  

winter  and e a r l y  spr ing  i n f l u x  of temporary r e s iden t s .  Rents have in- 

creased i n  the  community due t o  demand, i n f l a t i o n ,  and increased c o s t s  

of niaintenance and u t i l i t i e s ,  

Table 2.2-12 shows the  housing ~ o i a p s s i t l o n  i n  Wickenburg, The sin-- 

g l e  family u n i t ,  s t i l l  favored i n  t h e  community, dominates t h e  housing 

market, However, i n  r ecen t  yea r s ,  t h e  community has witnessed a marked 

increase  i n  mobile homes and more development i s  expected. Current ly ,  

over ha l f  of Wickenburg's r e s i d e n t s  l i v e  i n  s i n g l e  family u n i t s ,  many 

of which a r e  loca ted  i n  the Sunnygrove and Pa lo  Verde West subdfvi- 

sions, approximately 35 percent  l i v e  i n  mobile homes concentrated 

i n  Westpark and Country Club mobile home parks,  and about 10 percent  

r e s i d e  i n  apartments ,  Several  s i z e a b l e  add i t ions  t o  the housing s tock  

a r e  i n  var ious  stages of planning, inc luding a proposed major subdivi-  

s ion  which w i l l  provide between 700 and 800 housing u n i t s , *  

*Personal communication, M r .  Edward Heller, Wickenburg Town Manager, 
January, 1978. 



Community Attitudes. In Wickenburg, canmunity attitudes are very tan- 

gible and apparent and may be used as a barometer of the direction in 

which the community is moving. Community image, size, and environmental 

quality are important i s s u e s  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 remained fairly stable through t h e  years. 

Its residents a r e  fairly cautious towards major growth, especially if it 

contributes to a decline in environmental quality and hence, in the com- 

munity's attractiveness as a popular retirement and tourist center. How- 

ever, as Wickenburg increases its reliance on tourism and seeks further 

diversification of its economic base through light industry3 a gradual 

change will occur in the community's s o c i a l  and cultural com~osition. 

New job opportunities will cause considerable in-migration and provide 

employment for a large segment of the population in the region. The new 

populat ion,  some of which would be typically young and blue-collar, is 

expected to have different values and lifestyles than the present pop- 

ulation and may influence the existing s o c i a l ,  cultural, and institutional 

structure. 

Public Facilities and Social Service. Vickenburg's water supp ly  comes 

from three w e l l s .  Water storage is provided by t w o  elevated tanks wi th  

a combined capacity of 900,000 gallons. The w z i t ~ r  system has a capacity 

t o  serve up t o  7000 people .  Several projects to increase the water system 

are i n  various stages of  p lann ing ,  including development of three a d d i t i o n a l  



w e l l s ,  c o n s t r u c t i o n  of a two m i l l i o n  g a l l o n  s to rage  r e s e r v o i r  and a d d i t i o n a l  

h igh  capac i ty  mains, and development of a new water  source and s t o r -  

a g e / d i s t r i b u t i o n  system capable of s e rv ing  14,000 people i n  sou theas t e rn  

Wickenburg and t h e  surrounding area .  Estimated c o s t s  f o r  t hese  p r o j e c t s  

a r e  $337,500 f o r  t h e  r e s e r v o i r ,  $84,240 f o r  we l l  development, $794,160 

f o r  main l i n e  cons t ruc t ion ,  and $265,475 f o r  t h e  a d d i t i o n a l  water system 

(Arizona Office of Economic Planning and Development, 1977).  

Wickenburg ope ra t e s  a 600,000 g a l l o n  per day (gpd) a c t i v a t e d  s ludge 

t reatment  p l an t  t h a t  can provide adequate s e r v i c e  f o r  6000 people. Bow- 

eve r ,  t h e  sewage p l a n t  i s  s u b j e c t  t o  f looding  from the Hassayampa River .  

The community b a s  proceeded with the c o n s t r u c t i o n  cf a new treataent f a c i l -  

i t y  a t  a higher s i t e  and expansion of t h e  wastewater c o l l e c t i o n  systern. 

The new p lan t  w i l l  be  capable of initially serving $000 people,  wi th  a 

f i n a l  des ign  c a p a c i t y  f o r  25,000 people. It i s  c u r r e n t l y  planned t o  have 

t h e  f a c i l i t i e s  i n  service by e a r l y  January 1980 (Arizona Of f i ce  of Economic 

Planning and Development, 1977) .  

Solid waste c o l l e c t i o n  services a r e  provided by the c~mmunity. S o l i d  

waste i s  hauled t o  a d i s p o s a l  s i t e  nea r  the Wickenburg a i r p o r t .  The s i t e  

i s  expected t o  reach f d . 1  capac i ty  i n  about 1981 under pro jec ted  usage 

r a t e s ,  Plans f o r  a d d i t i o n a l  l a n d f i l l  a r e a s  a r e  unce r t a in  a t  this time. 

Wickenburg r e c e i v e s  e l e c t r i c i t y  from t h e  Arizona Pub l i c  Serv ice  

Company ( A F S ) .  Natural  gas i s  also supplied by U S .  

The Community Hospi ta l  in Wickenburg has 35 beds  and a staff that 

inc ludes  fou r  medical d o c t ~ r s  and consu l t ing  s p e c i a l i s t s  from Phoenix, 



Other h e a l t h  s e r v i c e s  a r e  provided by the Wickenburg Medical Center ,  

t h e  Health Analysis Center ,  two c h i r o p r a c t i c  o f f i c e s ,  and the Meadows, 

an aicoholism t reatment  center. 

The Wickenburg P o l i c e  Department, Mfaricopa County Sher i f f ' s  

Department, and t h e  Arizona Department o f  Pub l i c  Service provide p o l i c e  

p r o t e c t i o n  t o  t h e  community. The Wickenburg Po l i ce  Department has a 

s t a f f  of n ine  t h a t  inc ludes  a chief,  a se rgean t ,  desk c l e r k ,  and s ix  

patrofnen. The department has four  p a t r o l  cars. The Maricopa County 

S h e r i f f ' s  Department s u b s t a t i o n  loca ted  i n  Wickenburg i s  staffed by a 

sergeant ,  11 depu t i e s ,  and a de tec t ive .  A 37lnember s h e r i f f ' s  posse 

has a l s o  been organized i n  t h e  Wickenburg a r e a  f o r  search and re scue  

operat ions.  The De?artment of Public Safe ty  has assigned e i g h t  o f f i -  

cers t o  p a t r o l  the Wickenburg arsa. 

F i r e  p r o t e c t i o n  i s  provided by t h e  Wickenburg Volunteer F i r e  De- 

partment. The c o m u n i t y ' s  2 3  vo lun tee r s  operate three pumpers wi th  a 

conbined capac i ty  of 2850 ga l lons  and 1000-gallon tanker  with a 750- 

g a l l o n  pump. The cornunity has a National  Board Class  6A insurance 

r a t i n g  * 

Wickenburg School D i s t r i c t  9 encompasses approx imate ly  700 square 

miles of northwestern Maricopa County and serves rnal2.y neighboring 

d i s t r i c t s ,  T a b l e  2.2-13 l i s t s  districts in t he  region that send a l l  o r  

pa r t  o f  their s tuden t s  t o  Wickenburg's school system. Educational facil- 

i t i e s  within the school  system are p r e s e n t l y  adequate (Table 2 .2 -14) .  



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

District 
All All or Part 

High School Elementary School 

Aguila District 65 
Champie District 14 
Congress District 17 
Morristown District 75 
Nadaburg District 81 
Peeples Valley District 55  
Rincon District 47 
Walnut Grove District 
Yarnell District 52 

Source: Personal communication, Mr. Samuel Ambrose, Superintendent of 
Wickenburg Unified Schools, 1977. 

Enrollment projections for the district are provided in Table 2.2-15. 

The estimates are based on projected population and age distribption 

in the Wickenburg area, and ass- that the population in the unincor- 

pcrated areas of the region will r e m i n  relatively stable. Sxpansion 

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

is expected to increase slightly over the next five years. 

Developed recreational facilities within Wickenburg include four 

parks, a playground, a picnic area, an athletic field, two tennis 

courts, a shooting range, a swimming 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 recrestional demands of the residents. Pres- 

cott National Forest provides a variety of recreational opportunities 

within a short distance of the community. Finally, Phoenix provides a 

wide range of recreational facilities within a reasonable distance 

from Wickenburg. 





Table 2.2-15. WICKENBURG SCBOOL DISTRICT 9 ENROLLMENT PROJECTIONS, 1979- 
1995 

School Grades Projected Enrollment 
1979 1980 1985 1990 1995 

MacLennan K-5 
Elementary 

Garcia 6-8 
Elementary 

Wi ckenburg 9-12 455 463 513 566 620 
High 

TOTAL 1060 1087 1249 1426 1602 

Source: Personal  Communication, Mr. Samuel Ambrose, Superintendent of 
Wickenburg Unified Schools, i978 

Table 2.2-16. TRAFFIC VOLUMES ON WICKENBURG HIGHWAYS 

Highway 

U. S. Highway 89 
( a t  k t .  60) 

U.S. Highway 60 
( a t  Jct. $ 9 )  

U. S. Highway 93 
(at Jct .  8 9 )  

Average Annual Daily T r a f f i c  

Length in 
Miles 1974 1975 1976 

Source: Arizona Department of Transpor ta t ion ,  1976 



Access t o  the  Wickenbilrg area  i s  provided by O.S. Highway 60 and 

89-93 (Figure 2.1-1). U.S. Highway 60 connects t h e  community with 

Phoenix t o  the southeast .  S i x  m i l e s  nor th  of Wickenburg, U.S. Righway 

89-93 divides and provides d i r e c t  access t o  Las Vegas, Nevada (U.S. 93) 

o r  Prescot t  and the Grand Canyon (U.S. 8 9 ) .  Construction of t h  Black 

Canyon Highway ( I n t e r s t a t e  17 south t o  Phoenix) and completion of t h e  

Brenda Cutoff ( I n t e r s t a t e  10 e a s t  of Phoenix) have considerably decreased 

t r a f f i c  i n  the Wickenburg area (Table 2.2-16). F a i l  t r anspor ta t ion  

( f r e i g h t  service only)  i s  provided by the Santa Fe Railroad. Regional 

bus service i s  provided by Greyhound Lines and Continental Trailways a s  

well  a s  two l o c a l  bus l ines .  Motor f r e i g h t  se rv ice  i s  provided by two 

i n t e r s t a t e  and two i n t r a s t a t e  lines. 

'ihe Wickenburg Municipal Airport, located  five miles w e s t  of town, 

provides p r iva te  a i r c r a f t  service and hangar space. The community has 

made initial plans t o  improve the a i r p o r t  f o r  commercial use. However, 

a t  present, commercial a i r  service  i s  provided solely by t h e  Phoenix Sky 

Harbor In te rna t iona l  Airport ,  

Financial  Resources. The grea tes t  source of revenues f o r  Arizona taxing 

ju r i sd ic t ions  are from loca l  property taxes and through t r a n s f e r s  from 

taxes col lec ted  by the s t a t e .  Large capital. expenditures are generally 

financed through bonded indebtedness based an assessed va lua t ion  and 

capitalized through the property tax o r  through in te rgovernmenta l  t rans fe r  

payments. Assessed valuation of rea l  and personal property (except mines, 

r a i l r o a d s ,  and some utilities) i s  f ixed by county assess~ent. Real prop- 

erty is assessed at 15 percent of cost .  



Arizona l e v i e s  a four  percent  s a l e s  tax .  I n  a d d i t i o n ,  incorpora ted  

communities l e v y  an a d d i t i o n a l  one percent  t a x  on r e t a i l  sales. Pub l i c  

f inance  d a t a  f o r  t h e  p o t e n t i a l l y  impacted t ax ing  j u r i s d i c t i o n s  i n  t h e  pro- 

j e c t  reg ion  a r e  provided i n  Table 2.2-17. 

Yarnel l  

Yarne l l  i s  loca ted  i n  Yavapai County on U.S. 89, approximately 80 

a i r  mi les  northwest of Phoenix and 37 a i r  m i l e s  southwest of P r e s c o t t ,  

The town i s  37 a i r  m i l e s  from t h e  Anderson property,  S i t u a t e d  h igh  i n  

t h e  Weaver Mountains, Yarne l l ' s  4782-foot e l e v a t i o n  provides an excel-  

l e n t  year-round cl imate.  The Yarne l l  a r e a  inc ludes  t h e  smal l  community 

of Peeples Valley loca ted  immediately n o r t h e a s t  of Yarnel l .  

Yarnel l  was founded i n  1893 a f t e r  go ld  was discovered i n  t h e  area. 
l 
"i 

Today, i t  i s  an uaincorporated r e t i r emen t  community of approximately lOOC 

people. The town's growth r a t e  between 1970 and 1977 was apprec iab ly  

slower than  t h a t  of Yavapai County. The town's most a t t r a c t i v e  a s s e t s  

f o r  growth have been i t s  p leasan t  c l ima te ,  i t s  n a t u r a l  surroundings,  and 

i t s  low c o s t  of l i v i n g .  I n  a d d i t i o n  t o  the town's new r o l e  as a r e t i r e -  

ment community, Yarnel l  s e rves  the many c a t t l e  ranches i n  the surrounding 

area .  

There a r e  3 motels  wi th  a t o t a l  of 30 u n i t s  and 3 smal l  t r a i l e r  

parks i n  Yarnel l .  Housing va lues  range from approximately $15,000 t o  

$35,000 due t o  t h e  large number of mobile homes favored by r e t i r e d  

people.  Housing a v a i l a b i l i t y  i s  es t imated  t o  average 25 u n i t s  a t  

any one time. 





Y a r n e l l ' s  munic ipa l  s e r v i c e  system i s  p r e s e n t l y  adequa te  t o  s e r v e  

a l a r g e r  popula t ion ,  Rugged t e r r a i n  i n  t h e  area h a s  g e n e r a l l y  p r o h i b i t e d  

l a r g e  scale housing development. However, s e v e r a l  s i z a b l e  developments 

are i n  the planning  s t a g e s ,  i nc lud ing  county approva l  f o r  c o n s t r u c t i o n  of  

100 s i n g l e  f ami ly  homes, t h e  purchase of two p a r c e l s  of l and  t o t a l i n g  about 

86 a c r e s  f o r  s i n g l e  f ami ly  hous ing ,  and zoning f o r  a 13-acre t r a i l e r  park  

development, 

Y a r n e l l  h a s  a sma l l  c m m e r c i a l  and s e r v i c e  s e c t o r  t h a t  s e r v e s  t h e  

community and t h e  immediate surrounding area. Cammercial businesses 

include three motels, two gas stations, two grocery stores, and a 

small assor tment  of c l o t h i n g  s t o r e s ,  c a f e s ,  and c u r i o  shops,  There 

is no large as mall indust ry  in the Yarnell area. 

The water system i n  t h i s  community i s  opera ted  by t h e  Ya rne l l  Water 

Improvement Assoc ia t ion ,  Expansion of t h e  system was r e c e n t l y  completed 

t o  a l low f o r  community growth. The main water source  i s  wells l o c a t e d  

i n  Peeples  Val ley.  The present produc t ion  and d i s t r i b u t i o n  capacity 

i s  936,000 gpd, which i s  c u r r e n t l y  limited t o  360,000 gpd by the t r a n s f e r  

pumps, Summer peak demand i s  e s t ima ted  a t  120,000 gpd, Water s t o r a g e  

is provided by a 500,000-gallon e l e v a t e d  s t o r a g e  tank .  

Sewage d i s p o s a l  i n  Yarnell is provided by s e p t i c  tanks.  APS 

provides  e l e c t r i c i t y  t o  t h e  town. There i s  no n a t u r a l  gas supp l i ed  

t o  the a r ea .  



There is  a shor tage  of medical s e r v i c e s  i n  Yarnell. The a r e a  

normally has only one physician. Major h e a l t h  c a r e  i s  a v a i l a b l e  i n  

Wickenburg and P r e s c o t t ,  both about h a l f  an hour ' s  d r i v e  from Yarnel l .  

Three county depu t i e s  reside i n  Yarnell, providing adequatr loca i  

law p ro tec t ion  f o r  t h e  community. Yarne l l  s t a f f s  a 10-member vo lun tee r  

f i r e  department. The town's Nat ional  Board insurance  rating i s  8. 

Yarnel l  School D i s t r i c t  52 ope ra t e s  an elementary school f o r  grades 

K-6. Present  enrol lment  i s  64, b u t  new classroom f a c i l i t e s  provide 

capac i ty  f o r  150 s tudents .  Junior and s e n i o r  h igh  school s t u d e n t s  are 

bused t o  Wickenburg. 

Developed r e c r e a t i o n a l  opportunities within the coamunity are 

l imi ted .  Recrea t ional  activities within close raoge of Yarnel l  are 

of fered  i n  P r e s c o t t  National  Forest. 

U.S. 89 provides intrastate and i n t e r s t a t e  t ruck  t r a n s p o r t a t i o n  to 

Yarnell .  Greyhound buses  serve the community. The nearest a i r p o r t  

i s  loca ted  i n  Wickenburg. 

Congress 

Congress is located a t  the junc t ion  of U.S. 89 and 71, approxi- 

mately 28 a i r  miles south-southeast  of t h e  Anderson properzy in Yavzpai 

County. The unincorporated csmmunity began as  a bus t l ing  mining camp 

of nearly 2500 people  i n  the  late 1880s. Today there i s  very  little 



a c t i v i t y  i n  t h e  o ld  mines surrounding Congress. The community present -  

l y  has a populat ion of about 500. More than 36 percent  of t h e s e  people 

a r e  r e t i r e d .  Local commerce c o n s i s t s  of t h r e e  gas  s t a t i o n s ,  t h r e e  

c a f e s ,  one motel ,  and a pos t  o f f i c e .  Other community s e r v i c e s  and 

employment a r e  provided p r imar i ly  by Wickenburg, 

Housing i n  Congress ranges from o l d e r  s i n g l e  fami ly  u n i t s  and 

s c a t t e r e d  mobile homes t o  modern, we l l  designed and cons t ruc ted  homes 

throughout t h e  main r e s i d e n t i a l  area. A l a c k  of demand and a v a i l a b l e  

f inancing  has i n h i b i t e d  housing development i n  t h e  c ~ u n i t y .  However, 

r ecen t  cons t ruc t ion  has occurred one mi l e  west of Congress i n  a devel- 

opment know as Paso 3el S o l ,  The major subd iv i s ion  has on-si te  provi-  

s i o n s  ( inc luding  water) f o r  a t  leas t  100 l a r g e  l o t s .  Home p r i c e s  s t a r t  

a t  $35,000* The development i s  about one quarter complete. 

The Congress Water Company r e c e n t l y  expanded t h e  town's water system. 

The company es t ima tes  t h a t  i t  has 200 hookups and i s  capable of supply- 

ing an a d d i t i o n a l  200 hookups. The water  system c o n s i s t s  of two w e l l s  

t h a t  produce l e s s  than 100,000 gpd. Peak usage i n  1976 was est imated a t  

30,000 gpd. Water s t o r a g e  capac i ty  i s  more than  adequate a t  450,000 

ga l lons ,  

Congress r e l i e s  on Wickenburg and Yarnel l  f o r  educat ional  f a c i l i -  

t i e s .  For t h i s  service,  Congress pays a t u i t i o n  fee of $1150 p l u s  $100 



f o r  c a p i t a l  o u t l a y  f o r  each elementary school  s t u d e n t  and $1550 p lus  

$100 for c a p i t a l  ou t l ay  for  each high school s tudent .* 

Law enforcement and f i r e  p r o t e c t i o n  i n  Congress are suppl ied  by 

Yavapai County and Wickenburg. 

The community has  no sewage treatment  system, r e l y i n g  s o l e l y  on 

s e p t i c  tanks. Electric and gas service i n  Congress is provided by APS. 

*Personal communication, Mr. Samuel h b r o s e ,  Superintendent of Xickenburg 
Uni f ied  Schools ,  1978, 



2 . 3  CZLTLJRAL RESOURCES 

BISTORY AND ARCHAEOLOGY 

There  a r e  no h i s t o r i c a l  o r  a rchaeologica l  s i t e s  in the vicinity 

of t h e  Anderson proper ty  t h a t  are included i n  o r  c u r r e n t l y  being con- 

s ide red  f o r  i n c l u s i o n  i n  t h e  Nat ional  Reg i s t e r  - of H i s t o r i c  Places.  

This  s tatement  i s  based on a review of t h e  r e g i s t e r  and correspondence 

wi th  t h e  Arizona S t a t e  H i s t o r i c  P rese rva t ion  Of f i ce r  (Appendix A ) .  

Few h i s t o r i c a l  o r  a rchaeo log ica l  field s t u d i e s  have been conducted 

i n  t h e  v i c i n i t y  of t h e  proper ty ,  The e a r l i e s t  known a rchaeo log ica l  

survey done i n  t he  region was conducted by Malcom Rogers i n  t h e  1930s 

(Powers et a L ,  1978). Rogers is said to have recorded sites along the 

Bill Williams River t o  t h e  west of the  p rope r ty ,  The Arizona S t a t e  

Museum i s  c u r r e n t l y  excavat ing s i x  archaeologica l  s i tes l o c a t e d  during 

a survey of t h e  Bagdad t o  Wikieup p i p e l i n e  c o r r i d o r  t h a t  runs t o  t h e  

east of t h e  property.  Personnel  from Arizona S t a t e  Univers i ty  are 

conducting surveys of t h e  c u l t u r a l  resources  in t h e  v i c i n i t y  of Alamo 

Reservoir, l oca ted  on the Santa Maria River about e i g h t  miles down- 

s t ream from t h e  Anderson property.  

I n  o rde r  t o  de t e rn ine  the extent of t h e  c u l t u r a l  resources on the 

proper ty ,  M I N E W S  contracted the  Musem of Northern Arizona t o  conduct  

a h i s t o r i c a l  and archaeologica l  survey of t h e  area .  T h i s  survey 

covered approximately 9500 acres i n  po r t ions  of T I I N ,  RlOW and T l l N ,  



R9W and included a l l  of t h e  land t o  be d i s tu rbed  by t h e  proposed 

mining and m i l l i n g  a c t i v i t i e s  (F igure  2.3-1). 

Approximately 15.5 percent  of t h e  9500 a c r e s  was surveyed. This 

survey included 12 randomly loca ted  t r a n s e c t s  gene ra l ly  one mi l e  long 

by 1OOlileters (approximately 328 f e e t )  wide and examination of s p e c i f i c  

a r e a s  t h a t  could p o t e n t i a l l y  con ta in  c u l t u r a l  s i t e s .  Cu l tu ra l  s i t e s  

were def ined  according t o  t h e  fol lowing c r i t e r i a :  

o any s t r u c t u r a l  remains 

o any a r t i f a c t  s c a t t e r  of 10  o r  more i tems per  10 square meters 
(108 square  f e e t )  

any h i s t o r i c  m a t e r i a l  pre-dating 1950; t h e  s i t e  had t o  inc lude  
e i t h e r  s t r u c t u r a l  remains o r  more than  10 h i s t o r i c  a r t i -  
facts p e r  10 squa re  meters (Powers et al., 1978) .  

One h i s t o r i c  (KAi5 , ! 66 )  and 13  p r e h i s t o r i c  sites were identified 

dur ing  t h e  survey. The h i s t o r i c  s i t e  and e i g h t  of t h e  p r e h i s t o r i c  s i tes 

a r e  loca ted  on t h e  property.  The remaining f i v e  s i t e s  a r e  loca ted  wi th in  

two miles of t h e  right-of-way f o r  the proposed access  road. Table  2.3-1 i s  

a  l i s t  of t h e  types  of a r t i f a c t s  found a t  each si te.  The l i k e l y  a c t i v i t i e s  

t h a t  took p lace  a t  t h e  p r e h i s t o r i c  s i t e s  are l i s t e d  i n  Table 2.3-2. 

The s i n g l e  h i s t o r i c  s i t e  i s  loca ted  on t h e  banks of an i n t e r m i t t e n t  

stream i n  t h e  south  ha l f  of S e c t i o n  9 ,  T U N ,  R10W. This s i t e  c o n s i s t s  of 

a 50-gallon drum, a 1000-gallon water tank,  a  wash tub ,  some cut  logs ,  and 

bleached s tock  bones. It i s  be l ieved  t o  have been a c a t t l e  water ing s t a t i o n ,  

poss ib ly  da t ing  from t h e  1920s  (Powers  e t  a l . ,  1978) .  
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Figure 2.3 -1. ARCHAEOLOGICAL SURVEY AREA 



T a b l e  2.3-1. TYPES OF ARTIFACTS FOUND ON AND IN THE VICINITY 
OF THE ANDERSON PROPERTY 
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T a b l e  2.3-2. PROBABLE ACTIVITIES THAT TOOK PLACE AT ARCHAEOLOGICAL 
SITES 

Clus te r  2 

*No c o l l e c t i o n s  were made a t  t h i s  s i t e  and on ly  a  few a r t i f a c t s  
were p resen t  a t  t h e  su r face .  There i s  a p o t e n t i a l  t h a t  o t h e r  
a c t i v i t i e s  may have taken p lace  t h e r e .  I 

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 approx- 

imately 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, Donald E, Weaver, Jr,, Coordinator of Archaeological Research, 

Museum of Northern Arizona. 

One group of prehistoric sites appears to represent a plant pro- 

curement area. This hypathesis I s  based on the presence of many util- 

ized flakes and the absence of other nore finished iinplements, 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 w s s  carried out at the 

second group of sites, this area appears to have been used primarily 

for the collection and reduction of Xithic 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 t h i r d  group of s i t e s  is  loca ted  t o  t h e  sou theas t  of t h e  Ander- 

son property.  The a c t i v i t i e s  t h a t  appear t o  have taken p lace  a t  t h e s e  

s i tes  were involved pr imar i ly  wi th  t h e  secondary processing of m a t e r i a l s  

(both food and l i t h i c  m a t e r i a l )  brought i n  from o t h e r  a reas .  The pre- 

sence  of p o t t e r y  a t  some of t h e  s i t e s  and a r o c k s h e l t e r  ( s i t e  NAl5,176) 

i n d i c a t e s  t h a t  t h i s  group w a s  used on a more permanent b a s i s  than  t h e  

o t h e r  two. S i t e  NAT5,176 has  been extens ive ly  vandal ized.  

S i t e  NA15,179 i s  a rockshe l t e r .  A r t i f a c t s  found a t  t h i s  s i t e  

i n d i c a t e  t h a t  i t  was used f o r  animal processing,  This r o c k s h e l t e r  has 

been a f f e c t e d  by only a few smal l  vandal p i t s  and i s  i n  r e l a t i v e l y  p r i s t i n e  

condition, 

The archaeologica l  s i t e s  on t h e  Anderson p rope r ty  and i n  ad jacent  

a reas  a r e  s i g n i f i c a n t  because they  appear t o  represent  a wide v a r i e t y  of 

d i f f e r e n t  subs i s t ence  and manufacturing a c t i v i t i e s .  These s i t e s  con- - 

s t i t u t e  evidence of t h e  ways i n  which p r e h i s t o r i c  people adapted t o  the  

Nohave-Sonoran Desert ecotone. The two rockshe l t e r  si tes a r e  p a r t i c u l a r l y  

important i n  t h i s  r e spec t ,  They not  only o f f e r  t h e  oppor tuni ty  t o  re- 

cover specimens of plant and animal species used by p r e h i s t o r i c  inhab- 

i t a n t s  but a l s o  provide a source  of radiocarbon samples t h a t  can be  

used t o  d a t e  t h e  period of occupat ion of the area ,  S i t e  NA15,176 o f f e r s  

t h e  p o t e n t i a l  f o r  da t ing  s e v e r a l  of the ceramic types found i n  t h e  a r e a  

that are poorly understood a t  t h e  present  time. 



PALEONTOLOGY 

MINERALS cont rac ted  t h e  Musuem of Northern Arizona t o  conduct a 

pa leonto logica l  survey of 11,840 ac res  t h a t  included t h e  Anderson pro- 

per ty ,  A t o t a l  of 11 f o s s i l  l o c a t i o n s  were i d e n t i f i e d  during this 

survey (Figure  2.3-2 and Table 2,3-3) . 
The l a c u s t r i n e  and f l u v i a l  sediments t h a t  outcrop on t h e  property 

genera l ly  conta in  few f o s s i l s ;  however, some horizons conta in  numerous 

palm and water  reed fragments (Breed and B i l l i n g s l e y ,  1977). Palm root  

impressions a r e  a l s o  common throughout t h e  area. S i l i c i f i e d  palm fragments 

should have been more abundant than  what w a s  observed during t h e  survey. 

The l ack  of these  f o s s i l s  is due p r i n a r f l y  t o  a thorough e x m i n a t i o n  

of the surf ace area by m a t e u r  rock hounds over t he  p a s t  s e v e r a l  years. 

Very f e w  v e r t e b r a t e  f o s s i l s  were found during the survey, I s o l a t e d  

specimens may have been removed by rock haunds, but  t h e s e  f o s s i l s  were 

probably never abundant on the property.  F o s s i l  f i s h  remains were 

found a t  s i t e s  3 and 10 (Figure  2.3-2). These specimens a r e  very 

poorly preserved and fragile. The f i s h  spec ies  has been t e n t a t i v e l y  

i d e n t i f i e d  i n  the Family Cyprinidae (western minnow) by D r .  E. Wiley 

of the Universi ty of Kansas; t h e  genus and species are not known. The 

age of these  fossils ranges fron Eocene t o  Recent, closer da t ing  cannot 

be made due t o  their  poor condit ion.  One t o o t h  fragment of a rhinoceros 

( D i c e r a t h e r i m  sp. )  was found in a t a lu s  s l o p s  near outcrops of white 

calcareous sandstone (site 9 ) .  The distal end of a l e f t  hunerus from a 





Table  2.3-3. PALEONTOLOGICAL SITES ON THE ANDERSON PROPERTY 

S i t e  No. S i t e  Desc r ip t ion  F o s s i l  Desc r ip t ion  

D r a w  on e a s t  side of road Qater reeds 
i n  white s i l i c e o u s  and ~ 3 1 -  
careous f ine-grained s i l t s t o n e  

I n  s i l i c a  i n  abandoned mine P e t r i f i e d  palm and 
occas ional  r o o t s  

Paper  t h i n  beds of ca lcareous  F i s h  and worn burrows 
s h a l e ,  70-80 yards  NE of over- 
hang 

Grey marl i n  wash Po l l en  

White bed of s i l i c e o u s  and Rhinocerous jaw bone 
ca lcareous  shale and s i l t s t o n e  found by A. P. Deutsch, 
between green mudstone layers camel humerus and 

gastropods 

Thin bed of s i l iceous,  lhrestone S i l i c i f i e d  gastropods 
in steep g u l l y  and pelecypods 

Anderson Mine excavations Palm bark con ta in ing  
c a r n o t i t e  

I n  s i l i c a  i n e a s t e r n  s e c t i o n  Weathered p a l m r o o t s  
of Anderson mine p i t  

Near t o p  of s t e e p  talus s lope  Rhinocerous tooth 
fragments 

Paper t h i n  beds of calcareous Fish 
s h a l e  

Pink layers of calcareous Water reeds  
s i l tsf  one 

Source: Breed and Billingsley, 1977 



camel (Oxydactylus sp.) w a s  found i n  a cemented f ine-grained l a y e r  of 

green  ca lcerous  mudstone ( s i t e  5). These mammalian f o s s i l s  a r e  approx- 

imately 15 t o  20 m i l l i o n  years  o ld  (Breed and B i l l i n g s l e y ,  1977).  

Other known f i n d s  of v e r t e b r a t e  remains i n  t h e  a r e a  are a rhinocerous 

f o s s i l  discovered by A. P. Deutsch i n  t h e  l a t e  1950s and a few bone 

fragments found by M r .  Charles Smith i n  1972. 

Numerous small  i n t e r n a l  molds of aminocolid gastropod and pelecypod 

s h e l l s ,  completely replaced wi th  s i l ica ,  were present  i n  s i l i c e o u s  

limestone. These f o s s i l s  have been t e n t a t i v e l y  i d e n t i f i e d  a s  Physa sp.,  

P lanorbis  sp., and Campeloma sp. by D r .  Dale  Nations of Northern Arizona 

Vnivers i ty*  

A sample of calcareous s i l t s t o n e  was c o l l e c t e d  f o r  po l l en  a n a l y s i s  

( s i t e  11). D r .  Hevly of Northern Arizona Univers i ty  found 22 po l l en  

g r a i n s  and s e v e r a l  a l g a l  r e l i c s  (fragments ,  c y s t s ,  and spores)  i n  t h i s  

sample. 

AESTHETICS 

Like  most of t h e  d e s e r t  i n  southwestern Arizona, landforms c o n s t i t u t e  

by f a r  the most dominant v i s u a l  element i n  t h e  landscapes on t h e  Anderson 

property.  Since vege ta t ion  i s  q u i t e  spa r se ,  t h e  p a t t e r n s  c r e a t e d  by 

eros ion  a r e  not  masked. The d e t a i l s  of even minor dra inages  o r  rock 

outcrops can be seen a t  a d is tance .  



As can be seen  i n  F igure  2 . 4 - 2 ,  t h e  Anderson proper ty  is  l o c a t e d  

i n  rugged t e r r a i n .  Erosion has c rea t ed  a wide v a r i e t y  of s t r o n g l y  angu- 

lar forms t h a t  tend t o  hold viewer a t t e n t i o n ,  While t h e  maximum r e l i e f  

on t h e  proper ty  is only  about 700 feet, s lopes  are genera l ly  quite 

s t eep ,  approaching nea r -ve r t i ca l  w a l l s  along many reaches of t h e  Santa 

Maria River. These s lopes  a r e  cu t  by numerous, o f t e n  r e l a t i v e l y  

s t r a i g h t ,  e ros ion  channels t h a t  v i s u a l l y  accentua te  t h e i r  s teepness .  

The channel of t h e  Santa Maria River c o n t r a s t s  s t rong ly  with t h e  

surrounding mountains. Visua l ly ,  t h i s  channel c r e a t e s  a  f l a t ,  smooth 

"ribbonrq c u t t i n g  through areas of h igh ly  i r r e g u l a r  topography. This  

v i s u a l  e f f e c t  i s  increased  by t h e  c o n t r a s t  between t h e  l i g h t - c o l o r e d .  

a l l u v i a l  sediments and bordering green veg2tation of the channel and 

t h e  darker  grays,  browns, and reds of the surrounding land. 

Except i n  foreground views (0 t o  0.5 mi l e ) ,  t h e  vege ta t ion  i n  t he  

area adds l i t t l e  c o l o r  o r  form t o  t h e  landscapes. However, much of t h e  

vege ta t ion ,  p a r t i c u l a r l y  t h e  saguaro cac tus  and Joshua trees, a r e  

l a r g e  enough t o  provide  a gra iny  texture t o  most middleground (0.5 t o  

three n i l e s )  and some background (beyond three m i l e s )  views. 



2.4 GEOLOGY 

REGIONAL CHARACTERISTICS 

Physiography and Topography 

The Anderson proper ty  i s  loca ted  i n  t h e  Sonoran Desert  s e c t i o n  of  the 

Basin and Range Province (Fenneman, 1931). Although i t s  boundaries  can- 

no t  be s p e c i f i c a l l y  def ined ,  t h e  Basin and Range Province i s  g e n e r a l l y  

considered t o  cover t h e  e n t i r e  state of Nevada, north- and sou theas t e rn  

Ca l i fo rn ia ,  sou theas t e rn  Oregon, southern  Idaho, western Utah, and 

northwestern Arizona, a s  w e l l  a s  p a r t s  of no r the rn  Mexico. The province 

i s  cha rac te r i zed  by s e t s  of roughly p a r a l l e l  mountain ranges separa ted  

by d e s e r t  bas ins  that a r e  f r equen t ly  i n t e r n a l l y  dra ined ,  This charac ter -  

istic s t r u c t u r e  was fomed by h o r s t  and graben block Eaul t iog .  

Mountain ranges i n  t h e  Sonora Desert region a r e  lower (seldom 

r i s i n g  more than 4000 feet above mean sea  level  [msl ] )  and perhaps o l d e r  

than t h e  mountains i n  the c e n t r a l  po r t ion  of t h e  Basin and Range Province, 

In add i t ion ,  many of t h e  bas ins  i n  t h i s  d e s e r t  a r e  not  i n t e r n a l l y  drained.  

Mountain ranges i n  t h e  Sonoran Desert  t rend  roughly i n  a north-northwest 

t o  south-southeast d i r e c t i o n  and a r e  gene ra l ly  q u i t e  s jmmetrical .  In- 

d iv idua l  summits a r e  normally of about  equal  he igh t  and they are lat- 

erally e q u i d i s t a n t  from their v a l l e y  margins (Dunbier,  1 9 7 0 ) .  The 

mountains cover approximately one - f i f th  of t h e  l a n d ,  while mountain 

pediments -- broad rock platforms t h a t  surround and form the base ~f 

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



The Anderson proper ty  l ies along t h e  nor theas t  margin of t h e  

Date Creek Basin, a small  s t r u c t u r a l  bas in  bordered t o  t h e  nor th  and 

e a s t  by t h e  Black Mountains, t o  t h e  south by t h e  Harcuvar Mountains, 

and to t h e  west by t h e  Buckskin Mountains (Figure  2.4-1). These 

mountains r ise 3000 t o  4000 f e e t  above s e a  l e v e l  and a r e  bordered 

by broad, al luvium-fi l led v a l l e y s ,  Three dra inages  c ross  t h e  bas in :  

t h e  Santa Maria River,  Date Creek, and Bul lard  Wash. The genera l  

g rad ien t  of t h e s e  drainages i s  t o  t h e  west and northwest ,  

A l l  of t h e  drainages on t h e  Anderson proper ty  grade t o  t h e  nor th  

and northwest i n t o  t h e  Santa Maria River (Figure  2.4-2). The e ros ion  

of these t r i b u t a r i e s  southward into the Date Cr2ek Basin s u r f a c e  has 

r e s u l t e d  i n  a s e r i e s  of s u b p a r a l l e l  g u l l i e s  and r idges  t rending nor th  

and northwest,  frequently controlled by northwest-to-southeast o r i en ted  

f a u l t i n g .  Maximum topographic r e l i e f  on t h e  property i s  about 700 f e e t .  

General Geology 

Precambrian igneous and metamorphic rocks and t h i c k  sec t ions  

of T e r t i a r y  volcanic  rocks and interbedded sediments a r e  c h a r a c t e r i s t i c  

of t h e  s t r a t i g r a p h y  of t h e  Sonoran Desert ,  This appears t o  be due 

t o  continued u p l i f t  i n  t h i s  po r t ion  s f  t h e  Basin and Mange Province, 

which has resulted i n  e ros ion  of Paleozoic and Mesozoic rocks (al though 

a f e w  isolated outcrops do occur) .  Igneous i n t r u s i o n s  a r e  more common 

i n  t h e  Sonoran Desert than i n  o the r  por t ions  of t h e  province because 





eros ion  has extended more deep ly  i n t o  t h e  s t r a t i g r a p h i c  succession and 

t h e  region i s  i n  a more advanced s t a g e  of arid-land pedimentation. 

Masses of igneous rock were again in t ruded i n t o  t h e  e x i s t i n g  

rocks during repeated a c t i v i t y  i n  t h e  l a t e  Cretaceous. Some volcanic  

a c t i v i t y  a l s o  occurred a t  t h a t  time. From t h e  la te  Cretaceous, and 

p a r t i c u l a r l y  i n  t h e  T e r t i a r y ,  depos i t ion  was renewed with t e r r e s t r i a l  

and then l a c u s t r i n e  sediments, 

rocks. Since the cessa t ion  of 

t h e  region has been undergoing 

as wel l  as t h e  i n t r u s i o n  of volcanic  

volcanic a c t i v i t y  i n  t h e  Quaternary, 

a new cycle  of e ros ion  on t h e  mesas and 

mountains, with depos i t ion  of sands and g rave l s  i n  t h e  va l l eys .  

Tectcnic History 

In  the e a r l y  Precambrian era, a broad northeast- t rending geosyncline 

extended ac ross  much of c e n t r a l  Arizona. A t  t h e  end of t h i s  t ime,  

compression and u p l i f t  during t h e  Mazatzal Orogeny created roughly 

northeast- t rending mountain ranges i n  t h i s  region. Accompanying t h i s  

crogeny was extens ive  volcanism and t h e  implacement of many g r a n i t i c  

p iu tonic  bodies. 

Xrosion g r e a t l y  reduced these mountains during middle  Precambrian 

time. However, c e n t r a l  Arizona remained an a r e a  of u p l i f t  throughout 

rhe remainder of t h e  Precambrian and during most of t h e  Pa l eozo ic  and 

Mesozoic eras. A t  the  end of the Precambrian the Grand Canyon Dis- 

turbance r e s u l t e d  i n  deformation and intrusion of d iabase  t o  t h e  north- 

west and southwest of cen t ra l  Arizona. 



During t h e  Pa leozoic  e r a  t h e  a r e a  of u p l i f t ,  c a l l e d  Mazatzal Land, 

remained r e l a t i v e l y  s t a b l e .  A t  t h e  same time, t h e  C o r d i l l e r a n  Geo- 

s y n c l i n e  t o  t h e  northwest and t h e  Sonoran Geosyncline t o  t h e  southeas t  

of Eaza tza l  Land downwarped and were t h e  sites of t h e  depos i t ion  of 

thousands of f e e t  of Pa leozoic  sediments. Deposition i n  t h e s e  geo- 

sync l ines  continued i n t o  t h e  Mesozoic. 

From t h e  Mesozoic i n t o  t h e  Cenozoic era t h e  r e l a t i v e  movement of 

the North American P l a t e  westward o r  northwestward inc reased  t h e  con- 

p r e s s i o n a l  f o r c e s  on t h e  wes tern  p o r t i o n  of t h e  cont inent .  A t rench  o r  

subduct ion zone formed along the North American Plate  margin, and the 

m a l l  p l a t e  o r  plates between i t  and the P a c i f i c  P l a t e  were subdvcted. 

This activity i n i t i a t e d  a series of orogenies  that generally progressed 

eastward, deforming the  C o r d i l l e r a n  Geosyncline and a l s o  a f f e c t i n g  t h e  

Sonoran Geosyncline. Although p a r t s  of t h i s  genera l  a c t i v i t y  have 

been given s e p a r a t e  names, many researchers  now apply t h e  name Laramide 

Orogeny t o  t h e  e n t i r e  s e r i e s  of def onnat ions.  

I n  t h e  middle of t h e  Cenozoic (La te  Oligocene),  the nor the rn  

po r t ion  of t h e  Eas t  P a c i f i c  R i se  was e i t h e r  subducted i n t o  the  C a l i -  

f o r n i a  t rench  system o r  passed eastward under t h e  North American P l a t e .  

As a r e s u l t ,  the trench system ceased and transform movement between 

t h e  North American and P a c i f i c  p l a t e s  was i n i t i a t e d ,  r e l e a s i n g  eompres- 

sion f o r c e s  and c r e a t i n g  t e n s i o n a l  fo rces .  With the t ransform movement 

and r e l a t e d  t ens iona l  f o r c e s ,  western North America i s  l i t e r a l l y  being 



pul led  apa r t .  The Basin and Range block f a u l t i n g  i s  t h e  r e s u l t  of 

t h i s  t ens ion  s t r e t c h i n g  of t h e  e a r t h ' s  c r u s t .  Commonly a s s o c i a t e d  with 

t h e  t ransform movement i s  b a s a l t i c  vo lcan ic  occurrences,  possibly 

derived from ocean bas in  sources subducted beneath the continental 

p la t e .  

Although i t  i s  not  proven, i t  gene ra l ly  appears that t h e  southwest 

Arizona po r t ion  of the Basin and Range Province i s  a marginal wrench 

zone between t h e  r e s t  of t h e  Basin and Range Province to t h e  no r th ,  

t h e  Colorado P la t eau  t o  t h e  e a s t  and n o r t h e a s t ,  t h e  S a l t o n  Sea R i f t  t o  

t h e  w e s t ,  and t h e  S i e r r a  Madre i n  Mexico t o  t h e  south,  The Sonoran 

Desert i s  act ing as a pivotal po in t  between the movement of plates to 

 he north,  south, and west .  

LOCAL GEOLOGY 

General 

T h e  geology of t h e  area i n  the v i c i n i t y  of the Anderson p r o p e r t y  i s  rela- 

t i v e l y  complex and f u r t h e r  complicated by numerous northwest-to-southeast- 

trending s t r u c t u r a l  f e a t u r e s  gene ra l ly  downfaulted t o  the southwest.  

No detailed regional geologic map i s  a v a i l a b l e  f o r  t h e  area; however, 

t h e  geo log ica l  u n i t s  exposed on the proper ty  are all Cenozoic i n  age, 

r e s t i n g  on J u r a s s i c  g ran i t e s .  Precambrian rocks outcrop n o r t h  of 

the property.  

Sediments d i p  an average of about 7' to t he  south on the Anderson 

proper ty .  S i n c e  the  land surface rises t o  the  south ,  t h e  d e p t h  t o  a 



given s t r a t i g r a p h i c  u n i t  becomes p rogres s ive ly  g r e a t e r  i n  a sou the r ly  

d i r e c t i o n  (Figure  2.4-3). Erosion of t h e  over ly ing  conglomerate and 

b a s a l t  has exposed t h e  minera l ized  u n i t s  t o  be mined a t  t h e  land s u r f a c e  

on a por t ion  sf  the  property.  Uranium minera l i za t ion  occurs  a t  depths  

g r e a t e r  than 1000 f e e t  below t h e  land s u r f a c e  t o  t h e  south  of t h e  

Anderson proper ty .  

Local S t r a t ig raphy  

Nine informal  s t r a t i g r a p h i c  u n i t s  have been i d e n t i f i e d  by Minerals 

Explorat ion Company on t h e  Anderson property.  From youngest t o  o l d e s t ,  

they  a re :  a l luvium, upper conglomerate, b a s a l t i c  vo lcan ic  flows and 

d ikes ,  lower conglmnsrate, Lacus t r ine  sediments, a n d e s i t i c  vo lcan ic  

flows, f e l s i c  t o  in termedia te  vo lcan ic  e l a s t i c  sediments,  f e l s i c  t o  

in te rmedia te  (extremely v a r i e d  composition) i n t r u s i o n s  and flows, and 

c r y s t a l l i n e  i n t r u s i v e  rocks. 

Alluvium (Quaternary) (Qal).* Unconsolidated sands and g rave l s  are 

present  i n  most of t h e  s tream courses  on t h e  Anderson property.  A t  l e a s t  

one o lder  a l luvia l  t e r r a c e  i s  present  i n  t h e  no r theas t  po r t ion  of the 

a rea  and remnants of s e v e r a l  o l d e r  a l lu-v ia l  d e p o s i t s  a r e  present  along 

some of t h e  deeper drainages.  Most of t hese  o l d e r  d e p o s i t s  have well- 

developed ealiche zones within them. Recent a l l u v i a l  d e p o s i t s  along t h e  

Santa Maria River con ta in  groundwater and are d iscussed  i n  d e t a i l  i n  

Sec t ion  2.6. 

*The symbols given a f t e r  each heading refer t o  the mapping symbols 
on Figure 2.4-3. 



Upper Conglomerate (Quaternary T e r t i a r y )  (Qcgl). The ilpper conglomerate 

unconformably o v e r l i e s  e i t h e r  t h e  b a s a l t i c  vo lcan ic s  o r  t h e  lower conglom- 

e r a t e *  This  u n i t  i s  composed of cobbles  and boulders  of f e l s i c  and mafic 

vo lcan ic s ,  basalt, g r a n i t e ,  and metamorphics i n  a matr ix  of medium-to 

coarse-grained a rkos i c  sandstone. The presence of b a s a l t i c  boulders  d i f -  

f e r e n t i a t e s  i t  from t h e  lower conglomerate* The u n i t  i s  weakly t o  moderately 

indura ted  and i s  l o c a l l y  wel l  cemented by c a l c i t e .  I n  the  v i c i n i t y  of 

t h e  proposed mine, this formation i s  g e n e r a l l y  above t h e  water table. 

B a s a l t i c  Volcanics (Miocene) (Tmb). B a s a l t i c  vo lcan ic  flows unconformably 

o v e r l i e  t h e  lower conglomerate, forming e r o s i o n a l l y  r e s i s t a n t  caps on 

many of t h e  mesas and eroding c l i f f s  i n  t h e  a rea .  Ljung e t  a l .  (1976) 

desc r ibe  t h e  b a s a l t  as "black f iae-grained t o  a p h a n i t i c ,  con ta in ing  

c a l c i t e - f i l l e d  mygdules ,  and commoa.?,y jointed paral le l  to the f l o w  

surface."  The b a s a l t  a t t a i n s  a maximum th ickness  of 128 fee t  southeas t  

of F l a t  Top Mesa and t h i n s  t o  t h e  e a s t .  A t  l e a s t  two flows a r e  present 

i n  the  western po r t ion  of the property.  To t h e  no r theas t  of F l a t  Top 

Mesa (NE 1 / 4  Sec. 10,  T l l N ,  RlOW) s e v e r a l  d ikes ,  poss ib ly  basaltic, have 

been noted, These d ikes  c u t  t h e  f e l s i c  t o  in te rmedia te  and andesitic 

volcanics ;  however, no d i r e c t  pipe has  been observed t o  t h e  b a s a l t i c  

flows from these d ikes ,  Pierce* r e p o r t s  that a sample of basalt taken 

a t  t h e  Anderson Mine i n  t h e  southeas t  1 / 4  of Section 10, TL1M, U O W ,  

w a s  da ted  (Potassium Argon Hethod) a t  13 t o  14 million years o l d ,  o r  

Miocene in age. Basalt t o  the west of t h e  p r o p e r t y  at Palmerita Ranch 

*W. Pierce ,  Arizona Bureau of Mines, personal  communicatio~, 1977. 
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has r ecen t ly  been dated a t  11 m i l l i o n  years  o ld ,  and samples from 

Malpais Mesa, no r theas t  of t h e  property,  a r e  8 t o  9 m i l l i o n  years  old.* 

Lower Conglomerate (Miocene) (Tmc). A t a n  t o  brown s i l t s t o n e  i s  usua l ly  

p resen t  immediately above t h e  l a c u s t r i n e  sediments. This s i l t s t o n e  

grades upward i n t o  a rkos ic  sandstones and then  i n t o  t h e  conglomerate. 

The u n i t  i s  composed p r imar i ly  of a rkos ic  sands and g r a n i t i c  and meta- 

morphic c l a s t s .  Minor amounts of r h y o l i t i c  and a n d e s i t i c  vo lcan ic  mater- 

i a l s  a r e  present  throughout t h e  u n i t .  The sandstone and conglomerate 

may be e i t h e r  l o c a l l y  we l l  cemented by c a l c i t e  o r  r e l a t i v e l y  unindurated. 

To t h e  southwest,  where t h e  lake beds i n t e r f i n g e r  with sandstones,  t h e  

lower conglomerate i s  ind i s t ingu i shab le  from t h e s e  sandstones, This 

conglomerate u n i t  conta ins  groundwater which may be  present  i n  s u f f i c i e n t  

quant i t i es  t o  provi.de a source of water-  

Lacus t r ine  Sediments (Miocene) ( T m l ) ,  The l a c u s t r i n e  sediments unconform- 

ably  o v e r l i e  t h e  a n d e s i t i c  volcanics  over most of t h e  Anderson property.  

However, e a s t  of t h e  cen te r  of t h e  property they o v e r l i e  t h e  vo lcan i -c l a s t i c  

sediments and f a r t h e r  t o  t h e  e a s t  they onlap the f e l s i c  t o  in termedia te  

volcanics.  The f e l s i c  t o  i n t e m e d i a t e  volcanics  or  t h e  tuffaceous 

p a r t  of t h e  vo lcan i -c l a s t i c  sediments were encountered imnediately below 

t h e  l a c u s t r i n e  sediments i n  one d r i l l  hole  i n  t h e  southeas t  1 / 4  of Sect ion  

10, T I I N ,  RIOW. 

*W. Pie rce ,  Arizona Bureau of Mines, personal  communication, 1977. 



Evidence now suggests  t h a t  depos i t ion  of t h e  l a c u s t r i n e  sediments 

occurred i n  a r e s t r i c t e d  basin. These sediments probably r ep resen t  

t ime-transgressive f a c i e s  deposi ted wi th in  a narrow, probably shallow, 

bas ina l  f e a t u r e ,  This  type  of depos i t iona l  environmefit: e x h l 3 i . t ~  corn- 

plex r a t ionsh ips  between ind iv idua l  f a c i e s ,  such a s  l ens ing  out ,  

v e r t i c a l  and hor i zon ta l  gradat ion ,  and i n t e r f i n g e r i n g .  Ljung e t  al.  

(1976) s impl i f i ed  t h e s e  complexit ies  by d iv id ing  t h e  lake-bed sequence 

i n t o  four  subunits :  (1 )  a basa l  coa r se  c l a s t i e  u n i t ;  ( 2 )  a mudstone- 

s i l t s t o n e  u n i t  conta in ing  i n t e r r e l a t e d  carbonaceous zones; ( 3 )  a succes- 

s i o n  of interbedded l imestones,  s i l i c i f i e d  l imestones,  c h e r t s ,  mud- 

s tones ,  and s i l t s t o n e s ;  and ( 4 )  a t h i n ,  f i s s i l e ,  f o s s i l i f e r o u s  marker 

bed t h a t  has been designated the top  of t h e  lacustz ine u n i t .  

The lake sediments inc lude  green s i lCs tones  and mudstones, white 

calcareous s i l t s t o n e s ,  and s i l t y  l imestone o r  calcareous tuffaceous 

mater ia l .  Nuch of t h i s  ma te r i a l  i s  s i l i c i f i e d  t o  varying ex ten t s  and 

was p a r t l y  derived from volcanic  ashes and t u f f s  common throughout t h e  

l a k e  beds, Also present  i n  the l a c u s t r i n e  sequence a r e  zones of carbon- 

aceous s i l t s t o n e  and l i g n i t i c  ma te r i a l .  A b a s a l  a rkos ic  sandstone was 

encountered i n  d r i l l  ho les  along t h e  southern boundary of t h e  property.  

'ilo the south and southwest,  t h e  " typica l"  lake beds i n t e r f i n g e r  with,  

and eventually are replaced by, a t h i c k ,  medium- t o  coarse-grained, 

a rkos ic  sandstone u n i t ,  It i s  not  known whether t h i s  unit r e l a t e s  t o  

t h e  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 ale (1956) identified 

abundant silicified palm-type wood in these sediments. In addition, 

many faunal fossil remains are present in the deposits. Freshwater 

molluscs, up to 1.5 inches long, are locally common. Thin, laminated, 

calcareous siltstone near the top of the lake beds contains small 

freshwater fish fossils. 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 

rhinoceros reportedly found at the Anderson property is on display zt 

the Wfckenburg Museum. Breed and Billingsley (1977), of the Museum 

of Northern Arizona, collected fossils at the Anderson property in 

April 1977. Included 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). 

Water Development Corporation (1977) refers to a coarse-grained unit 

(barren sand) 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). 



Andes i t ic  Volcanics ( T e r t i a r y )  (Tva). A s e r i e s  of a n d e s i t i c  vo lcan ic  

flows unconformably o v e r l i e s  the f e l s i c  t o  in t e rmed ia t e  vo lcan ic s  o r  

t h e  vo lcan i - e l a s t i c  sediments. Reyner e t  al. (1956) descr ibed  the unit as  

a fine-grained, vesicular, a u g i t e  a n d e s i t e  l o c a l l y  containing calcite- 

f i l l e d  amygddes. The flows a r e  g e n e r a l l y  purple ,  red-brown, gray-brown, 

o r  gray. I n  seve ra l  a r e a s  of outcrop  they  a r e  interbedded by volcani-  

e l a s t i c  sediments composed of f e l s i c  vo lcan ic  pebbles and a skos ic  sands. 
I 

The andesitic flows have been considered "basement1'* on the Anderson 

property,  as no uranium m i n e r a l i z a t i o n  has  been observed i n  o r  below 

them. Before depos i ton  of t h e  l a c u s t r i n e  sediments,  e ros ion  and f a u l t i n g  

developed a complex paleotopography and l o c a l l y  thick red-brown pa leosols  

on t h e  t o p  of t h e  a n d e s i t i c  vo lcan ic s ,  &glomerate i s  also repor t ed  as  

occurr ing at the  t o p  of t h i s  fo-mat isn underlying the lake bed sedilcents 

(Water Development Curp., 1977) .  This agglomerate contains grounidkxter 

and i s  d iscussed  f u r t h e r  i n  Sec t ion  2.6. 

Volcani-Clastic Sediments ( T e r t i a r y )  (Tvg). Interbedded wi th  and uncon- 

formably overlying t h e  f e l s i c  t o  in t e rmed ia t e  volcanics are t u f f s ,  a shes ,  

and vo lcan i - c l a s t i c  sediments. All of these appear t o  be of f e l s i c  

t o  intermediate composition and are t h e r e f o r e  be l ieved  t o  be conten- 

poraneous with t h e  felsic t o  in t e rmed ia t e  volcanics.  However, d e p o s i t i o n  

of t h i s  unit continued a f t e r  the f e l s i r  Lo in t e rmed ia t e  volcanic a c t i v i t y  

ceased, as t h i s  u n i t  i s  also interbedded w i t h  the  over ly ing  a n d e s i t i c  

*"Basement" i s  used here i n  reference t o  t h e  uranium mineralization 
basement; t h a t  is, in inera l iza t ion  lies above i t .  



The most complete s e c t i o n  of t h i s  u n i t  i s  loca ted  i n  t h e  no r theas t  

po r t ion  of t h e  property.  Here t h e  b a s a l  p a r t  of t h e  s e c t i o n  i s  composed 

of whi te  f e l s i c  t o  in t e rmed ia t e  t u f f s ,  t h i n  ash  flows o r  vo lcan i - c l a s t i c  

sediments,  l a h a r  b recc ia s ,  and vo lcan ic  bombs. Volcani -e las t ic  sedi-  

ments i n c r e a s e  upward i n  t h e  s e c t i o n ,  and t h e  c o l o r  changes from whi te  

t o  yellow-tan t o  t an ,  These sediments inc lude  f e l s i c  vo lcan ic  m a t e r i a l  

and a rkos ic  sandstone. 

Many aspec t s  of t h e s e  sediments ( crossbedding, t h i n  continuous 

beds, e tc . )  l e a d  t o  the conclusion t h a t  they were depos i ted  i n  a l a k e  

bed a n c e s t r a l  t o  t h a t  of t h e  over ly ing  l a c u s t r i n e  sediments. 

Where exposed on the surface o r  encountered i n  d r i l l  holes, these 

vo l can i - c l a s  tic sediments e x h i b i t  no anomalous gama a c t i v i t y  . 

F e l s i c  t o  In termedia te  Volcanics  ( T e r t i a r y )  (Tuf).  Unconformably 

over ly ing  t h e  c r y s t a l l i n e  basement, o r  i n  f a u l t  con tac t  wi th  i t ,  i s  a 

s e r i e s  of f e l s i c  t o  i n t e rmed ia t e  volcanics ,  This s e r i e s  inc ludes  

i n t r u s i v e  necks, flows, l a h a r  b recc ia s ,  and t u f f s .  These vo lcan ic  rocks 

appear t o  be r h y o l i t i c  t o  a n d e s i t i c  i n  composition and are gene ra l ly  

whi te  t o  l i g h t  gray i n  co lor .  

C r y s t a l l i n e  I n t r u s i v e  Rock ( J u r a s s i c )  (J) .  In  t h e  extreme nor theas t  

po r t ion  of the proper ty ,  t h e  Santa Maria River and i t s  t r i b u t a r i e s  

have cu t  i n t o  a c r y s t a l l i n e  b a s a e n t  complex. These rocks are low i n  

quar tz  content  but have been termed g r a n i t i c  ( they  were termed b i o t i t e  

g r a n i t e  by t h e  a n a l y t i c a l  l a b ,  d e s p i t e  the  apparent  low quar tz  con ten t ) .  



T h i s  g r a n i t i c  rock i s  purplish-gray i n  c o l o r ,  medium-to-coarse crys-  

t a l l i n e  t o  pegmat i t ic ,  and i s  intruded by ve ins  of qua r t z  and plagio-  

c l a s e  f e l d s p a r  w i t h  l a r g e  c r y s t a l s  of hornblende and b lack  b i o t i t e .  A 

sample of t h e  c r y s t a l l i n e  basement complex w a s  dated as Jurassic  (157.5 

m i l l i o n  yea r s  ago, - +3 m i l l i o n  yea r s )  by the Geochron Laboratories Div i s ion  

of Kruger En te rp r i se s .  

Local S t r u c t u r e  

As  d iscussed  above, the Anderson property i s  located  i n  t h e  Sonoran 

Desert s e c t i o n  of the Basin and Range Physiographic Province and t h e  

l o c a l  geology e x h i b i t s  the genera l  s t r u c t u r a l  p a t t e r n  common t o  t h i s  

region. P a r a l l e l  t o  s u b p a r a l l e l  f a u l t  blocks w i t h  u s u a l l y  normal bounding 

f a u l t s  predominate. These f a u l t s  a r e  o f t e 3  ro ta t ima1  o r  hinged and 

may have experienced some l o n g i t u d i n a l  movement. While much of t he  Basin 

and Range f a u l t i n g  i s  on t h e  magnitude of thousands of f ee t  of d isp lace-  

ment, displacement along f a u l t s  at the Anderson proper ty  a re  measured 

i n  t ens  and hundreds of feet. 

Fau l t ing  on t h e  property was active before ,  dur ing ,  and a f t e r  t h e  

depos i t ion  of the Miocene s e c t i o n  ( l a k e  beds, lower conglomerate, and 

basalt). The genera l  d i p  of the sediments  i s  5 O  t o  15' t o  the  south ,  

steepening t o  t h e  no r th  along t h e  g r a n i t e  f r o n t .  The general d i p  t o  

the  south appears t o  be the r e s u l t  of the r e c u r r e n t  nature  05 tile f au l t -  

i ng ,  and i n  these a reas  d ips  on t h e  drag f o l d s  may surpass 2 0 ° .  Many 

o f  the onlap ,  pinchout ,  and lens r e l a t i o n s h i p s  i n  the lake beds are 

probably  due to o r  r e la ted  t o  recurrent  contemporaneous faulting. 



The recu r ren t  and hinging n a t u r e  of t h e  f a u l t i n g  makes it  

extremely d i f f i c u l t  t o  p r e d i c t  how a  s p e c i f i c  f a u l t  w i l l  a f f e c t  t h e  

i n d i v i d u a l  s t r a t i g r a p h i c  u n i t s  along i t ,  A t  one po in t  along a f a u l t  

t h e r e  may be  on ly  a  few f e e t  of v e r t i c a l  displacement ,  while  200 f e e t  

beyond t h a t  poin t  po r t ions  of t h e  s e c t i o n  may be d i sp laced  several. t ens  

of f e e t .  Many 05 t h e  f a u l t s  t h a t  d i s p l a c e  t h e  l a k e  beds show diminished 

o r  no movement i n  t h e  b a s a l t ,  and most of t h e  f a u l t s  d i e  ou t  be fo re  o r  

i n  t h e  upper conglomerate, The f a u l t i n g  and b a s a l t  flows a r e  r e l a t i v e l y  

contemporaneous, Theref o re ,  t h e  b a s a l t  i s  not  heav i ly  f r ac tu red .  

Three major f a u l t s  - t h e  Eas t  Boundary F a u l t  System, Fau l t  1878 

( so  named becsuse it intersects a hill of 1878 fee t  e l e v a t i o n  adjacent  

t o  the Anderson proper ty) ,  and t h e  West Boarndary F a u l t  System - a r e  

p resen t  i n  the area* Iz a 2 d i t i o r  there are m a n y  p a r a l l e l  f a u l t s  that 

have less displacement (F igure  2,4-4) .  A l l  of t h e s e  f a u l t s  t r end  

between N30°W and ~55*W. Another s e t  of f a u l t s  t rending  more wes ter ly  

(N6S0W) i s  p resen t ,  a t  l e a s t  i n  t h e  south-cent ra l  po r t ion  of t he  

property.  A s e t  t rending  n o r t h e a s t  has been conjectured by Urangesell-  

s c h a f t  and o t h e r s ,  but i t  has not  been observed i n  t h e  f i e l d ,  

The West Boundary Fau l t  System inc ludes  a t  least two d i s t i n c t  

normal f a u l t s ,  Hovement on t h e s e  f a u l t s  i s  down t o  t h e  southwest.  

V e r t i c a l  o f f s e t  of t h e  volcanic  basement across  the two f a u l t s  i s  

approximately 100 fee t .  Another f a u l t  i s  ind ica t ed  t o  the  southwest 

that v e r t i c a l l y  o f f  s e t s  t h e  vo lcan ic  basement about  250 f ee t  . Including 



a l l  t h r e e  f a u l t s  of t h e  West Boundary Faul t  System, t o t a l  v e r t i c a l  of f -  

s e t  of t h e  basement volcanics  a c r o s s  t h e  system i s  more than  700 f e e t ,  

and v e r t i c a l  o f f s e t  of t h e  b a s a l t  i s  l e s s  than  200 f e e t ,  

A l a r g e  hinge f a u l t ,  f a u l t  1878, e x h i b i t s  200 f e e t  of v e r t i c a l  

displacement near  t h e  southern  boundary of t h e  property.  To t h e  north- 

w e s t  along t h e  f a u l t  s t r i k e ,  displacement appears  t o  decrease  and move- 

ments appear t o  be d i s t r i b u t e d  a c r o s s  a zone of f a u l t s .  The movement 

along t h i s  normal f a u l t  has been down t o  t h e  southwest,  Along t h e  zone 

of f a u l t s ,  movement, while  g e n e r a l l y  dowp t o  t h e  southwest,  has  produced 

hors t /graben  f e a t u r e s .  

The East  Boundary Fau l t  S y s t m  c o n s i s t s  sf  s e v e r a l  l a r g e  f a u l t s  

along t h e  e a s t e r n  and nor thern  po r t ions  of t h e  proper ty ,  These f a u l t s  

a r e  beyond the l i m i t s  of m i n e r a l i z a t i o n  and have not been thoroughly 

explored. I n  gene ra l ,  they a r e  downthrown t o  t h e  southwest and s e v e r a l  

of them probably have displacements  approaching 1000 f e e t .  The western- 

most f a u l t  of t h i s  system marks t h e  f o o t  of t h e  Black Mountains, and 

the  more e a s t e r n  f a u l t s  i n  the  system l i e  w i th in  t h e  Black Mountains, 

Geologic His tory  of t h e  Anderson Proper ty  

Many of the r eg iona l  geologic  t r ends  are r e f l e c t e d  on t h e  Anderson 

property. The mine i s  loca ted  i n  an area that has been marginal o r  

i s  marginal t o  every r eg iona l  deformation, 



The l ack  of Pa leozoic  rocks on t h e  proper ty  is  t h e  result of t h e  

a r e a ' s  p o s i t i o n  on t h e  margin of Mazatzal Land, a  p o s i t i v e ,  s t a b l e  a rea .  

Rocks of t h i s  e r a  were e i t h e r  not  depos i ted  o r  have eroded away. 

After a  long per iod  of r e l a t i v e  quiescence,  the Laramide Orogeny 

began i n  the Mesozoic. During t h e  l a t e r  J u r a s s i c ,  the granite on t h e  

no r theas t e rn  margin of t h e  proper ty  was emplaced. Th i s  was t h e  r e s u l t  

of t h e  Nevadian Orogeny, a l o c a l  name f o r  pa r t  of the Laramide Orogeny. 

The f e l s i c  vo lcan ic s  on t h e  Anderson proper ty  a r e  poss ib ly  associ-  

a t e d  with t h e  subduct ion of the P a c i f i c  p l a t e s  i n t o  t h e  C a l i f o r n i a  

trench system. It i s  expected t h a t  da t ing  of  these volcanics would 

provide ages f a l l i n g  i n  t h e  late Cretaceous t o  m i d d l e  Te r t i a ry .  

With t h e  te rminat ion  of t h e  t rench  system a t  the end of t h e  O l i -  

gocene, Basin +d Range block, t ransform, and normal f a u l t i n g  began. 

The l a c u s t r i n e  sediments have been dated pa leon to log ica l ly  as  Miocene, 

and a  geochemical d a t e  of Miocene (13 t o  1 4  m i l l i o n  years ago) has  

been obtained f o r  t h e  basalt, These lake beds were p robab ly  formed 

i n  t h e  e a r l y  o r  midd le  Miocene. During this time, while volcanism was 

waning, ash and t u f f  depos i t s  were s t i l l  common. 

D r i l l  h o l e  data l ead  t o  t h e  conclusion t h a t  depos i t ion  of t h e  

l a c u s t r i n e  sediments occurred i n  a very r e s t r i c t e d  area. To t h e  nor th  

of the  Anderson p r o p e r t y  i n  Sect ion 4, T U N ,  RlOW, the b a s a l t  caps 

H i l l  2826 ( F i g u r e  2 , 4 - 2 )  and i s  under la in  by t h e  lower conglomerate. 



This i n  t u r n  r e s t s  unconformably on t h e  "basement volcanics." Two 

p o s s i b i l i t i e s  a r i s e :  ( 1 )  t h e  l a k e  beds were never  deposi ted t h e r e ,  o r  

( 2 )  they were depos i ted  and subsequently eroded. The f a c t  t h a t  t h e  

l a k e  beds t h i n  r a p i d l y  northward sugges t s  t h a t  t h e  beds were never 

deposi ted the re .  The in ter tonguing  and i n t e r f i n g e r i n g  of t h e  " typica l"  

l a k e  beds wi th  c l a s t i c  s i l t s t o n e s  and medium- t o  coarse-grained sand- 

s tones  t o  t h e  southwest and south  l i m i t s  t h e  l a k e  boundary i n  t h i s  

d i r e c t i o n .  The r e l a t i o n s h i p  of coarse-grained l i t h o l o g i e s  i n  t h i s  

d i r e c t i o n  and t h e  l a c k  of them t o  t h e  n o r t h  i n  t h e  "typical1'  l a k e  bed 

sequence impl ies  t h a t  t h e  sediment source was from t h e  west o r  t h e  

south. D r i l l i n g  has  t raced  t h e  l a k e  beds and m i n e r a l i z a t i o n  t o  t h e  

southeast .  D r i l l i n g  t o  t h e  sou theas t  of Urangese l l schaf t ' s  c la ims  

(adjacent  to the southern  boundzry of the  h d e r s o a  property)  has 

encountered interbedded green s i l t s t o n e s  and sandstones and l i t t l e  

minera l iza t ion .  Thus, i t  appears t h a t  t h e  l a c u s t r i n e  sediments were de- 

posi ted i n  an a r e a  l e s s  than t h r e e  m i l e s  wide and only about f i v e  o r  s i x  

mi les  long. The l a k e  trended roughly northwest-southeast and g e n e r a l l y  

pa ra l l e l ed  the  dominant post-Oligocene f a u l t i n g  t rend  of t h e  a rea .  One 

f u r t h e r  l i t h o l o g i c  impl i ca t ion  i s  of i n t e r e s t .  The nor thern  and north-  

e a s t e r n  margin of t h e  l ake  was probably t h e  Black Mountains. It i s  

known t h a t  t h e  l a k e  sediments t h i n  markedly i n  t h i s  d i r e c t i o n  and some 

agglomerates a r e  p resea t  w i th in  t h e  l a k e  bed sequence n o r t h  of t h e  

proposed m i l l  s i t e .  



The lower conglomerate over ly ing  t h e  l a k e  beds a t t e s t s  t o  t h e  

con t inua t ion  of Basin and Range f a u l t i n g  and development, Erosion from 

nearby sources ,  poss ib ly  from t h e  n o r t h  o r  n o r t h e a s t ,  i s  ind ica t ed .  

Near the end of t h e  Miocene t h e  b a s a l t i c  volcanics  flowed ac ross  part 

of t h e  a rea ,  poss ib ly  marking t h e  passage of t h e  Eas t  P a c i f i c  R i s e  

beneath t h e  a rea ,  Normal f a u l t i n g  continued and t h e  upper conglomerate 

was depos i ted ,  Its very coa r se  t e x t u r e  i m p l i e s  nearby sediment sources 

and a high-energy environment of depos i t ion ,  a s  i t  would r e q u i r e  a 

s t r o n g  cu r ren t  of water t o  c a r r y  such boulders.  The i n c l u s i o n  of f r e s h  

b a s a l t i c  boulders sugges ts  t h e  source  was t o  t h e  n o r t h  and t h a t  t h e  

t r a n s p o r t i n g  agent may have been the Santa Maria River ,  

- --- - - - - - 

Uranium mineralization on the Anderson p r a p e r t y  is p s h a r i l y  

a s soc ia t ed  with carbon. I n  f a c t ,  i t  i s  suspected that minera l i za t ion  

not  a s soc ia t ed  wi th  carbonaceous m a t e r i a l  may r ep resen t  t h e  pinchout of 

t h i s  m a t e r i a l  o r  very t h i n  carbonaceous laminae. The primary n ine ra l -  

i z e d  zones on t h e  property a r e  carbanaceous s i l t s t o n e  and l i g n i t i c  

f a c i e s  in lake beds, I n  a d d i t i o n ,  occas ional  mine ra l i za t ion  has  been 

noted i n  t h e  basa l  sandstone of the lacustrine sediments and i n  t h e  

lower conglomerate where uranium w a s  depos i ted  a s  f r a c t u r e  fillings 

around and below the main mineralized zones a f t e r  r m o b i l i z a t i o n .  

Carbonaceous material i s  known to occur i n  t hese  two u n i t s ,  

Carbon tends t o  immediately f i x  uranium when s o l u b l e  forms sf t h e  

minera l  cone i n  contac t  with i t .  Much of t h e  mine ra l i za t ion  i s  a t  the 



t o p  o r  bottom of t h e  carbonaceous f a c i e s ;  however, m i n e r a l i z a t i o n  does 

occur i n  t h e  middle of some carbonaceous zones. This  l a t t e r  r e l a t i o n -  

s h i p  impl ies  t h a t  mine ra l i za t ion  occurred contemporaneously w i t h  t h e  

depos i t ion  of t h e  carbonaceous m a t e r i a l .  

S i l i c i f i c a t i o n  of  va r ious  p a r t s  of t h e  l a k e  sediments on t h e  

property probably occurred soon a f t e r  depos i t ion .  D e v i t r i f i c a t i o n  of 

t h e  tuf faceous  and ashy l a k e  bed sediments and/or  t h e  f e l s i c  vo lcan ic s  

were probably t h e  primary sources  of s i l i c a .  

Reyner e t  a l .  (1956) suggest  t h r e e  poss ib l e  o r i g i n s  f o r  t h e  uranium 

on the Anderson property:  hypogene, a s h  l each ,  and bog depos i t ion .  A 

f o u r t h  poss ib l e  o r i g i n  i s  mob i l i za t ion  a c r o s s  t h e  Date Creek Basin. 

Reyner e t  a l .  (1956) c i t e  f i e l d  evidence i n  favor  of a  hypogene 

source and s t a t e  t h a t  "(1)  uranium o r e  has  not  been observed beyond t h e  

boundary f a u l t s ;  ( 2 )  i n t e n s e  s i l i c i f i c a t i o n  has  a l t e r e d  mudstone and 

limestone; ( 3 )  l imoni te  and hemat i te  s t a i n i n g  occurs  on bedding and 

f r a c t u r e  planes;  ( 4 )  c a l c i t e ,  chalcedony, s e p i o l i t e ,  and manganese a r e  

found a s soc ia t ed  wi th  t h e  west bounding f a u l t . "  This f i e l d  evidence 

can have d i f f e r e n t  i n t e r p r e t a t i o n s .  D r i l l i n g  da ta  i n d i c a t e  t h a t  t he  

carbonaceous sediments a l s o  have not  been observed beyond t h e  boundary 

f a u l t s .  This may exp la in  why the minera l  i s  l o c a l i z e d  wi th in  t h i s  

a rea .  Fur ther ,  i f  uranium-bearing s o l u t i o n s  migrated up  f a u l t s ,  one 

would expect mineral  and grade t o  be concent ra ted  along t h e  f a u l t s .  

Subsurface i n t e r p r e t a t i o n s  i n d i c a t e  no such a s s o c i a t i o n .  Data i n d i c a t e  



t h a t  f a u l t i n g  o f f s e t s  mineraf iza t ion .  I n t e n s e  s i l i f i c a t i o n  i s  probably 

a r e s u l t  of d e v i t r i f i c a t i o n  of s i l i c i c  v o l c a n i - c l a s t i c  sediments,  

Bentoni te ,  can a l s o  be an a l t e r a t i o n  product of tuf faceous  ma te r i a l .  

Hematite and l imon i t e  s t a i n  on bedding and f r a c t u r e  planes w a s  poss ib ly  

der ived  from p y r i t e  a s soc ia t ed  w i t h  carbonaceous ma te r i a l .  C a l c i t e ,  se- 

p i o l i t e ,  chalcedony, and manganese depos i ted  along t h i s  zone, but without 

a s soc ia t ed  uranium. Such depos i t s  cannot s i g n i f i c a n t l y  be c i t e d  as 

evidence t h a t  uranium-bearing s o l u t i o n s  migrated up t h e  f a u l t  zone. 

Support f o r  t h i s  source,  over d e v i t r i f i c a t i o n ,  i s  implied by 

mine ra l i za t ion  throughout t h e  carbonaceous ma te r i a l s .  I f  t h e  source had 

been from overlying sedimects conta in ing  vo lcan ic  fragments? minera l iza-  

aCeOUS ZOn5S s t i o n  would be expected only a t  the top  of the -carbon- 

Fur the r ,  i f  z t inexal iza t fon  had been t i e d  w i t h  d e v i t r i f i c a t i o n ,  uranium 

i c a  w a s  should be present  i n  a l l  of the p a r t i n g s  and f r a c t u r e s  where s i l *  

deposi ted.  This i s  not  t h e  c a s e  on t h e  Anderson property.  

A f o u r t h  p o s s i b i l i t y  f o r  t h e  depos i t ion  mechanism is t h a t  t h e  

uranium w a s  mobilized from t h e  western Date Creek Basizr, c a r r i e d  by 

groundwater ac ross  the bas in ,  and depos i ted  i n  the reducing environment 

of t h e  l a c u s t r i n e  sediments. It i s  i n t e r e s t i n g  t o  no te  t h a t  uranium 

mine ra l i za t ion  i n  t h e  western Date Creek Basin i s  l i m i t e d  t o  the 

A r t i l l e r y  Peak Formation of Oligocene age. Overlying t h e  A r t i l l e r y  

Peak Fornat ion i s  t h e  Chapin Wash Formation, which i s  composed of 

a l t e r e d  ( r e d )  a rkos i c  sandstones,  P i e r c e  (1976)  sugges ts  c o r r e l a t i o n  

of t h e  Chapin Wash and t h e  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 

carried in soluble form across 

where the reducing environment 

its deposition. Other sources 

same source but later, could have been 
C 

the basin to the lacustrine sediments 

of the carbonaceous facies precipitated 

(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 a c t i v i t y  i n  Arizona o r  a d j a c e n t  p o r t i o n s  of C a l i f o r n i a  

t h a t  may a f f e c t  t h e  Anderson p r o p e r t y  can be a s se s sed  i n  p a r t  by 

examining t h e  ear thquake  h i s t o r y  of t h e  region.  The l o c a t i o n s  and 

magnitudes of ea r thquakes  t h a t  occur red  w i t h i n  100  miles (160 km) of 

t h e  p rope r ty  between 1930 and J u l y  1976 a r e  shown i n  F igu re  2,5-1. 

Th i s  e p i c e n t e r  map i n c l u d e s  e v e n t s  l o c a t e d  by t h e i r  r epo r t ed  e f f e c t s  

and even t s  l o c a t e d  by modern seismographic  i n s t rumen t s .  Ear thquakes 

occu r r i ng  p r i o r  t o  t h e  e a r l y  1900s i n  t h e  Arizona a r e a  were not  w e l l -  

r ecorded  i n s t r u m e n t a l l y ,  and l o c a t i o n s  were g e n e r a l l y  ass igned  on the 

b a s i s  of ea r thquake  e f f e c t s  on people  and s t r u c t u r e s .  The Modified 

M e r c a l l i  (MM) i n t e n s i t y  s c a l e  i s  used t o  r a t e  ea r thquakes  by r e p o r t e d  

e f f e c t s  and obse rva t i ons  (Table  2.5-1). D i s t r i b u t i o n  of t h e  r e p o r t s  

of e f f e c t s  p rov ides  a n  e s t i m a t e  of bo th  t h e  s i z e  and l o c a t i o n  of a n  

ear thquake.  S ince  t h i s  a n a l y s i s  depends on recorded  r e p o r t s ,  i t s  accuracy  

depends on popu la t i on  d e n s i t y  and d i s t r i b u t i o n  a t  t h e  t ime of t h e  

ear thquake .  Af t e r  approximately 1902 t h e r e  was a n  improvement i n  

seismographic  ins t rument  coverage i n  t h e  r e g i o n  t h a t  i nc ludes  Arizona. 

Upgrading of i n s t r u m e n t a l  coverage a l s o  made p o s s i b l e  t he  more accurate 

i n d i c a t i o n  of ea r thquake  s i z e  a s  a R i c h t e r  magnitude determirled from 

seismographic  r eco rd ings .  



Figure 2.5-1. HISTORICAL SEISMICITY WITHIN 
A 200-MILE RADIUS OF THE 
PROPOSED FACl LlTY 
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(BASED ON OBSERVER'S REFERENCE TO SCALE OF "EFFECTS") 

Not  f e l t  by p e o p l e ,  a x c e p t  u n d e r  e s p e c i a l l y  f a v o r a b l e  c i r cum-  
s t a n c e s .  S o m e t i m e s  b i r d s  a n d  a n i m a l s  a r s  u n e a s y  o r  d i s t u r b e d .  
T r s e s ,  s t r u c t u r e s ,  l i q u i d s ,  b o d i e s  o f  w a t e r  may sway g e n t l y ,  
a n d  d o o r s  may s w i n g  v e r y  s l o u l y .  

F e l t  i n d o o r s  by a  Paw p e o p l e ,  e s p e c i a l l y  o n  u p p e r  f l o o r s  of  
m u l t i - e t o r y  b u i l d i n g s ,  a n d  by s e n s i t i v e  o r  n e r v o u s  p e r s o n s .  As 
i n  G r a d e  I ,  b i r d s  a n d  a n i m a l s  a r e  d i s t u r b e d ,  a n d  t r e e s ,  s t r u c -  
t u r e s ,  l i q u i d s  a n d  b o d i e s  o f  w a t e r  may sway. Hang ing  o b j e c t s  
s w i n g ,  e s p e c i a l l y  i f  t h e y  a r e  d e l i c a t e l y  s u s p e n d e d .  

F e l t  i n d o o r s  by s e v e r a l  p e o p l e ,  u s u a l l y  a s  a  r a p i d  v i b r a t i o n  
t h a t  n a y  n o t  b e  r a c o g n i z e d  as  a n  e a r t h q u a k e  a t  f i r s t .  V i b r a t i o n  
is  s i m i l a r  t o  t h a t  d u e  t o  p a s s i n g  o f  a  l i g h t ,  o r  l i g h t l y  l o a d e d  
t r u c k s ,  o r  h e a v y  t r u c k s  aome d i s t a n c e  away. D u r a t i o n  may b e  e s -  
t i m a t e d  i n  some c a s e s .  Rovemen t s  may b e  a p p r e c i a b l e  on  u p p e r  
l e v e l s  o f  t a l l  s t r u c t u r e s .  S t a n d i n g  m o t o r  c a r s  may r o c k  s l i g h t l y .  

F e l t  i n d o o r s  by  many, o u t d o o r s  by few. Awakens a  Pew i n d i v i d u a l s ,  
p a r t i c u l a r l y  l i g h t  s l e e p e r s ,  b u t  f r i g h t e n s  n o  o n e  e x c e p t  t h o s e  
a p p r e h e n s i v e  f r o m  p r e v i o u s  e x p e r i e n c e .  V i b r a t i o n  l i k e  t h a t  d u e  t o  
p a s s i n g  of  h e a v y  o r  h e a v i l y  l o a d e d  t r u c k s .  S e n s a t i o n  l i k e  a  h e a v y  
body s t r i k i n g  b u i l d i n g  o r  t h e  f a l l i n g  o f  h e a v y  o b j e c t s  i n s i d e .  
D i s h e s ,  windows a n d  d o o r s  r a t t l e ;  g l a s s w a r e  a n d  c r o c k e r y  c l i n k  
a n d  c r a s h .  Walls a n d  h o u s e  Frame c r e a k ,  e s p e c i z l l y  i f  i n t e n s i t y  
is i n  t h e  u p p e r  r a n g e  o f  t h i s  g r a d e .  Hang ing  o b j e c t s  o f t e n  s w i n g .  
L i q u i d s  i n  o p e n  v e s s e l s  a r e  d i s t u ~ b e d  s l i g h t l y .  S t a t i o n a r y  c a r s  
 roc^ n o t i c a a b i y .  

F e l t  i n d o o r s  by  p r a c t i c a l l y  e v e r y o n e ,  o u t d o o r s  by mos t  p e o p l e ,  w i t h  
a l i g h t  e x c i t e m e n t .  Awakens many o r  m o s t  s l a e p e r s .  F r i g h t e n s  a 
Paw p e o p l e  w i t h  s l i g h t  s x c i t a m e n t ;  soms p e r s o n s  mav r u n  o u t d o o r s .  
B u i l d i n g s  tremble t h r o u g h a u t ,  D i s h e s  a n d  g l a s s w a r e  b r e a k  t o  some 
e x c e n t .  Windows c r a c k  i n  some c a s e s ,  b u t  n o t  g e n e r a l i y .  V a s e s  
a n d  s m a l l  o r  u n s t a b l e  o b j e c t s  o v e r t u r n  i n  many i n s t a n c e s ,  a n d  a 
Yew f a l l .  Hang ing  o b j e c t s  a n d  d o o r s  s w i n g  g e n e r a l l y  o r  c o n s i d e r -  
ably. P i c t u r e s  knock  a g a i n s t  w a l l s ,  o r  s w i n g  o u t  o f  p l a c e .  D o o r s  
a n d  s h u t t e r s  open  o r  c l o s e  a b r u p t l y .  Pendulum c l o c k s  s t o p  o r  r u n  
f a s t  o r  s l ow .  S m a l l  o b j e c t s  move a n d  f u r n i s h i n g s  may s h i f t  t o  a  
s l i g h t  e x t e n t .  S m a l l  a m o u n t s  o f  l i q u i d s  s p i l l  f r om w e l l - f i l l e d  
o p e n  c o n t a i n e r s .  T r e e s  a n d  b u s h e s  s h a k e  s l i g h t l y .  

F e l t  by e v e r y o n e ,  i n d o o r s  a n d  o u t d o o r s .  Awakens a l l  s l e e p e r s ,  
f r i g h t e n s  many p e o p l e ;  g e n e r a l  e x c i t e m e n t ,  a n d  some p e r s o n s  r u n  
o u t d o o r s .  P e r s o n s  move u n s t e a d i l y .  T r e e s  a n d  b u s h e s  s h a k e  s l i g h t l y  
t o  m o d e r a t e l y .  L i q u i d s  a r e  s e t  i n  s t r o n g  mo t ion .  S m a l l  S e l l s  i n  
c h u r c h e s  ano s c h o o l s  r i n g .  P o o r l y  b u i l t  b u i l d i n g s  may b e  damaged. 
P l a s t e r  f a l l s  i n  s m a l l  amoun t s .  O t h e r  p l a s t e r  c r a c k s  somewhat .  
many d i s h e s  a n d  g l a s s e s ,  a n d  a f ew  windows,  b r e a k .  Kn ick -knacks ,  
b o o k s  a n d  p i c t u r e s  f a l l .  F u r n i t u r e  o v e r t u r n s  i n  many i n s t a n c e s .  
h e a v y  f u r n i s h i n g s  move. 

F r i g h t e n s  e v e r y o n e .  G e n e r a l  a l a r m ,  e v e r y o n e  r u n s  o u t d o o r s .  P e o p l e  
f i n d  i t  d i f f i c u l t  t o  s t a n d .  P e r s o n s  d r i v i n g  c a r s  n o t i c e  s h a k i n g .  
T r e e s  a n d  b u s h e s  s h a k e  m o d e r a t e l y  t o  s t r o n g l y .  Wavss f o r m  on  p o n d s ,  
l a k a s  a n d  s t r e a m s .  Wa te r  i s  muddied .  G r a v e l  o r  s e n d  s t r e a m  b a n k s  
c a v e  i n .  L a r g e  c h u r c h  b e l l s  r i n g .  S u s p e n d e d  o b j e c t s  q u i v e r .  Oam- 
a g e  is n e g l i g i b l e  i n  b u i l d i n g s  o f  good  d e s i g n  a n d  c o n s t r u c t i o n ;  
s l i g h t  t o  m o d e r a t e  i n  w a l l - b u i l t  o r d i n a r y  b u i l d i n g s ,  c o n s i d e r a b l e  i n  
p o o r l y  b u i l t  o r  b a d l y  d e s i g n e d  b u i l d i n g s ,  a d o b e  h o u s e s ,  c l d  w a i l s  ( e s -  
o e c i a l l y  w h e r e  l a i d  up  w i t h o u t  m o r t a r ) ,  s p i r e s ,  e t c .  P l a s t o r  a n d  
some s t u c c o  f a l l .  many windows and  some f u r n i t u r e  b r e a k .  Loosened  
b r i c k w o r k  a n d  t i l e s  s h a k e  down. Weak c n i m n e v s  b r e a k  a t  the  : a o f l i n e ,  
C o r n i c e s  f a l l  f r om t o w e r s  a n d  h i g h  b u i l d i ~ g s .  B r i c k s  a n d  s t o n e s  a r e  
d i s i o d g e a .  Heavy f u r n i t u r e  o v e r t u r n s .  C o n c r e t e  i r r i g a t i o n  d i t c h e s  
a r e  c o n s i d e r a a l y  damaged. 

Tabi e 2.5- 1 



VIII General fright and alarm approaches panic. Persons driving cars are 
disturbed, Trees shake strongly and branches and trunks break off 
(especially palm trees). Sand and mud erupts in small amounts. Flow 
of springs and wells is temporarily and sometimes permanently changed. 
Cry wells renew flow. Temperature of spring and well watars varics. 
Damage slight in brick structurae built aspeciaily to withstand 
earthquakes; considerable in ordinary substantial buildings with 
some partial collapse; heavy in some wooden houses with some tumb- 
ling down, Panel walls break away in frame structures. Decayed 
pilings break off. Walls Pall, Solid stone walls crack and break 
seriously. Wet ground and steep slopes crack to some extent. Chim- 
neys, columns, monuments, and factory stacks and towers twist and 
Pall. Very heavy furniture moves conspicuously or overturns. 

Panic is general. Ground cracks conspicuously. Damage is consider- 
able in masonry structures built especially to withstand earthquakes; 
gr3at in other masonry buildings, some collapse in large part. Some 
wood frame houses built especially to withstand earthquakes are 
thrown out of plumb, otbces-are shifted wholly off foundations. 
Reservoirs are seriously damaged, and underground pipes sometimes 
break. 

Panic is general. Ground, especially when loose and wet, cracks 
up to widths of several inches; fissures up to a yard in width run 
parallel to canal and stream banks. Landsliding is considerable 
from river banks and steep coasts. Sand and mud shifts horizontal- 
ly as beaches and flat Land. Water level changes in wells. Water 
is thrown on banks o f  canals, lakes, riuers, etc. Dams, dikes, 
embankments are seriously damaged. Well-built woodan structures 
and bridges are aeveraly damaged and some collapse. Dangerous 
cracks develop in excellent brick walls. nost masonry and frame 
structures and thair foundations are destroyed. Railroad rails bend 
slightly. Pipe lines buriad in earth, tear apart or are crushed 
endwise. Open cracks and broad wavy folds open in cement pavements 
and asphalt road surfaces. 

Panic is general. Disturbances in ground are many and widespread, 
varying with the ground matarial. Broad fissures, earth slumps, and 
land-slips develop in soft wet ground. Water charged with sand and 
mud is ejected in large amounts. Sea waves of significant magni- 
tude may develop. Damage is severe to wood frame structures es- 
pecially near shock canters; great to dams, dikes and embankments, 
even at long distances. Few if any masonry structures remain stand- 
ing. Supporting piers or pillars of large well-built bridges ace 
wrecked. Wooden bridges thet "give" are less affected. Railroad 
rails bend graatly and some thrust endwise. Pipe lines buried in 
earth are put completely out of service. 

Panic is general. Damage is total and practically all works of 
construction are damaged greatly or destroyed, Disturbances in 
the ground are great and varied and numerous shearing racks de- 
velop. Landslides, rock falls, and slumps in river banks are 
numerous and extensive. Large rock masses are wrenched loose and 
torn off. Fault slips develop in firm rock and horizontal and 
vertical offset displacaments are notable. Water channels, both 
surface and underground, are disturbed and modified grsatly. 
Lakes are dammed, new waterfalls are produced, rivers are de- 
flected, etc. Surface uavea are seen on ground surfaces. Lines 
of sight and lave1 are distorted. Objects are thrown upward into 
the air. 

Table 2.5 - 1 concluded 



The se ismic  a c t i v i t y  d a t a  presented i n  F igure  2.5-1 began i n  1930 

f o r  t h e  Arizona area .  I n  o rde r  t o  provide an e a r l i e r  h i s t o r i c a l  

record ,  a d d i t i o n a l  h i s t o r i c a l  s e i s m i c i t y  c a t a l o g s  were examined. 

Townley and Al len  (1939) r e p o r t  ear thquakes  i n  Arizona f o r  t h e  period 

1850 t o  1928. For this period t h e  m a j o r i t y  of t h e  repor ted  earthquakes 

occurred e i t h e r  i n  nor thern  Arizona, n o r t h  of F l a g s t a f f  o r  i n  south- 

western Arizona near  t h e  Gulf of C a l i f o r n i a  and t h e  San Andreas f a u l t  

zones. None of t h e  l a r g e r  magnitude even t s  repor ted  3y Townley and Allen 

appear t o  have occurred c l o s e r  than about 80 mi l e s  (130 Ian) from t h e  

s i t e .  In  the pub l i ca t ion  Earthquake His to ry  of t h e  United S t a t e s  

(Coffman and von Hake, 1973),  1 4  ear thquakes are l i s t e d  f o r  Arizona. 

A l l  of these events are inc luded  i n  e i the r  tile National Oceanic and 

Atmospheric Adminis t ra t ion  d a t a  presented i n  F igure  2.5-1 o r  i n  Townley 

and Allen (1939) .  

Figure 2.5-1 i n d i c a t e s  8 earthquakes wi th in  100 mi l e s  (160 km) 

of t h e  Anderson property. The c l o s e s t  even t s  l i e  a t  a d i s t a n c e  of 26 t o  

37 miles  ( 4 2  t o  60 km) nor theas t  of t h e  property.  Two of these  even t s  

( i n  1973 and 1974)  are suspected explosions.  The l a r g e s t  of t h e s e  8 

earthquakes occurred on February 4 ,  1976,  50 mi l e s  (80 km) n o r t h e a s t  of t h e  

proper ty  and had a magnitude of 4.9. 

Publ ished curves r e l a t i n g  t h e  decrease  of i n t e n s i t y  l e v e l  w i th  increas-  

i ng  d i s t ance  from t h e  earthquake epicenter (Brazee, 1977)  suggest  t h a t  t h e  

maximum i n t e n s i t y  t h a t  has occurred on the property i n  the  h i s t o r i c a l  



period is 111 to IV MM. This level of intensity is not normally 

associated with structural damage (Richter, 1958). 

EARTHQUAKES AND MGIONAL 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, 

EARTBQUAKE 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 motions. Algermissen et al. (1976) 

have published a report and map for the contiguous United States 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 percent or less chance 

of exceeding an acceleration of 0.04g on the 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 struc- 

tures. 



2.6 HYDROLOGY AND WATER QUALITY 

SURFACE WATER HYDROLOGY 

Most streams i n  southwestern Arizona have su r face  flows f o r  o n l y  

shor t  periods during t h e  year.  This i s  due l a r g e l y  t o  t h e  low annual 

p r e c i p i t a t i o n  and high evapo t ransp i ra t ion  r a t e  of t h e  region.  High 

i n f i l t r a t i o n  r a t e s  a l s o  reduce su r face  flows. 

The Anderson property i s  drained by t h e  Santa Maria River  and 

seve ra l  of i t s  t r i b u t a r i e s .  The Santa Maria watershed covers  approxi- 

mately 1520 square mi le s  and c o n s t i t u t e s  about 30 percent  of t h e  B i l l  

Williams River Basin. 

Regional Surface Water Hydrology 

The B i l l  Williams River Basin covers  approximately 5140 square 

mi les  (Figure 2.6-1). The p r i n c i p a l  subbasins wi th in  t h e  bas in  a r e  

l i s t e d  i n  Table 2.6-1. The northwest po r t ion  of t h e  r i v e r  bas in  l i e s  

i n  t h e  Central  Highlands water province. Unit runoff f o r  streams i n  

t h i s  province ranges f r o m  1 t o  about 10 inches (Figure  2.6-2). Most of 

Arizona's perennia l  streams o r i g i n a t e  i n  t h i s  mountainous region ,  and 

these  streams provide approximately 50 percent  of t h e  s t a t e ' s  t o t a l  

su r face  runoff (Arizona S t a t e  Water Plan,  1975). The rest  of t he  B i l l  

Williams River Basin i s  loca ted  wi th in  t h e  Basin and Range Province. 

Surface runoff i n  the  l o w  mountains and a l l u v i a l  va l l eys  of t h i s  

province ranges from less than 0.1 inch  t o  0.5 inch. 



Base from U.S. Geological Survey, 1955, 
state base map, 1 : 500,000. 

Source: Water Development Corporation, 1977a. 

LEGEND 

a Gaging station active in 1977 

A Former gaging station 

Figure 2.6-1. BILL WILLIAMS RIVER DRAINAGE BASIN, ARIZONA 



Figure 2.6-2. AVERAGE ANNUAL UNIT RUNOFF 
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Table  2.6-1. AREAS OF SUBBASINS I N  THE BILL WILLIAMS RIVER BASIN 

Subbasin 

Approximate 
Area Percent  of 

( s q  mi) T o t a l  Area 

Big Sandy River 
Above gaging s t a t i o n  2420* on Cottonwood Wash 
Above gaging s t a t i o n  2445 on Big Sandy River 
Above mouth of Big Sandy a t  Alarno Reservoi r  

To ta l  

Santa  Maria River  
Above gaging s t a t i o n  2447 on Kirkland Creek 
Above gaging s t a t i o n  2490 on Santa  Maria River 
Date Creek and l o c a l  washes 

Tot a 1  

Bul la rd  Wash ( runof f  i n t o  Alamo Reservoi r )  

Centennial  Wash and Cas t enada  W s s  h (r-mof f 
i n t o  B i l l  Williams ~ i v e r )  

T o t a l  drainage a r e a  of B i l l  Williams R '  i v e r  
Basin a t  Planet 

*See Table 2.6-2 and F i g u r e  2.6-1 f o r  l o c a t i o n s  of gaging s t a t i o n s  
w i t h i n  the d ra inage  bas in .  



T a b l e  2.6-2. STREAMF'LOW GAGING STATIONS I N  BILL WILLIAMS RIVER BASIN 

Gaging 
Gaging 
S t a t i o n  L o c a t i o n  

D r a i n a g e  
Area  P e r i o d  of 

( s q  m i )  Record  

B i l l  W i l l i a m s  R i v e r  a t  P l a n e t  Ranch 
( a b o u t  6 miles u p s t r e a m  o f  d i s c h a r g e  
p o i n t  i n t o  Lake Havesu)  SE 1 / 4  SW 
1 / 4  Sec .  27 ,  TUN,  R17W 

B i l l  W i l l i a m s  River be low Alamo Dam, 
SE 1 / 4  SE 1 / 4  Sec .  4 ,  TlON, R13W 

Big  Sandy downstream o f  Wikieup,  SE 
1 / 4  Sec .  1 6 ,  T13N, R13W 

Cottonwood Wash No. 1, NW 1 / 4  See .  
29 ,  T21N, R l l W  

S a n t a  Maria River n e a r  Alamo Dam, 
NE 1 / 4  SW 114 Sec.  9 ,  T l l N ,  R12W 

S a n t a  Mar ia  R i v e r  do&strean from 
Anderson Mine, SE 114 See.  1 2 ,  T l l N ,  
Rl  l W  

K i r k l a n d  Creek ,  SE 1 / 4  Sec. 7 ,  
T12N, R4W 

Date Creek, NW 1 / 4  SE 1 / 4  See .  13, 
TION, R9W 

Source: Water Development Corp. ,  1977a. 
*To p r e s e n t .  



Precipitation within the Bill Williams River Basin is 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 Zo the south, Mean annual precPpi ta t i . cn  

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 precipita- 

tion in the low desert regions of the basin. Throughout the basin, 

precipitation normally occurs in the late summer and early fall in con- 

junction with thunderstorm activity and during the winter in the form 

of snow at higher elevations and rain at lower 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 re- 

gions (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  only 

found in the mountains to the north and the east. Examples of such 

streams are Cottonwood 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) ( O F )  ( O F )  (inches) 

Cottonwood Yavapai 3320 77.6 48.4 11.12 
Prescot t Yavapai 5389 69.4 35.4 18.47 
Seligman Yavapai 5219 71.0 35.2 11.07 

Parker Puma 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 for an hour or more 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 f i g u r e  and in 

Table 2.6-4, the maximum monthly discharge for the streams in the basin 
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Oct ' Nov ' Dec ' Jan ' Feb ' Mar ' Apr ' May ' June July ' Aug ' Sept ' 

Site Gage Station 

Bill Williams near Alamo 2600 
(after reservoir control) 

---.I-- Big Sandy near Wkieup 244 5 

Figure 2.6-3. SEASONAL DlSTRI BUTION OF AVERAGE MONTHLY FLOW 



Table 2 .6 -4 .  FLOW AND DPSCElARGE DATA FOR GAGING STATIONS I N  BILL WILLIAMS RIVER BASIN 

Annual Flow Monthly Flow Dai ly  Flow Zero Flov 

Recurrence Average 
Peak Water Year I n t e r v a l  Number of Maximum 

Average Maxiawn Water Year Maximum Date of Average Ins t an -  o r  Date of f o r  Peak In- Days of Number Beginning 
Drainage Annual Annual of Maximum Monthly Maximum Daily taneous Peak In- stantaneoue Zero F l o u  of Days of Haximum 

Caging Per iod of Area Flow Flow Annual Discharge Monthly Discharge Discharge s t an taneous  Discharge i n  One of 3 r o  Zero F l w  
~ o c a  t iona S t a t i o n  Record (sq mi) (acre-f t )  (acre-f t)  Flow (cf 6) Discharge (cf  s )  ( c f s )  Discharge (yea r s )  Water Year F l o w  periodC 

B i l l  Williams River  2660 1913-15, 5,140 106,800 436,800 1940-41 269,000 Feb. 1932 142 92,500 1936-37 
nea r  P lane t  192E-44 

B i l l  Williams R ive r  2600 1939-68 4,730 66,760 527,600 1940-41 201,500 Mar. 1941 90 6 5 , 1 0 0 ~  8/29/51 20 
near  Alamo (be fo re  
Alamo Res.) 

B i l l  Willlarus River 2600 1968-75 4,730 30,909 162,500 1972-73 75,620 Mar. 1973 49.4 4,950 1968-69 
nea r  Alamo ( a f t e r  
Marno Res.) 

Big Sandy River 2445 1966-75 2,800 30,127 115,600 1972-73 73,380 Mar.1973 37.7 28,000 12/7/66 1 9  1 6  3 1974-75 

Cottonwood Wash 2420 1964-75 143 2,746 4,860 1965-66 2,340 Dec. 1965 3.83 7,000 1963-64 
No. 1 ( t r i b u t a r y  t o  

t-,) Big Sandy Rive r )  
I 

Santa Maria River 2550 1939-66 1,520 22,282 197,800 1940-41 76,400 Mar. 1941 36.1 33,600 8/29/51 30 
w near  Alamo Kes. 

Santa Maria River 2490 1966-75 1,210 29,816 150,400 1972-73 63,620 Mar. 1973 37.3 13,500 12/7/66 10 

Kirkland Creek 2447 1973-75 109 1,190 1,990 1973-74 253 bug. 1973 2.76 785 1972-73 
(tributary t o  San ta  
Haria  River)  

Date Creek - 1939-44. 127 1,690 7,700 1940-41 3,660 Mar.1941 2.69 1,400 1940-41 
( t r i b u t a r y  t o  Santa 

I Maria River)  

Source: Uater  k v e l o p m e n t  Carp., 19778. 

" ~ o c a t i o n s  of gaging s t a t i o n s  a r e  described i n  Table  2.6-2 and a r e  shown i n  Figure  2.6-1. 

b ~ r  maximum number of day* of ze ro  flow I n  a water  year. 

water. year  con ta in ing  xnaximum z e r s  Elow period.  

d ~ e a k  ins tantnneoue d i scha rge  (computed by USGS from high water marks) of 86,000 cfs  occurred Septesber  6 ,  1939, 



normally occurs in February or March. This discharge is in response to 

increased runoff resulting from snowmelt and winter rains. 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 i n  the Santa &ria and Big Sandy rivers 

are comparable even though the Big Sandy has a much larger watershed. 

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 futervals, 

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 

underlying sediments and the degree of saturation of these sediments. 



Table 2.6-5. PEAK DISCHARGES FOR SELECTED RIVERS IN TIE BILL WILLIAMS 
RIVER BASIN 

Santa Maria 
Recurrence near Bagdad, 

I n t e r v a l  Gage 2490 
(yea r s )  (cf s )  

Santa Maria B i l l  W i l l i a m s *  
nea r  APamo, nea r  Alamo, 

Gage 2550 Gage 2600 
(cf s) ( c f s )  

8,000 9,300 

13,800 16,900 

22,400 27,400 

33,500 41,100 

41,500 ( e x t r a p o l a t e d )  50,900 

Source: P a t t e r s o n  and Somers ,  1966. 

*Before c o n s t r u c t i o n  of Alamo Reservoir and Darn,  which now c o n t r o l s  
f l o w  a t  Alamo gaging s t a t i o n .  



Underflow has been identified as the possible cause of what appears 

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

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 Wver 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 the reservoir. 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 stored in the reservoir below the spillway. Annual 

evaporation loss from the recreational pool is approximately 3290 acre- 

feet, o r  about 10 percent of the average annual flow of the Bill Williams 

Xiver 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 

Water Rights 

The Santa Maria River s 

amounts between the two periods. 

mface water rights are fully appropriated 

(Table 2.6-6).  Approximately 650 acre-feet per year is appropriated in 

the vicinity of Palmerita bnch .  Most of rhis water is used f o r  crop 

irrigazion. kn add i t i o r r a i  272 acre-feet per year is appropriated from 

Grapevine Springs for irrigation purposes. Below the .Uamo 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 (Water Development 

Corp. 1977b). 

Local Surface Water Hydrology 

Surface water hydrology studies were conducted on the Anderson 

p r a p e r t y  in 1977, One stage gage was established on the Sasta Earia 

River, and gages were established oa seven tributaries of the Santa 

Haria that drain the property (F igure  2.6-5). The cross sections 

of the channels were measured and notes were taken on chacnel 



Table 2.6-6. SURFACE WATER RIGHTS NEAR THE ANDERSON PROPERTY 

Source 
A p p l i c a t i o n  Permit  C e r t i f i c a t e  P r i o r i t y  

No. No. No. Date Owner 
Dive r s ion  Quan t i ty  of Water** 

Poin t*  (acre-f e e  t/year) 

San ta  Maria River  3124 2183 2086 04/17/51 F u l l e r  11-1lW-16 a c  Irr .  85 
Stock 1.1 
Dome 0.9 

San ta  Maria R ive r  3123 2182 

Sanra  Maria River  1042 712 

T o t a l ' S a n t a  Maria R i v e r  

Grapevine Spr ings  255 214 

Grapevine Spr ings  256 215 

Grapevine Springs 257 216 

T o t a l  Grapevine Spr ings  

Spr ing  

Pass 

Wash 

04/17/51 F u l l e r  ll-1lU-16 c b  Irr. 38 0 
Stock 1.7 
Dom. 0.9 

11/22/29 Whitaker ll-12W-15 aa Irr. 181 - 

12/16/21 Madri l  ll-llW-22 ab Irr. 127 

12/16/21 Madri l  ll-llW-22 ab Irr. 54 

12/16/21 Madri l  ll-1lW-22 ab Irr. 9 1 

272.0 

4806 -- -- 02/28/65 Van Keuren ll-9W-4 ab Stock 0 .5 

Howard 
508 -- -- 10/07/24 Sheep Co. 11-9W-22 d Stock 5 

Howard 
258 -- -- 02/02/27 Sheep Co. ll-9W-31 c c  Stock 45 

Spr ing  4683 -- - 09/23/63 Carson Stock 0.5 12-9W-6 c c  

Spr ing  4681 -- .-a 09/23/63 Van Keuren 12-10W-3 a b  Stock 0.5 

Wash 2409 - -- 12/28/65 Van Keuren 12-10W-8 dd Stock 127.75 

Spr ing  4682 -- -- 09/26/63 Van Keuren 12-1OW-20 c b  Stock 146 

Kavine 1373 - -- 01/15/57 Knight 10-8W-32 bb Stock 1.1 

Wash 1372 -- -- 01/15/57 Knight 10-8W-32 dd Stock  1.1 

-.- 

Source: Water Development Corp., 1977b and Minera l s  E x p l o r a t i o n  Company, 1977. 

*Refer t o  F i g u r e  2-6-4 f o r  e x p l a n a t i o n  of l o c a t i o n  ntmbering system. 

**Irr. = i r r i g a t i o n ;  Dom. = domest ic .  



EXPLANATfON: Well arsd test hole nurnlxn in this 
report descrik the location of weils and test holes 
according to the Bureau of Land Management's system 
of land subdivision as foilows: 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, 18-acre tract (quarter-quarter-quarter section) 
within that quarterquarter section. The 160-acre, 
40-acre, and 10-acre tracts are designated a, b, c, 
and d in a countercfockwise direction beginning in 
?he northeast corner. For example, well 23-MW-15ddd 
is in the SE%SEXSE'/* S c .  15, T23F1, 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 NUMBERllVG SYSTEM 



geometry. R a i n f a l l  was monitored a t  each  gaging s t a t i o n ,  w i t h  a  s i n g l e  

p r e c i p i t a t i o n  event  (0.51 inches  i n  two hours )  t h a t  r e s u l t e d  i n  runof f  

occur r ing  on August 15. P e r t i n e n t  hydro logic  d a t a  f o r  each of t h e  e i g h t  

t r i b u t a r i e s  i s  presen ted  i n  Table  2.6-7* 

The d ra inages  s tud i ed  dur ing  this hydrology program can be d iv ided  

i n t o  the fol lowing c a t e g o r i e s :  f l a t ,  wide a l l u v i a l  washes; narrow 

a l l u v i a l  washes; and rocky, s t e e p  canyons. A l l u v i a l  washes (stream 

s t a t i o n s  1, 3 ,  4 ,  6 ,  and 8) a r e  t h e  most  common type  of d r a i n a g e  chan- 

n e l  on t h e  proper ty ,  The washes n o m a l l y  c o n s i s t  of sand and gravel and 

a r e  bounded by rocky canyon wal l s .  Sparse v e g e t a t i o n  f r e q u e n t l y  grows 

i n  the washes a t  lower e l e v a t i o n s .  The channel  bottom s l o p e s  of  t h e s e  

washes genera l ly  range from very gradual t o  moderate. S t r e a a  s c a t i o n s  

5 and 7 were located in narrcsw, rocky canyons with  moderate channel 

s lopes .  While both  of t h e s e  canyons c o n s i s t e d  l a r g e l y  of gravel and 

small  boulders ,  s t a t i o n  7 was es tab l i shed  i n  an a r e a  of fine sand. 

Stream s t a t i o n  2 was l oca t ed  i n  a  s t e e p ,  narrow canyon. The s t r eanbed  

c o n s i s t s  of s o l i d  rock and c o n t a i n s  numerous l a r g e  boulders .  The chan- 

n e l  of t h i s  canyon meanders t o  a cons ide rab l e  e x t e n t ,  

Surface f low seldom occurs i n  the  dra inages  on t h e  Anderson prop- 

e r t y  except f o r  f l a s h  f l oods  immediately fol lowing thunderstorms.  The 

d r y  s a i l  of the washes and canyons t ends  t o  seal when w e t ,  iahlbiting 

infiltration and r e s u l t i n g  in r e l a t i v e l y  h igh  runof f .  This  runoff 

is normally q u i t e  e ros ive ,  p a r t i c u l a r l y  in t h e  steeper,  narrower can- 

yons. Using the U.S. S o i l  Conservat ion Service method f o r  es t imat ing 



Table  2.6-7- HYDROLOGIC DATA FOR SUBBASINS I N  THE VICINITY OF THE 
ANDERSON PROPERTY 

Drainage 
Stream Area 
S t a t i o n  ( s q  mi) 

Drainage 
Length 
(mi> 

Lag 
Time 
( h r )  

Source: Water Development Corp., 1977a. 

Note: The average watershed s l o p e  f o r  all subbas in s  has  been assumed 
t o  e q u a l  10 p e r c e n t ,  as g iven  i n  Water Development Corp. (1977)  
f o r  t h e  subbas in  c o n t r i b u t i n g  t o  f low a t  s t ream s t a t i o n  1. The 
v e g e t a t i o n  cover type  f o r  t h e  subbas ins  i s  d e s e r t  shrub  and 
cover d e n s i t y  i s  approximate ly  40 pe rcen t .  S o i l s  i n  all t h e  
subbas in s  a r e  c l a s s i f i e d  i n  group C. The cover  number used f o r  
the  watersheds i s  79. 



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 drainag~s ranges frou 

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 

ranged 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 estiaa~ed f o r  each tributary over selected 

recurrence intervals and for the p r c b a b l e  maximum precipitation (PW) 

event (Table 2.6-9) using the runoff and triangular hydrograph method 

of the U.S.  Soil Conservation Service (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 5. Peak discharge 

for these stages ranges from. approximately 250 cfs for the 5-year re- 

currewe interval (Station 3) to over 12,000 cfs dur ing  the. P t P  event 

(Station 1). Peak discharges at stations 2, 6 ,  and 7 are expected 

to be minimal because of their small dra inage  areas. 



Table  2 .6-8 .  CHANNEL GEOMETRY O F  STREAM S T A T I O N S  

Approx. 
Stream Stream Elevation Channel 
Station Location (ft, msl) Geometry 

Charine 1 
Bottom 
Slope St reambed 

( %  > Material(s) 

Manning's 
Roughness 

Field Observatione 
of Runoff Event 

Flat, wide, alluvial 
wash 

S t e e p ,  rocky, narrow 
canyon terminating into 
free overfall 

Flat, wide, alluvial 
wash 

Flat, very wide, allu- 
vial wash 

Moderate slope, narrow 
rocky canyon 

Flat, narrow wash with 
wide flood plain con- 
taining low vegetation 

Narrow, highly erodible 
gully 

Flat, wide alluvial 
wash containing low 
vegetation 

Sand, gravel 

Rock, large boulders 

Sand, fine gravel 

Sand, fine gravel 

Gravel, small boulders 

Sand, gravel 

Sand 

Sand, gravel 

3-inch water mark 

5-inch water mark 

6-inch water mark 

Flow created channel 
8 inches deep and 50 
feet wide 

6-inch water mark 

6-inch water mark 

Flow created chaunel 
8-12 inches deep and 
28 feet wide 

4-inch water mark 

See Figure 2.6-4  for description of location numbering system. 
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Peak s t a g e s  f o r  each of t h e  Santa Maria t r i b u t a r i e s  were es t imated  

(Table 2.6-9) us ing  Manning's Equation and t h e  channel c r o s s  s e c t i o n s  

shown i n  F igures  2.6-6 through 2.6-8. It was assumed t h a t  t h e  energy 

l i n e  s lope  during t h e  peak s t age  was approximately 20 percent  g r e a t e r  

than the  channel bottom slope. Although t h i s  assumption i s  a r b i t r a r y ,  

i t  i s  f e l t  t h a t  t h e  peak s t age  e s t ima tes  a r e  c o r r e c t  t o  t h e  o rde r  

of magnitude. Because of t h e  e f f e c t s  of c ross - sec t iona l  a r e a  and 

wetted perimeter  on flow, peak s t a g e  f o r  each  channel i s  not  merely 

propor t ional  t o  d ischarge ,  For example, t h e  peak s t a g e  i n  narrow 

canyons may be a s  h igh  a s  t h e  peak s t a g e  i n  wide a l l u v i a l  washes 

f o r  a correspondingly low discharge .  The low s t a g e  va lues  es t imated  

f o r  s t a t i on  2 a r e  probably r e l a t e d  t o  t h e  h igh  channel s lope ,  which 

would c r e a t e  s u p e r c r i t i c a l  flow, 

GROUNDWATER HYDROLOGY 

A s  d iscussed  e a r l i e r ,  t he  B i l l  Williams River Basin i s  contained 

wi th in  both t h e  Cent ra l  Highlands and t h e  Basin and Range provinces,  

two major physiographic reg ions  i n  Arizona. I n  the  Basin and Range 

Province, groundwater gene ra l ly  occurs  i n  unconfined o r  "water t ab le"  

a q u i f e r s  formed i n  a l l u v i a l  v a l l e y s  between mountain blocks.  The 

alluvium, which may be s e v e r a l  thousand f e e t  t h i c k ,  c o n s i s t s  of i n t e r -  

bedded c l a y s ,  s i l t s ,  sands,  and g rave l s .  Recharge i s  small  and occurs  

mzinly along mountain f r o n t s  and t h e  normally dry  stream courses .  In  

the  Central  Highlands Province,  small  v a l l e y s  between volcanic  mountain 

blocks f i l l e d  wi th  unconsolidated sediments a r e  t h e  main source of 









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. 

State and Regional Groundwater Uses and Rights 

Groundwater provides approximately 60 percent sf the annual water 

requirements of Arizona, Most of this water is used for irrigation, 

Heavy pumpage for irrigation in many of the basins of the state has 

caused large changes in the flow pattern of groundwater and substantial 

drops in the water table, The groundwater reservoir in much of the 

state has been established over geologic time, and replenishment from 

recharge areas is much less than pumpage, In this context, groundwater 

m y  be considered a nonrenewable resource. Currently, withdrawal from 

developed aquifers annually exceeds recharge by about 2 . 2  m i l l i o n  acre- 

feet and the average annual decline in water tables is as high as 14 

feet per year for selected basins in central Arizona (Water Development 

Corp, 1977b). 

Approximately 23 million acre-feet of groundwater is stored in 

the Bill Williams River Basin (~ster 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 nillion x e r z - f e a  

lies from 790 to 1200 feet be low the land surface. d ~ p t h s  c u r r e n t l y  

considered practical for irrigation and municipal water withdrawals are 

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



water is used annually for irrigation and 3600 acre-feet per year is 

used for municipal and industrial purposes. The annual depletion 

(withdrawal minus recharge) is about 7300 acre-feet. Essentially all 

of this withdrawal occurs upgradient of the proposed project; conse- 

quently, no activities at the mine and mill will impact these existing 

upgradient uses, 

"The Arizona Supreme Court has consistently held that percolating 

(underground) waters belong to owners of the soil, and has accepted the 

American Rule of 'reasonable use.' Thus, an overlying owner has a 

right to withdraw and use percolating water provided the withdrawal is 

far the purpose of r ak ing  reasonable use of the land from which the 

water is taken." For further discussion of water rights in Arizona see 

2 Hutchins, Water Rights Laws in the Nineteen Western States, st 535 

(1974) and Farmers Investment Co. vs. Bettwy, 558 P.2d 14 (Arizona 1976). 

Local Groundwater Hydrology 

The following discussion is based primarily on studies conducted 

by Water Development Corp. (1977b) and Dames h Moore (1977). Tne pur- 

pGse of the studies conducted by Water Development Corp. was to deter- 

mine feasible sources 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 charac- 

teristics of the property, compilation of existing well productivity, 

(Table 2.6-10) and test drilling in selected areas. The purpose of the 

Dames & Moore study was to determine the stability of the ultimate open 



e Table 2.6-10.  WELLS I N  THE VICINITY OF THE AlYDERSOiu' PROPERTY 

Well Depth Casing Depth Case Diameter Depth to Yield Drawdown 
Locat ion* (feet) (feet) (inches) Water (feet) (gpm) (feet) Owner 

Ektr D 
Four Ranch  

10-821-5 Cab 2 6 5 -- 12 120 -- -- USGS 

10-8W-5 bbb 216 

10-8W-5 bbb 130 

10-85J-5 abd -- 

10-8W-12 ddb 10 

- -- USGS 

-- -- USGS 

136 -- -- USGS 

1 600 1 Evans 

-- 
lo' 

10-8W-12 aad 7 5 Incomplete, File Date 11/76 Mat thews 

10-8W-13 dca 2 4 -- I -- 12 -- Anderson 

10-8W-14 aaa 4 0 40 10 28 400 -- Evans 

10-8W-14 abd 180 Inconplete, File Date 12/76 Torzec 

10-8W-14 adb 200 Incomplete, File Date 12/76 Torzec 

10-8%-24 s?ad 360 30 5 8 2 3 0 Kn i &:?- t 

11-8F'-21 bcb 175 175 

12-851-3 ccc 120 120 

-- -- James 

-- -- James 

12-8W-27 Sbb 

12-9W-24 dab 

11-low-11 ccc 

James 

Curtis 

Minerals 
Exploration 
Company 

Weaver 

Curt .is 

Curt is 

11-10W-24 aca 

12-10W-I bbb 

12 Three 
Rzvers 
Ranch 

11-llU-17 dda 50 60 

11-llW-31 abb 1769 520 

11-llU-31 bbb 888 268 

11-llW-31 bbb 400 400 

Fuller 

Fuller 

Fuller - 
Source: Minerals Exploration Company, 1977 

*Refer t o  Figure 2.6-4 for explanation of location nunbering system, 



ill h o l e s  were measured f o r  s t a t i c  p i t  s l opes ,  A l a r g e  number of d r  

water l e v e l .  

Alluvium. The a l l u v i a l  v a l l e y  of t h e  Santa  Maria River var ies  substan-  

t i a l l y  i n  wid th  and depth  t o  bedrock, For example, t h e  Santa Maria  

fiows i n  a narrow canyon from 500 t o  1000 f e e t  wide  n o r t h  of the Anderson 

M b e .  Eetveen gaging s t a t i o n  2490 and t h e  Alamo Reservoi r  ( F i g u r e  

2 .6- l ) ,  t5e v a l l e y  i s  one-half t o  one ic i le  wide. In t h i s  reach, the 

dep th  t o  bedrock is approximately 60 f e e t .  A s  mentioned above, t h e  

volume of a l luv ium,  and p a r t i c u l a r l y  t h e  dep th  of t h e  m a t e r i a l ,  i n f l u -  

ences  t h e  p ropor t i on  o f  s u r f a c e  f low t o  underflow i n  the river v a l l e y .  

Seven water wells a-re loca ted  in t h e  recent alluvium. of the Santa 

h r i a  River near t h e  Pz lmer i t a  Ranch ( F i g u r e  2.6-9). These  wells 

range i n  depth  from 60 t o  1 9 6  f ee t ,  wi th  a ?nariip:um r e p r t e d  dZschat-ge 

of 2700 g a l l o n s  pe r  minute  (gpm) (Table  2.6-11). The volume, and p a r t i c -  

u l a r l y  the  th ick i less  of t h e  a l l u v i m ,  i n f l u e n c e  t h e  p r o p o r t i o n  of sur- 

f a c e  f l o w  t o  underground f low i n  t h e  r i v e r  v a l l e y .  For exainple where 

t h e  a l l u v i m  i s  shal low and confined i n  a narrow canyon, w a t e r s  nay b e  

forced upward by t h e  underlying bedrock caus ing  some of the w a t e r  t o  

becoxe s u r f a c e  f low,  

A s  p a r t  of a water  supply i n v e s t i g a t i o n ,  f o c r  hyd ro log ic  explora-  

t i o n  holes wsre d r i l l e d  by Water Devel-opment Corp. i n  t h e  alluvium of 

t he  Santa  Maria River  i n  S e c t i o n  3,  TllN, U O W  (F igure  2.6-9). Well 

depths  ranged from 27 t o  61 f e e t  (Table 2.6-12). W e l l  1 w a s  a i r l i f t e d  







for three hours, creating a discharge of about 100 gpm and a drawdown 

of approximately 7 feet, It would appear that the saturated alluvium 

in this area, though porous and permeable, i s  not sufficiently thick 

(and perhaps ilor wide enough) to constitute a substantial groundwater 

reservoir, 

A 24-hour pump test on well 2 in the alluvium near the Palmerita 

Ranch was conducted by Water Developent Corp in 1977. During this 

test the average flow rate was 2180 gpm, Formation constants ( t rans-  

missivity and storage coefficients) were estimated on the basis of the 

rate of drawdown a t  the pumped w e l l  and the surrounding observation 

wells (wells 1, 3, 4, and 5). For the pumped well, the rransraissivity 

was determined to be approximately 250,000 g a l l o n s  per day p e r  foot 

r 

(gpdift). Ransmiss ivi ty  was estimated t o  be from 1 x j.0' to 1.5 x 

6 10 g p d / f t  in wells 1 and 3. These higher values may be related to the 

partial penetration of well 1 and the effects of an irrigation channel 

near well 3. Infiltration from nearby irrigation channels caused a 

rise in t h e  groundwater level i n  well 5 and also biased .ishe data for 

well 4. The short-term storage coefficient ranged from 0.06 to 0.08 

f o r  w e l l  1 and w a s  approximately 0.02 for well 3. The long-term storage 

c o e f f i c i e n t  f o r  the  alluvial aquifer is thought t o  be in the range of 

0.2 (Water Developinent Corp. 1978), 

Lower Sandstone Conglomerate. Table 2.6-13 p rov ide s  i n fo rma t ion  on 

we l l s  i n  the v i c i n i t y  of the  Anderson p rope r ty  that are  located in 

the Lower  Sandstone Conglomerate u n i t .  (The upper  capping conglomerate 



Table  2.6-13. WEI,LS IN THE LOWER SANDSTONE CONGLOMERATE UNIT IN THE 
ANDERSON PROPERTY AREA 

Depth kpprox. ~ p ~ r o x i m a t e  
t o E leva t ion  E l e v a t i o n  Depth Depth I n t e r v a l  

Blank S t a t i c  of Ground of S t a t i c  I n t e r v a l  o f  Lower 
Well Well Casing Water Surface  Water Level  of Blank Sands tone 

U e n t .  Well Depth Diameter*" Level  Above msl Above msl Casing Conglomerate 
Fo. Locarion* Owner Use ( f e e t )  ( i nches )  ( f e e t )  ( f e e t )  ( f e e t )  ( f e e t )  ( f e e t )  Remarks 

11-1OW-8ccc Minerals  
Explorat i .on . 

11-LOW-16cad Minerals  
E x p l o r a t i o n  

11-1OW-1Sbab Urangese l l - '  
schaf  t 

11-1OU-14bba 

10-1 2W-2bbb F u l l e r  

10-12W-12aaa F u l l e r  

11-11W-3lbba F u l l e r  

11-11W-3lbbb F u l l e r  

11-11W-3lbbb F u l l e r  

Water 200*** 59/16 52.4 1840 1788 0-60 
supply 

Hydrologic 1495 5 394 2000 1606 0-450 
t e s c  

Nine ra l  685 a 

exp lo r .  

Mineral  505 
exp lo r .  

Fune ra l  1640 a 

exy lo r .  

I r r i g .  580 10-6 200 

I r r i g .  1563 l ~ - l 2 ~ / ~  246.7 

I r r i g .  1769 16-8 

I r r i g .  888 16 60 

Stock 4 00 8 64 

Pump t e s t  A p r i l  14, 15, I977 
@ 57 gpm, dravdown of 22.4 f t  

A i r l i f t  from 800 f t  c r e a t e d  
f low o f  123 gpm 

Encountered no wa te r  i n  over- 
l y i n g  conglomerate 

Reported t o  produce abundant 
wa te r  between 400 t o  505 f t  

Discharge 280 gpm, drawdown 
50 f t  

Reported u n s a t i ~ f a c t o r y  f o r  
i r r t g a t i o n  

Discharge 470 gpn, drawdown 
270 f t  

Discharge 10 gpn, drawdown 
0 f t  

Source: Water Development Corp., 1977b. 

*Refer t o  F i g u r e  2.6-4 f o r  l o c a t i o n  nunber ing system. 
**Two values i n d i c a t e  a change i n  d i ame te r  w i t h  depth .  

***Original dep th  535 f e e t .  
c a s i n g s  f o r  e x p l o r a t i o n  boreholes .  



i s  e s s e n t i a l l y  above t h e  water  t a b l e . )  The only e x i s t i n g  we l l s  tapping 

this u n i t  t h a t  are loca ted  on t h e  property a r e  AM-28 and AM-507. AM-28 

was o r i g i n a l l y  d r i l l e d  t o  535 f e e t  f o r  mineral  exp lo ra t ion  and was l a t e r  

converted t o  a water  supply w e l l .  This well has been cased to 200 f e e 2  

(blank cas ing  down t o  60 f e e t ) .  W e l l  AM-28, l o c a t e d  between two major 

nor thwester ly  trending f e a t u r e s  (F igure  2 .6 -9 ) ,  has a s t a t i c  water  l e v e l  

e l e v a t i o n  of 1788 f e e t ,  t h e  h ighes t  e l e v a t i o n  of any w e l l  i n  the immedi- 

a t e  v i c i n i t y  of t h e  proposed d n e .  Well AM-507 w a s  d r i l l e d  f o r  hydro- 

l o g i c  i n f o r n a t i o n  and i s  loca ted  about 1500 f e e t  southwest of one of the 

two major s t r u c t u r a l  f e a t u r e s  on t h e  proper ty  (F igure  2.6-9). The h o l e  

was a i r - d r i l l e d ,  and water  was encountered a t  a depth of 485 f e e t .  

A b r i e f  pump t e s t  was performed on we11  A&-28. The final flow 

r a t e  dur ing  t h i s  t e s t  w a s  57 gpn. The i n i t i a l  and f i n a l  water depths 

i n  the wel l  were 56.2 and 78.6 f e e t ,  respectively, y ie ld ing  a t o t a l  

drawdown of 22.4 f e e t  and a s p e c i f i c  capac i ty  of 2.5 gpm/f t  of drawdown. 

During t h i s  t e s t ,  d e t a i l e d  drawdown and recovery r a t e s  were no t  obta ined ,  

merefore, at t h i s  tine, c a l c u l a t i o n  of formation cons tan t s  f o r  t h i s  

u n i t  cannot be made. 

Barsen Sand. Another groundwater-producing u n i t  a t  t h e  Anderson Mine 

i s  the Barren Sand w h i c h  p i n c h e s  out against the andesitic volcanics 

in the  southern p o r t i o n  of t h e  Anderson p r o p e r t y  (F igure  2.6-10). The 

water supply w e l l  (DC-5, Figure 2.6-9) f o r  Urangesellschaft U.S.A. i s  

t h e  only boring which i s  p resen t ly  producing water from t h i s  u n i t .  P e r -  

f o r a t e d  casing extends from 750 t o  950 feet in this w d l  and a submersible  



1. Upper conglomerate 

2. Basalt 

3. Lower sandstone conglomerate 

4. Lacustrine sediments 

5. Volcanics 

A Lower sandstone conglomerate 
(water bearing) 

Barren sand (water bearing) 

... Main ore zone 

Lower ore zone ...... ...... 

Figure 2.6-10. GENERALIZED CROSS SECTION SHOWING WATER 
BEARING UNITS AT ANDERSON MINE 



pump i s  l o c a t e d  a t  815 f e e t .  The top  of t h e  Barren Sand u n i t  i s  a t  

approximately 800 f e e t  (Table  2.6-14). A s t a t i c  w t e r  l e v e l  of 328 

f e e t  ( e l e v a t i o n  1672 msl)  was measured i n  w e l l  DC-5 on December 1, 

1976; consequent ly ,  i t  appea r s  t h a t  t h e  Barren Sand u n i t  i s  ccnf ined ,  

wi th  an a r t e s i a n  head i n  t h e  range  of 500 f e e t .  

A 10-hour pump t e s t  w a s  conducted on w e l l  DC-5 by Water Development 

Corp. i n  1977. The average f low r a t e  dur ing  t h i s  t e s t  was 30.7 gpm. 

The i n i t i a l  and f i n a l  wate r  dep ths  i n  t h e  w e l l  were 337.1 and 359 f e e t ,  

r e s p e c t i v e l y ,  y i e l d i n g  a t o t a l  drawdown of 21.9 f e e t  and a s p e c i f i c  

c a p a c i t y  of 1.4 gpm/ft of drawdown. The t r a n s m i s s i v i t y  determined from 

t h e  t e s t  was approximate ly  1000 gpd / f t .  

Local  Groundwater Movement 

The e l e v a t i o n  of s t a t i c  wate r  l e v e l s  i n  t h e  d r i l l  h o l e s  p e n e t r a t -  

i ng  t h e  Lower Conglomerate and Barren Sand u n i t s  a r e  shown i n  Figures 

2.6-9 and 2.6-11 and presen ted  i n  Table  2.6-15. The exac t  sou rce  of 

t h e  water i n  t h e s e  d r i l l  h o l e s  i s  unce r t a in .  However t h e  d a t a  are use- 

f u l  f o r  d i s c u s s i n g  gene ra l  t r e n d s  i n  groundwater movement. For example, 

c o n s i d e r a b l e  f a u l t i n g  and f r a c t u r i n g  i n  t h e  vicinity of t h e  Anderson 

mine shows up i n  marked changes i n  t h e  water  g r a d i e n t  (F igu re  2 .6 -11) .  

The water  e l e v a t i o n s  i n  bor ings  through t h e  Barren Sand u n i t  

(Sec t i on  15,  T l l N ,  RlOW) g e n e r a l l y  dec rea se  t o  t h e  west and n o r t h  

toward t he  Santa  Maria River. This g r a d i e n t  i s  o p p o s i t e  t o  t h e  gene ra l  

sou th  t o  s o u t h e a s t  d i p  of t h e  sediments .  



T a b l e  2 - 6 - 1 4 ,  WELLS IN THE BARREN SAND IN THE ANDERSON MINE AREA 

Depth Approx. Ay pro:<. 
t  o  E leva t ion  E leva t ion  Depth Approximate 

Elank S t a t i c  Date of of Ground of S t a t i c  I n t e r v a l  Depth 
Well Ual l  Casing Water S t a t i c  Surface  Water Level of Blank I n t e r v a l  of 

I d e n c .  Well Depth Uismeter Levcl  Water Level above m s l  above m s l  Casing Barren Sand 
KO. Location* Owner Use ( f e e t )  ( i nches )  ( f e e t )  Measurement ( f e e t )  ( f e e t )  ( f e e t )  ( f e e t )  Remarks 

DC-5 11-1OW-15aca Lrangesel l -  Water 950** 59/16 32 8 12/1/76 2000 1672 0-750 (800->860 Discharge 25 gpm vich 
schnf  t S U P P ~ Y  pump dep th  o f  815 f t  

Urangesel l -  Mineral  1465 60 - 
s c h a f t  exploca.  

DC-13 ? I-t OW-l5acb Urangesel l -  Mineral 115 3 3 
scliaf c exp lo ra .  

T-16 11-lOL-15ddb Lkangesell- klir.ara1 1450 3 
s::ha F t  exp lo ra .  

Urangescll- Mincral 1405 3 
scha fc  exp lo ra .  

T-20 11-1CW-15adb U r a n ~ s s e l l -  Mineral  1060 3 323 a 
w 
I s c h n f t  exp lo ra .  

No water  r epo r t ed  
a f t e r  d r i l l i n g  

No water  r e p o r t e d  
a f t e r  d r i l l i n g  

L i t t l e  water  from 
1200 t o  1350 f t  

L i t t l e  water  from 
1200 t o  1300 f t  

No water  r e p o r t e d  
a f t e r  d r i l l i n g  

I-' --.- 
(r 
W Source: Vater Devalopmnc Corp.,  1977b. 

*Refer t o  F igu re  2.6-4 f o r  l o c a t i o n  numbering system. 
**Original  d c p r h  1040 f e e t .  

%easured du r i ag  Water Development Corp. f i e l d  program i n i t i a t e d  i n  Novctnber 1976. 



Table 2.6-15. BORE HOLES IN WHICH STANDING WATER LEVELS WERE MEASURED 

Elevation of 
Collar Depth to Elevation of Base of Sandstone Elevation of Top Elevation of Base Elevation of Top of 

Hole No. Elevation Fluid Level Fluid Level and Conglomerate of Barren Sand of Barren Sand Basement Volcanics 
(f t ,MSL) (ft) (f t ,MSL) (f t ,MSL) (f t ,MSL) (f t ,MSL) ( ~ ~ , H s L )  

HE: Not encountered 
T: Elevation from tops 



Groundwater e l e v a t i o n s  i n  w e l l s  p e n e t r a t i n g  t h e  Lower Conglomerate 

(AM-28 and AM-507) dec rea se  i n  s t e p s  t o  t h e  west-southwest.  The s e r i e s  

of nor thwest- t rending f a u l t s  t h a t  form t h e s e  s t e p s  i n  t h e  mine a r e a  

modify t h e  r e g i o n a l  southwest g r a d i e n t  of t h e  wate r  t a b l e .  Loca l l y ,  

groundwater moves a long  t h e  f a u l t  b l a c k s  t o  t h e  nor thwes t .  Within 

f a u l t  b locks ,  groundwater l e v e l s  dec rea se  t o  no r thwes t ,  s u b s t a n t i a t i n g  

t h i s  l o c a l  movement. 

In  o r d e r  t o  f u r t h e r  c l a r i f y  l o c a l  groundwater movement and t h e  

e f f e c t s  of f a u l t i n g  on t h e  groundwater regime,  MINERALS p lans  t o  

con t inue  hyd ro log i c  s t u d i e s  on t h e  Anderson proper ty .  Th i s  d a t a  w i l l  

be made a v a i l a b l e  t o  t h e  a p p r o p r i a t e  rev iew agenc i e s  as i t  i s  ob t a ined .  

WKER QUALI TF 

Sur face  Water Q u a l i t y  

Sur face  f low i n  t h e  v i c i n i t y  of  t h e  Anderson p rope r ty  normally  

occurs  f o r  o n l y  s h o r t  pe r iods  du r ing  and immediately a f t e r  p r e c i p i t a t i o n .  

A s i n g l e  b r i e f  per iod  of r uno f f  was recorded on t h e  p rope r ty  du r ing  t h e  

s tudy  per iod ;  however, personne l  were no t  p r e sen t  t o  o b t a i n  wate r  

samples. Consequently,  s u r f a c e  wate r  q u a l i t y  d a t a  a r e  n o t  a v a i l a b l e  f o r  

t h e  proper ty .  

The wate r  q u a l i t y  moni tor ing  s t a t i o n  n e a r e s t  t o  t h e  p rope r ty  i s  

l o c a t e d  on t h e  B i l l  Will iams River  (USGS 09426600) n e a r  P lane t ,  

Arizona. This  s t a t i o n  i s  approximate ly  43 m i l e s  downstream from t h e  

Anderson proper ty  below t h e  Ala ino  Reservo i r .  Data from t h i s  s t a t i o n  



were n o t  inc luded  i n  t h i s  r e p o r t  s i n c e  t h e  hydro logic  regime below t h e  

r e s e r v o i r  i s  d i f f e r e n t  from the regime i n  t h e  v i c i n i t y  of t h e  proper ty .  

I n  a d d i t i o n ,  t h e  impoundment of  t h e  water  upstream from t h e  moni tor ing  

s t a t i o n  can  be expected t c  s u b s t a n t i a l l y  modify i t s  chemical eha rac t e r -  

i s t i c s .  

The results of water q u a l i t y  analyses conducted on a sample taken 

i n  the B i l l  W i l l i a m s  River a t  t h e  conf luence  of t h e  Big Sandy and Santa 

Maria r ivers  a r e  provided i n  Table  2.6-16. For comparison, t h i s  t a b l e  

also presen t s  p e r t i n e n t  water  q u a l i t y  c r i t e r i a .  The d r i n k i n g  water 

s t anda rds  presen ted  i n  the t a b l e  were compiled from t h e  1969 U.S. Pub l i c  

Heal th Service s t anda rds ,  the  1975 U.S. EPA Interim Primary Drinking 

Water Regula t ions ,  and Qcaiity C r i t e r i a  f o r  Water (EPA, 1976) .  The 

wsteer q u a l i t y  c r i t e r i a  f o r  w i l d l i f e  and l i v e s t o c k  use t h a t  a r e  given i r ~  

t h e  t a b l e  have been e x t r a c t e d  from t h e  1973 proposed water  q u a l i t y  

s tandards  developed f o r  t h e  EPA by t he  Nat iona l  Academy of Sc iences .  

These c r i t e r i a  preceded the 1976 s t andz rds  publ ished by t h e  EPA, which 

a r e  concerned only  w i th  t h e  h e a l t h  of humans and of a q u a t i c  and marine 

organisms. 

A s  can be seen i n  Table  2.6-16, t h e  water  from the B i l l  Williams 

River i s  of f a i r l y  good q u a l i t y .  It does ,  however, exceed t h e  1975 

dr inking  water  s t anda rds  f o r  total i r o n  and manganese and the  1969 

d r ink ing  water  s tandard  f o r  TDS, 



Table 2.6-16. SURFACE WATER QUALITY OF THE BILL WILLIAMS RIVER AT THE 
CONFLUENCE OF THE BIG SANDY AND THE SANTA W L A  RIVERS 

1975 U.S. EPA 
Concentration Primary Drinking Water Quality Standards 

Constituent (mg/l>* Water Standard for Wildlife/Livestock 

Redox Potential +245 -- 
(units) 

Specific 780 
Conductance 
(pmho/cd 

TDS 550 500** 

pH (units) 8.5 5-9 

Calcium 0,001 -- 

Magnesium 21 -- 

Potassium 

Sodium 100 -- 

Bicarbonate 280 -- 

Chloride 72 250 

Sulfate 84 250 

T o t a l  Iron 8.2 0.3 

Soluble Iron <0.1 -- 

Manganese 0.26 0 .05 

Total Phosphorus 0.31 -- 

Nitrate 0.4 10 
as Nitrogen 

Carbonate 1.8 -- 

Fluoride 1.5 1 , 4  

Boron 0.21 -- 

Aluminum 11 -- 

Arsenic 0.03 0-05 



Table 2.6-16 (concluded) 

I975 U.S. EPA 
Primary Drinking Water Quality Standards 
Water Standard for ~ildlife/~ivestock 

Concentration 
(mg/l)* Constituent 

Chromium 

Copper 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Zinc 

Gross Alpha 0 + 3  -- - 

Gross Beta I S  - t 2 

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

*Unless otherwise noted 
**I969 U.S. Public Health Service standards. 



Flash f looding following storms i s  t y p i c a l  on t h e  Anderson prop- 

e r t y .  During t h e s e  f lood events  t h e  q u a l i t y  of su r face  water i s  

extremely v a r i a b l e ,  depending l a r g e l y  on t h e  geologic  composition of 

t h e  streambed. In most cases ,  however, t h i s  water i s  laden wi th  s ed i -  

ments, The sediment y i e l d  from runoff  i n  t h e  v i c i n i t y  of t h e  Anderson 

property v a r i e s  from 0.2 t o  1 acre-foot  (0.01875 i n / y r )  o f  m a t e r i a l  

per square mi le  per year  (Arizona Water Commission 1975) .  

Groundwater Q u a l i t y  

Groundwater samples were c o l l e c t e d  from a t o t a l  of 10 sources  

(Figure 2.6-12) r ep resen t ing  a l l  of t h e  major geohydrologic u n i t s  i n  t h e  

v i c i n i t y  of the Anderson property ( i . e . ,  a l luvium, Barren Sand, Lower 

Conglomerate, and vo lcan ic s )  . These samples were analyzed f o r  major 

water q u a l i t y  c o n s t i t u e n t s ,  minor c o n s t i t u e n t s ,  t r a c e  elements ,  and 

r ad ioac t ive  c o n s t i t u e n t s .  The r e s u l t s  of t h e s e  ana lyses  a r e  presented 

i n  Tables 2.6-17 through 2,6-20, For comparison, t h e s e  t a b l e s  a l s o  

present  p e r t i n e n t  water q u a l i t y  c r i t e r i a  i n  a manner s i m i l a r  t o  t h a t  

described f o r  Tab le  2-6-16. 

The d a t a  i n d i c a t e  t h a t  d i f f e r e n t  types  of water  a r e  p resen t  i n  t h e  

various fo rna t ions  underlying t h e  Anderson property,  In  t h e  a l luvium,  

water i s  dominated by calcium bicarbonate  (Table 2.6-17). I n  t h e  

Barren Sand u n i t ,  t h e  water has a h igh  pH and i s  dominated by sodium 

bicarbonate and sodium carbonate,  In t h e  Lower Conglomerate u n i t ,  t h e  

water i s  aga in  dominated by calcium bicarbonate .  Water from both  of 
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Figure 2.6-12. LOCATION OF GROUNDWATER SAMPLE SITES 
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Table 2 .6 -17 .  MAJOR WATER QUALITY CONSTITlJENTS (in mg/l unless otherwise noted) 

I d e n t i f i c a t i o n  

Redox Syeci f  i c  
Well Date P o t e n t i a l  Conductance 

Locat  ion* Sampled (mV) (pmho/ctn) TDS pH Ca Mg K Na H C 0 3  C1 SO4 

Alluvium Wells  (Qal) 
P a l m e r i t a  Ranch 

P i p e l i n e  Ranch 

S a n t a  Maria Well ill 

San ta  Maria Highway 

Bar ren  Sand W e l l  (Tmb) 
DC-5 

I 
I-- Lower Conglomerate 
..I 
W (Tmc) 

AM- 2 8 

Grapevine  Sp r ings  

Vo lcan ic s  ( T v f )  
T r e s  Alamos S p r i n g  

Sp r ing  Weep 

Dr ink ing  Water Standards 

Water Q u a l i t y  S tandard  
f o r  W i l d l i f e / L i v e s t o c k  

*Refer t o  F i g u r e  2.6-4 f o r  l o c a t i o n  numbering system. 

**Probable a n a l y t i c a l  e r r o r .  

Note: CEP i s  Con t ro l s  f o r  Envi ronmenta l  P o l l u t i o n ,  Inc .  
LFE i s  LFE Environmenta l  L a b o r a t o r i e s  
BC i s  BC L a b o r a t o r i e s  



T a b l e  2 .6-18.  MINOR WATER Q1IALITY CONSTITUENTS ( a l l  analyses i n  mg/l) 

I d e n t i f i c a t i o n  
Date T o t a l  So lub le  PO4 NO3 Labora- 

Sampled Fe Fe MII (as P )  ( a s  N) C03 F B t o r y  

Alluvium Wells  ( ~ a l )  
P a l m e r i t a  Ranch 

P i p e l i n e  Ranch 

Santa Maria Well  ill 

San ta  Maria Highway 

AM-507 

Ba r r en  Sand Well  (Tmb) 
DC-5 

io 
I 

C" Lower Conglomerate 

-i=- ( Tmc ) 
AM- 2 8 

Grapevine  Sp r ings  

Vo lcan ic s  (Tvf)  
T r e s  Alamos Spr ing  

Spr ing  Weep 

Dr ink ing  Water S t anda rds  

Water Q u a l i t y  S t anda rds  
f o r  ~ i l d l i f e / ~ i v e s t o c k  

(0.1 0.9 0 0.89 0.2 CEP 
0.074 0.86 0 1.0 c0.1 LFE 
0.2 0.6 0 0.05 0.3 CEP 
0.026 2.2 0 0.53 <0.1 LFE 
0.7 <0.1 0 0.89 0.1 CEP 
0.29 0.92 0 0.86 0,15 LFE 
1.8 0.4 0 2.03 0,4 CEP 
0.15 0.4 0 2.5 0.35 LFE 

2.8 0 1.4 - BC 

- 0.4 40 4,2 - BC 
0 0.3 27.3 4.2 1.0 CEP 

- 3.8 0 0.7 - BC 
c0.1 5.0 0 0.7 0.1 CEP 
u0.02 3.9 0 0.87 <0.1 LFE 

- 1.2 11,9 0.6 - BC 
3.1 1 .3  0 0.1 0.3 CEP 
0.063 1.2 0 0.58 <0.1 LFE 

1.0 2.0 0 0.07 1,2 CEP 
0,013 0.1 0 0.44 (0.1 LFE 
0.1 1.6 15.6 2.4 0.2 CEP 

- 10 - 1.4 1.0 
2.4 

- 22.6 - 2.0 5.0 

Note: CEP i s  C o n t r o l s  f o r  Envi ronmenta l  P o l l u t i o n ,  Inc. 
LFE i s  LFE Environmenta l  L a b o r a t o r i e s  
BC i s  BC L a b o r a t o r i e s  
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Table 2.6-20.  RADIOACTIVE TRACE CONSTITUENTS ( a l l  analyses i n  pCi / l  unless noted)  

T o t a l  
Date  U Gross  Gross  L a b o r a -  

I d e n t i f i c a t i o n  Sampled (mg/l)  Rn-222 Ra-226 Ra-228 Th-228 Th-230 Th-232 Alpha Beta  t o r y  

Alluvium Wel ls  (Qal )  
P a l m e r i t a  Ranch 

P i p e l i n e  Ranch 

SariCa hiaria Well  # 1  

S a n t a  Maria Highway 

Barren Sand Well (Tmb) 
DC-5 

Lower Conglomerate (Tmc) 
Mi- 2 8 

Grapevine S p r i n g s  

V o l c a n i c s  (Tvf )  
T r e s  Alamos S p r i n g  

S p r i n g  Weep 

Dr ink ing  Water S t anda rds  

Water Q u a l i t y  S t anda rds  
f o r  ~ i l d l i f e / L i v e s t o c k  

CEP 
L FE 
CEP 
LFE 
CEP 
LFE 
CEP 
LFE 

CEP 

CEP 
LFE 
CEP 
LFE 

CEP 
LFE 
LFE 

Note: CEP i s  C o n t r o l s  f o r  Envi ronmenta l  P o l l u t i o n ,  Inc.  
LFE i s  LFE Environmenta l  L a b o r a t o r i e s  
BC i s  BC L a b o r a t o r i e s  



the springs derived from the volcanics was dominated by sodium bicarbo- 

nate. 

The major potential uses of groundwater in the vicinity of the 

Anderson property are wildlife and livestock watering and domestic con- 

sumption. 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 where water quality cri- 

teria are exceeded. Except for water from the Lower Conglomerate unit, 

water samples from each of the geologic units underlying the property 

exceeded the drinking water standard for total dissolved solids (TDS) 

(Table 2.6-17). Fluoride in the water from the Barren Sand unit ex- 

ceeded the maximum allowable concentration of i.4 mg/l for drinking 

water (Table 2.6-18). Studies have shown that water containing more 

than 4.0 mg/l of fluoride causes mottled teeth in humans. Untreated 

water from this unit has the potential of causing this problem. Water 

from the Barren Sand unit, some of the alluvium, and volcanics also 

exceeded the fluoride criteria (Table 2.6-18). Water from Santa Maria 

Well no. 1 exceeded the drinking water standard for iron (Table 2.6-18). 

Since most of the other samples taken from 

contained low concentrations of iron, this 

more indicative of sampling problems, such 

wells drilled into alluvium 

fairly high reading may be 

as an oxid ized  w e l l  casing, 

than the actual quality of the water. Water from T r e s  Alamos Spring is 

of poorer quality than most of t h e  o ther  samples taken in t h e  vicinity 



of t h e  Anderson p rope r ty ,  This water exceeded t h e  d r i n k i n g  wa te r  stan- 

dard f o r  selenium (Tables  2.6-18 and 2.6-19). It a l s o  exceeded t he  

w i l d l i f e  and l i v e s t o c k  wate r ing  c r i t e r i o n  f o r  selenium (Table  2.6-19). 



2.7 METEOROLOGY AND AIR QUALITY 

A meteo ro log i ca l  moni tor ing program was i n i t i a t e d  on t h e  Anderson 

p rope r ty  i n  December 1976. A mechanical weather s t a t i o n  measuring wind 

d i r e c t i o n ,  wind speed, and temperature  was i n s t a l l e d  a t o p  a 30-foot meteo- 

r o l o g i c a l  tower (F igure  2 .7 -1 ) .  E a r l y  i n  June 1977, i n s t r u m e n t a t i o n  was 

added t o  measure r e l a t i v e  humidity ( a t  30 f e e t )  and r a i n f a l l  ( a t  about  

10 f e e t ) .  Es t ima te s  of wind d i r e c t i o n  d e v i a t i o n  were used t o  e s t i m a t e  

a tmospheric  s t a b i l i t y  f o r  each hour accord ing  t o  methods developed by 

S lade  (1966).  

The tower w a s  i n i t i a l l y  i n s t a l l e d  on a  l e v e l e d  a r e a  approximate ly  15 

t o  20 f ee t  below and 200 fee t  sou th  of the crest of a low h i l l .  Exami- 

n a t i o n  of i n i t i a l  meteoro log ica l  s t a t i o n  s t r i p  c h a r t s  i n d i c a t e d  that wind 

tu rbu l ence  induced by t h e  h i l l  caused exaggera ted  o s c i l l a t i o n  of t h e  wind 

vane (known a s  a "wake e f f e c t " )  dur ing  n o r t h e r l y  winds above about  5 mph. 

The a c t u a l  wind d i r e c t i o n  was d i s c e r n a b i e  x i t h  reasonable  accu racy ,  bu t  

c h a r t  i n t e r p r e t a t i o n  was d i f f i c u l t .  To remedy t h i s  s i t u a t i o n ,  t h e  tower w a s  

r e l o c a t e d  t o  t h e  t op  of t h e  h i l l  i n  June 1977 when p r e c i p i t a t i o n  and r e l a -  

t i v e  humidity s enso r s  were i n s t a l l e d .  Comparison of wind d a t a  before and 

a f t e r  r e l o c a t i o n  of t h e  s t a t i o n  i n d i c a t e s  t h a t  hou r ly  d i r e c t i o n  measurements 

were no t  s i g n i f i c a n t l y  a f f e c t e d  by turbulence ,  

A i r  q u a l i t y  was measured dur ing  t h r e e  5-day cont inuous moni tor ing  

programs nea r  t h e  meteoro log ica l  tower s i t e .  Monitoring was f i r s t  

conducted from 8 : O Q  p.m. on J u l y  13 ,  1977, t o  3 : 0 0  p.m. on J u l y  18 ,  
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1977. The second monitoring period began at 10:OO a.m. on November 10, 

1977, and ended at 8:00 a.m. on November 14, 1977. The final monitoring 

period was conducted from April 23 to 28, 1978. 

During each sonitoring period, 24-hour suspended particulate concen- 

trations were determined with a standard highvolume air sampler (EPA 

reference method) fitted with a constant flow controller (+ - 1 cubic foot 

per minute), 24-hour sulfur dioxide concentrations were determined by 

the West-Gaeke bubbler method* (EPA reference method), and ozone concen- 

trations were measured continuously with a Bendix 8002 Chemiluminescence 

Ozone Monitor (EPA equivalent method). During the final monitoring 

period, 24-hour nitrogen dioxide concentrations were also determined by 

the sodium arsenite bubbler method,* continuous carbon monoxide concentra- 

tions were determined with a Beckman CO analyzer (EPA equivalent method), 

and ambient air grab samples were collected for hydrocarbon analysis. 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 

M I N E W S  will be analyzed for sulfate, nitrate, and lead. 

* Bubbler solutions w e r e  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. 



S i t e  d a t a  a r e  p r e sen t ed  i n  t h i s  s e c t i o n ,  a long wi th  long-term r e g i o n a l  

d a t a ,  t o  d e s c r i b e  t h e  e x i s t i n g  me teo ro log i ca l  and a i r  q u a l i t y  cond i t i ons .  

METEOROLOGY 

The Anderson prope r ty  is  l oca t ed  in  a semiar id  d e s e r t  r eg ion  w i th  t h e  

fo l lowing  general  c h a r a c t e r i s t i c s :  abundant sunsh ine ,  l i g h t  r a i n f a l l ,  

moderate wind speeds ,  l o w  r e l a t i v e  humidi ty ,  and l a r g e  d i u r n a l  t empera ture  

f l u c t u a t i o n s .  Summers are hot  and w i n t e r s  are  r e l a t i v e l y  mi ld ,  

Temperature 

J u l y  i s  u s u a l l y  the h o t t e s t  month, and January and December a r e  

u s u a l l y  the  co ldes t  m m t h s  i n  the region,  Based on an a n a l y s i s  of 

long-term tempera ture  da ta  f o r  v a r i o u s  r e g i o n a l  weather  s t a t i o n s *  t h e  

norma: mean anslual temperature on the p r o p e r t y  i s  estimate6 t o  be about  

66" t o  67OF, Normal mean temperatures  a r e  e s t ima ted  t o  be about 48' 

t o  49OF dur ing  January  and December, and 8 7 " ~  during J u l y .  Normal 

monthly means and extremes i n  Phoenix ( ~ i g u r e  2.7-2) a r e  presented i n  

Table 2.7-1 to indicate annual v a r i a t i o n s .  Comparisons of concur ren t  

temperature  data a t  Phaenfx and t h e  p rope r ty  dur ing  a 9-month per iod  

( ~ e c e m b e r  1976 to August 1977 )  indlcate that mean d a i l y  m i n i m  and mean 

d a i l y  maximum tempera tures  a r e  g e n e r a l l y  about 3OF coo le r  a t  t h e  s i t e ,  

* Nomal  mean annual  and monthly ( ~ a n u a r y ,  J u l y ,  and ~ecember) t empera tures  
f o r  t h e  30-year per iod  from 1941 t o  1970 (u.s. Department o f  Commerce, 
1 9 7 3 )  were analyzed f o r  8 r eg iona l  weather s t a t i o n s  a t  e l e v a t i o n s  
rang ing  f r o m  323 fee t  msl t o  3773 f e e t  msl and were found t o  i n d i c a t e  
a good c o r r e l a t i o n  betwesn tempera ture  and e l e v a t i o n ,  C o r r e l a t i o n  
c o e f f i c i e n t s  ranged from -0,94 t o  -0 ,99,  
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Table  2.7-1. NOREM-, HEAN AND EXTREME TEMPERATURES REPORTED FOR 
PHOENIX, ARIZONA 

~ e a n s ~  Extremes b 

D a i l y  D a i l y  
Month Maxinum Minimum Monthly Record H i g h e s t  Record L o w e s t  

J a n u a r y  
February  
March 
A p r i l  
May 
J u n e  
J u l y  
August 
September 
October  
November 
December 

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

a ~ e r i o d  of record :  30 y e a r s ,  1941-1370. 

b ~ e r i o d  of r e c o r d :  15  y e a r s ,  1962-1976. 



whi le  d a i l y  minimum and maximum tempera tures  are g e n e r a l l y  about  2°F 

and 5°F c o o l e r ,  r e s p e c t i v e l y ,  The minimum tempera ture  r epo r t ed  a t  t h e  

phoenix Sky Harbor A i rpo r t  was 1 9 ' ~  i n  January 1971 ,  and the maximum 

was 116°F i n  August 1975. Other s t a t i o n s  i n  t h e  Phoenix v i c i n i t y  have 

r e p o r t e d  tempera tures  as  high as 118'F and as l o w  as 16°F.  On t h e  average ,  

t e n p e r a t u r e s  exceed 90°F about  165 days each year  and f a l l  below 32°F 

on ly  about  13 days a year i n  Phoenix. Monthly and d a i l y  mean, maximum, 

and minimum t empera tures  observed a t  the s i t e  du r ing  t h e  s tudy  per iod  

a r e  presented i n  Appendix B-1. 

R e l a t i v e  Humidity 

Tzbie  2.7-2 presents mean relative h ~ m i d i t y  crbs~rved on the P a d e r s ~ n  

p rogex ty  f o r  s p e c i f i c  hours  of the day f o r  June through August 1977. 

Table  2,7-3 p resen t s  similar data f o r  Phoenix f o r  each nonch of thz 

yea r .  Comparisons of concurren t  Phoenix and Anderson proper ty  d a t a  

i n d i c a t e  th.at  r e l a t i v e  humidi ty  on t h e  proper ty  i s  g e n e r a l l y  h igher  and 

does not  e x h i b i t  a s  great a diurnal v a r i a t i o n  as i n  Phoenix (and o the r  

r e p o r t i n g  s t a t i o n s  i n  Arizona a t  similar e leva t ions ) ,  This r e l a t i v e l y  

small d i u r n a l  range suggests the p o s s i b i l i t y  of a maLfunctioning relative 

humidi ty  sensor .  R e l a t i v e  humidi ty  p a t t e r n s  a t  t h e  p rope r ty  a r e  p robab ly  

more similar t o  those  observed i n  Phoenix than t h e  s i t e  data wauld i nd i ca t e . *  

Phoenix d a t a  (Table  2.7-3) demonstrate  an annual c y c l e ,  with maximum 

re la t ive  humidity occu r r i ng  i n  winter as a r e s - d t  of coo le r  temperatures 

* Because of  t h e  suspected ins t rument  mal func t ion ,  i n t e r p r e t a t i o n  of 
s i t e  d a t a  was d i scon t inued  beyond August 1977. 



T a b l e  2.7-2. MEAN DIURNAL RELATIVE HUMIDITY ON THE ANDERSON PROPERTY: 
JUNE-AUGUST 1977 

- - 

R e l a t i v e  Humidity (%) 

Month 5 a.m. 11 a.m. 5 p.m. I1 p.m. 

J u n e  
J u l y  
August 

T a b l e  2.7-3. NORMAL MEAN DIURNAL RELATIVE HUMIDITY IN PHOENIX, ARIZONA 

Relative Humidity (%) 

Month 5 a.m. 11 a.m. 5 p.m. 11 p.m. 

J a n u a r y  
February 
?larch 
A p r i l  
May 
J u n e  
J u l y  
August 
September 
October  
November 
December 

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

P e r i o d  of r e c o r d :  15 y e a r s ,  1962-1976. 



and t h e  occas ional  passage of moisture-laden P a c i f i c  a i r  masses, and a 

secondary maximum (apparent  i n  t h e  11 a.m. and 5 p.m. data)  occurr ing  

i n  August ( t h e  month of peak thmders torm a c t i v i t y  and peak p r e c i p i t a t i o n )  

a s  a r e s u l t  of mois t  a i r  masses o r i g i n a t i n g  i n  t h e  Gulf of Mexico and along 

t h e  western coas t  of Mexico. 

P r e c i p i t a t i o n  

Tropical  a i r  masses from the Gulf of Mexico and the  western coas t  

of Mexico a r e  the source of peak monthly r a i n f a l l  i n  Arizona, occurriilg 

as widespread thunderstorm a c t i v i t y  i n  Ju ly  and August. The other  

r a i n f a l l  season occurs during the winter  months, from November through 

Xarch, when the area.  is s ~ b j e c t d  to occasiocaf. s t o m s  fron the Pac i f i c  

Ocean. While t h i s  i s  classe: as a r a i n f a l l  s e a s o n ,  there can be periods 

l a s t i n g  a  month o r  mere in t h i s  season ( o r  in any o t h e r  season) when 

p r a c t i c a l l y  no p r e c i p i t a t i o n  occurs. Spring and f a l l  a r e  gene ra l ly  d r y ,  

although s u b s t a n t i a l  p r e c i p i t a t i o n  has f a l l e n  on occasion during every 

month of the  year.  

Analysis of r eg iona l  p r e c i p i t a t i o n  data f o r  se l ec ted  stations a t  

var ious  e i e v a t i o n s  ( T a b l e  2 . 7 - 4 )  ind ica tes  that normal annual prec ip i -  

r a t i o n  on the  Anderson proper ty  may range from about 7.5 inches a t  lower 

e l eva t ions  (near  t h e  Santa Maria River, about 1600 f ee t  msl) t o  about 

11 inches a t  h igher  e l eva t ions  ( i c  southern por t ions  of t h e  p r o p e r t y  

where ground l e v e l  r i s e s  t o  e l eva t ions  of  2300 t o  2400 f e e t  ~cs l ) ,  Normal 

annual p r e c i p i t a t i o n  a t  the proposed m i l l  s i t e  (approximate e leva t ion  

1800 f e e t  msl) is probab ly  between 8 and 9 inches. N o m d  monthly and 



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

Elevation 
(feet msl) 

Annual Precipitation 
(inches) 

Litchf ield parkb 

Phoenix Skyharbor 
Airport b 

Wi ckenburg b 

Montezuma Castle 
National Monument b 

astation locations are shown in Figure 2.7-2. 

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

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

d~lamo Dam station elevation changed in 1970 from 1100 feet to 1480 feet 
msl. 



annua l  p r e c i p i t a t i o n  r e p o r t e d  i n  Phoenix prov ides  a n  i n d i c a t i o n  of gen- 

e r a l  s ea sona l  f l u c t u a t i o n s  i n  p r e c i p i t a t i o n  (Table  2 . 7 - 5 ) .  

Data from the Anderson p rope r ty  a r e  p r e s e n t l y  a v a i l a b l e  f o r  seven 

months, June th rough  December 1977 (Table  2.7-6). Drought c o n d i t i o n s  

existed i n  the r e g i o n  dur ing  1977. During J u l y  and August, normal ly  

the wettest months of the year, a t o t a l  of only 1.75 i n c h e s  of r a i n  

w a s  observed a t  t h e  proper ty .  Other s t a t i o n s  i n  t h e  r e g i o n  r epo r t ed  

abnormally low p r e c i p i t a t i o n  amounts t h a t  ranged between 1.5 and 2  

i nches  below normal dur ing  the same per iod  (U.S. Department of Commerce, 

1977).  

XW?I of the p r e c i p i g a t i o n  within the regicn occurs as ra i r t fa l l .  

Usual ly snow, sheet, and h a i l  account f o r  traces o r  small perceatages 

of t o t a l  annua l  p r e c i p i t a t i o n .  However, s t a t i o n s  i n  t h e  r eg ion  have 

r e p o r t e d  from 1 t o  16.5 i nches  of snowfa l l  on occas ion .  During a 

68-year pe r iod  of r eco rd  (1895-1962) a t  t h e  Phoenix Pos t  Office 

( e l e v a t i o n  1083 f e e t  msl), a  maximum of one i nch  of snow has f a l l e n  

( n o s t  r e c e n t l y  i n  January 1937).  In  Wickenburg ( e l e v a t i o n  2095 f e e t  

m s l ) ,  a maximum of two inches  has f z l l e n  (most r e c e n t l y  i n  Decaber  

1960) dur ing  a 5 1  year per iod  of record  from 1912  to 1962 (Green and 

S e l l e r s ,  1 9 6 4 )  A t  Montezuma C a s t l e  Nat iona l  Monument ( e l e v a t i o n  3180 

f e e t ) ,  more t h a n  I000 f e e t  above the  e l e v a t i o n  o f  the prcposed mill 

s i t e ,  about  2.1 inches of  snow oorinaliy f a l l s .  Hawever, dur ing  a 24-year 

p e r i o d  of  r eco rd  from 1939 t o  1962, a m a x i m u m  of 16.5 inches was recorded  



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

Month 
P r e c i p i t a t i o n  

( i n c h e s )  

J a n u a r y  
February  
March 
A p r i l  
May 
June 
J u l y  
August 
September 
October 
November 
December 

Annual 

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

P e r i o d  of record:  30 years, 1941-1960. 

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

Month 

Total Plonthly 
P r e c i p i t a t i o n  

( i n c h e s  ) 

June 
Ju ly  
August 
September 
October 
November 
December ( 1-1 6 )  



i n  January 1949 (Green and S e l l e r s ,  1964).  Wickenburg and Montezuma 

Castle Nat iona l  Monument are both  shown i n  F igure  2.7-2, 

Wind Speed, Wind D i r e c t i o n  

Winds a r e  g e n e r a l l y  l i g h t  t o  moderate on the Anderson p rope r ty  

(F igure  2 ,7 -3 ) .  From t h e  l a t te r  p a r t  of December 1976 through November 

1 9 7 7 ,  hour ly  average wind speeds were observed t o  be 4 rnph o r  l e s s  

about 32 pe rcen t  of t h e  t i m e ,  and 7 mph o r  less about  63  percent  

of t h e  time, High hour ly  average  wind speeds ( 2 5  mph o r  g r e a t e r )  were 

observed a t o t a l  of 15 t i m e s  (about  2 percent of t h e  t o t a l  o b s e r v a t i o n s ) ,  

Almost ha l f  of t h e s e  occur rences  were observed i n  August wi th  corresponding 

average wind d i s e c t i o m  ranging from nor theas t  t o  southeast.  Two OCCUX- 

recces were observed io June from the  southeast, and fou r  occurrences .4 

were observed in Yirch and -4-sil from t h e  west-norchwest znG the northwest.  

The remaining t h r e e  occur rences  were observed i n  t h e  f a l l  (September 

through November) from t h e  south-southeast  and ea s t - sou theas t ,  

During t h e  s tudy  p e r i o d ,  predominant wind d i r e c t i o n s  were w e s t -  

sou thwes te r ly  and westerly. Together those  d i r e c t i o n s  occurred almost 

20 percent of  t h e  t ime. The next most f r equen t  wind d i r e c t i o n s  were 

n o r t h e r l y  (11.7 pe rcen t )  and sou the r ly  (9 .6  pe rcen t ) .  As  i n d i c a t e d  i n  

F igure  2.7-4, g e n e r a l  s o u t h e r l y  d i r e c t i o n s  dominated n o r t h e r l y  winds; 

winds ou t  of t h e  ea s t - sou theas t  thxough west-southwest occurred about 

1.5 t imes  more o f t e n  than west-northwest through eas t -no r theas t  winds, 

Figure  2.7-5 summarizes t h e  r e l a t i o n s h i p  between wind d i r e c t i o n  and 

wind speed observed on t h e  p r o p e r t y .  Comparisons ~f s i t e  datz wi th  



Figure 2.7-3. RELATIVE FREQUENCY DlSTRlBUTlON OF 
WIND SPEED CLASSES AT PROJECT SITE: 
December 22, 1976 - November 30, 1978 
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WINO DIRECTION 

Figure 2.7-4. RELATIVE FREQUENCY DISTRIBUTION OF 
WIND DIRECTION AT PROJECT SITE: 
December 22, 1976 - November 30, 1978 



Miles Per Hour 

Figure 2.7-5 WIND ROSE FOR THE PROJECT SITE, FOR THE 
PERIOD DECEMBER 1976 THROUGH NOVEMBER 1977, 
ANNUAL A V E R A G E  CONBITIONS 



concurrent data from regional weather stations (including Phoenix, 

Prescott, and Yuma*) indicate that wind direction patterns on the prop- 

erty are significantly different from other areas in the region. 

Winds on the -Anderson property exhibited a relativeby 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. Topography 

and its effects on local meteorology are complex in the site area, but it 

is suspected that daytime southwesterly directions are the result of 

* Wind data for these areas can be obtained from the U.S, Department of 
Commerce, National Climatic Center, Asheville, North Carolina, 



gene ra l  up-gradient f l o w  along t h e  Santa  Maria River .  Nighttime south-  

e a s t e r l y  d i r e c t i o n s  a r e  probably t he  r e s u l t  of down-gradient f low from 

h ighe r  t e r r a i n  s o u t h e a s t  of t he  meteoro log ica l  tower s i t e .  Spring and 

f a l l  both appear  t o  be pe r iods  of t r a n s i t i o n .  The d i u r n a l  wind d i r e c t i o n  

d i s t r i b u t i o n s  f o r  t h e s e  two seasons are s i m i l a r  and appear  t o  r e p r e s e n t  

combinations oE t h e  summer and win te r  p a t t e r n s .  Diurna l  frequency d i s t r i -  

bu t i ons  f o r  each season and f o r  the  e n t i r e  s t udy  pe r iod  a r e  provided 

i n  Appendix 3-2,  

~ i s p e r s i o n  Climatology 

In  a d d i t i o n  t o  wind speed and wind d i r e c t i o n ,  the a b i l i t y  of  t h e  

atmosphere t o  d i s p e r s e  air p o l l u t a n t s  depends on s e v e r a l  a tmospheric  

variables i nc lud ing  s t a b i l i t y ,  mixing d e p t h ,  n topographic  'bomdaries. 

Topography i s  r e l a t i ve ly  rugged on the propercy and i n  some d i r e c t i o n s ,  

~ r i m a r i l y  t o  the sou th ,  may tend t o  i n h i b i t  d i s p e r s i o n  potential. 

p a s q u i l l  ( 1 9 6 1 )  and Turner  (1964) have developed methods  f o r  e s t ima t -  

ing  atmospheric  s t a b i l i t y  based on surface w t e o r o l o g i c a l  o b s e r v a t i c n s ,  

The inpu t  parameters  f o r  t h e s e  c a l c u l a t i o n s  are s o l a r  a l t i t u d e ,  c loud 

cover ,  c e i l i n g  h e i g h t ,  and wind speed. Nethods are also a v a i l a b l e  f o r  

t he  e s t ima t ion  of a t n o s p h e r i c  s t a b i l i t y  from the  s t anda rd  d e v i a t i o n  of  

CT 
wind d i r e c t i o n  ( s igma- the ta ,  0 ) .  According t o  t h e  P a s q u i l l  system, atmos- 

phe r i c  s t a b i l i t y  i s  c l a s s i f i e d  a s  fo l lows:  



Pasquill 
Stability 
Classification 

Degree of 
Atmospheric 
Stability 

Extremely unstable 

Unstable 

Slightly unstable 

Neutral 

Slightly stable 

Stable 

Extremely stable 

No long-term estimates of atmospheric stability are available in 

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 (0 
0 

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 I 

*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 

Season 

-- 

Percent Occurrence of Stability Clas se s  

A B C D E F&G 

Winter 

Spring 

Summer 

Fall 

Annual 

Period of Record: December 2 2 ,  1976 - November 30, 1977. 

Mixing depth, a measure of the thickness of the atmospheric layer 

i n t o  which air pollutants car1 be mixed,  is an a.cfditdona1 useful i n d i c a t o r  

of dispersion potential. Better dispersion results from greater mixing 

depth, with a greater volume of air available f o r  dilution of pollutants. 

Furthermore, the mixing depth t y p i c a l l y  increases a s  wind speeds increase. 

Low-level nocturnal temperature inversions, which result in low 

mixing depths, cornonly f o m  in the region, particularly in winter. 

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 th rough  

daylight hours .  I f  these invers ions  persist, they can create stagnant 

conditions near ground level f o r  extended periods. 



Holzworth (1972) s t u d i e d  mixing dep ths  and wind speeds w i t h i n  t h e  

mixing l a y e r  f o r  a number of weather  s t a t i o n s  and genera ted  i s o p l e t h s  

f o r  t h e  United S t a t e s .  Table 2.7-8 p r e s e n t s  e s t ima ted  mixing dep ths  and 

wind speeds f o r  t h e  Anderson p rope r ty  f r o m  Holzworth's  work, Diurna l  

v a r i a t i o n s  and s e a s o n a l  v a r i a t i o n s  i n  a f t e r n o o n  mixing dep ths  are pro- 

nounced, bu t  on ly  sma l l  v a r i a t i o n s  i n  s ea sona l  morning dep ths  were noted.  

Nolzworth's  d a t a  i n d i c a t e  t h a t  low morning mixing dep ths  e x i s t ,  e s p e c i a l l y  

i n  t h e  w in t e r .  However, a f t e rnoon  mixing dep ths  a r e  among t h e  h i g h e s t  i n  

t h e  country.  The average  morning wind speeds w i t h i n  t h e  mixing l a y e r  

are less than  a f t e r n o o n  wind speeds ,  and average wind speeds i n  w in t e r  

and autumn a r e  g e n e r a l l y  l e s s  t han  t hose  i n  summer and s p r i n g ,  a s  would 

be expected,  

Based on t h e  above in format ion ,  a tmospheric  d i s p e r s i o n  c o n d i t i o n s  

on t h e  Anderson p r o p e r t y  a r e  expected t o  be reasonably  good. As i n  n o s t  

a r e a s  of t h e  coun t ry ,  t h e  lowest  p o t e n t i a l  f o r  d i s p e r s i o n  of a tmospheric  

p o l l u t a n t s  u s u a l l y  occurs  dur ing  t h e  morning, d t h  l i g h t  wind speeds ,  h i g h  

s t a b i l i t i e s ,  and a sha l low mixing l a y e r ,  The h i g h e s t  d i s p e r s i o n  p o t e n t i a l  

should occur  dur ing  s p r i n g  and summer a f t e rnoons .  Topography w i l l  p lay  a  

r o l e  i n  d i s p e r s i o n  of emiss ions  from proposed p r o j e c t  a c t i v i t i e s ,  Some topo- 

g r aph i c  e f f e c t s  

impacts  through 

Severe Weather 

have been approximated f o r  assessment  of p r o j e c t - r e l a t e d  

the use  of t h e  EPA Valley Model as d i scus sed  i n  Appendix 8-6, 

Thunderstorms a r e  f r equen t  dur ing  t h e  s u m m e r  and e a r l y  f a l l ,  when 

m o i s t  a i r  moves i n t o  the  reg ion  from t h e  Gulf of Mexico and t h e  western 



Table 2.7-8. ESTIMATED AVERAGE M I X I N G  DEPTHS AND WIND SPEEDS IN MIXING 
LAYERS FOR THE ANDERSON PROPERTY 

Mixing Depths 
(me te r s )  

Wind Speeds 
( n e t e r s / s e c )  

Annual 

Morning 
Afternoon 

Winter 

Morning 
Afternoon 

Spr ing  

Morning 
Afternoon 

Morning 
Afternoon 

Morning 
Afternoon 

Source: Holzworth, 1972.  



coas t  of Mexico. Related p r e c i p i t a t i o n  i s  u sua l ly  l i g h t ,  but  a  heavy l o c a l  

storm can produce over an inch of r a i n  i n  a s i n g l e  day. The maximum prec i -  

p i t a t i o n  repor ted  t o  have f a l l e n  wi th in  24 hours over a 38-year period of 

record  a t  Phoenix was 3.07 inches (u.S. Department of Commerce, 1375). 

Hailstorms a r e  observed in f r equen t ly  i n  t h i s  a rea ,  

Table 2.7-9 shows the  maximum p r e c i p i t a t i o n  est imated f o r  any g iven  

l o c a t i o n  on the  property (po in t  p r e c i p i t a t i o n )  f o r  s p e c i f i c  du ra t ions  

and recurrence  i n t e r v a l s ,  The t a b l e  was compiled using t echn ica l  proce- 

dures ou t l ined  by Hershf ie ld  (1961) and Mi l l e r  (1964). Maximum short-term 

p r e c i p i t a t i o n  i s  u sua l ly  a s soc ia t ed  with summer thunderstorms, although 

winter  storms may on occasion d e p o s i t  comparable amounts of moisture.  

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

- 

Recurrence I n t e r v a l  

~ u r  a t  i o n  Z y e a r s  l o y e a r s  2 5 y e a r s  50 years  100 years  

1 hour 0.7 1 - 3  1-6 1 - 8  2.0 
12 hours 1.5 2.5 3.0 3.5 4.0 
24 hours 1.8 3.0 3.6 4.0 4.6 
2 days 2.2 3 - 3  4.7 5 - 0  5.3 
7 days 2.6 4.5 5.5 6.5 7.0 
10 days 3.0 5.0 6.0 7.5 8.0 

-- - -- 

Sources:  Hershfield, 1961 ;  Miller, 1964. 

Strong winds can occur  i n  t he  p ro jec t  area a long  wi th  thunderstorm 

a c t i v i t y  i n  t h e  spr ing  and summer. Based on computations by Thorn ( 1 9 6 8 ) ,  



"extrememile" wind speeds 30 feet above the ground are estimated for selected 

recurrence intervals on the property as follows: 

Maximum speed (mph) 62 65 7 4  80 

Recurrence interval (years) 10 25 50 100 

The project area is susceptible to duststoms, which vary greatly in 

intensity, duration, and tine of occurrence. The basic conditions for 

blowing dust are found in the general region: wide areas of exposed, dry 

topsoil and strong, turbulent winds, Duststorms usually occur during the 

warmer months following frontal passages and are occasionally associated 

with thunderstorm activities. 

Tornadoes have been observed in the general region, but they occur in- ( 
freque~tly, Based on the work of Efarkee et al, (undated), t h e  probability 

(P) of a tornado striking a given paint on the Anderson property is 

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

incident is estimated to be about 8300 years. 

AIR QUALITY 

The Anderson property is located in an isolated rural area of west- 

central Arizona. 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 northnortheast of the p r o p e r t y  (Figure 2.1-1); the nearest  

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



the nea res t  major urban c e n t e r  i s  Phoenix, about 100 mi l e s  southeas t  

of t h e  property.  

Exis t ing  a i r  q u a l i t y  d a t a  a r e  spa r se  f o r  t h i s  a r e a  of Arizona and 

a r e  not  adequate t o  desc r ibe  a i r  q u a l i t y  on t h e  proper ty  wi th  s t a t i s -  

t ical .  s ign i f i cance .  Air q u a l i t y  monitoring on t h e  Anderson proper ty ,  

described e a r l i e r  i n  t h i s  s e c t i o n ,  has  included t h r e e  five-day monitoring 

programs conducted i n  t h e  summer and autumn of 1977 and t h e  sp r ing  

of 1978. During these  programs, suspended p a r t i c u l a t e  ma t t e r ,  s u l f u r  

d ioxide ,  and ozone were measured continuously.  I n  a d d i t i o n ,  n i t r o -  

gen d ioxide ,  carbon monoxide, and hydrocarbons were measured dur ing  t h e  

spr ing  1978 program. A one-year monitoring program t o  measure suspended 

p a r t i c u l a t e  concent ra t ions  once each week was a l s o  begun by MINERALS i n  

September 1977. 

The property i s  loca ted  wi th in  an  a r e a  that has r e c e n t l y  been 

designated by the EPA (1978) a s  an "at tainment  a rea"  f o r  suspended par- 

t i c u l a t e  mat te r  and s u l f u r  d ioxide ,  i n d i c a t i n g  t h a t  Nat ional  Ambient 

Air Quali ty Standards (NAAQS) (Table 2.7-lo)* f o r  t h e s e  major p o l l u t a n t s  

a r e  not  exceeded. However, t h e  EPA has  determined t h a t  a t ta inment  s t a t u s  

f o r  photochemical ox idan t s ,  n i t rogen  d ioxide ,  and carbon monoxide t o  

be u n c l a s s i f i a b l e ,  on t h e  b a s i s  t h a t  adequate monitoring da ta  a r e  not  

present ly  a v a i l a b l e  f o r  t h e  a r e a  t o  determine attainment.** 

"Arizona has adopted the  NAAQS. In  t h e  case of suspended p a r t i c u l a t e  
matter ,  t h e  primary annual s tandard and t h e  secondary 24-hour s tandard 
have been adopted. 

**Recent a t ta inment  des igna t ions  by Arizona (8 /1 /78)  are t h e  same f o r  
Yavapai County as present  EPA des ignat ions .  





According t o  p rov i s ions  of t h e  f e d e r a l  Clean  A i r  Act concerning 

Prevent ion  of S i g n i f i c a n t  D e t e r i o r a t i o n  of A i r  Q u a l i t y  (and more r e c e n t  

EPA r e g u l a t i o n s  40 CFR 5 1  and 40 CFR 5 2 ) ,  the  Anderson p rope r ty  and sur -  

rounding r eg ion  have been des igna t ed  C la s s  11. The c l o s e s t  Class  

I a r e a s  a r e  t h e  Sycamore Canyon Wilderness  Area t o  t h e  n o r t h e a s t  

and t h e  P ine  Mountain Wilderness  Area t o  t h e  e a s t .  Both of t h e s e  

Class  I a r e a s  a r e  about  80 m i l e s  from t h e  p rope r ty .  

P a r t i c u l a t e  Ma t t e r  

Sampling performed on t h e  p rope r ty  t o  da t e*  i n d i c a t e s  g e n e r a l l y  

l o w  concen t r a t i ons  of p a r t i c u l a t e  mat te r .  The s t a t e l f e d e r a l  24-hour 

3 s t anda rd  of 150 pg/m (micrograms p e r  cub i c  mete r )  was no t  exceeded 

(Table  2.7-11). The h i g h e s t  value measured on t h e  p rope r ty  w a s  

104 pg/m3, when t h e  wind speed averaged 1 3  inph and ranged a s  h igh  

as 23 mph. Na tu ra l  blowing dus t  i s  expected t o  have been t h e  cause  

of t h i s  concen t r a t i on .  The geometr ic  mean of t h e  42  p a r t i c u l a t e  

3 samples taken on t h e  p rope r ty  i s  15  pg/m . Data c o l l e c t e d  by t h e  

s t a t e  from 1971 through 1976 a t  a  background s u r v e i l l a n c e  s t a t i o n  

l o c a t e d  a t  Montezuma Castle Na t iona l  Monument (F igure  2,7-2) i n d i c a t e  

s i m i l a r  a i r  q u a l i t y  c o n d i t i o n s   a able 2.7-12). 

S i g n i f i c a n t  s u r f a c e  a c t i v i t i e s  ( i . e . ,  v e h i c u l a r  and equipment t r a v e l  

and d r i l l i n g  w i t h  a i r  d r i l l s )  began wi th  t h e  resumption of a ine ra l  

*A s t anda rd  high-volume a i r  sample r  f i t t e d  w i t h  a cons t an t  f l o w  c o n t r o l -  
l e r  (+1 cfm) t o  i n c r e a s e  sampling accuracy and c a l i b r a t e d  wi th  a  c a l i -  
b r a t e x  o r i f i c e  f low meter  has  been used t o  c o l l e c t  samples. 



Table 2.7-11. TrdENTY-FOUR-HOUR SUSPENDED PARTICULATE CONCEMTUTIONS 
MEASURED ON THE ANDERSON  PROPERTY^ 

Date Concentration 

(ll d m 3  1 

Date Concentration 

6l d m 3  

a ~ a n p l i n g  times are genera l ly  about 24  hours; however, t h e  t i m e r  used t o  con- 
trol sampling duration has been observed to occasionally run approsi inatelp  1 
hour f a s t  i n  a 24-hour period,  This could r e s u l t  i n  a four  percent error i n  
the r e p o r t e d  res-dts. Sample pe r iods  are a l so  occas ional ly  s h o r t  due t o  gen- 
e r a to r  failure. Samples  c o l l e c t e d  f o r  p e r i o d s  less than about  20 hours are 
not r e p o r t e d ,  

b~arnpler power supply ran out of fuel dur ing  sample co l l ec t ion .  

'TWO samples were taken simul.taneously on January 12,  1978,  one 3 f ee t  
above ground and the  o t h e r  10 fee t  above ground. 

dMissed due t o  bad weather and f l o o d i n g .  



exp lo ra t ion  p r i o r  t o  the  February 25, 1978 sampling period. Explora t ion  

a c t i v i t i e s  were i n i t i a l l y  concent ra ted  in t h e  v i c i n i t y  of p i t  sequence 1 

(Figure  3.1-2) which i s  l e s s  than 1 / 2  mi l e  southwest of t h e  sample s i t e .  

It i s  meaningful t o  note i n  Table 2.7-11 t h a t  no s ign i f ican t  corresponding 

inc rease  i n  measured suspended p a r t i c u l a t e  concen t ra t ions  was observed 

during these  a c t i v i t i e s .  

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

Year 

24-hour Averages 

Maximum Second Highest 

(llg/m3) ( r t d m 3 )  

Geometric 
Mean 

-- 

Source: Arizona Department of Heal th  Se rv ices ,  1972-1977. 

*Not reported.  

Table  2.7-13 presents  da t a  f o r  s u l f a t e ,  n i t r a t e ,  and lead concen- 

t r a t i o n s  i n  n ine  p a r t i c u l a t e  samples c o l l e c t e d  a t  the site. M e a s x e d  

ambient sulfate  concent ra t ions  ranged from 1.8 t o  4 , 6  pg/rn3 and aver- 

3 aged 3.1 pg/m . These concen t ra t ions  a r e  well below the  25 pg/m3 stand- 

a r d  adopted by C a l i f o r n i a ,  one of t h e  f e w  s t a t e s  wi th  a s u l f a t e  s tandard .  

I n  1975, s u l f a t e  concent ra t ions  r epo r t ed  f o r  Montezuma Cas t l e  Nat iana l  





3 Monument averaged 2.5 pg/m (Arizona Department of Heal th Serv ices ,  

1976). S u l f a t e  accounted f o r  a s  much a s  51  percent  of t h e  t o t a l  p a r t i -  

c u l a t e  weight i n  1 sample and averaged 26 percent  i n  the  9 samples. 

It i s  suspected t h a t  n a t i v e  s o i l s  i n  t h e  a r e a  a r e  a major c o n t r i b u t o r  t o  

t h e  observed a i rbo rne  s u l f a t e  concent ra t ion .  However, ambient s u l f a t e  l e v e l s  

d id  not  c o r r e l a t e  well  with ambient suspended p a r t i c u l a t e  l e v e l s .  

Always lower than s u l f a t e ,  ambient n i t r a t e  concen t ra t ions  ranged 

3 3 from 0.8 t o  2.3 pg/m i n  the  9 samples and averaged 1.4 p g / m  . This 

3 va lue  i s  very c l o s e  t o  the 1.3 pg/m mean repor ted  f o r  29 non-urban 

National  Air Survei l lance  Network s t a t i o n s  loca ted  throughout t h e  count ry  

(Williams e t  a l . ,  1973). N i t r a t e  accounted f o r  a s  much a s  21 percent  

of the  t o t a l  p a r t i c u l a t e  weight i n  1 sample, but  ranged a s  l o w  a s  4 

percent of t h e  t o t a l .  As i n  the  case  of sulfate ,  n a t u r a l  s o i l s  i n  the reg ion  

a r e  suspected of con t r ibu t ing  p a r t i c u l a t e  n i t r a t e  t o  t h e  ambient a i r .  

S u l f a t e  and n i t r a t e  combined accounted f o r  6 t o  65 percent  of t h e  

t o t a l  p a r t i c u l a t e  weight. The h ighes t  percentage occurred i n  t w o  samples 

wi th  r e l a t i v e l y  low t o t a l  p a r t i c u l a t e  concent ra t ion .  Conversely, t h e  lowest 

percentage corresponded t o  t h e  h ighes t  ambient p a r t i c u l a t e  concen t ra t ion  

of the  nine samples analyzed. 

,Ambient p a r t i c u l a t e  lead concent ra t ions  f o r  the  9 samples ranged 

3 from 0.02 t o  0.07 pg/m . For comparison, p a r t i c u l a t e  lead concent ra t ions  

3 averaged 0.1  ug/m a t  Montezuma Cas t l e  National  Monument i n  1975 (Arizona 

Department o f  Health Serv ices ,  1 9 7 6 ) .  These l e v e l s  are well below t h e  



3 proposed 1.5 pg/m ~ a t i o n a l  Ambient A i r  Q u a l i t y  S tandard  f o r  l e a d .  By 

weigh t ,  l e a d  accounted f o r  only 0.04 t o  0.6 p e r c e n t  of t o t a l  suspended 

particulate matter. As in the case of sulfate and n i t r a t e ,  the lowes t  

p e r c e n t a g e  of lead cor responded  t o  t h e  h i g h e s t  ambient p a r t i c u l a t e  

c o n c e n t r a t i o n .  

Sulfur  Dioxide 

Consecut ive  24-hour-average sulfur d i o x i d e  ( SO*) c o n c e n t r a t  i o n s  

were measured on t h e  p r o p e r t y  d u r i n g  the t h r e e  5-day moni to r ing  programs, 

u s i n g  t h e  F e d e r a l  Reference Method ( w e s t - ~ a e k e  b u b b l e r s ) .  S o l u t i o n s  sup- 

p l i e d  and ana lyzed  by the Arizona Bureau of  A i r  Quality C o n t r o l  were 

kzpt  i n  a t e m p e r a t u r e - c o n r r o l l e d  she l te r  d ~ r i n g  sarcpling (approx imate ly  

200 ml/min a i r  f low rate), and were p laced  on i c e  immedia te ly  f o l l o w i n g  

sampling and k e p t  there u n t i l  d e l i v e r y  f o r  ana lys i s .  These p r ecau t i ona ry  

measures were t a k e n  t o  minimize t h e  p o s s i b i l i t y  of sample d e g r a d a t i o n .  

Sampling r e s u l t s   a able 2.7-14)  i n d i c a t e  genera l ly  low background SQ2 

c o n c e n t r a t i o n s  that a r e  w e l l  below s t a t e / f e d e r a l  s t a n d a r d s .  However, 

t h e  observed c o n c e n t r a t i o n s  were h i g h e r  then would be expec ted  a t  such 

a remote site d u r i n g  the  f i r s t  two sampling p e r i o d s .  P o t e n t i a l  r e a s o n s  

f o r  t h e  unexpectedly h i g h  r e s u l t s  cou ld  i n c l u d e  i n f l u e n c e  of emissions 

from t h e  d i e s e l  e l e c t r i c  power s o u r c e  l o c a t e d  downhi l l  and approx imate ly  

200 feet  from the  m o n i t o r i n g  s t a t i m ,  and p o s s i b l e  a n a l y t i c a l  e r r o r  o r  b i a s .  

Resu l t s  from t h e  t h i r d  p e r i o d  a re  w i t h i n  t h e  expec ted  r a n g e .  



Table 2.7-14. TWENTY-FOUR-HOUR SULFUR D I O X I D E  CONCENT T I O N S  !P 
MEASURED ON THE ANDERSON PROPERTY (pg/m ) 

Date Concentration - Concentration Date Concentrat ion Date 

7/13/77 9 11-9-77 14 4-23-78 6 

7/14/77 17 11-10-77 14 4-24-7 8 6 

7/15/77 11 1-11-77 25 4-25-78 3 

7/16/77 11 11-1 2-77 21 4-26-78 <3  

7/17/77 16 11-13-77 14 4-27-78 <3 

Photochemical Oxidants 

Ozone, a major component of photochemical oxidants in rural air, 

was monitored continuously with a Bendix 8002 Ozone halyzer (chemi- 

luminescence method) during all three 5-day field studies. The monitor 

was calibrated 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. 

I n  general, observed ozone concentrations were well below the federal 

one-hour standard (0.08 ppm). However, levels reached 75 percent of 

the standard on one day during each the July 1977 and April 1975  studies. 

A d i u r n a l  cycle was observed in h o u r l y  average ozone concentrations 

during each field study, with higher concentrations occurring during 

the daytime and lower concentrations during the night. The highest con- 

c e n t r a t i o n s  and greatest d a i l y  ranges were observed during the J u l y  



s tudy  a s  would be expected w i th  g r e a t e r  s o l a r  r a d i a t i o n  du r ing  summer 

months. Concent ra t ions  ranged between 0.025 ppm and 0.062 ppm i n  J u l y ,  

bu t  were g e n e r a l l y  below 0.010 ppm dur ing  t h e  November s tudy  when observed 

hour ly  average concen t r a t i ons  ranged between 0.005 ppm and 0.010 ppm. 

Concentrat ions during t h e  Apr i l  s tudy  ranged from 0.029 ppm t o  0.062 ppm. 

Observed hour ly  average ozone concen t r a t i ons  are provided i n  Appendix 

B-4. 

Synopt ic  ( l a rge - sca l e )  n e t e o r o l o g i c a l  f e a t u r e s  i n  t h e  p r o j e c t  reg ion  

were q u i t e  s i m i l a r  dur ing  the two 1977 f i e l d  sampling per iods .  During 

both  pe r iods ,  t h e  r eg ion  w a s  dominated by a  q u a s i - s a t i s f a c t o r y  an t i cyc lone  

and s o u t h e a s t  winds with s u r f a c e  speeds  of f i v e  t o  e i g h t  'Rrrats. These 

c o n d i t i o n s  i n d f c a t e  Phoenix as a p o s s i b l e  source  of ozone p r e c u r s e r s  

dur ing  the 1377 f i e i d  s t u d i e s ,  Long-range t rzns?orc of photochemical 

ox iden t s  i n  urban a i r  p o l l u t i o n  plumes t o  remote r u r a l  a r e a s  has  been 

observed i n  o t h e r  a r e a s  of t h e  count ry .  

Due t o  t h e  passage of t h e  remnants of a co ld  f r o n t ,  r e g i o n a l  

a i r  f low was n o s t l y  wes t e r ly  a t  5 t o  10 knots during t h e  Apr i l  1978 

f i e l d  s tudy .  However, l o ca l  winds measured o n s i t e  were g e n e r a l l y  

s o u t h e a s t e r l y  t o  southwes te r ly ,  i n d i c a t i n g  t h a t  l o c a l  c o n d i t i o n s  

dominated t h e  l o c a l  wind f i e l d .  

Nitrogen Dioxide 

During the A p r i l  1978 monitor ing p e r i o d ,  24-hour n i t r o g e n  

d iox ide  concen t r a t i ons  were determined by t h e  s o d i m  a r s e n i t e  bubbler  



method. Solutions were supplied and analyzed by the Arizona Bureau 

of Air Quality Control. Precautionary measures taken to minimize 

sample degradation were similar to those used for the sulfur dioxide 

samples. 

Sampling results indicate low background levels of nitrogen 

dioxide, less than the analysis threshold value of 3 ug/m3 on all days. 

This indicates that concentrations are well below the federal standard 

of 100 pg/m3 (annual arithmetic mean). 

Carbon Monoxide 

Carbon monoxide was monitored continuously during the April 1978 

study using an EPA equivalent method. The first three one-hour 

averages recorded were 0.50 ppm, 0.50 ppm, and 0.60 ppm (samples taken 

at 1600, 1700, and 1800 hours, respectively). During the remainder 

of the 5-day sampling period, values were less than the analysis 

threshold concentration of 0.42 ppm. Consequently, the first 

measurements are suspected to be in error. All values are well 

below federal standards, 

Trace Gases and Total Hydrocarbons 

Ambient air grab samples were collected for 15 minutes in a 

stainless steel bottle during the April 1978 field program. These 

samples were forwarded to the Oregon Graduate Center for analysis 

under the direction of Dr. R.A. Rasrnussen. 



Fluorocarbon concentrations (Table 2.7-15) in the samples 

indicate that the study area was not experiencing any significant 

in f lux  of urban air during the sampling period. The trace gas levels 

and ranges also appear to be consistant with a clean a i r  mass. AH. 

10 samples indicated a background carbon monoxide concentration of 

about 0.2 ppm. 

I n  general ,  most of the hydrocarbon samples (Table 2.7-16) 

indicate a r u r a l  air quality situation. However, samples 3, 9, and 

3 3 10 contained hydrocarbon concentrations of 118 pg/m , 70 pg/m , and 
3 157 vg/m , respectively. These higher levels are expected to be the 

result of interference by local generator exhaust. The 3-hour f e d e r a l  

hydrocarbon standard of 160 wg/tn3 wzs not  exceed i n  any of t h e  sarnp1.e~. 



T a b l e  2.7-15. GRAB SAMPLES - TRACE  GAS^ CONCENTRATIONS (1978) 

Sample Date Time N20 F-12 F-11 CR3CC13 C C 1 4  CO 
No. 

C84 
( 1 9 7 7 )   our) (ppbv)  ( p p t d  ( p p t v )  ( p p t v )  ( p p t v )  (ppbv)  (ppmv) 

a ~~0 = Nitrous Oxide 

F-12 = Freon-12 

F-11 = Freon-ll 

CB3 CC13 = l , l , l - T r i c h l o r o  Ethane 

CC14 = Carbon Tetracholride 

CO= Carbon Monoxide 

CH4= Xe thane 



Table 2.7-16. GRAB SAMPLES - HYDROCARBON CONCENTRATIONS ( 197  8) (vg/m3) 
i 

Sample Date E t h e n e  C2Hydrocarbons Acetylene Lights Heavy's TOTAL 
No . Ethane '3'012 'gto12 



2.8 BIOLOGY 

Bio log i ca l  f i e l d  s t u d i e s  were conducted on t h e  Anderson p rope r ty  

and i n  t h e  v i c i n i t y  of t h e  proposed a c c e s s  road and P a l m e r i t a  

Ranch wate r  p i p e l i n e  from February through October ,  1977 (Dames & 

Moore, 1978a and b). Both q u a n t i t a t i v e  and q u a l i t a t i v e  i n fo rma t ion  on 

t h e  p l a n t  and animal communities i n  t h e  a r e a  was c o l l e c t e d  du r ing  t h e s e  

s t u d i e s .  Sampling procedures  used dur ing  t h e  f i e l d  program are discus-  

s ed  i n  Appendix C-1. Sampling l o c a t i o n s  were s e l e c t e d  randomly i n  areas 

undis tu rbed  by prev ious  mining a c t i v i t i e s .  The l o c a t i o n s  of  sampling s i tes  

a r e  g iven  i n  F igu re  2.8-1. 

The fo l lowing  d i s c u s s i o n  i s  based l a r g e l y  on the results of t h e  

t h e s e  f i e l d  s t u d i e s .  This in format ion  was supplemented by d a t a  on t h e  

mesqui te  bosque near  Palmerita Ranch c o l l e c t e d  by personne l  from t h e  

Arizona Academy of Sc ience  (Smith and Bender, 1973) .  

VEGETATION 

The Anderson p rope r ty  i s  l o c a t e d  w i t h i n  t he  Sonoran Dese r t  (Lowe, 

1964 and Lowe and Brown, 1973). The p l a n t  a s s o c i a t i o n s  on and i n  the 

v i c i n i t y  of t h e  p rope r ty  can be g e n e r a l l y  c l a s s i f i e d  into two broad sub- 

d i v i s i o n s  of t h i s  d e s e r t ;  t h e  Lower  Colorado Subd iv i s i on ,  which i s  dcnfaat- 

ed by creosotebush/bursage c o m u n i t i e s ,  and the  Upper Arizona Subdiv is ion ,  

iyhich i s  c h a r a c t e r i z e d  by pa lo  verde / saguaro  cactus p l a n t  communities. 



Although most of t h e  s p e c i e s  growing i n  t h e  v i c i n i t y  of t h e  

Anderson p rope r ty  a r e  t y p i c a l  of Sonoran Deser t  v e g e t a t i o n ,  t h e r e  

a r e  two, Joshua t r e e  and b laddersage ,  t h a t  a r e / c h a r a c t e r i s t i c  of t h e  

Mohave Desert t o  t h e  west. The presence  of bo th  saguaro  c a c t u s  

and Joshua t r e e s  i n  t h i s  a r e a  denotes  that i t  i s  p a r t  of a t r a n s i t i o n  

zone ( o r  eco tone)  between t h e  Sonoran and Mohave d e s e r t s  (Lowe, 1 9 6 4 ) .  

Four v e g e t a t i o n  t ypes  were i d e n t i f i e d  i n  t h e  v i c i n i t y  of t h e  

Anderson p rope r ty  and t h e  proposed a c c e s s  road (Danes & Moore, 1978a and 

b) .  These communities a r e  upland d e s e r t ,  Joshua t r e e  woodland, r i p a r i a n ,  

and p seudo r ipa r i an  ( F i g u r e  2.8-1). The s p e c i e s  i d e n t i f i e d  i n  each of t h e s e  

v e g e t a t i o n  types  a r e  l i s t e d  i n  Tab l e  C-2, Appendix C-2. 

The f o u r  types  are recognized p r i m a r i l y  by those s p e c i e s  that 

a r e  v i s i b l y  dominant ( ove r  s i x  f e e t  t a l l ) .  It should be no ted  t h a t  a large 

number of t h e  p l a n t s  i d e n t i f i e d  dur ing  t h e  f i e l d  s t u d i e s  a r e  common t o  most 

of t h e  types .  

Upland Desert 

Upland d e s e r t  c o n s t i t u t e s  t h e  l a r g e s t  v e g e t a t i o n  t ype  on t h e  p rope r ty ,  

cover ing  more t han  2 / 3  of t h e  area. Spec ies  composi t ion and d e n s i t y  v a r i e s  

cons ide rab ly  w i t h i n  t h i s  v e g e t a t i o n  t ype  due t o  microc l i rna t ic  and edaphic 

v a r i a b i l i t y  a c r o s s  t h e  p rope r ty ;  however, t h e  upland d e s e r t  t y p e  i s  r e a d i l y  

de f inab le .  



Vegeta t ion  over  s i x  f e e t  high i n  t h e  upland d e s e r t  community 

i s  dominated by p a l o  ve rde  and Joshua t r e e s ,  These two s p e c i e s  have 

a n  average dominance v a l u e  (measured i n  s q u a r e  f e e t  of basal a r e a  

p e r  a c r e )  of 2494 and 1298.6, r e s p e c t i v e l y  ( T a b l e  2.8-1). Although 

less abundant,  saguaro cactus and o c o t i l l o  (average  dominance va lues  

of 602 and 752, r e s p e c t i v e l y )  are also common i n  t h e  upper s t r a t a  

of t h i s  type,  

Below s i x  f e e t ,  t h e  b a s a l  a r e a  cover  of upland d e s e r t  v e g e t a t i o n  i s  

r e l a t i v e l y  low, varying from 0.6 p e r c e n t  (sample s i t e  7)  t o  14.8 

pe rcen t  (sample s i t e  8) and averaging 5.3 p e r c e n t  (Table 2.8-2). 

Shrubs c o n s t i t u t e  most of t h i s  lower s t r a t a ,  accounting f o r  an average 

of 7 3  percent  of t h e  total 5asal area cover  (TaSle 2.8-2). The 

nost comoo  shrubs throughout  the t y p e  are c reoso tebush ,  brittlebush, 

and w h i t e  bursage. 

Except f o r  s a n p l e  site 13, c a c t i ,  l i l i e s ,  and their a l l i e s  

c o n s t i t u t e  l e s s  t h a n  one pe rcen t  of t h e  cover  i n  the upland d e s e r t  

type.  Yucca, a member of t h e  l i l y  f a n i l y ,  had a t o t a l  basal a r e a  

cover of 57 pe rcen t  a t  sanple s i t e  13. Grasses  and f o r h s  a r e  a l s o  

r e l a t i v e l y  s p a r s e ,  compr i s ing  approximately 13 percent of the 

t o t a l  b a s a l  area cover. 

The pauc i t y  of desert  succulents  i n  t h e  v i c i n i t y  of t h e  p rope r ty  

nay be  du2 t o  s o i l  cond i t i ons .  Loose gravels  o r  rock crevices 

xhere i n f i l t r a t i o n  of p r e c i p i t a t i o n  i s  rapid are necessary f o r  the 





TABLE 2.8-2. 

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

SWPLE SITES 

1 2  3 4 5 6 7 9 9 1 0 1 1 1 2 1 3 1 4  
I. TREES 

% b a s a l  c o v e r  N D ~  ND 0 .2  
Mesqui te  looC 

I1 SHRUBS, CACTI, LILIES, AND ALLIES 

b a s a l  c o v e r  1.1 0.6 0 .2  
A q a  ve 
a r i t t l e b u s h  21 
Burrobrush  
Cane C h o l l a  
C a  t c l aw  
Cre s so t ebush  60 
Englemann P r .  Pear 
Galdenweed 
Hedgehog Cac tu s  
J o i n t -  f i r  
Mesqui te  
Paper  f l ower  
Ra tany  
S a l t b u s h  

> Senec io  spp . 
U n i d e n t i f i e d  spp. 
white ax.rsa?e 
Nc l f e b e r r y  
Yucca 

111. GRASSES 

4 b a s a l  csver 
Be-muda 
B i g  G a l l e t a  
Bush Muhley 
Dropseed 
F l u f f g r a s s  
X e a i t e r r a n e a n  

Gra s s  
Yuhley spp. 
Rec Brone 
Tobosa Gra s s  
-9nnuai Grasses 

i b a s a l  cove r  
3 e s e r t  Yallcw 
T i  i a r se  
Four O'Ciock 
ijwlf lower 
S k e l e  tonweed 
Wild Gourd 
Wooly Indianwheat  

Source: Dames & Moore, 1978a. 



p r o l i f i c  growth of t h e s e  s u c c u l e n t s ,  p a r t i c u l a r l y  c a c t i .  While 

sandy t o  g r a v e l l y  s o i l s  a r e  p r e sen t  on and i n  t h e  v i c i n i t y  of t h e  

proper ty ,  t hey  may n o t  be s u f f i c i e n t l y  permeable t o  suppor t  l a r g e  

numbers of t h e s e  p l a n t s .  

P r e c i p i t a t i o n  i n  t h e  Sonoran Desert i s  seldom h igh  enough t o  

suppor t  e x t e n s i v e  g r a s s l ands .  While a  v a r i e t y  of annual  and p e r e n n i a l  

g r a s s e s  such a s  b ig  g a l l e t a ,  tobosa ,  d ropseed ,  and f l u f f g r a s s  a r e  

adopted t o  t h e s e  a r i d  c o n d i t i o n s ,  t h e y  seldom c o n s t i t u t e  a major  

p o r t i o n  of any of t h e  d e s e r t  p l a n t  communities. E s s e n t i a l l y  t h e  

same i s  t r u e  f o r  f o r b  s p e c i e s .  Grasses  and f o r b s  on t h e  p r o p e r t y  

may have been f u r t h e r  reduced by t h e  drought  c o n d i t i o n s  t h a t  p r e v a i l e d  

before  and dur ing  t h e  f i e l d  s t udy  per iod  and by grazing p r e s s u r e  

( r e f e r  below t o  t h e  d i s c u s s i o n  on Range Condi t ion  f o r  f u r t h e r  d e s c r i p t i o n  

of t h e  e f f e c t s  of g r a z i n g ) .  

As can be expected i n  d e s e r t  environments ,  t h e  response of annua ls  

t o  spo rad i c  p r e c i p i t a t i o n  prov ides  s ea sona l  v a r i a t i o n  i n  t h e  s p e c i e s  

composi t ion of t h e  v e g e t a t i o n  on t h e  Anderson p rope r ty .  The f i r s t  

f o u r  v e g e t a t i o n  s i t e s  were sampled i n  A p r i l  and t h e  remaining s i t e s  

were sampled i n  October.  Annual g r a s s e s  were r e l a t i v e l y  abundant  

dur ing  t h e  s p r i n g  sampling per iod  and almost  nonex i s t an t  i n  t h e  f a l l  

(Tab le  2,8-2) ,  The composition of the f o r b  component a l so  va r i ed  between 

seasons.  Globe mallow, f i l a r e e ,  and o w l  clover were p a r t i c u l a r l y  common 

i n  t he  s p r i n g  whi le  four  o ' c l o c k ,  s k e l e t o n  weed, wild  gourd,  and wooly 

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



Joshua Tree  Woodland 

Joshua t r e e  woodland i s  l o c a t e d  on top  of t h e  mesa t o  the  sou th  

and southwest of t h e  Anderson p r o p e r t y  (F igure  2.8-1). It g e n e r a l l y  

occurs  above the  2000-foot contour .  This  type  i s  t h e  most p r eva l en t  

v e g e t a t i o n  a s s o c i a t i o n  along the right-of-way f o r  the proposed a c c e s s  

road. 

Joshua t r e e  woodland i s  d i s t i n g u i s h e d  from t h e  upland d e s e r t  type 

by a l a c k  of saguaro c a c t u s  (Table  2.8-1). The pauc i ty  of t h i s  s p e c i e s  

may be due t.o s o i l  cond i t i ons .  Saguaro c a c t u s  i s  r e l a t i v e l y  shallow- 

roo ted  and top-heavy. I n  f i n e  s o i l s  s i m i l a r  t o  t h o s e  on t h e  mesa t op ,  

the species i s  frequently up-rooted by winds and flash f looding .  On 

coarser soils, such as those  found on t h e  hllCerson p rope r ty ,  the  species 

i s  much more s t a b l e .  

Species  composi t ion sf  t h e  unde r s to ry  i n  t h e  Joshua t ree woodland 

i s  v i r t u a l l y  i d e n t i c a l  t o  t h e  unde r s to ry  of t h e  upland d e s e r t  type  

(Table  2.8-2). However, t o t a l  b a s a l  a r e a  cover i n  t h e  woodland unde r s to ry  

i s  s l i g h t l y  h igher  than  i n  t h e  unde r s to ry  of the  upland d e s e r t .  To ta l  cover  

i n  t he  Joshua t r e e  woodland averages  6.7 pe rcen t  compared t o  5.3 pe rcen t  f o r  

the upland d e s e r t  type. If t h e  r e s u l t s  from sample s i t e  8 (Table  2.8-2) are 

d e l e t e d ,  t h e  average b a s a l  a r e a  cover  of t h e  upland d e s e r t  unders tory  f a l l s  

t o  3.4 percent. 



T h i s  d i f f e r e n c e  i n  b a s a l  a r e a  cover  can  probably be a t t r i -  

buted t o  s o i l  m o i s t u r e  c o n d i t i o n s ,  Upland d e s e r t  v e g e t a t i o n  i s  most 

p r e v a l e n t  on t h e  n o r t h  f a c i n g  s l o p e s  t o  t h e  s o u t h  of t h e  San t a  

Maria River .  S o i l s  on t h e s e  s l o p e s  c o n s i s t  p r i m a r i l y  of s ands ,  

sandy g r a v e l s ,  and g rave l s .  S o i l s  on t h e  mesa top  where the Joshua 

t r e e  woodland i s  most p r eva l en t  c o n s i s t  l a r g e l y  of s i l t y  sands  t h a t  

have a h ighe r  mo i s tu r e  r e t e n t i o n  c a p a c i t y  t h a n  t h e  sands and g r a v e l s  

of t h e  nor th- fac ing  s lopes .  I n  a d d i t i o n ,  t h e  l e v e l  a s p e c t  of t h e  

mesa top  probably r e s u l t s  i n  a more f a v o r a b l e  i n f i l t r a t i o n  t o  runoff  

r a t i o  t han  on t h e  nor th- fac ing  s lopes .  S ince  t h e  mesa t op  i s  a t  a  

h i g h e r  e l e v a t i o n  t han  t h e  s l o p e s ,  i t  may a l s o  r e c e i v e  s l i g h t l y  more 

p r e c i p i t a t i o n ,  

R ipa r i an  

R i p a r i a n  v e g e t a t i o n  i s  p r e s e n t  a long  the San ta  Maria River i n  

t h e  v i c i n i t y  of t h e  Anderson p r o p e r t y  ( F i g u r e  2,8-1). This  v e g e t a t i o n  

c o n s i s t s  l a r g e l y  of mesqui te  s t ands .  Where und i s tu rbed ,  t h e s e  s t ands  

(termed mesqui te  bosques) a r e  t y p i c a l l y  q u i t e  dense ,  

Saap le  s i t e s  3 and 4 a r e  r e p r e s e n t a t i v e  of t h e  r i p a r i a n  vegeta- 

t i o n  on t h e  Anderson p rope r ty  (F igu re  2.8-1 and Table  2.8-2).  

Overs tory v e g e t a t i o n  c o n s i s t s  of e s s e n t i a l l y  100 pe rcen t  mesqui te ,  

The unde r s to ry  shrub component is a l s o  camyosed l a r g e l y  of young 

mesqui te  p l a n t s .  Other shrub s p e c i e s  that may be found i n  the type  

i n  l o w  numbers i n c l u d e  white-thorn acacia, wol fber ry ,  c r eoso t ebush ,  



and burrobush. Forbs and g ras ses  are o f t e n  not  present  i n  t h e  type. 

Where s u f f i c i e n t  l i g h t  and surf  ace  rnois t u r e  a r e  a v a i l a b l e ,  Medi- 

t e r r anean  g r a s s  was found t o  be t h e  most common herbaceous spec ie s  i n  

t h e  r i p a r i a n  vege ta t ion  on t h e  property.  

A large,  r e l a t i v e l y  undisturbed mesquite bosque i s  loca ted  along 

the Santa Maria River  near  t h e  Pa lmer i t a  Ranch i n  Sec t ions  1 4 ,  I S ,  and 

16 of Tl I N ,  RllW (F igure  2.8-1) The bosque covers approximately 960 

a c r e s  and is  loca ted  on p r i v a t e  land.  It i s  q u i t e  dense and con ta ins  

many o l d  t r e e s ,  some reaching a he igh t  of 25 f e e t .  The only major d i s -  

turbance  t o  t h i s  bosque i s  an unimproved road running along i t s  southern  

edge (Smith m d  Bender, 1973). The bosque has been recommended f o r  desig-  

n a t i o n  as a  S c i e n t i f i c  Natura l  Area by the  Arizona Academy of Science 

(Smith and Bender, 1973)=  

Pseudoriparian 

Fseudor ipar ian  vege ta t ion  i s  loca ted  along t h e  i n t e r m i t t e n t  streams 

and washes t h a t  d r a i n  the proper ty  and adjacent  a r e a s  (F igure  2.8-1)- 

Sample s i t e  14  ( F i g u r e  2.8-1) i s  r e p r e s e n t a t i v e  of t h i s  associa t ion (Table  

2.8-2). 

The pseudor ipar ian  vege ta t ion  t y p e  i s  a t r a n s i t i o n  between the r i p a r -  

aEl€!S i a n  vege ta t ion  along the Santa Maria River and t h e  upland desert (Dn- 

& Moore, 1978a and b ) .  Mesquite as wel l  as shrub and t r e e  species comon 

t o  t h e  upland desert are  found i n  t h e  type. Although q u a n t i t a t i v e  data on 

the  overstory component of the  pseudor ipar ian  associa t ion was not  co l l ec ted ,  



mesquite ,  Joshua t r e e ,  and l i t t l e - l e a f  pa lo  ve rde  were observed t o  

be abundant i n  many of t h e  draws and washes i n  t h e  area (Dames & 

Moore, 19788). The unders tory  v e g e t a t i o n  i n  t h e  type c o n s i s t s  l a r g e l y  

of mosqui te ,  burrobush,  ca t c l aw ,  and c reoso tebush  (Table  2.8-2) a l though  

a variety of o t h e r  sh rubs ,  c a c t i ,  and herbaceous p l a n t s  are a l s o  found i n  

the a s s o c i a t i o n  (Table  C-2, Appendix C). Most of t h e  shrubs  observed i n  

t h e  pseudor ipar ian  type were l a r g e r  and more robus t  t han  i n d i v i d u a l s  of 

t h e  same s p e c i e s  growing i n  ad j acen t  upland a r ea s .  This  i s  appa ren t ly  due 

t o  increased  s o i l  mo i s tu re  i n  t h e  dra inages .  

Range Condit ion 

Assuming no d i s t u r b a n c e ,  p l a n t  communities such a s  those  occu r r ing  

on t h e  Anderson proper ty  and i n  a d j a c e n t  a r e a s  zre descr ibed  as epheme- 

ra l  l i v e s t o c k  range wi th  t h e  primary forage c o n s i s t i n g  of annuals  such as 

g r a s s e s ,  f i l a r e e ,  Indianwheat ,  and mustards  (Dames & Moore, 1978aj. The 

growth of t h e s e  annuals  i s  c l o s e l y  t i e d  t o  p r e c i p i t a t i o n  which i s  extreme- 

l y  v a r i e d  from yea r  t o  year .  

Given t h a t  t h e  proper ty  i s  n o t  h i g h l y  product ive  l i v e s t o c k  range ,  

i t s  q u a l i t y  r e l a t i v e  t o  similar h a b i t a t s  can  be es t imated  based on t h e  per- 

cen tage  of r e g r e s s i o n  t h a t  has  occurred from "climax" v e g e t a t i o n  t o  early 

succes s iona l  s t a g e s  as t h e  result of d i s tu rbance .  Four range c o n d i t i o n  

c l a s s e s  ( e x c e l l e n t ,  good, f a i r ,  and poor) have been recognized (Dames & 

E m r e ,  1978a). Each c o n d i t i o n  class r e p r e s e n t s  a 25 ~ e r c e n t  r e d u c t i o n  ir, 

the vege ta t i ve  p o t e n t i a l  of a given area of rangeland.  The a p p r o p r i a t e  

cond i t i on  c l a s s  i s  g e n e r a l l y  determined by t h e  abundance of key i n d i c a t o r  



p l a n t  spec ies .  These p l an t  i n d i c a t o r s  a r e  termed decreasexs ,  i n c r e a s e r s ,  

and invaders .  Decreasers  a r e  n a t i v e  p l an t  spec ie s  such a s  g a l l e t a  g r a s s  

and bush muhley that become l e s s  abundant due t o  graz ing  pressure .  Increas-  

e r s  a r e  n a t i v e  spec ie s  such a s  senegio ,  bursage, and b r i ck lebush  t h a t  

become more abundant due t o  graz ing  pressure .  Invaders  a r e  e x o t i c  (nonna- 

t i v e )  p lan t  s p e c i e s  such as paperf lower,  buckwheat, and ske le ton  weed 

t h a t  a l s o  become more abundant on d i s tu rbed  s i t e s .  

Point  i n t e r c e p t s  were taken a t  t h r e e  l o c a t i o n s  i n  t h e  Joshua t r e e  

woodland and one l o c a t i o n  i n  t h e  upland d e s e r t  type (Table 2.8-3). One 

of t h e  samples (Sample D )  was taken i n  a fenced exclosure  cons t ruc ted  

by the  U.S, Bureau of Land Management (E'Llj,) in the nid-ig6O ' s .  TThe vege- 

t a t i o n  i n  this exclosure  i s  r e p s e s e n t a t i v z  o f  ungrazed Joshua tree wood- 

land habfcat,  

As can been seen from t h e  d a t a  i n  Table 2.8-3, t h e  vege ta t ion  cover 

a t  sample s i t e s  A, B ,  and C was l e s s  than  h a l f  t h a t  found i n  t h e  exclo- 

sure.  Big g a i l e t a  g r a s s ,  which i s  an important  l i v e s t o c k  fo rage  p l an t  

and a dec rease r ,  was more than f ive  t imes a s  abundant i n  the exclosure  

than a t  t h e  o the r  sample sites. Bursage, an increaser, and paperflower, 

an invader ,  w e r e  found a t  a l l  of the sample sites except  t h e  exc losure .  

These d a t a ,  as wel l  a s  f i e l d  observa t ions  on t h e  low reproduct ion  of pala- 

t a b l e  forage p l a n t s ,  i n d i c a t e s  t h a t  t h e  p rope r ty  and ad jacen t  a r e a s  a r e  

i n  the "poor" range condition class  ( D a m e s  & Moore, 1978a). 



PERCENT RELATIVE COlMIPOSITION AND PERCENT ABSOLUTE 
COVER BASED ON POINT INTERCEPT DATA FXOM FOUR SAPPL4: S ITES 

SITES 

SPECIES A* B* C* 0 
% Corn % Cov S Corn 3 Cov % Corn S Cov 9 Corn 5!j Cov 

Barrel Cactus 

Beavertail Cactus 

Eush inuhley 

Cane Cholla 

D e s a t  H o l l y  

Desert Trumpet 

Encjelmann Pr. Pear 

Fla t - top  Buckwheat 

Fluff G r i l s s  



T-ULZ 2.8-3 concluded 

Xedi ter imea.  Grass 2 <I 9 2 4 A 7 5 3 

Source: Dames & Moore, 1978a 



Drought c o n d i t i o n s  over  t h e  l a s t  few y e a r s  and fo r ag ing  by f e r a l  

bu r ro s  appear  t o  be t h e  primary f a c t o r s  caus ing  a d e t e r i o r a t i o n  of t h e  

range i n  t h e  v i c i n i t y  of t h e  Anderson proper ty .  Stocking rates f o r  

domest ic  animals  can  be e a s i l y  a d j u s t e d  t o  p revent  range  d e s t r u c t i o n ,  

bu t  drought  and f e r a l  bur ros  pose a more perp lex ing  problem. The BLM 

has r e c e n t l y  a t tempted  t o  b r i n g  g r a z i n g  p r e s s u r e  i n t o  ba l ance  wi th  range  

produc t ion ,  They have removed a  l a r g e  number of b u r r o s  from t h e  gen- 

eral a r e a  as one means of reduc ing  f u r t h e r  d e t e r i o r a t i o n  of the r ange  

(Dames & Moore, 1978a). 

Grazing p r e s s u r e  on t h e  p r o p e r t y  i s  r e g u l a t e d  by t h e  BLM. The 

Anderson p rope r ty  i s  l o c a t e d  i n  t h e  BLM's Santa  Maria Community A l lo t -  

ment which encompasses 62,000 a c r e s .  The s t o c k i c g  rate f o r  t h i s  a l l o t -  

ment i s  c u r r e n t l y  198 animal u n i t s  ( de f ined  as one cow o r  one cow with 

unweaned c a l f )  pe r  year  ( D a m e s  & Moore, 1978a). 

Threatened,  Endangered o r  P r o t e c t e d  P l a n t  Spec ies  

The 1974 l i s t i n g  of p ro t ec t ed  p l a n t  s p e c i e s  publ i shed  by t h e  Arizona 

Commission of Agr i cu l t u r e  and H o r t i c u l t u r e  i n c l u d e s  t h e  fo l lowing  s p e c i e s  

i d e n t i f i e d  on t h e  Anderson p rope r ty  o r  i n  t he  a d j a c e n t  a r e a  du r ing  t h e  bio- 

l o g i c a l  f i e l d  program. It should be noted t h a t  none of t h e s e  species a r e  

considered t o  be endangered o r  t h r ea t ened .  

e Mescal (Agave - --- d e s e r t i ) ,  0.1 nile n o r t h  of t h e  Anderson 
Mine a t  about 1800 feet. Approximately 20 plan t s ,  

e Saguaro (Cereus g igan t eus ) .  Throughout upland desert 

t ype*  



a Hedgehog cac tus  (Echinocereus f a s c i c u l a t u s ) .  Throughout 
upland d e s e r t  on exposed r i d g e s  above washes. 

e Engelmann hedgehog cac tus  ( E .  - englemannii).  Same l o c a t i o n  
a s  hedgehog cac tus .  

a Bar re l  cac tus  (Ferocactus aeanthodes).  On canyon wa l l s  
and mesa s lopes  i n  Sec t ions  3, 10, and 16 ,  TllN, RIOW. 

O c o t i l l o  (Fourqu ie r i a  Splendens). Throughout upland d e s e r t  
on well drained bajada and mesa. 

a Crucif ixion-thorn (Halocantha emoryi). SW 1/4 of Sec t ion  
11, TllN, RiOW. About 0.3 mi le  SW of Anderson Mine a t  
base of rocky s lope ,  e l e v a t i o n  1800 f e e t .  Also on mesa 
s lopes  t o  t h e  e a s t  and west. 

Fishhook pincushion (Mammallaria microcarpa) .  Throughout 
upland d e s e r t  on s l i g h t l y  modified exposures o r  a t  s i t e s  
where s o i l s  have some water r e t e n t i o n  capac i ty  such a s  rock 
c rev ices ,  washes, and shaded a reas .  

r Bigelow mlirra (Nslina bigelovii) ,  Six plants immediately 
south  of Anderson Mine road, SF7 11'4 of Sec t ion  l l ,  TIIN, RlO'rJ, 
elevation 1820 feet. C 

B Buekh~3rn c h o l l e  (Dpuntfa -- - ac.anthocarpaj,  T h r o u g h m ~  upland 
d e s e r t  on sandy o r  g r a v e l l y  s o i l s  of benches, mesa s l o p e s ,  
and washes. 

e Beaver t a i l  cac tus  ( 0 .  b a s i l a r i s ) ,  Upland d e s e r t  on well- 
drained sandy and g r a v e l l y  s o i l s  above 1400 f e e t .  

e Teddy bear c h o l l a  (0. b i g e l o v i i ) .  On we21 dra ined ,  rocky o r  
g r a v e l l y  south-facing s lopes  and mesa tops  below 2000 f e e t .  

Pancake p r i c k l y  pear  ( 0 .  c h l o r o t i c a ) .  A few i s o l a t e d  p l a n t s  
on north-facing rocky s l o p e s  of h igher  mesas f ac ing  t h e  Santa 
Maria River i n  Sec t ion  3 ,  T11N, R1OW. 

0 Christmas c a c t u s  ( 0 .  l e p t o c a u l i s ) .  Mesas, ba jadas ,  and 
arroyos throughout-upland d e s e r t  i n  sandy s o i l s .  

a Englemann p r i c k l y  pear (0.  phaecantha). Rocky, g rave l ly  
o r  sandy soils of higher-mesas and bajadas i n  t h e  upland 
d e s e r t  t o  the east and no r th  of t h e  Anderson Mine, 



Banana yucca (Yucca bacca ta ) .  Rocky t o  sandy s o i l s  on 
higher  r i d g e s  and pro tec ted  s lopes  i n  t h e  upland d e s e r t  
n o r t h  and e a s t  of t h e  Anderson Mine. 

a Joshua t r e e  (Y.  b r e v i f o l i a ) .  Throughout upland d e s e r t ,  
p a r t i c u l a r l y  &merous  on arroyo s lopes  above 1400 f e e t  
and i n  Joshua t r e e  woodland on t h e  mesa south  and west 
of the Anderson property.  

Soaptree yucca (Y .  e l a t a ) .  Throughout upland d e s e r t  i n  
arroyo f l a t s  a n d o t h e r  l o c a t i o n s  having sandy a l l u v i a l  
s o i l s  above t h e  Santa Maria River  f loodpla in .  

Agave mckelveyana, which i s  included i n  t h e  proposed f e d e r a l  en- 

dangered p l an t  l i s t  (Federa l  R e g i s t e r ,  6/16/76) ,  has  been observed by BLM 

personnel* i n  Aso Pass near  t h e  proposed access  road right-of-way. Larger  

concent ra t ions  of t h i s  spec ie s  a r e  present  a t  h igher  e l e v a t i o n s  t o  t h e  

south i n  t h e  Tres Alamos area and t o  t h e  n o r t h  extending w e l l  i n t o  t h e  

Black Mountains. Based on t h e i r  f i nd ings ,  the Phoenix Of f i ce  of t h e  BLM 

in t ends  t o  n o t i f y  t h e  U. S .  Fi sh  and W i l d l i f e  Serv ice  (USAFWS) t h a t  - A.  

mckelveyana should be removed from t h e  proposed endangered l ist .* The 

U. S .  Forest  Serv ice  has a l ready requested s i m i l a r  action.** The USFWS 

has  r ecen t ly  cont rac ted  the Museum of Northern Arizona t o  conduct r e sea rch  

regarding the  proposed s t a t u s  of t h i s  and o t h e r  p o t e n t i a l l y  endangered 

p l an t  species.** 

WLLDLIF'E 

A t o t a l  of 95 species of land v e r t e b r a t e s  were i d e n t i f i e d  on t h e  

Anderson property and i n  t h e  vicinity of the  proposed water p i p e l i n e  

*Personal communication, M r .  Dean Durfee, BLM Phoenix Area Nanager, 1978. 
**Personal communication, M s .  Carol J u s t i c 2 ,  USFWS Albuquerque Of f i ce ,  1978. 



r o u t e  and a c c e s s  road  (Table C-3, Appendix C-21, O f  t h e s e  s p e c i e s ,  

2 percen t  were amphibians,  16 percent were r e p t i l e s ?  6 3  pe rcen t  

were b i r d s ,  and 19 p e r c e n t  were mammals. The low number of amphibian 

species found i n  the  area is due l a r g e l y  t o  the gene ra l  l a c k  of  

s u r f a c e  water. The large p r o p o r t i o n  of b i r d  s p e c i e s  i s  c h a r c t e r i s t i c  

of temperate terrestrial ecosystems. The mammals observed i n  the area 

were p r imar i l y  roden t  s p e c i e s ,  

R e p t i l e s  and Amphibians 

F i f t e e n  s p e c i e s  of r e p t i l e s  and two s p e c i e s  of amphibians were 

observed i n  t h e  v i c i n i t y  of the Anderson p rope r ty  (Tab le  C-3, Appendix 

- 3 ,  AS would be expected, the amphibian species were found e x c l u s f v e l y  

i 

i n  the riparian h a b i t a t  along the Santa  Maria River. O f  the 15 r e p t i l e  C 

s p c i e s ,  8 were s e r r o r d d  .i~ t h e  r i p a r i a n .  h a b i t a t ,  6 in pseudor ipar i sn  

vegetat ion,  9 i n  t h e  Joshua tree woodland, and 13 in the upland d e s e r t  

C ~ l y  f i v e  r e p t i l e  s p e c i e s  were collected i n  t h e  drop- t rap  g r i d s  

e s t a b l i s h e d  i n  the area (Figure 2.8-1 and Table 2 .8 -4 ) .  The data from 

t h i s  sampling program indicate that t h e  g r e a t e s t  r e p t i l e  activity took 

place i n  June, w i t h  the s ideb lo t ched  l i z a r d  be ing  the  most commonly 

caught species fol lowed by the western whip-tail and the banded gecko, 

No significant difference in t h e  numbers of captures pe r  species o r  

the  t o t a l  captures p e r  season was found among trap g r i d s  (Friedmann 

T e s t ,  S = 16.5 in both  cases). These r e su l t s  i n d i c a t e  that  c a p t u r e d  



I. A p r i l  21-23 

C T o t a l  

Side-blotched Lizzkd 

Desert Horned Lizard 

Western Whiptail  

TOTAL 

II. June 8-10 

3ancied Gacko 

Side- b l ~ t z h e d  Lizard 

2esEzx Eorned Lizard 

West$-n hihiptai l  

111. October 21-23 

Zebra- *ailed L i z z r Z  

Site-blotched Lizard 

Source: Dames Moore, 1375a 



r e p t i l e  s p e c i e s  are widely dispersed in t h e  area and show no selective 

h a b i t a t  preferences  (Dames & Hoore, 1978a) .  

Birds 

Based on census t r a n s e c t  d a t a  ( F i g u r e  2.8-1 and Table  2.8-5), t h e r e  

i s  a significant seasona l  change i n  the number of b i r d  species and 

t he  density of b i r d s  on the  Anderson proper ty  and t h e  adjacent areas 

(Krushal-Wallis T e s t ,  E = 14.20, P 9 . 0 1 ,  and H = 8.92, m.05, respec- 

t ively) .  Wintering and breeding bird populat ions a r e  relatively abundant  

i n  the riparian vege ta t ion  type ( t r a n s e c t s  R-1 and R-2, Table 2.8-5) 

compared t o  t h e  Joshua tree woodland (transects M-1 and M-2) and upland 

desert vegetati.on type (trsnsects S-3 and 5 - 2 ) .  The nesqufte brzsques 

along the Santa Wria  Rires are apparezitly used h e a v i l y  by resident 

specLes during khe ~-3.nxz.r and-by a var ie ty  of species that  breed six the 

area dur ing  t h e  sun;mer. These bosques a l s o  a p p e a r  t o  be an important  

hab i t a t  f o r  a rborescent  b i r d s  that migra te  through the area (Dames 

& Moose, f978a). 

Transect councs taken du r ing  each of  four seasons were ana lyzed  f o r  

species s i m i l a r i t y  and densi ty  s i m i l a r i t y  (Tabis  2.8-6). None sf the  

transect data collected i n  February were similar in terms of species 

or mean densities. This indicates a dissimilarity of bird communities 

among the  different vegetation types  of the area d u r i n g  t h e  w i n t e r .  In 

A p r i l ,  species similarity was greater than 50 percent for a l l  transects 

except f o r  one case of Joshua tree woodland and mesquite bosque (Transect 



TABLE 2.8-5. 

AVERAGE BIRD DENSITY 
(Pe r  100 ACRES) BASED ON 3-DAY TXANSECT COUNTS 

I. F e b r u a r y  25-27 

R e d - t a i l e d  Hawk 

Gambel' s Q u a i l  

W h i t e - t h r o a t e d  S w i f t  

C o s t a ' s  Hummingbird 

G i l a  Woodpecker 

Ladder-backed Woodpecker 

Verd in  

Cac tus  Wren 

Rock Wren 

B e n d i r e ' s  T h r a s h e r  

B l a c k - t a i l e d  G n a t c a t c h e r  

F h a i n o p e p l a  

Lzqgerhead S h r i k e  

House F i n c h  

American G o l d f i n c h  

Brown Towhee 

B l a c k - t h r o a t e d  Spar row 

Whice-crowned Spar row 

TOTAL AVERAGE DENSITY "J37 "dl8 249 

TOTAL SPECIES 3 6 11 

*Transecc  M-1, S-2,  and  2-1 were r u n  An w l n t e r  c e n s u s .  A l l  t r a n s e c t s  were r u n  d u r l n g  o t h e r  s e a s o n s .  

11. A p r i l  6-5 

Turkey V u l t u r e  

Sharp-sh inned  Hawk 

Red-Tailed Hawk 

Golden Z a q l e  

American K e s ~ r e l  

S m b e l ' s  2 u a i i  

Xournlnrj ijO'JE 

Roadrunner 

W h i ~ e - T h r o a t e d  Swift 



TABLE 2.8-5. (continued) 

Iv. October 21-23 

Red-talled Hswk 

Amerrcan Kestrel 

Gambel's Quall 

Mournlng Dove 

Roadrunner 

r&~te-throated Swlft 

Black-ch. Xummlngblrd 

Cosra's Hwmrungblrd 

Co-n Flrcker 

Gila Woodpecker 

Ladder-backed Woodpecker 

Vlolet-green Swallow 

Cl i f f  Swailow 

Whlte-necked Raven 

Verdlr. 

Cactus Wren 

Canyox? #re% 

FOCh Wren 

Hcck~ngnlrd 

Csr-~ed-bllied T'nrssher 

SZW l h r  abher 

Robm 

Black-talled Gnatcatcher 

Phamopepla 

Loggerhead Shrike 

B e l l ' s  Vlreo 

Yellod Warbler 

Yellow-runpsd Warbler 

3rowr.-neaded Cowbird 

. i o ~ s e  F-nch 

Lark Bmcrnq  

Vesper Sparrow 

Glach-throated Sparrow 

Zhlpplnh Sparrow 

3rewerta Sp3rrow 

A h L  te-crowned S+arrow 

TOTAL A1JEK4 ;E DENSITY 

TOTAL SPECIES 



TABLE 2.8-5. (continued) 

M-1 n- 2 S-1 S-2  R- 1 R- 2 

Red-tailed Hawk 

American Kestrel 

Gambel's Quail 

Whice-vinqed Dove 

Mourning Dove 

Great Horned Owl 

Elf owl 

Lesser Nighthawk 

White- throated Swift 

Black-ch. Huumiingbird 

Counuon Flicker 

Gila Woodpecker 

Tadder-backed Woodpecker 

Western Kingbird 

Ash-throated Flycatcher 

Say's Phcebe 

Violet-green Swallow 

:lif f Swallow 

Whi te-necked Raven 

Verdin 

Cactus Wren 

Canyon Wren 

Rock Wren 

rncklngbird 

Curve-billed Thrasher 

Crlssal Thrasher 

Phaanopepla 

Black- t a l l e d  Gnatcatcher 

Loggernead S h r l k e  

3ell's Vlreo 

Lucy's Warbler 

Zooped Srlole 

Scotr' s Srrole 

House F'rncr! 

Lesser  7 1 2 ~ 2  

3rown T o w n e e  

Black-chroaced Sparxqw 



TABLE 2.8-5. (continued) 

Black-ch. Humungbrrd 

Costa ' s  Hummlngbzrd 

Common F l ~ c k e r  

Gila Woodpecker 

Ladder-backed Woodpecker 

Western Klnqblrd 

Ash-throaced Flycatcher 

Violet-qr. Swallow 

Wh~te-necked Raven 

Verdrn 

Cactus Wren 

Canyon Wren 

Rock Wren 

M c k ~ n g  B x d  

Ben&reis  Thrasher 

Curved-bllled Thrasher 

Crzssal Thrasher 

Slack-talled Gnatca+cher 

*d?y-crcxmed .C;nq?et 

P:lainopepla 

iuqgerhead Shrzke 

Hueton ' s '71.rso 

Bell's Vlreo 

Lucy's Warbler 

fellow-rumped Warbler 

Wllson's  Warbler 

Scott's Orlole < 1 

House Flnch  2 7 

Browr. Towhee 

Lesser Caldf Inch 

Black-tnrcatea Sparrow 34  

Z h l p p l n g  Sparrcw 

drawer's 5 ~ a r r o w  5 3 

rlhlte-crowned Sparrow 3 

TOTAL AVEPdGZ DENSITY 7.179 

TQTAL SPECIES - 7 - -  



TABLE 2.8-5. (concluded) 

I V .  October  21-23 

9-1 n- 2 5-1 s-2 R- i R- 7 

Red-talled Hawk 

m e r l c a n  Kes t r e l  

Gambel ' s Quar 1 

faournlng Dove 

%ad runner  

Whl t e - th roa ted  Swl f t  

Black-ch. Hunmungb~rd 

Costa's HUmUng~ird 

Coarmon F l r c k e r  

C ~ l a  Woodpecker 

Ladder-backed Woodpecker 

Vlolr t -qreen Sval low 

C l r f f  Swallow 

white-necked a v e n  

Verarn 

Cactus  Wren 

Canyon Wren 

Rock Sren 

.Heck l n g b ~ r d  

Curved-allied Thrasner  

Sage Tkrasner  

Robln 

Ylacx-tal led Gna tc r t che r  

Phalf iowpla 

Loggerhead Shr lke  

B e l l ' s  v x e o  

Yellow Harbler  

Yellow-rumpea Warbler 

Srown-headed C s w a r c  

douse F x c h  

Lam aun t rng  

iesFer  Sparrow 

alack-tnroaczd Sparrow 

Zhlpplrx :garrow 

3rerer1i Sparrow 

Ah1 :e-crowned Szarrzw 

Source:  Danes 6 Zoore, 197Sa. 



SPECIES AND DENSITY SIMILARITY 
OF BIRDS BASED ON TRANSECT DATA 

I February 25 -27  

% Density Similarity a 

Transect ?I- 1 

M- l X 

% Species S-2 40 

Similarity R-1 4 0 

TOTAL SPECIES 9 

I1 April 6-8 

% Density Similarity 

Transect 

M-l 

M- 2 

B Sgecres 5-1 

S l r u l a r i t y  S - 2  

R- L 

2- 2 

TOTAL SPECIES 

Transect 

M- 1 .- 

' 4  A - 2 

S - l  

S-2 

3- 1 

?- 2 

I;I Zune  3 - 1 0  

3 Density Similarity 

APPROX. TOTAL 
XEAN DENSITY 

APPROX. TOTAL 
MEAN DENSITY 

APFROX.  TOTAL 
YEAS DEXSITY 



TABLE 2.8-6.  (concluded) 

I V  O c t o b e r  21-23 

% Density S i m i l a r i t y  

Transect M - 1  M-2 S-1 S - 2  R - 1  3 - 2  

M-1  x 2 1  33 35  7  (1. 

M - 2  32  X 2 0  17 8 47 

S- 1 2 6 4 2  X 3 7  2 9  28 

APPROX. TOTAL 
MEAN DENSITY 

TOTAL SPECIES 

a. 9 D e n s i t y  S i m i l a r i t y  = ( 2  ~lw/k!A+MB)x 1 0 0  where 

flw = s m a l l e r  d e n s i t y  v a l u e  of a species rnutu&lyT i c c u r i n g :  i n  t w ~  
t r a n s e c t s .  

M A =  total mean d e n s i t y  of a l l  s p e c i e s  for a transect 

Y B  = t a t a l  mean d e n s i t y  of a l l  species f o r  the second transect 
(Motyka e t  a l . ,  1950) 

% Species S i m i l a r i t y  = iZc/A+B)x 1 0 0  where 

c = number of s p e c i e s  comon t o  tvo transects 

A = t o t a l  number of species for a t r a n s e c t  

3 = t o t a l  number of s p e c i e s  for a second transect 
(Sorensen, 1948). 

. >!;rr=:c Tralues  e r - c e r z j  as aerceni rocneed to n e a r e s t  x i o l e  number gr?a t ? r  
tnan one. S ~ r e . l L x r ~ ; ~  2rea:er rhan  or e q u a l  tc 56% s n c l o s f d  i n  2 

Source :  Danes d Xoore, 197Sa. 



M-2 x R-1 and R-2).  Dens i ty  s i m i l a r i t y  was a l s o  g r e a t e r  i n  A p r i l  t han  

i n  February.  The Apr i l  d e t a  i n d i c a t e  that t h e r e  a r e  t h r e e  d i s t i n c t  

groups o r  communities of b i r d s  i n  the  a r e a  dur ing  the s p r i n g ;  one group 

u t i l i z e s  Joshua t r e e  woodland, upland d e s e r t ,  and mesqui te  bosque ( t r an -  

sects H-l and M-2 x S-2 and R-2),  ano the r  i n h a b i t s  upland d e s e r t  ( t r a n s e c t  

S-1 x S-21, and the  t h i r d  i n h a b i t s  r i ~ a r i a n  vege ta t ion  ( t r a n s e c t  8-1 

x R-2). This  p a t t e r n  i s  t h e  r e s u l t  of r e s i d e n t  s p e c i e s  d i s p e r s i n g  through- 

ou t  t h e  a r e a  and inigrant b i r d s  u t i l i z i n g  p seudo r ipa r i an  and r i p a r i a n  

h a b i t a t s  (Dames & Moore, l978a) * S i m i l a r i t y  p a t t e r n s  i n  species conpos i t i on  

f o r  t h e  June d a t a  w a s  i d e n t i c a l  t o  t h a t  of the A p r i l  d a t a ;  however, 

summer d e n s i t y  c lus tered i n  t w o  groups,  d e s e r t  ( Joshua  t ree  woodland 

arid u p i a ~ d  descr:) arid mesq.lire bcsqae. T h e  9ctohr.r transect data ind ica te  

d i s p e r s a l  of b i r d  species wi th  mutual species occgxrence i n  d e s e r t s  (Table \ 

2.8-6), Bird d i s t r i b z t 5 . m  ndz spotty in t h e  f a i l ,  suzgesElng z g g x e g a t i ~ ~ ,  

a s  would be expected precedixg and du r ing  mig ra t i on  ( D a m e s  & Moore, 1978a). 

A t o t a l  of 22 bird species were noted t o  be breeding in the v i c i n i t y  

of t h e  p r o p e r t y  (Table C-3, Appendix C-2). Bests of white-winged dove, 

common f l i c k e r ,  - ~ e r d i n ,  cac tus  wren, lesser  g o l d f i n c h ,  and b lack- throa t  ed 

s p a r r o w  were found i n  t h e  area. 2uveniles of Gambel's q u a i l ,  mourning 

dove,  lesser  nighthawk, western k i n g b i r d ,  ash-throated flycatcher, black- 

tailed gnatcatcher, and loggerhead shrike were observed i n  the area 

in June and August. P a i r s ,  p o s s i b l y  b r e e d i n g  on o r  near the property, 

included r e d t a i l e d  hawk, &American k e s t r e l ,  great horned o w l ,  C o s t a ' s  

hummingbird, canyon wren, rock wren, c u r v e b i l l e d  thrasher, crissai 



t h r a s h e r ,  B e l l ' s  v i r e o ,  Lucy's w a r b l e r ,  and brown towhee (Dames & Moore, 

l978a) .  

Mammals 

A t o t a l  of 18 s p e c i e s  of m a m m a l s ,  p r i m a r i l y  r o d e n t s ,  were observed 

on t h e  Anderson p rope r ty  and i n  a d j a c e n t  areas (Table  C-3, Appendix 

C-2) .  Of t h e s e  species, 11 were recorded  i n  bo th  the r i p a r i a n  and 

upland d e s e r t  v e g e t a t i o n  t y p e s ,  7 were observed i n  t h e  p seudo r ipa r i an  

t ype ,  and 12 were recorded i n  t h e  Joshua t r e e  woodland. 

Small m a m m a l s  were t rapped a t  seven l o c a t i o n s  on and n e a r  t h e  prop- 

e r t y  du r ing  t h e  s p r i n g  and f a l l  of 1977 (Table  2.8-7). Merriam's kangaroo 

r a t  was the most  abundant species cap tu red  dur ing  bo th  samplicg pe r iods .  

The Arizona pocket mouse was a l s o  p r e s e n t  13 r e l a t i ve ly  l a rge  n m b e r s  

i n  t h e  s p r i n g ,  but  none were cap tu red  i n  t h e  f a l l  (Table  2 . 8 - 7 ) .  The 

rock pocket mouse was t h e  t h i r d  most abundant s p e c i e s  cap tured  i n  t he  

a r e a ,  being about  e q u a l l y  common i n  bo th  seasons.  The o t h e r  s p e c i e s  

t rapped i n  t h e  area were n o t  common du r ing  e i t h e r  season. As i s  expec ted ,  

general breeding a c t i v i t y  of t h e s e  roden t s  was h i g h e s t  i n  t h e  s p r i n g  

and sub-adul ts  became i n c r e a s i n g l y  impor tan t  i n  t h e  popu la t i on  towards 

f a l l  (Table  2.8-7).  

'Die s i m i l a r i t y  f o r  captures among trap l i n e s  d ~ l r i f i g  the  s p r i r ~ g  w a s  

greates t  i n  t h e  Joshua t r e e  woodland (trap l i n e  A x G,  Table 2.8-8). 

This w a s  due l a r g e l y  t o  t he  abundance of t h e  Arizor ,a . rock pocket  mouse. 

S i n i l a r i t y  f o x  captures m s  g r e a t e r  than 50 percent in most of  t h e  



Agril 2 1 - 2 3  October 2 0- 22 

7 7 

2 2 

Xumber of s a p l e  site 

Number of trap l i nes  per  
smple 

Number of live traps ?ez 
l i n e  

Number of nights traps 
were s e t  

T o t a l  trzp n i q h t s  ( asbxcsd ) 1 0 5 0  

Total cegturos 9 8 



TABLE 2.8-7 concluded 

- -T  
L L A .  Aqe and. 2egroductive S t a t u s  

FEP30DUCTIfJE STATUS 

Oct 1 - 
Rack Pocket Xcuse 

O c t  - 
Arizms. Pocket muse Apr li 

Oct - 
3aFloy1s Pocket Kouss Ppr 

Deer Xouse 

Source: Games 4 ?40ore: l978a 



Ci2TURES AXD PZRCENT SIIYILMITY FOR 
CA,ZTURES AYONG ASSESSXZNT LITNZS 

SITE 

9 C D E  



TABLZ 2.8-8 concluded 

S i t e  

S P R I N G  

transects 
,NL~ = total.  czpti~r=s of a l l  species 5or  a t rmsect  - - 

249 = t o t a l  cagtuzes of all species fcr  a s e c m d  t r m s e c =  in 
the  crosswls~ conpzrison (Xo tykz  et al., 1 9 4 7 )  

Sourcs: Dames Moore, 1978a 



t r a p  l i n e s  run  d u r i n g  t h e  fall. This was due p r i m a r i l y  t o  t h e  w i d e  

spread  occur rence  of Merr iamfs kangaroo r a t .  

The b l ack - t a i l ed  j ack rabb i t  was t h e  only in te rmedia te -s ized  mama1 

s p e c i e s  commonly observed i n  t h e  a r e a ,  a l though t h e  presence of d e s e r t  

c o t t o n t a i l s  w a s  a l s o  noted.  Road census d a t a  (approximately 20 mi le  

route)  c o l l e c t e d  over t h r e e  day p e r i o d s  a f t e r  sundown i n  A p r i l ,  June, 

and October w a s  as follows: 

Seas on Spec ies  Number and Age Class 

Spr ing  Black- ta i led  jackrabbit 1 6  a d u l t s  
Deser t  c o t t o n t a i l  2 a d u l t s  

Summer B l ack - t a i l ed  j ack rabb i t  8 a d u l t s ,  1 2  sub-adu l t s  
Deser t  c o t t o n t a i l  1 a d u l t ,  1 sub-adult 

F a l l  Black-taiiea jack rabbi.^ 3 a d u l t s  

9cer h a v e  been occasionally sighted i~ $he v jc in i t ;?  of the Anderson 

p r o p e r t y  by X I N E W S  employees and Danes & Moore b i o l o g i s t s .  Three  sets 

of d e e r  t r a c k s  were no ted  a long  b i r d  transect M-1 i n  F e b r u a r y .  In October,  

deep  p e l l e t  groups were found a l o n g  b i r d  t ransect  S-2. BLY personnel have 

observed as nany as 35 deer near Tres Aiamos Peak southeast of t h e  p r o p e r t y o  

These observations indicate that deer u t i l i z e  t h e  Anderson p r o p e r t y  

and adjacent areas i n  small numbers ( D a m e s  b Moore, 1978a). 

Feral burros  a p p e a r  to utilize t h e  p r s p e r z y  extensively.  Four- 

t e e n  bu r ro s  were observed i n  t h e  wash east of the Anderson Mine in mid- 

?larch. Another 21 aninals were seen e a s t  of t h e  mine in June and 3 bur-  

r o s  were observed approxin~tely 112 m i l e  s c u t h  of  t h e  driller's camp in 



October. Burro t r a c k s  were recorded i n  S e c t i o n  4 ,  T l l N ,  R l O W  a long  t h e  

canyons and t h e  Santa  Maria River .  

Threatened and Endangered Spec ies  

None of t h e  s p e c i e s  des igna ted  by t h e  U.S. Department of t h e  I n t e r -  

i o r  as t h r ea t ened  o r  endangered were observed on t h e  Anderson p r o p e r t y  

o r  a d j a c e n t  a r e a s .  There i s  evidence t h a t  two s p e c i e s ,  t h e  d e s e r t  t o r -  

t o i s e  and g i l a  monster (Heloderma suspectum), l i s t e d  by t h e  Arizona Game 

and F i s h  Department a s  "spec ies  whose s t a t u s  i n  Arizona may be i n  jeopardy 

i n  t h e  near f u t u r e "  u t i l i z e  t h e  a r e a  t o  some e x t e n t .  T o r t o i s e  t r a c k s  

were observed a long  t h e  San t a  Maria River  west of t h e  Anderson p rope r ty  

i n  August and i n  Sec t i on  2 ,  TUN, R l O W  near  t h e  r i v e r  i n  October.  No g i l a  

monsters  were observed i n  t h e  area by Dames & Moore b i o l o g i s t s ,  bu t  ilnver- 

i f i e d  s i t i n g s  of t h i s  s p e c i e s  have been r e p o r t e d  by persons working i n  

t h e  a r e a  (Dames & Moore, 1978a). 

The Fede ra l  Wild Horse and Burro Act of 1971 ( P u b l i c  Law 92-185; 

85 S t a t .  649)  does not  recognize  the bur ro  as an endangered o r  t h r ea t ened  

species but  i t  does g r an t  the burro  p r o t e c t e d  s t a t u s ,  The p r o l i f e r a t i o n  

of bur ro  popu la t i ons  i n  t h e  v i c i n i t y  of Alamo Reservoir ha s  posed a 

problem f o r  the BLM ( M r .  Dean Durfee,  Phoenix D i s t r i c t  O f f i c e ,  BLM, 

persona l  communication by D a m e s  & Xocre, 1 9 7 7 ) *  A s  discussed above, 

f e r a l  bu r ro s ,  pos s ib ly  from t h e  A l a m o  Reservoir herd,  were found to 

u t i l i z e  the p rope r ty ,  particularly near  the Santa Naria River.  



ENVIRONMENTAL STRESS 

As discussed above, plant productivity in the project region has 

been reduced during the past several years by drought. Extensive graz- 

i n g  has also resulted in a reduction in productivity. In addition, past 

human activity on the Anderson property has created some environmental 

stress. 

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 doni- 

nant desert plant species. A number of unimproved roads have been con- 

structed r e c e n t v  in the area to acconodate drilling and other m i n e r d  

exploration activities. These roads have c o n t r i b u t e d  t o  an increase in 

the amcrmt o f  cltsred or scar i f ied  l a d  on the p rope r ty  and in adj.a.ent 

areas. 



2.9 BACKGROUND RADIOLOGICAL CONSIDERATIONS 

General ly  speaking ,  t h e  most s i g n i f i c a n t  source  of i o n i z i n g  r a d i a -  

t i o n  exposure t o  t h e  gene ra l  pub l i c  i s  from t h e  n a t u r a l  environment. 

This exposure i s  no t  uniform f o r  a l l  i n d i v i d u a l s ,  but v a r i e s  due t o  a 

number of f a c t o r s ,  i nc lud ing  a l t i t u d e ,  g e o l o g i c a l  f e a t u r e s ,  and human 

h a b i t a t s .  Va r i a t i ons  i n  exposure as a r e s u l t  of t h e s e  n a t u r a l  f a c t o r s  

o f t e n  exceed exposures  from man-made sources  (e .g . ,  x-ray equipment and 

nuc l ea r  r e a c t o r s )  t h a t  r e c e i v e  cons iderab ly  more p u b l i c i t y .  According 

t o  t h e  l i t e r a t u r e ,  t h e  dose from n a t u r a l  r a d i a t i o n  t o  an i n d i v l d u a l  i n  

t h e  United S t a t e s  ranges  from 80 t o  250 mrem/yr. [One mi l l i r em (mrem) 

i s  def ined  a s  t h a t  q u a n t i t y  of any type  of i o n i z i n g  r a d i a t i o n  which, 

when absorbed by man, produces an e f f e c t  equivalent t o  t h e  a b s o r p t i o n  

by man of 0.001 roentgen of x-ray o r  gamma r a d i a t i o n  (400  k i l o v o l t s ) . ]  

The average i n d i v i d u a l  l i v i n g  i n  t h e  United S t a t e s  i n  1964 rece ived  a n  

x-ray exposure of 55 mrem/yr f o r  medical purposes.  Other sou rces ,  such 

as nuc lear  r e a c t o r s  account f o r  l e s s  t han  5 mrem/yr. 

In  order  t o  de te rmine  the  s i g n i f i c a n c e  of t h e  e f f e c t s  of  small 

nan-made increments  of exposure,  i t  i s  necessary  t o  determine t h e  l a r g e r  

natural r a d i a t i o n  components. Severa l  s t u d i e s  have shorn no c o r r e l a t i o n  

o f  background r a d i a t i o n  with h e a l t h  e f f e c t s .  However, background rad in -  

tion e x p o s u r e  i s  l e s s  w e l l  d e f i n e d  than exposure t o  man-made so-uces,  s o  

i t  may c o n t r i b u t e  t o  the d e l e t e r i o u s  e f f e c t s  that may be associated with 

low levels of r a d i a t i o n .  



Natu ra l  background r a d i a t i o n  comes from cosmic r a d i a t i o n  and from 

r a d i o a c t i v e  e lements  i n  t h e  e a r t h ' s  c r u s t  and i n  b u i l d i n g  m a t e r i a l s .  

An a d d i t i o n a l  increment  of e x t e r n a l  exposure, which accoun t s  f o r  l e s s  

t han  f i v e  pe rcen t  of t h e  t o t a l ,  i s  due p r i m a r i l y  t o  t h e  presence of 

radon i s o t o p e s  and t h e i r  r a d i o a c t i v e  decay produc ts  i n  t h e  a tnosphere .  

The n a t u r a l  r a d i a t i o n  environment i s  be l i eved  to have been r e l a -  

t i v e l y  c o n s t a n t  f o r  a t  l e a s t  10,000 y e a r s .  However, human l i v i n g  

h a b i t s  have changed i n  such  a way as to i n c r e a s e  exposure.  Popu la t i ons  

have tended t o  mig ra t e  from c o a s t a l  to inland a r e a s ,  t h u s  i n c r e a s i n g  

t h e i r  e l e v a t i o n  and exposure t o  cosmic r a d i a t i o n .  Outdoor a g r a r i a n  

s o c i e t y  has been largely replaced by indoor work and life i n  urban 

c e n t e r s .  Exposure has thus  been increased i n  some i n s t a n c e s  because 

of t h e  n a t u r a l  r a d i o a c t i v i t y  ~f b u i l d i n g  naterials; w h i l e  in other 

i n s t a n c e s ,  b u i l d i n g s  may a t t e n u a t e  exposure  t o  outdoor  t e r r e s t r i a l  . 
sources ,  thereby  lowering exposure.  

Add i t i ona l  increments  of r a d i a t i o n  exposure  r e s u l t  from i n g e s t i o n  

of n a t u r a l  r a d i o n u c l i d e s ,  Potassium-40 is the p r i n c i p a l  c o n t r i b u t o r  

of in te rna l  doses ;  o t h e r  s i g n i f i c a n t  i n t e r n a l  emitters a re  carbon-14, 

radon-222, rzidiua-226 and -228, and t h e i r  daughter  products ,  

The r e t e n t i o n  of i nha l ed  r a d i o a c t i v e  daughte r  p roduc ts  of radon 

i s o t o p e s  is t h e  primary source cf lung r a d i a t i o n  dose t o  the  general 

p u b l i c .  The inhalation of radon daughters requires special attention 

in the case of underground uranium miners (Federal Radiation Counci l ,  



1967) .  Exposure t o  occupants of r e s i d e n t i a l  dwel l ings  can a l s o  be 

s i g n i f i c a n t .  A p o t e n t i a l  average lung dose of about 250 m r e d y r  t o  

occupants  of u n v e n t i l a t e d  wood dwel l ings  and about  1800 mrem/yr t o  

occupants  of unven t i l a t ed  conc re t e  bu i ld ings  has  been calcula ted.  

S ince  t h e  proposed mine and m i l l  w i l l  r e l e a s e  r a d i o a c t i v e  mate- 

r i a l s ,  i t  i s  important  t o  e s t a b l i s h  b a s e l i n e  r a d i a t i o n  l e v e l s  and 

concen t r a t i ons  of r a d i o a c t i v e  m a t e r i a l s .  P e r i o d i c  monitor ing dur ing  

p r o j e c t  ope ra t i ons  can then  d e t e c t  any s i g n i f i c a n t  i n c r e a s e s  by com- 

p a r i s o n  w i t h  t h e s e  b a s e l i n e  l e v e l s .  To o b t a i n  the  necessary  b a s e l i n e  

in format ion ,  t h e  fo l lowing  sampling programs were conducted: 

0 atmospheric  radon-222 concen t r a t i ons  

e radon-222 daughter anal-ysis 

a s u b s o i l  radon-222 measurements 

i n t e g r a t e d  gamma r a d i a t i o n  

0 r ad ionuc l ide  conten t  of sediments ,  water ,  v e g e t a t i o n ,  
and s o i l s  

RADIOACTIVE UTERIALS IN THE A I R  

A s  a gene ra l  ru le ,  gaseous  radon-222 and r a d i o a c t i v e  c o n s t i t u e n t s  

of suspended p a r t i c u l a t e  mat te r  account  f o r  most of t h e  background air- 

borne r a d i o a c t i v e  n z t t e r .  Su r f ace  s o i l s  and rock,  which are  the most 

significant existing sources nf  a i r b o r n e  p a r t i c l e s  i n  t h e  p r o j e c t  a r e a ,  

c o n t a i n  t r a c e s  of r a d i o a c t i v e  matter, a s  do most m a t e r i a l s  of the 

earth ' s c r u s t .  Gaseous radon-222, a r a d i o a c t i v e  decay product of 



radium-226 i n  t h e  s o i l  and rock,  decays t o  r a d i o a c t i v e  daughter  prod- 

u c t s  t h a t  depos i t  on s o i l  p a r t i c l e s  and a i r b o r n e  p a r t i c l e s  t h a t  can be  

i nges t ed  by man and animals.  

Radon-2 22 

A t o t a l  of 36 a i r  samples were c o l l e c t e d  du r ing  two per iods  of two 

hours  each a t  roughly 24-hour i n t e r v a l s  a t  the meteoro logica l  tower l o c a t e d  

nea r  t h e  c e n t e r  of t h e  o r e  body and f i v e  s a t e l l i t e  l o c a t i o n s  (F igure  2.9-1). 

The samples were analyzed f o r  radon-222 con ten t  w i th in  48  hours of co l -  

l e c t i o n  by E b e r l i n e  Instrument  Corporat ion of Albuquerque, New Mexico. 

The r e s u l t s  of these  ana lyses  a r e  presen ted  i n  Table 2.9-1. 

C o a c e n t ~ a ~ i o n s  c f  rad~a-222 r anged  f r o n  undetectable t o  near ly  2 

p C i / l  on t h e  proper ty .  The average radon concentration for all. samples  

wes 0.35 ~ C i l l .  

The h i g h e s t  radon-222 concen t r a t i on  w a s  observed at the  neteoro-  

l o g i c a l  tower which i s  l o c a t e d  on a r i d g e  above t h e  o r e  body* This 

read ing  was tzken i n  the  morning d u r i n g  a l i g h t ,  i n c r e a s i n g  northwest 

wind f o l l o w i n g  several  hours of very light southeast-east t o  no r theas t  

winds, Considering t h a t  on t h e  previous day t h e  winds reached a h ighs r  

peak than on  any o t h e r  day  d u r i n g  the s a n p l i n g  p e r i o d  and t h a t  f l u s h i n g  

was relatively thorough, t h i s  r e a d i n g  probably represents  a radon-222 

buildup of on ly  a few hourse 





Radon-222 concen t r a t i ons  a t  sample s i t e s  A 3 ,  A4,  and A 5 ,  l o c a t e d  down- 

wind from t h e  o r e  body (F igu re  2.3-I), were n o t  c o n s i s t a n t l y  h igh  du r ing  

t h e  morning sampling per iods  (Tab l e  2.9-1). Consequently,  overn igh t  

d r a f t s  from t h e  d e s e r t  f l o o r  d i d  no t  r e s u l t  i n  t h e  concentra t ion  cf 

radon i n  canyons and s t ream channels  a t  lower e l e v a t i o n s .  Based on 

t h e s e  r e s u l t s ,  t h e r e  appears  t o  be s u f f i c i e n t  winds i n  t h e  a r e a  t o  d i s -  

p e r s e  radon from t h e  proper ty .  

Radon-222 concen t r a t i ons  d i d  no t  c o n s i s t a n t l y  i n c r e a s e  from t h e  

morning t o  t h e  a f t e rnoon  samples. If such  an  i n c r e a s e  d id  occur ,  i t  

would i n d i c a t e  a daytime atmospheric  i n v e r s i o n  on t h e  proper ty .  An 

i n v e r s i o n  would tend  t o  t r a p  t h e  radon-222 emanaticg from t h e  s o i l  i n  

t h e  lower l a y e r s  of a i r  where. the samples were  taken. 

Radon Daughters 

The presence  of radon i n  t h e  atmosphere i s  o f t e n  d i f f i c u l t  t o  d e t e c t  

a n d / o r  measure because of i t s  normally  low c o n c e n t r a t i o n ,  i t s  character 

a s  one of t h e  noble  g a s e s ,  and i t s  t r a n s i t o r y  presence due t o  r a d i o a c t i v e  

decay. Radon as a  nob l e  gas shows l i t t l e  i n c l i n a t i o n  f o r  c o n c e n t r a t i o n  

on s o l i d  s u r f a c e s  o r  i n  l i q u i d s  because of i t s  i n h e r e n t  r e s i s t a n c e  t o  

i o n i z a t i o n .  However, radon gas i n  t h e  a tnosphe re  breaks  dobn r a d i o -  

ac.t i v e l y  forming highly ion ized  poloni im,  which i n  t u r n  breaks dcwn 

fo rming  o t h e r  i o n i z e d  i so topes .  These h i g h l y  charged i o n s  are  atrri . .ztsd 

t o  d u s t  p a r t i c l e s  i n  t h e  a i r  and c o l l e c t  on them. I n  a  carefully ccn- 

t r o l l e d  s i t u a t i o n ,  c o l l e c t i o n  of such dus t  p a r t i c l e s  and d e t e r n i n a t i o n  



of radon daughter content would provide a measure of radon content in 

the ambient air. However, in field conditions, drifting air masses 

d i l u t e  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-2061, 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 app- 

aratus is c l o s e  st hand or iJher'e field c o n d i t i o n s  s n p p r t  use of a mchile 

laboratory with this capability. Since the samples c o i l e c t e d  on the 

Anderson p r ~ p e - r t y  f o r  radon datighter an .4 -ys i s  were s t o r e d  for several 

days, neasurement of these isotopes was not meaningful. For the Ander- 

son property s a m p l e s ,  the nost practical isotopes to measure were lead- 

210 vith a half-life of 21 years and its bismuth and polonium daughters 

(these daughters should be in e q u i l i b r i x n  w i t h  lead-210). 

Due t o  its long half-life, lead-210 concentrations reflect only 

t h e  e f fec r ive  time of dispersion of dust paricles. High winds preced-  

ing the sampl ing may lead to measurements reflecting radon daughte r  

accumulation in regional soils rather than l o c a l  atmospheric r adon  or 

local s o i l  conditions, In any case, it is u s e f u l  t o  neasure these more 



s t a b l e  r a d o n  d a u g h t e r s  s i n c e  r a d i o a c t i v e  m a t e r i a l  i n  Oust  forms a  s i g -  

n i f i c a n t  p o r t i o n  of a t m o s p h e r i c  r a d i o a c t i v i t y .  

A i r b o r n e  pa r t i cu l a t e  samples  were c o l l e c t e d  a t  t h e  n e t e o r o l o g i c a l  

tower  and f o u r  s a t e l l i t e  l o c a t i o n s  ( F i g u r e  2.9-1) i n  1977, The s a t e l -  

l i t e  s t a t i o n s  were  sampled s e q u e n t i a l l y  and no s t a t i o n  w a s  sampled more 

t h a n  o n c e o  A t o t a l  of f i v e  samples  were  c o l l e c t e d  i n  J u l y  1977 a t  the 

m e t e o r o l o g i c a l  tower .  A l l  samples  were ana lyzed  by E b e r l i n e  I n s t r u -  

ment C o r p o r a t i o n  f o r  t o t a l  p a r t i c u l a t e s ,  thorium-230, radium-226, and 

lead-210.  The r e s u l t s  of t h e s e  a n a l y s e s  a r e  p r e s e n t e d  i n  T a b l e  2.9-2. 

Examinat ion of t h e  d a t a  ( T a b l e  2.9-2 and F i g u r e s  2.9-2 and 2.9-3) 

i n d i c a t e  t h a t  the r a d i o a c t i v e  composiLioc of t h e  d u s t  i s  a  f u n c t i o n  of 

the wind azimuth a s  w e l l  a s  wind speed* For  exanple, n o r t h  winds pro- 

duced t h e  h i g h e s t  d u s t  loads  and i o w e s t  uranium c o n c e n t r a t i o n s ,  w h i l e  

t h e  h i g h e s t  uranium measurements were  t a k e n  when the winds were from 

the  e a s t  and west .  These  r e s u l t s  may be due t o  t h e  s o u r c e  of t h e  par-  

t i c u l a t e s .  Winds from t h e  n o r t h  c r o s s  t h e  S a n t a  Piaria R i v e r  channe l  and 

t h e  lower  r e a c h e s  of s e v e r a l  t r i b u t a r i e s  b e f o r e  reaching t h e  sampl ing 

s i t e s .  S i n c e  these d r a i n a g e  c h a n n e l s  a r e  covered  by l o o s e  s i l t s  and fine 

s a n d s ,  suspended p a r t i c u l a t e s  would be  r e l a t i v e l y  h i g h  w i t h  s t r o n g  winds.  

Winds f rom the east and west  cross areas conposed of coarszr  materials;  

consequent ly ,  t h e  d u s t  l o a d  of t h e s e  xinds i s  ssnewhat  l o w e r .  North 

winds cross a minimum of exposed o r e  d e p o s i t s  in the v i c i n i t y  of t h e  

p r o p e r t y  so i t  would be expec ted  that t h e  c o n c e n t r a t i o n  of radioactive 





Figure 2.9-2. PARTICULATE LOAD ON THE ANDERSON 
PROPERTY RELATIVE TO WIND SPEED 



LEAD- 210 (hourly average pcilf i l terf 

Figure 2.9-3. LEAD- 210 CONCEh1TRATION IN THE 
ATMOSPHERE RELATIVE TO bVlND VELOCITY 



m a t e r i a l s  i n  t h e  d u s t  would be lower t h a n  winds from t h e  e a s t  and west 

which have r e l a t i v e l y  long  s e t s  over exposed o r e  bodies .  

Subso i l  Radon Measurements 

On a  l o c a l  b a s i s ,  one of t h e  most s i g n i f i c a n t  components of atmos- 

p h e r i c  radon i s  provided by radon emanating from t h e  s o i l .  During p e r i o d s  

of s t a b l e  p r e s s u r e  and low winds,  radon movement i s  g e n e r a l l y  i n f l uenced  

by d i f f u s i o n  c o e f f i c i e n t s ,  bo th  i n  t h e  atmosphere and i n  t h e  s o i l .  

Da i ly ,  weekly, and s e a s o n a l  f l u c t u a t i o n s  i n  a tmospher ic  p r e s s u r e  and 

winds, however, cause mig ra t i on  of radon t o  and from t h e  s u r f a c e  a t  ac- 

c e l e r a t e d  r a t e s ;  consequent ly ,  radon from a c o n s i d e r a b l e  dep th  may f i n d  

i t s  way t o  t h e  s u r f a c e  over  a  per iod  of t ime. Obviously,  w i th  the l i m i t e d  

half -1if  e of radon (3.823 days ) ,  t h e r e  i s  a zaximun depth beyond which 

no s i g n i f i c a n t  q u a n t i t i e s  of radon could be expected t o  reach the  sur -  

f a c e .  The f a c t o r s  de te rmin ing  t h i s  dep th  i n c l u d e  t h e  r a t e  of movement 

s f  radon t o  t h e  s u r f a c e ,  t h e  produc t ion  r a t e  of radon a t  t h e  sou rce ,  

t h e  flow pa th ,  and t h e  f e a t u r e s  of t h e  s o i l  o r  rock  and atmosphere i n t e r -  

f a c e .  

The r e l a t i v e  emanation of radon from t h e  Anderson p r o p e r t y  was 

determined by use of t r a c k  e t ch ing  ana ly se s  of a l p h a - s e n s i  t i v e  photo-  

g r a p h i c  f i l m s  mounted i n  i nve r t ed  s t y r e n e  cups  (radon cups)  and b u r i e d  

t w o  t o  three feet below the  surface of -;he ground at 20 l o c a t i o r ~ s  

( F i g u r e  2.9-1).  Because of their p h y s i c a l  c h a r a c t e r i s t i c s ,  these 



cup-mounted f i l m s  s e n s e  only radon gas  i n  t h e i r  immediate environment* 

and i n t e g r a t e  t h e  l e v e l s  perce ived  over  t ime.  For t h i s  de t e rmina t i on ,  

two cups were p laced  i n  each hole ,  covered with a p l a s t i c  bag, and 

buried.  They were n o t  d i s t u r b e d  aga in  except  t o  remove one of t h e  cups 

a f t e r  t h r e e  months and the o t h e r  a f t e r  s i x  months. The r e s u l t s  of t h e  

t r a c k  etching ana ly se s  f o r  t h e  cups are p re sen t ed  i n  Table  2.9-3. 

Although an e m p i r i c a l  method e x i s t s  f o r  conve r t i ng  t h e s e  r ead ing  t o  

concen t r a t i ons  on t h e  basis of l a b o r a t o r y  t e s t i ng** ,  i t  has  yet to be 

a f f i rmed  t h a t  t h i s  convers ion  i s  a p p l i c a b l e  t o  f i e l d  d a t a *  Consequently,  

t h e  r e l a t i v e  t r a c k  numbers ob ta ined  are p re sen t ed  i n  l i e u  of a c t u a l  

concen t r a t i ons .  

S ince  t h e  two se ts  of d a t a  provided i n  Tab l e  2.9-3 r e p r e s e n t  t w o  

different seasons ,  one r e l a t i v e l y  d r y  and t h e  o the r  r e l a t i v e l y  w e t ,  i t  

i s  p o s s i b l e  t o  o b t a i n  a  r e l a t i v e  e v a l u a t i o n  of t h e  exponen t i a l  t e r n  i n  

the  d i f f u s i o n  equa t i on  i n c o r p o r a t i n g  a decay term (presuming t h e  produc- 

t i o n  of radon-222 i n  the surface s o i l s  i s  n e g l i g i b l e  coopared t o  the 

produc t ion  a t  d e p t h ) ,  

where: C = c o n c e n t r a t i o n  of radon gas in i n t e r s t i c e s  of s o i l j r o c k  at 
distance x from plane source units ($ill) 

*These f i l m  also nay be affec ted  by radon d a u g h t e r s  that p l a t e  out on 
the  s ides  of the cup. The influence of the plating out on the radon 
levels  r e p o r t e d  is unknown at this time. 

:k*H.W, Al ter ,  P r e s i d e n t ,  Terradex C o r p o r t i o n ,  Walnut Creek, California 
personal  connunica t ion ,  November 2 1 ,  1977 .  



Table 2.9-3. R A D I O N  CUP R E A D I N G S  ON THE ANDERSON P R O P E R T Y  

Sample 
S i t e  

F i r s t  3-month Second 3-month 6-month 
Average Average Average k* 

T'racks/mrnL/~onth 



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

A = activity coefficient (2.1 x lowb sec-l for radon-222) 

D/S = effective diffusion coefficient divided by porosity 

x = distance from plane source (cm) 

If u = then a r a t i o  of the  equation under the two conditions 

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

These values were calculated for each location and a r e  tabulated 

in Table 2.9-3. This information shows that while the soils in general 

w e r e  less permeable in t h e  xet season, t h i s   as no t  un i formly  the  case, 

Consequently, an areal distribution t h a t  bears on geology and geologic  

structure may be i n d i c a t e d ,  

Most of the radon cup data from the first three months (dry period) 

fell within four distinct groups (Figure 2.9-4). Each group could be 

described by the general equation: 

where 

y = n u b e r  of  t racks 

a ,3 = empirical constants 

x = e leva t ion  above a datum (ft) 





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 sensitivity 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 da tm plan (1500 ft msl was used in this analysis). 

Group I consists of three points on the desert floor south of and strat- 

igraphically above the exposed ore body on the property. Group I1 con- 

sists of seven points that are located progressively further from the 

central ore body (Figure 2.9-1). Group 111 consists of four points 

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 po- 

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



of uranium daughters  through t h e  in t e rven ing  rock and s o i l ,  It would 

no t  be j u s t i f i e d  a t  t h i s  poin t  t o  assume t h a t  a l l  of t h e  radon de tec t ed  

by t h e  radon cups was due t o  radon-222 migra t ion  from t h e  o r e  body, 

Dissolved radium moving wi th  mois ture  upward o r  l a t e r a l l y  i n  rock and 

s o i l  may, over  t ime, have a l s o  con t r ibu ted  t o  t h e  readings by providing 

a c l o s e r  source, However, it is l i k e l y  t h a t  the primary source of the 

readings is  the radon from t h e  ore bed i t s e l f ,  

TOTAL RAOIATION LEVELS 

T o t a l  n a t u r a l  background ion iz ing  r a d i a t i o n  from a l l  sources ( a i r ,  

water ,  and cosmic r a d i a t i o n )  w a s  measured on t h e  Anderson property by 

means of thennoluminescent dosimetry. Spec ia l  weatherproof themolumin- 

escent  dosimeter ( X D )  packets conta in ing  three high-sensitivity f l u o r i d e  

c h i p s  were p lsced  a t  some of the same l o c a t i c n s  as t h e  radon cups t o  

monitor t h e  gene ra l  i o n i z i n g  r a d i a t i o n  i n  the area (F igure  2.9-1). Two 

TLDs were placed a t  each s e l e c t e d  loca t ion .  One w a s  c o l l e c t e d  a f t e r  

t h r e e  months and the other  was c o l l e c t e d  a f t e r  s i x  months. One TZD w a s  

kept  a t  the E b e r l i n e  l abora to ry  i n  Santa Fe, New Mexico, f o r  c o n t r o l  

purposes,  The resu l t s  of this program a re  presented in Table  2.9-4, 

The geometric mean of the TLD readings  w a s  1 . 9 7  mranlweek (excluding 

sample T I ,  t h e  geometric mean w a s  1.85 mran/week), which was s l i g h t l y  

h ighe r  than  t h e  1.88 mrm/week r e g i s t e r e d  f rom the c o n t r o l  kept a t  the  

Eber l ine  l abora to ry ,  Except f o r  one h igh  reading from t h e  TLD l oca ted  

above t h e  o r e  body, t h e  dose  da ta  can be separated i n t o  t w o  groups,  one 



Table 2.9-4. TLD READINGS IN TEE V I C I N I T Y  OF TdE ANDERSON PROPERTY 

TLD Reading 
Sample Site mrem/ wk 



with a mean of 1.74 mremlweek (sample s i t e s  T 3 ,  T4, T5, and ~ 1 0 )  and one 

w i t h  a mean of 2.06 mremlweek (sample si tes  T2, T7, T8, and T9). 

RADIOACTIVE MATERIALS IN THE WATER 

Groundwater samples were c o l l e c t e d  from a t o t a l  of 10 sources  i n  t h e  

v i c i n i t y  of t h e  Anderson property (Figure 2.6-12). These samples were 

analyzed f o r  total uranium, radon-222, radium-226 and -228, thorium-228,  

-230 and -232, gross  a lpha ,  and g ross  b e t a  (Table 2.6-20). As discussed  

i n  Sec t ion  2.6, no surface water  samples were taken on the proper ty  s i n c e  

su r face  f lows  d i d  not  occur during the f i e l d  s t u d i e s .  

The f o l l w f n g  discussiors is based on the  analyses conducted on 

samples c o l l e c t e d  i n  A p r i l  and May, 1977. These results are considered 

to he nore  accurate than the resl'lts from t h e  analyses ccnducted ';n 

t h e  September 1977 samples since they c o r r e l a t e  we l l  wi th  nonradio- 

l o g i c a l  c o n s t i t u e n t s .  It i s  probable t h a t  the a n a l y t i c a l  procedures 

used f o r  t h e  September samples were not  s e n s i t i v e  enough t o  d e t e c t  

t h e  small amounts of radioactive m a t e r i a l s  present i n  t h e  water .  

The assumption t h a t  t h e  d i s t r i b u t i o n  of uranium i s o t o p e s  i s  "normal" 

in the  water on the  Anderson p r o p e r t y  does  not appear  t o  be warranted 

based on the r e s u l t s  of the  groundwater sampling program. Gross alpha 

values  were t oo  law i n  a l l  of t h e  samples t o  account f o r  normal uranium 

i s o t o p e  d i s t r i b u t i o n ,  let a lone  equi l ibr ium between uranium and its 

daughters (Table 2.6-20). While g ross  alpha determinations are  often 



i n a c c u r a t e  f o r  water  wi th  a  h igh  t o t a l  d isso lved  s o l i d s  con ten t ,  a n a l y t i c a l  

e r r o r  does not  n e c e s s a r i l y  account f o r  t h e  mismatch between gross  alpha 

readings and t h e  uranium content  of t h e  water  on t h e  Anderson property.  

The results i n d i c a t e  the absence of uranium daughters  which suggests  a 

d i sequ i l ib r ium i n  t h e  uranium p a r e n t s  (uranium-238 and uranium-234). 

This d i sequ i l ib r ium may have been brought about by geochemical 

processes  r e s u l t i n g  i n  a  d i f f e r e n t i a l  movement of uranium-234 r e l a t i v e  

t o  t h e  o the r  i so topes  i n  the uranium s e r i e s .  The beginning of t h e  

uranium decay s e r i e s  i s  as  fol lows:  

I so tope  Half -1if e 

Uranium-238 9 4.5 x 10 yea r s  
C 

Thori-a-234 24.1 days 
+ 

Protactinium-234 1.2 minutes 

5 2.5 x 10 yea r s  

4 8 x 10 yea r s  

3 1.6 x 10 yea r s  

I f  uranim-238 i s  i n  t h e  +4 valence  s t a t e  i t  does not  d i f f e r  significant- 

l y  i n  s o l u b i l i t y  f rom t h e  thorium iso topes .  Protactinium-234 has t o o  

s h o r t  a h a l f - l i f e  t o  accoun t  f o r  any s i g n i f i c a n t  change i n  s o l u b i l i t y .  

Uranium-234, on the o the r  hand, i s  commonly produced i n  an oxid ized  s t a t e  

(+6 valence) which readily forms complexes wi th  bicarbonate ions and i s ,  

in essence, s o l u b i l i z e d .  



Most of t h e  groundwater samples contained few alpha-emit ters  o t h e r  

than  uranium (Table 2 . 6 - 2 0 ) -  Consequently, most of t h e  gross  alpha 

readings should be a t t r i b u t e d  t o  uranium-238, uranium-235, and uranium- 

234. By determining t h e  po r t ion  of t h e  gross  a lpha  va lues  that can be 

accounted f o r  by uranium-238 and uranium-235 (uranim-235 does not 

commonly d i s s o c i a t e  from uranium-238 by g e o c h e d c a l  processes) ,  i t  i s  

then  poss ib l e  to estimate the  uranium-234 content  of the  water. Table 

2 - 9 4  provides t h e  expected concent ra t ions  of uranium-234 given t h e  

gross a lpha  va lues  f o r  t h e  water samples, 

Comparison of t h e  t o t a l  uranium concen t ra t ions  t o  gross  alpha read- 

I ~ g s  flog the samples suggests  a genera l  d e p l e t i o n  of uranim-234 i n  the 

groundwater of the area (Table 2.6-20). A t  least  two of t h e  samples L 

f 
(4~1-28 a,nd Grapecine Spr ings)  had gsssa alpha readings too l o w  to account 

f o r  the  uranium-238 content  alone,  i n d i c a t i n g  a n a l y t i c a l  problems, 

Samples from well DC-5, Palmerita Ranch w e l l ,  F i p e l i n e  Ranch wel l ,  Santa 

Maria Highway, and Tres Alanos Spring had gross  alpha counts  slightly above 

the  level  tha t  could be attributed t o  t h e  presence of uranium-238 and 

uranium-235. If t h i s  d i f fe rence  was due only t o  uranium-234, approximately 

22  percent of t h e  expected concentrat ion of t h i s  i s o t o p e  i s  present  

i n  t h e  samples.  Accounting f o r  t he  thorium and radium i so topes  present 

i n  two of t hose  samples (Palmerita Ranch xell and Santa Naariia w e l l  i ' lf  

would make t h i s  f r a c t i o n  even smaller. 



Table 2.9-5. EXPECTED CONCENTRATIONS OF URANIUM-234 

Total Activity Due to 

Uranium Non-differentiated upha  Difference 

u238 plus u 235 (Gross Assumed to be Percentage 

Observed @ 0.346 p ~ i / ~ g  Observed pCi/l u234 p C i / l  U234 in U Total 



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 Pal- 

merita 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 signif icant  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 w a s  approximately 

twice that of the Palmerita Ranch w e l l  water, but  no significant levels 

of e i ther  radium i s o t o p e  (226 o r  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 Marla Well No. 1 and the Pal- 

merita Ranch well, it was noted that these two groundwater sources have 

several features i n  common. Water from both sources contain relatively 

high concentrations of calcium along with l o w  carbonate and were among 

the lowest in pH ( T a b l e  2.6-17). Both w e l l s  are also l o c a t e d  in the 

alluvial p l a i n  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 r e l a t i v e l y  h igh  l e v e l s  of radium-228 i n  t h e  Pal- 

mer i t a  Ranch w e l l  water  with no s i g n i f i c a n t  concen t ra t ion  of thorium- 

232 may be t h e  r e s u l t  of d i f f e rences  i n  s o l u b i l i t y .  Thorium i s  much 

l e s s  so lub le  i n  =ter than radium. Consequently, the r e s u l t s  sugges t  

a chemical s e p a r a t i o n  of the two elements,  perhaps a s  a d i r e c t  r e s u l t  

of i n f i l t r a t i o n  of p r e c i p i t a t i o n  i n  a nearby recharge  area. If t h i s  

i s  t h e  case,  then t h e  radium-228 would have moved f r e e  of thorium-232 

t o  i t s  present  p o s i t i o n ,  The presence of thorium-228 i n  t h e  water  

would r e s u l t  from t h e  decay of radium-228. 

The water from Santa Maria Well No. 1 c o n t a i n s  e s s e n t i a l l y  t h e  

same amount of thorium-228 as the  water from the Palmer i ta  Ranch we l l  

plus  the only thorim-232 observed i n  any of the saaples, but  no 

radium-228. I n  an area lacking  s ign i f ican t  rainfall f o r  nany months 

and assuming a nominally low r a t e  of groundwater movement, t h i s  s i t u a -  

t i o n  may be due t o  a n a l y t i c a l  e r r o r .  

The apparent  lack of radium-226 i n  any of t h e  groundwater samples 

may a l s o  be due t o  a n a l y t i c a l  problems. Eowever, i t s  continuous and 

conspicuous absence would i n f e r  a c i r c u l a t i o n  of the groundwater i n  

t h e  a r e a  as opposed t o  t h e  presence 05 anc ien t  s tagnant  waters that 

have been in place  f o r  thousands of years, 

Analysis of the uranium content of groundwater i n  the v i c i n i t y  of 

t h e  Anderson p rope r ty  re la t ive t o  o t h e r  water  quality c o n s t i t u e n t s  pro- 

vides some in£ ormation on the mobiiization mechanisms of t h e  groundwater 



system i n  t h e  a rea ,  While o t h e r  r ad ioac t ive  components of t h e  water  

could a l s o  provide t h i s  information,  only uranium was present  i n  

s u f f i c i e n t  q u a n t i t i e s  t o  provide a  reasonably r e l i a b l e  a n a l y s i s  of 

a l l  the samples .  

Uranium appears  t o  be mobilized, i ,e , ,  free t o  enter water, i n  

e s s e n t i a l l y  two forms. One of these forms i s  a complex of the uranyl 

i o n  and the other i s  when uranium i s  i n  the form of o r  a s s o c i a t e d  w i t h  

p a r t i c u l a t e s ,  e s p e c i a l l y  p a r t i c u l a t e s  of c o l l o i d a l  s i z e .  

Fe r rucc io  (1975) found t h a t  d i s s o l u t i o n  of uranium from carbonate 

rocks i s  apprec iably  inf luenced by c a t i o n i c  components of t h e  water 

according t o  the f cllowing series : 

i-f. 
> ~ a + +  > xa 4- 

%? 

Carbonate rocks a r e  n e i t h e r  c h a r a c t e r i s t i c  of t h e  country rock nor the 

o r e  i n  the v i c i n i t y  of t h e  Anderson p rope r ty ,  a l though calcareous chert 

c o n s t i t u t e s  a large por t ion  of t h e  upper  l a y e r  of the Miocene lake beds 

i n  which the u r an im  ore i s  found. 

In the noncarbonate  rocks t y p i c a l  of the area, t h e  solubility of 

uranium a p p a r s  t o  be a function of ;:ation concentrat ions i n  essen- 

tially the i n v e r s e  of t h e  r e l a t i o n s h i p  d e s c r i b e d  by Ferruccio.  There 

is a very high cor re la t ion  between the uranium content  of t h e  ground- 

water and t h e  concent ra t ion  of sodium ( F i g u r e  2.9-5). The presence of 

calc ium, magnesium, and potassium appears t o  decrease t h e  s c l u b i l i t y  



of uranium. Consequently, s o l u b i l i z a t i o n  would not  appear  t o  be t h e  

mechanism of uranium mobi l iza t ion  on t h e  Anderson property;  r a t h e r  i o n  

exchange o r  poss ib ly  mob i l i za t ion  of c o l l o i d s  conta in ing  uranium 

appears t o  be t h e  more l i k e l y  method. 

Examination of anion concent ra t ions  i n  t h e  groundwater c l a r i f i e s  

t h i s  observa t ion  t o  some degree. The presence of s u l f a t e  seems t o  

r e t a r d  t h e  movement of uranium i n t o  t h e  water  whi le  c h l o r i d e  and bi-  

carbonate appear  t o  encourage it. Although somewhat similar t o  t h e  

e f f e c t  of sodium a t  lower concent ra t ions ,  t h e  d a t a  show t h a t  a t  h igher  

bicarbonate l e v e l s  t h e  movement of uranium i n t o  the  water  a c c e l e r a t e s  

(Figure 2.9-5).  This appears  t o  be t h e  r e s u l t  of two reac t ions .  One 

i s  the e f f e c t  of i o n  exchange, which i s  r e l a t i v e l y  l inear  t o  bicarbonate 

concent ra t ion ,  while  t h e  o t h e r  i s  apparent ly  the result of uranium 

(probably t h e  uranyl  i o n )  and b icarbonate  complexing. A s i m i l a r ,  i f  

acce le ra t ed ,  react i o n  may be seen between uranium and c h l o r i d e  (Figure 

2,9-5). 

The r e l a t i o n s h i p  between uranium content  i n  t h e  groundwater and 

s i l i c a  i s  p a r t i c u l a r l y  i n t e r e s t i n g  and r e f l e c t s  t h e  importance of 

c o l l o i d a l  behavior i n  uranium mobil i ty .  A t  t h e  pH l e v e l s  encountered 

i n  t h e  sampling program (7.3 t o  8.9),  c o l l o i d a l  s i l i c a  nust be present 

t o  account f o r  t h e  silica concent ra t ions  in the  groundwater (Table  

2.6-19). Therefore,  t he  curve i n  F igu re  2.9-5 r e l a t i n g  uranium t o  silica 



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, PLBLYTS, AED ANIMALS 

S o i l s  

A s  discussed above, migration of uranium and its daughters occurs 

in the groundwater on 2nd in the viciirmty oi the Anderson p r o p e r t y .  

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 

migrat ion in the area. For this reason, 19 sediment samples were 

collected along the drainage channePs on the  p rope r ty  (Figure 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-2i4, and 

polonium-210). six daughters were chosen on the bas i s  of their 

sensitivity to geochemical separation. In addition t o  these i s o t o p e s ,  

the samples were analyzed f o r  thcrim-232 and i t s  daughter lead-212, 



gross a lpha ,  g r o s s  be t a ,  cesium-137 ( a  f a l l o u t  p roduc t ) ,  and potassium- 

40.  The r e s u l t s  of t h e s e  ana ly se s  a r e  p r e sen t ed  i n  Table  2.9-6. 

I n  o r d e r  t o  i d e n t i f y  t h e  o r i g i n  of sed iments  and e r o s i o n  mechan- 

i s m s ,  a n  a n a l y s i s  of p a r t i c l e  size d i s t  r i b u t i o a  was a lso conducted on 

t h e  samples, P a r t i c l e  s i z e s  ranged i n  d i ame te r  from abou t  4 t o  

approximate ly  12,000 microns w i th  d i s t i n c t  peaks a t  4 t o  40 microns,  

111 microns,  228 microns,  and 800 t o  900 microns.  Each peak appears  

t o  r e p r e s e n t  a separate m a t e r i a l  source.  The 4 t o  4 0  micron p a r t i c l e s  

r e p r e s e n t  wind-blown d u s t  t y p i c a l  of t h e  p r o j e c t  r e g i o n  and t h e  o t h e r  

semi-arid and a r i d  r eg ions  of the w e s t .  On t h e  Anderson p rope r ty ,  t h e s e  

p a r t i c l e s  have been t r a n s p o r t e d  t o  t h e  s i t e  by winds l a r g e l y  from t h e  

south-soutkwes t. The p a r t i c l e s  If l microns i n  3 i a ~ e t e r  have been 

generated from t h e  exposed o r e  d e p o s i t s  on the prope r ty ,  These par- 

t i c l e s  are agglomera t ive  i n  nature,  g e n e r a l l y  forming agg rega t e s  t oo  

Large t o  be c a r r i e d  by the  wind; consequent ly ,  t h i s  material i s  nor- 

mally t r a n s p o r t e d  by s u r f a c e  runoff .  P a r t i c l e s  i n  t h e  220 micron c l a s s  

appea r  t o  be de r ived  from t h e  T e r t i a r y  v o l c a n i c  series i n  t h e  v i c i n i t y  

of t h e  p rope r ty ,  These p a r t i c l e s  a r e  a l s o  t r a n s p o r t e d  p r i m a r i l y  by 

water. The 800 t o  900 micron p a r t i c l e s  o r i g i n a t e  frorn t h e  f l u v i a l  

m a t e r i a l  t y p i c a l  of t h e  r i v e r  a l luv ium t h a t  bo rde r s  the Anderson 

p rope r ty .  These part ic les  were moved t o  t h e  sample sites p r i m a r i l y  

by s t r o n g  no r th - ao r theas t  winds. 

A good c o r r e l a t i o n  between uranium-238 and uranium-234 concentra-  

t i o n s  was observed i n  t h e  sediment samples ;  however, the  uranium-234 





values  were equal  t o  o r  s l i g h t l y  lower than  t h e  uranium-238 va lues ,  

sugges t ing  t h a t  uranium-234 may not  y e t  have reached equi l ibr ium s i n c e  

depos i t ion  of t h e  uranium-238. No s i g n i f i c a n t  s e p a r a t i o n  of t h e  two 

uranium i so topes  has  occurred i n  the  sediments,  which i n d i c a t e s  t h a t  

both a r e  oxidized. This is  not  unexpected i n  a  reg ion  wi th  a r e l a -  

t i v e l y  depressed water  t a b l e ( ~ ) .  

The thorium-230 concent ra t ions  i n  t h e  samples were approximately 

h a l f  of t he  va lue  t o  be expected i f  t h i s  daughter  was i n  equi l ibr ium 

w i t h  i t s  parent ,  uranium-234. This impl ies  a  r e l a t i v e l y  recent  ( i n  

geologic  t ime)  s e p a r a t i o n  of oxid ized  uranium and thorium. On t h e  

assumption t h a t  t h e  t r a n s f e r  of t h e  uranium pa ren t  took p lace  without  

thorium-230 accompanying i t ,  then t h e  s e p a r a t i o n  took place roughly 

77,000 yea r s  ago. 

Comparison of radium-226 d a t a  t o  t h a t  of lead-214 showed t h e  l a t t e r  

t o  be abnormally high r e l a t i v e  t o  t h e  radium content  of t h e  sediment 

samples. Two t rends  can be seen  i n  t h e  r e l a t i o n s h i p  between t h e s e  iso-  

topes.  I n  samples S2 and S3, the concent ra t ion  of lead-214 i s  about 

twice t h a t  of radium-226. In samples S13 and 515, the lead-214 concen- 

t r a t i o n  i s  about  three  times g r e a t e r  than t h e  concen t ra t ion  of radium-226. 

This d i f ference  i n  concent rations i s  p o s s i b l e  because of the  presence 

of the  h igh ly  mobi le  in te rvening  d a u g h t ~ r  of radium-226, radon-222. 

A s  a gas ,  radon has  t h e  c a p a b i l i t y  of mig ra t i ng  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 I: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 obt~ined f o r  the Anderson proper ty  may represent procedural 

b i a s .  

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 t h e  field to a laboratory for analysis. 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 t o  a I :1 basis. 

If uranium-238 i s  i n  equ i l i b r i um w i t h  its daughters  and no thorium 

i s  p r e s e n t ,  t h e  g ross  a lpha  measured in a sample should be equal t o  the  

t o t a l  a c t i v i t y  of the uranium-238 p l u s  its a lpha-emi t t ing  daughters  or 

roughly  e i g h t  t i m e s  the  activity of uranium-238 (Faul ,  1 9 5 4 ) *  Calcu la -  

t i o n s  based on the sediment analyses resu l t  i n  a uranium ( p l u s  daughte rs )  



t o  gross  a lpha  r a t i o  of 1:1 t o  1:3.3. Allowing f o r  e r r o r  i n  t h e  mea- 

surement of both v a r i a b l e s ,  t hese  c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  a lpha  

l e v e l s  a r e  s l i g h t l y  h igher  than  can be accounted f o r  by t h e  uranium 

s e r i e s .  

The only alpha-emit t ing i s o t o p e  i n  the uranium-238 series t h a t  

would not  be expected t o  be i n  equi l ibr ium i n  t h e  sediments i s  polonium- 

210. Polonium-210 i s  a daughter  of radon-222. A s  d iscussed  above, 

radon migrat ing t o  t h e  su r face  of t h e  s o i l  could depos i t  i t s  daughters  

t h e r e ,  r e s u l t i n g  i n  h igher  than normal concent ra t ions  of polonium-210 

and o the r  i so topes .  This  could account f o r  t h e  excess gross  a lpha  

readings.  

A p o t e n t i a l  e x i s t s  f o r  the  d i f f e r e n t i a l  accumulation of po lon imp  

210 i n  t h e  su r face  s o i l s  compared t o  i t s  daughter ,  lead-210. Polonium 

i s  r e l a t i v e l y  in so lub le  i n  t h e  a l k a l i n e  environment t y p i c a l  of t h e  

groundwater and s o i l s  of t h e  proper ty ;  consequently,  d i f f e r e n t i a l  

migrat ion by groundwater movement seems unl ike ly .  However, polonium- 

210 i s  r e l a t i v e l y  v o l a t i l e ,  p a r t i c u l a r l y  a t  t h e  h igh  temperatures  

experienced i n  the  Arizona d e s e r t .  Concentrat ions of polonium-210 

r e l a t i v e  t o  lead-210 i n  t h e  near su r face  s o i l s  could r e s u l t  from 

"random walk" of polonium atoms. 

Thorium-232 concentrations i n  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). 



Concent r a t i o n s  of lead-2 12, a thorium-232 daughter ,  ranged from 0.2 

t o  1.1 pCi/g  wi th  a  geometric mean of 0.67 pCi/g. Since t h e  concen- 

t r a t i o n s  of t h e s e  two i so topes  should be equal i n  equi l ibr ium condi- 

t i o n s ,  the r e s u l t s  i n d i c a t e  geochemical s epa ra t ion ,  The h ighes t  values 

f o r  thorium came from samples t a k e n  near b a s a l t  outcrops. The h ighes t  

va lues  f o r  lead-212 came from t h e  b a s a l t  outcrop a r e a s  and t h e  s tream 

course  along the western s i d e  of t h e  proper ty ,  

The decay chain  for thorium-232 i s  shown i n  Figure 2.9-6, The 

figure inc ludes  t h e  primary decay modes (a lpha  o r  be t a  emission) and 

h a l f - l i v e s  of each of t he  major in te rmedia te  products between thorium- 

232 and s t a b l e  lead-208, Compared t o  t h e  uranium series, t he  time 

required f o r  thorium-232 t o  decay t o  Zesd-208 i s  s h o r t ,  t ak ing  s l i g h t l y  

l e s s  than  nine years.  The most stable nuc l ides  i n  the  series a r e  radium- t 

228  ( h a l f - l i f e  of 6.7 years) and thorium-228 (half-life of 1.9 years). 

With t h e  exception of radium-224 ( h a l f - l i f e  of 3.64 days) ,  a l l  t h e  o t h e r  

in te rmedia te  i so topes  have ha l f - l i ves  of cons iderably  l e s s  than  one day. 

Consequently, after the product ion of radon-220 ( h a l f - l i f e  54.5 seconds) ,  

the only nuclides i n  t h e  series t h a t  are reasonable t o  analyze f o r  i n  

f i e l d  samples analyzed i n  a l abora to ry  are lead-212 ( h a l f - l i f e  of 10,6 

hours)  and bismuth-212 ( h a l f - l i f e  of 60,s minutes). 

Due t o  t h e  s h o r t  ha l f - l i f e  of t h e  i n t e m e d i a t e  i so topes  between 

thorium-228 and lead-212 and t h e  length  of t i m e  between sample  c o l l e c -  

t i o n  and a n a l y s i s ,  thorium-228 and lead-212 should have been i n  equi l -  

ibr ium at t h e  t i m e  l a b o r a t o r y  tests were conducted. The only  nucl ide  



1.39 x 10'O years u 

Thorium-228 

1.9 y e r n  

Lead-2 1 2 

10.6 hours 

60.5 minutes 

Thal Iium-208 I h .  I .  I Polonium-21 2 

h .  I. 
3 x 10" secandr 

Figure 2.9-6. DECAY CHAIN FOR THORIUM- 232 



between thorium-232 and lead-212 t h a t  has  a  s u f f i c i e n t l y  long h a l f - l i f e ,  

a s  wel l  a s  d i f f e r e n t  chemistry, t h a t  would permit s i g n i f i c a n t  d i f f e ren -  

t i a t i o n  i s  radium-228 ( h a l f - l i f e  of 6.7 yea r s ) .  Therefore, t h e  only 

p l a u s i b l e  explanat ion  f o r  t h e  r e s u l t s  i s  a physical-chemical s e p a r a t i o n  

of thorium-232 and radium-228 i n  t h e  sediments. 

A n  eva lua t ion  of t h e  samples f o r  which both  thorium-232 and lead- 

212 concent ra t ions  were determined provides some information on t h e  

poss ib le  mechanisms causing t h i s  d i f f e r e n t i a t i o n .  Sample l o c a t i o n s  

S2,  S3, and 515 l i e  along t h e  same stream course  (F igure  2.9-l), 

with sample S3 c l o s e s t  t o  the  b a s a l t  t h a t  appears  t o  be t h e  primary 

source of thorium i n  t h e  area. As may be seen,  t h e  average of the 

thorium-232/lead-212 r a t i o s  f o r  the two samples co i l ec tcd  a t  each of t h e  

th ree  l o c a t i o n s  i s  a continuous f u n c t i o n  w i t h  d i s t a n c e  along the s tream 

course (Figure 2.9-7): 

where 

R = thorium-23211ead-212 r a t i o  

In  = l o g  t o  t h e  base e  

D = d i s t a n c e  i n  f e e t  from the  source along the  stream course 

Although the  number of l oca t ions  examined i s  limited, the c o r r e l a t i o n  

i s  good. Since the function i s  log-linear, t h e  d i f f e r e n t i a t i o n  i s  

p r o b a b l y  due t o  d i f ferences  i n  s o l u b i l i t y  between thorium and radium. 





Evalua t ion  of t h e  uranium-238 and thorium-232 concent ra t ions  i n  

t h e  sediments shows two r e l a t i o n s h i p s  between t h e s e  i so topes .  The 

upper curve on Figure  2,9-8 r ep resen t s  samples s t a r t i n g  a t  the o r e  bed 

and proceeding along the given stream course.  The second curve repre-  

s e n t s  samples s t a r t i n g  a t  t h e  b a s a l t  outcrop and proceeding downstream; 

however, a l l  of t h e  samples were not  taken  from t h e  same stream course,  

It is i n t e r e s t i n g  t o  note that both curves have the same zero thorium 

i n t e r c e p t  on t h e  uranium axis, about 0.14 pCi/g. 

Cesium-137 l e v e l s  i n  the sediment samples were a t  o r  below t h e  

d e t e c t i o n  limits of t h e  ana lys i s .  Because the  values were so low 

compared t o  the p o t e n t i a l  e r r o r ,  i t  i s  no t  p o s s i b l e  t o  determine any 

distribution r e l a t i o n s h i p s  f o r  t h i s  isotope. However, it should be 

n ~ t e d  t h a t  t h e  l o c a t i o n s  where cesim-137 may havq accumulated corres-  

pond with depos i t ion  of sediments by southwest winds (Table  2.9-6 and 

Figure 2.9-1). 

Potassium-40 concent ra t ions  were gene ra l ly  f o u r  t o  s i x  times the 

probable ana ly t ica l  e r r o r ,  represent ing  s i g n i f i c a n t  levels of t h i s  

rad ionucl ide  i n  t h e  sediments on t h e  proper ty  (Table 2.9-6). Distri- 

. bution of the potassium appears t o  be r e l a t i v e l y  uniform, al though 

h ighe r  values were a s soc ia t ed  wi th  b a s a l t  a r e a s  and one position i3 

the r i ve r  bottom roughly a t  the confluence of Karnak Creek (Figure 

2.9-1). 
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Comparison of uranium-238 and thorium-232 concent ra t ions  wi th  

potassium-40 on t h e  property i s  of i n t e r e s t  due t o  t h e  i n t e n s e  igneous 

a c t i v i t y  t h a t  occurred i n  the  a r e a  during t h e  T e r t i a r y ,  Potassium, 

l i k e  uranium and thorium, i s  commonly rejected t o  a late crystallizing 

phase i n  melted rock. Consequently, a s s o c i a t i o n s  between t h e  t h r e e  

elements a r e  commonly sought i n  geochemical analyses .  A s  can be seen  

i n  Figure 2.9-9, thorium and uranium are a t  minimum l e v e l s  when 

potassium-40 concent ra t ions  are on the  order  of 26 t o  27 pCi/g, Below 

t h i s  concentrat ion,  uranium and thorium decrease a s  potassium inc reases  

while above t h i s  concent ra t ion  uranium and thorium inc rease  as potas- 

sium increases .  The %ul l "  value on t h e  uranium-238/potassiurn-40 curve 

i n  Figure 2,3-9 is  close t o  the  value of uranium-238 a t  the thorium- 

uranium I n t e r c e p t  on Figure 2.9-8. This sugges t s  a b a s d i n e  concentra- 

t i o n  of uranium f o r  the  a r e a  i n  an e a r l i e r  geologic time which has 

subsequently increased  due t o  concent ra t ion  through a l t e r e d  geochemical 

condit ions.  

Vegetation 

Vegetation samples were collected a t  11 l o c a t i o n s  encompassing 

the  area  exposed t o  the  ore  d e p o s i t s  on t h e  Anderson p r o p e r t y  (Figure 

2.9-1 and Table  2.9-7). These samples were conposited and ana3.yaed f c r  

t o t a l  uranium, gross a lpha ,  gross beta,  potassium-40, beryl l ium-7 

(a n a t u r a l  r ad ioac t ive  i s o t o p e  found i n  the atmosphere), the  uranium 

daughters lead-214 and bismuth-214, and f i v e  b e t a - e d t t i n g  f a l l o u t  
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Table 2.9-7. VEGETATION SAMPLES COLLECTED ON THE ANDERSON 
PROPERTY FOR RADIOLOGICAL ANALYSIS 

Sample Locat ion E l e v a t i o n  Contents  ( I n  Descending Order by Weight) 

NE 1 / 4  Sec. 10 
Coinc ides  wi th  soil sample $2 

NU 1 / 4  Sec. 14 
a l o n g  wash, c o i n c i d e s  v i t h  
s o i l  samples #3 A & 3 

Near t a n k  a t  South Border 
Sec. 27 

NE 1 / 4  Sec. 11, a t  conf luence  
two washes 1 /2  m i .  ENE of 
Anderson Mine. Coincides  
wi th  soil sample #6 

S. side Santa Maria R. a t  
conf luence  wi th  wasn near 
n o r t h  edge Sec. 3,  coincides 
w i t h  s o i l  sample 811 

East edge Sec. 3 upslope f r m  
confluence of two washes; s o f l  
sample 17  taken downstream in 
wash below t h i s  sample 

NE 1 / 4  Sec. 9 ,  sou th  s i d e  
mesqui te  bosque a t  s o u t h  
s i d e  Santa Maria River. 
Coincides vith s o i l  sample b l  

West edge of Sec. 9 a long  
wash 

South side Santa Maria River  
at north borde r  Sec. 8 ,  about  
0.2 m i .  west of h'E Sec. co rne r  

S o u t h w e s t  f a c i n g  s l o p e  of 
Black Mtn., SZ 1 / 4  Sec. 2, 
about 0.1 m i  northwest sofl 
sample #14 

Near road  j u n c t i o n  a t  n o r i h  
edge Sec. 22 .  

B r i t t l e b u s h  (Ence l ina  farins=) 
Catclaw (Acacia g r e g g i i )  
Wolfberry (Lycium S e p . 1  

White Bursage ( F r a n s e r l a  dumosa) 
Globemallow (Sphaeralcea  spp.) 
J o i n t - f i r  (Ephedra t r i f u r c a )  
Bladdersage ( S a l a z a r i a  mexicana) 

White Ratany ( b a r i a  Grayi)  
B e a v e r t a i l  Cac tus  (Opuntia b a s i l a r i s )  
Cane Cholla (0. acan thoca rpa )  
Paperf lower  (Ys i lo t rophe  c o o p e r i )  
Tabosa Grass (Hilaria n u t i c a )  

White Bursage 
Ratany (Kamaria spp.) 
Catclaw 
Pape r f lower  
Tabosa Crass 
Globemallow 

Mesquite (P rosop i s  j u l i f l o r a )  
Catclaw 
Seep-willow (Bzceharis g lut inosa)  

S r i t t l e b u s h  
White Bursage 
Pa lo  Vesde (Cercidium microphyllum) 

Mesqui te 
Cat claw 
Seep-willow 
Black-bark Rabbitbrush 
(Chrysothamaus p a n i c u l a t u s )  

Whire Bursage 
F a l s e  Palo Verde (Holocantha e n o r y i )  
Bladder-stem 

Catclaw 
Efesquiee 
Cane Cholla 

Brit t labush 
White Bursage 

2268 f c  Brittiebush 
Seaverrail Cactus 



i so topes  (ruthenium-103, niobium-95, zirconium-95, cesium-137 and 

cerium-144) (Table 2.9-8). 

T o t a l  uranium content  was low i n  a l l  t h e  samples w i t h  l e s s  than 

h a l f  having concen t ra t ions  g r e a t e r  than  t h e  limit of d e t e c t i o n  

(approximately 0.05 ~ g / g ) .  The h ighes t  concen t ra t ion  of uranium 

(0.3 ug/g) was de tec t ed  i n  the vege ta t ion  growing on t h e  o r e  depos i t s .  

O f  t h e  f o u r  o t h e r  vege ta t ion  samples t h a t  conta ined  d e t e c t a b l e  l e v e l s  

of uranium, two were taken  downstream of t h e  o r e  depos i t s ,  one was 

taken  i n  t h e  v i c i n i t y  of the b a s a l t  outcrops on t h e  proper ty ,  and one 

(the lowest d e t e c t a b l e  concen t ra t ion )  was t aken  on t h e  d e s e r t  f l o o r  

approximately one nile south  of the exposed o r e  d e p o s i t s  (Table 2.9-8 

and Figure  2.9-1). 

The h ighes t  uraniuin concent ra t ion  i n  v e g e t a t i o n  was only about 10 

percent  of the uranium concent ra t ion  found i n  t h e  sediments a t  t h e  

sanple  s i t e s .  The o t h e r  vege ta t ion  samples a l s o  contained f a r  l e s s  

uranium than the soils where they were growing. T h i s  may be due t o  

r e j e c t i o n  of t h e  heavy uranium iso topes  by t h e  p l a n t s  and/or  t h e  

uranium may no t  be i n  a chemical form a v a i l a b l e  f o r  plant uptake. 

Gross a lpha  counts  f o r  t h e  vege ta t ion  averaged about 1.2 pCi /g .  

Three samples had a zero reading f o r  gross  a lpha  and t h e  count f o r  t h e  

remaining 8 samples ranged from 1.1 t o  2.5 p ~ i / g  w i t h  a n a l y t i c a l  

error  ranging from 0.9 t o  1.5 pCi /g ,  r e s p e c t i v e l y  (Table  2.9-8) .  



In t h e  vege ta t ion  sample wi th  the highes t  g ross  a lpha  reading,  approx- 

imate ly  80 percent  of t h e  count can be a t t r i b u t e d  t o  uranium, thorium, 

and t h e i r  daughters.  In the o t h e r  samples wi th  s i g n i f i c a n t  alpha 

readings,  t h e  uranium and thorium series accounts for only abollt 

25 percent  of t h e  gross a lpha  a c t i v i t y .  This sugges t s  t h a t  t h e  lower 

e r r o r  l i m i t  ( i . e . ,  1.6 - 1,3 = 0 . 3  pCi/g f o r  sample V 2 )  may be 

the actual gross  a lpha  reading i n  these  samples. 

Gross b e t a  counts  f o r  t h e  vege ta t ion  averaged 16.6 pCi/g and 

ranged from 10 t o  25 pCi/g. In most cases ,  t h e s e  readings can be 

a t t r i b u t e d  p r imar i ly  t o  potassium-40. I n  f a c t ,  i n  samples V 1 ,  V 2 ,  

V 3 ,  V 5 ,  V8, and V 1 1 ,  potassium-40 l e v e l s  were higher  than the  gross 

beta counts, i n d i c a t i n g  se l f -absorpt ion  Buri i~g the lzbora tory  tests ,  

Of t h e  f a l l o u t  i so topes ,  only oiobium-95 and zirconium-95 were 

measured a t  reasonably de tec t ab le  l e v e l s  i n  most of the vege ta t ion  

samples (Table 2.9-8). Concentrations of the  o t h e r  f a l l o u t  nuc l ides  

(rubium-103, cesium-137, cerium-144, and beryllium-7) were r e l a t i v e l y  

IOW (Table 2.9-8). For  most of t h e s e  nuc l ides ,  t h e  h igher  conce-ntra- 

t i s n s  were measured i n  samples taken i n  t h e  v i c i n i t y  of t h e  o r e  depos i t s .  

This i s  apparent ly  due t o  the drop o f f  f rom t h e  desert platform a t  t h i s  

location, providing a depos i t i on  point  f o r  winds from the southwest.  

No s i g n i f i c a n t  concent ra t ions  of lead-214 and bismuth-2l4 were 

found i n  the vegetation samples (Tab le  2.9-8). 



Fauna 

Two jackrabbits were collected on the Anderson 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, radium-226, 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 a?proxinrtatefg the sane zs t he  concen~rations measured in t h e  sedi- 

ment samples taken on the desert floor in the general v i c i n i t y  of the 

fauna co l l e c t i on  s i t e s  ( T a b l e  2.8-%j 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 c o r r e c t ,  then a concentration 

of 26 to 27 pCi/g of 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 (W.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 o r d e r  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 read ings .  
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Table 2.9-1. ATMOSPHERIC RADON CONTENT I N  THE V I C I N I T Y  OF THE ANDERSON PROPERTY 

Date Time Sample A1 Time Sample A2 Time Sample A3 Time Sample A4 Time Sample A5 Time Sample 1A Time Sample A9 

of Collect ion of Collect ion ( p C i / l )  of  Collect ion ( p ~ i / l )  of  Collect ion ( p C i / l )  of Collection . (pCi / l )  of Col lec t ion  ( p C i / l )  of Collect ion ( ~ ~ i / l )  of Collect ion (pCi/ l )  @ 

*Sample bag leaked, reading i s  f o r  t o t a l  sample received. 
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Table  2.9-8. RADIOACTIVE MATERIALS I N  PLANTS AND ANIMALS ON THE ANDERSON PROPERTY (pCi/g (dry) unless otherwise noted) 

Weight 

Vegetation U Tot Gross Gross (Grams) Ru103 pb214 B1214 cs137 Wet Dry pb212 ~a~~~ Th2 Sample ug/g Alpha Beta K~ O 2rg5 ~b' ~e~~~ ~e T h 2 3  pb210 

Fauna 
Sample 

Biomass 1 

Skeletan 1 

Biomass 2 

Skeleton 2 

0.3 

0.07 

c0.05 

co.05 

c0.05 

<0.05 

<0.05 

0.08 

<O .O5 

0.08 

0.06 

avg . 

<O. 05 

K O .  05 

<O. 05 

c0.05 



3.0 

PROPOSED ACTION 

3.1 MINLNG ACTIVITIES 

MINERALS proposes t o  mine uranium ore l oca ted  p r imar i ly  in Sec- 

tions 9 ,  1 0 ,  11, 14,  and 15 of TllW, RlOW (Figure 2.1-4). It i s  esti- 

mated t h a t  t hese  d e p o s i t s  c o n s i s t  of 7.2 m i l l i o n  tons  of o r e  containing 

P0.3 m i l l i o n  pounds of uranium oxide. The p r i n c i p a l  m ine ra l  i n  t h e  

o r e  i s  tyuyamunite (Ca(U02)2(V0)1)7 5-8 H 2 0 )  which gene ra l ly  occurs 
L- 

ic carbonaceous ma te r i a l .  The ore ranges in grade from 0.03 to rnoxe 

t h a n  0.15 percent uranium oxide and has an average grade of 0.072 

percen t .  This o r e  w i l l  be used t o  supply a uranium m i l l  t o  be con- 

s t r u c t e d  on the proper ty  ( s e e  s e c t i o n s  3.2 and 3 , 3 ) .  

Surface mining i s  the most a p p r o p r i a t e  method of recovering t h e ,  

o r e  on the  Anderson prope r ty  because of the r e l a t i v e l y  shallow dep th  

of the d e p o s i t s .  Current plans c a l l  f o r  su r face  mining operations t o  

begin i n  the f o u r t h  qrrarter of 1979 (F igu re  3.1-I), Within approxi-  

mately 3 months, ovsrburden removal will reach 2.43 million tons/month. 

After 5.75 years, overburden removal will d e c r e a s e  t o  1.73 m i l l i o n  

tons/month and remain at t h i s  level  f o r  t h e  life of the  projecc.  By 

March 1980, ore  production w i l l .  begla.  Material removed from t h e  



9 10 11 12 

25 26 27 28 29 30 31 32 33 34 35 36 

J F M A M J J A S O N D  

18W 

Mechanical 
Completion 

Mill 
Operation 

Figure 3.1-1. ANDERSON PROJECT SCtiEDULE 



mining zone w i l l  c o n s i s t  of 730,000 tons  per year  of o r e  and 2.71 

m i l l i o n  tons  of a s soc ia t ed  " in t e rna l "  waste f o r  10 years ,  when 

p resen t ly  known o r e  r e se rves  a r e  exhausted. 

The mine w i l l  ope ra t e  primary s t r i p p i n g  crews f o r  18 eight-hour 

s h i f t s  per week, 52 weeks per  year.  Mining crews w i l l  ope ra t e  15 e ight -  

hour s h i f t s  per  week, 52 weeks per  year .  

M I N I N G  PROCEDURES 

Surface  mining w i l l  cons i s t  of excavating one l a r g e  p i t  and two 

i s o l a t e d ,  smaller  o r e  bodies  (F igure  3.1-2). Overburden w i l l  be s t r i p -  

ped from the p i t  a r e a s  with electric shovels  (Table 3.1-1). Where 

necessary,  the overburden w i l l  be d r i l l e d ,  charged, and b la s t ed  t o  

f a c i l i t a t e  removal. The overburden w i l l  be loaded i n t o  dump t rucks  and 

hauled e i t h e r  t o  t h e  waste dunp a reas  loca ted  e a s t  and west of t h e  o r e  

body ( F i g u r e  3.1-2) o r  t o  an exhausted p i t  area where i t  w i l l  be used 

as b a c k f i l l ,  

S t r ipp ing  w i l l  be done on 50-foot benches ( ~ i g u r e  3.1-3). m e  ap- 

proximate s lope  between each bench w i l l  b e  0.5:1, w i t h  an o v e r a l l  p i t  

s l o p e  varying between 0 .4 :1  and 1.0:1, depending on t h e  he igh t  of t h e  

s l o p e  ( t h i s  inc ludes  s a f e t y  benches with a m i n i m u m  w i d t h  of 10 f e e t ) .  

These s l o p e s  w i l l  have a f a c t o r  of s a f e t y  of a t  l e a s t  1.1 (Dames & 

Hoore, 1978).  



Table 3,l-1. TYPE OF EQUIPMENT TO BE USED FOR THE ANDERSON M I N I N G  
OPERATION ( including dam construction) 

Fleet  
Operating Hrs 

Diesel  Gas P e r  Year Horsepower 

120-ton Haul X 
Truck 

Rotary Drill X 

AN Truck X 

Tractor Dozer X 

5-yd Hydraulic X 
Face Shovel 

35-ton Haul 
Truck 

Air Track D r i l l  
and Compressor X 

Motor Pa t ro l  X 

Rubber-tired X 
Dozer 

Water Truck X 

Lube Truck X 

2 - t o n F l a t  Bed X 
Truck 

1 1/2-ton F l a t  
Bed Truck 

Low Boy Transpor t  X 

3-ton Stake Bed X 
Truck 

75-ton Truck 
Crane IT. 

15 Ton RT Crane X 

10 Ton Forklift X 

Pickup Trucks 

L i g h t  P lan t  ( 4 )  X 





Before t h e  f i n a l  overburden bench i s  excavated, a d d i t i o n a l  holes  

w i l l  be d r i l l e d  t o  determine t h e  exac t  l o c a t i o n  of t h e  o r e  body. This 

information w i l l  be used t o  c o n t r o l  t h e  a c t u a l  bottom e l e v a t i o n  of t h e  

f i n a l  bench and t o  determine t h e  f i n a l  mining plan, 

The o r e  body t o  be mined c o n s i s t s  of l enses  of uranium mineral iza-  

t i o n  surrounded and separa ted  by ba r ren  rock,  c a l l e d  i n t e r n a l  waste. 

I n  order  t o  a c c u r a t e l y  l o c a t e  m a t e r i a l  conta in ing  uranium, an  o r e  con- 

t r o l  map w i l l  be prepared from t h e  informat ion  c o l l e c t e d  during t h e  

d r i l l i n g  program. 

A t r a c t o r  dozer equipped w i t h  a r i p p e r  ba r  w i l l  be used t o  loosen 

the ore .  Once t h e  o r e  i n  a given zsea has been loosened, the area w i l l  

be checked for uranium content  with either gamm probes 0s por t ab l e  x- 

r ay  ana lyzers .  The o r e  w i l l  then  be s taked out  by grade and a map will 

be prepared f o r  t h e  loader  ope ra to r s .  

A hydrau l i c  shovel  w i l l  s eg rega te  t h e  o r e  and i n t e r n a l  waste and 

load t h e  m a t e r i a l  i n t o  dump t rucks .  The waste m a t e r i a l  w i l l  be hauled 

t o  one of t h e  waste dumps o r  an exhausted p i t  a r e a *  The o r e  w i l l  be 

t r anspor t ed  from the mine t o  a probe tower where a sample w i l l  be 

analyzed t o  determine uranium content .  Mater ia l  conta in ing  l e s s  than 

0.028 percent  uranium oxide w i l l  be hauled to either a Pcw grade s tock-  

p i l e  o r  an exhausted p i t  area, Mater ia l  wi th  a higher  uranium oxide 

content  w i l l  be depos i ted  i n  one of t h r e e  m i l l  s t o c k p i l e s  (refer t o  

Sec t ion  3 ,2  f o r  f u r t h e r  d i scuss ion  of o r e  s to rage  a t  t h e  m i l l ) ,  



M I N I N G  SEQUENCE 

The planned mining sequence i s  shown i n  Figure 3.1-2. Mining 

will begin i n  sequence 1 and proceed through t h e  sequences shown i n  

the f i g u r e  i n  numerical order .  Overburden and i n t e r n a l  waste from 

t h e s e  areas w i l l  be hauled t o  one of the waste dumps o r  an exhausted 

pit area .  The year  i n  which t h e  west and east pits are t o  be mined will 

be determined a f t e r  mining commences. The amount of land to be 

d i s tu rbed  by mining opera t ions  i s  provided i n  Table 3.1-2. 

T a i l i n g s  from the proposed m i l l  w i l l  be discharged i n t o  exhausted 

pit a reas .  Since mining w i l l  p rogress  downslope on t h e  n a t u r a l  grade,  

it will be vecessary t9 zans t ruc t  s dc'm to can ta in  the t a i l i n g s ,  Xn 

orde r  to provide sufficient storage capacity without i n t e r r u p t i n g  m i l l -  

ing opera t ions ,  the construction r>f this d m  wiii be phased i n  conjune- 

t i o n  with mining a c t i v i t i e s .  A d e t a i l e d  d i scuss ion  of dam c o n s t r u c t i o n  

i s  provided i n  Sec t ion  3.4. 

The mining sequence has been designed to average out  the o r e  grade 

as much as poss ib le  and t o  minimize reworking of the haul  roads fro= 

t h e  p i t s .  In almost all cases ,  the ramps from the p i t s  have been located 

e i t h e r  in a r e a s  where removzl of overburden accounts for much of t h e  ex- 

cava t ion  requi red  f o r  their c o n s t r u c t i o n  o r  i n  areas where b a c k f i l l  

can be u t i l i z e d  f o r  ramps, 



Table 3.1-2. ACREAGE TO BE DISTURBED BY THE PROPOSED ANDERSON PROJECT 

F a c i l i t y  - Area ( a c r e s )  . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  

M i l l  

M i l l  S i t e  
T a i l i n g s  Impoundment* 

Mine** 
P i t  Area 
Backslope Area 

Waste Dumps 
Eas t  Dump 
West Dump A 
West Dump B 

Access . . . . . .  Road 200 . . . . . . . . . . . . . . . . . .  

*Ta i l i ngs  impoundment w i l l  be l o c a t e d  i n  the p i t  area. T a i l i n g s  area 
shown i n  F igure  3.1-2 does  n o t  i nc lude  evaporation ponds. 

**Includes haul roads.  



DEWATERING AND SURFACE WATER CONTROL 

Mining w i l l  expose e s s e n t i a l l y  f o u r  s t r a t i g r a p h i c  u n i t s .  From young- 

e s t  t o  o l d e s t ,  t h e s e  are: upper conglomerate,  b a s a l t i c  v o l c a n i c s ,  lower 

conglomerate,  and l a c u s t r i n e  sediments  ( s e e  S e c t i o n  2 .4) .  Andes i t i c  v o l c a n i c  

f lows u n d e r l i e  t h e  l a c u s t r i n e  sediments .  The upper conglomerate  and 

b a s a l t  are above the wate r  t a b l e .  In some a r e a s ,  t h e  lower conglomerate,  

l a c u s t r i n e  sediments ,  and basement a n d e s i t e  a r e  below t h e  water t a b l e  

due t o  t h e  d i p  of t h e  beds. The l a c u s t r i n e  sediments  and basement a n d e s i t e  

have extremely low p e m e a b i l i t i e s ;  consequent ly ,  l i t t l e  wate r  i s  expected 

from t h e s e  u n i t s ,  The lower conglomerate  i s  r e l a t i v e l y  permeable and 

does contain sufficient groundwater t o  result i n  seepage i n t o  t h e  p i t  

du r i eg  mining o p e r a t i o n s  (Water Development Corp., 1978).  

It is estimated t h a t  about 200 vertical f e e t  of the lower ccnglon- 

e r a t e  a q u i f e r  w i l l  be  exposed dur ing  mining. Based on a c o e f f i c i e n t  

of t r a n s m i s s i b i l i t y  of about  340 g a l l o n s  p e r  day pe r  foot* ,  a c o e f f i c i e n t  

of  s t o r a g e  of  0.05, and a maximum dra inage  a r e a  l e n g t h  of  4500 f e e t  ( t o t a l  

w i d t h  of o r e  body),  a maximum of 200 gpn of groundwater i s  es t i inated t o  

d r a i n  i n t o  the  p i t  a r e a  (Water Development Corp., 1978).  S ince  t h e  en- 

tire w i d t h  of the  o r e  body w i l l  n o t  be  exposed a t  any one time, t he  

a c t u a l  seepage i s  es t imated  t o  be f a r  l e s s  than t h i s  m a x i m u m .  To c o n t r o l  

*Horizontal  and v e r t i c a l  p e r m e a b i l i t i e s  f o r  the aqu i fe r  are  es t imated  t o  
b e  40 and 80 f ee t  p e r  year, r e s p e c t i v e l y *  This r e s u l t s  i n  a pe rmeab i l i t y  
i n  meinzer u n i t s  of 1 .64  g a l l o n s  pe r  day per squa re  f o o t .  T r a n s m i s s i b i l i t y  
i s  the produc t  of pe rmeab i l i t y  and s a t u r a t e d  t h i cknes s  (1 .64  x 200) 
(Water Development Corp., l 9 7 6 ) ,  



seepage, sumps i n  t h e  bottom of t h e  p i t  w i l l  be used t o  c o l l e c t  t h e  

water.  Water from t h e s e  sumps w i l l  be used f o r  dus t  supress ion .  

A dra inage  system w i l l  be b u i l t  and maintained t o  c o n t r o l  runoff 

i n t o  the  open p i t  a r ea .  The system w i l l  inc lude  dikes arnd ditches t o  

d i r e c t  su r face  runoff away from t h e  open p i t s .  

ROADS 

Haul roads w i l l  be cons t ruc ted  from t h e  mining a r e a  t o  t h e  waste 

dumps and m i l l  (F igure  3.1-2). These roads w i l l  c o n s i s t  of compacted 

overburden sur faced  w i t h  coa r se  sand from the overburden. The hau l  

roads w i l l  have a t r a v e l  width of approximately 100 f e e t  and w i l l  be 

e l eva ted  1 t o  3 f e e t  above the  ex i s t ing  grade f a r  p o d  drainage.  

Drainage d i t ches  w i l l  be cons t ruc ted  alongside t h e  roads. A water 

truck and a chemical s t a b i l i z e r  w i l l  be used t o  c o n t r o l  dus t  on a l l  

a c t i v e  roads. 



3.2 EXTEFWAL APPEARcylCE OF THE MILL 

The gene ra l  l ayou t  and perimeter  ( exc lus ion  boundary) o f  t h e  m i l l  

a r e  shown i n  Figure 3.2-1.  Plo t  plans and e l e v a t i o n s  of m i l l  f a c i l i t i e s  

are presented i n  F igures  3.3-3, 3.3-4, 3.3-5, 3.3-6,  3.3-8,  3.3-10, and 

3.3-11. Figure 3.2-2 i s  an a r t i s t ' s  conception of how t h e  f a c i l i t i e s  

may look when completed. 

The phys ica l  layout  of t h e  m i l l  was designed f o r  e f f i c i e n t  m a t e r i a l s  

handling; however, cons ide ra t ion  has  a l s o  been given t o  t h e  a e s t h e t i c s  

of the complex. Compatible process equipment and support  f a c i l i t i e s  have 

been grouped t o  achieve a v i s u a l l y  s imple,  compact arrangement. Build- 

ings  w i l l  be colored i n  earth- tone shades t o  blend wi th  the surrounding 

landscape. 



Figure 3.2-2. CONCEPTUAL DRAW1 NG OF 
MILL FACILITIES 



3.3 MILL CIRCUIT 

Cons t ruc t i on  of  t h e  proposed uranium m i l l  w i l l  beg in  i n  t h e  t h i r d  

q u a r t e r  of 1979 (F igu re  3.1-1). M i l l i n g  ope ra t i ons  w i l l  begin i n  t h e  

f i r s t  q u a r t e r  of  1981. The proposed m i l l  w i l l  p roces s  a n  average  of 

2000 t o n s  o f  o r e  pe r  day (d ry  weight  b a s i s ) ,  365 days per  year. A 

proces s  d e s i g n  rate of 2200 t o n s  per  day (TPD) h a s  been used f o r  t h e  

m i l l  t o  a l l o w  f o r  planned and nonscheduled shutdowns.* 

It has  been determined t h a t  t h e  o r e  t o  be mined f o r  t h i s  m i l l  con- 

t a i n s  an average  of 0.072 pe rcen t  uranium oxide (U308)o However, a 

grade  of 0.10 percen t  was used as t h e  de s ign  c r i t e r i o n  i n  o r d e r  t o  

a t t a i n  f l e x i b i l i t y  i n  m i l l i n g  o p e r a t i o n s ,  

It i s  expected t h a t  t h e  m i l l  w i l l  have an o v e r a l l  uranium oxide  

recovery  rate of 88.6 percen t .  Based on t h i s  a n t i c i p a t e d  recovery ,  t h e  

average process ing  r a t e  of 2000 TPD of o r e ,  and t h e  average o r e  g rade  of  

0.072 p e r c e n t ,  t h e  m i l l  w i l l  produce about  2550 pounds per  day ( l b / d )  

of uranium ox ide ,  o r  approximate ly  930,000 pounds per  yea r  ( l b / y r ) .  

It w i l l  be neces sa ry  t o  employ a s e r i e s  of g r i n d i n g  and process- 

ing  c i r c u i t s  i n  t h e  m i l l  t o  e x t r a c t  t h e  uranium oxide  from t h e  o r e .  

The o r e  wtll first be processed through a sevliautogemus grinding (SAG) 

*It should be noted t h a t  on ly  a p r e l im ina ry  de s ign  of t h e  m i l l  has  been 
completed a t  this t i m e ,  Th is  de s ign  w i l l  be s u b j e c t  t o  some a l t e r a t i o n s  i n  
t h e  fu tu re ,  While s p e c i f i c  p i e c e s  of equipment may change, t h e  expected 
average th roughputs  and d i s cha rges  d i s cus sed  i n  t h i s  s e c t i o n  w i l l  remain 
unchanged. 



mill and a rod m i l l  t o  reduce i t s  s i z e .  The f i n e  o r e  will then  be 

mixed wi th  an a c i d  s o l u t i o n  and a g i t a t e d  i n  tanks t o  d i s so lve  t h e  uran- 

i u m  minerals .  The d ischarge  from the l eaching  c i r c u i t  will be pumped 

t o  a counter-current  decan ta t ion  system t o  s e p a r a t e  t h e  uranium-rich 

(pregnant)  acid s o l u t i o n  from the barren tailings. The t a i l i n g s  will 

be discharged t o  an impoundment i n  an  exhausted p i t  a r ea .  The pregnant 

s o l u t i o n  w i l l  be c l a r i f i e d  and then  pumped t o  a so lven t  e x t r a c t i o n  

system. I n  this system, t h e  pregnant liquor passes  through a series of 

s t a g e s  i n  which t h e  d i s so lved  uranium i s  t r a n s f e r r e d  from the aqueous 

phase t o  an organic  o r  so lvent  phase and then s t r i p p e d ,  p u r i f i e d ,  and 

concentrated.  Ammonia w i l l  be added t o  t h e  uranium-rich ( loaded) s t r i p  

so lu t ion  t o  p r e c i p i t a t e  t h e  uranium oxide as ammonium diuranateo Finally, 

p r e c i p i t a t e d  uranium oxide wi l l  be d r i e d ,  packaged, and shipped t o  a con- 

version E a c i l l t y ,  Figure 3.3-i provides  a generalized flow d i a g r m  of 

t h i s  m i l l i n g  opera t ion ,  

ORE STOCKPILES 

Ore from the mine w i l l  be hauled by truck t o  a probe tower where 

i t s  uranium oxide con ten t  will be determined. The t rucks  will then haul 

the o r e  t o  one of three s t o c k p i l e s  (F igure  3.1-2). I n  order  t o  control 

m i l l  feed grade, each s t o c k p i l e  w i l l  contain a d i f f e r e n t  average grade  

of ore.  One s t o c k p i l e  will be maintained at an average m i l l  g rade ,  

another smaller stockpile will con ta in  high grade o r e ,  and a t h i r d  

s t o c k p i l e  will contain low grade ore. The grade distribution, in 

respect to total o r e  produc t ion ,  will be approximately 40 to 50 percent 





low grade ,  30 t o  40 percent  m i l l  run, and 10 t o  15 percent  high grade. 

During m i l l  ope ra t ion ,  o r e  w i l l  be withdrawn from a l l  t h r e e  s t o c k p i l e s  

and blended t o  produce t h e  requi red  feed grade. 

Preproduct ion mining w i l l  c r e a t e  a t o t a l  s t o c k p i l e  inventory  of 

approximately 550,000 t o n s  of ore .  This  inventory  w i l l  be roughly 

maintained throughout t h e  l i f e  of t h e  p ro jec t  u n t i l  t h e  l a s t  years  of 

product ion when it w i l l  be g radua l ly  reduced t o  zero. 

. - . .  . -  

E f f l u e n t s  

Sol id.  The s tockp i l ed  o r e  w i l l  be wet,  w i t h  a mois ture  content  a s  high 

a s  10 percent .  Consequently, f u g i t i v e  dus t  from dumping, loadout ,  and 

wind e ros ion  of the s t o c k p i l e s  i s  expected t o  be minimized. l&ml roads 

leading  t o  and t r a v e r s i n g  the s t o c k p i l e s  w i l l  be watered t o  reduce dus t  

emissions due t o  haul  t ruck  t r a v e l .  In add i t ion ,  a r e a s  of loadout  and 

blending a c t i v i t i e s  w i l l  be watered t o  c o n t r o l  dus t  generat ion.  Dust 

emission e s t ima tes  f o r  s t o c k p i l i n g  a c t i v i t i e s  a r e  presented i n  Appendix B. 

Liquid. Some of t h e  water contained i n  t h e  o r e ,  as wel l  a s  r a i n ,  w i l l  

d r a i n  through the  o r e  s t o c k p i l e  o r  run o f f  t h e  sur face .  This  water 

w i l l  be c o l l e c t e d  i n  t h e  genera l  m i l l  drainage system and s e n t  t o  t h e  

tailings impoundment. 

~aseous .  Radium-226 contained i n  t h e  uranium o r e  w i l l  cont inuously 

decay, genera t ing  radon-222, a r a d i o a c t i v e  gas.  The h a l f - l i f e  of 

radon-222 i s  3.8 days;  t h e r e f o r e ,  99 percent  of the escaping gas  w i l l  



decay within 4 weeks to solid radionuclides. If o r e  piles were left 

undisturbed, only about 0.65 Ci/day* of radon generated near the sur- 

face of the piles would reach the atmosphere because the gas would not 

have time to diffuse through the ore before decaying to a solid radio- 

nuclide. However, disturbance of the ore by transporting it from the 

stockpiles to the mill receiving hopper will release a portion of the 

entrapped radon gas to the atmosphere. This r e l e a s e  i s  discussed under 

grinding. 

GRINDING 

The uranium ore on the Anderson property is a carbonaceous si l t -  

stone with varying degrees of s i l i c i f i c a t i o n .  'i'he uranium ~ i n e r a l s  

occur a s  thin coatings and pore f i l l i n g s  on and between the  grains of 

the siltstone. To assure t h a t  these zinerafs a r s  effectively renoved 

from t he  g r a i n s ,  mined ore must first be reduced i n  s i z e  t o  fine par- 

t i c l e s  so t h a t  a l a r g e  s u r f a c e  area i s  exposed t o  the acid leach sc lu-  

t i o n .  

Blended ore from the m i l l  stockpiles w i l l  be loaded i n t o  a receiv- 

ing hopper. This hopper will con ta in  a stationary g r i z z l y  with 18- 

inch-square openings (F igure  3.3-2).  Material that does n o t  pass 

through the  grizzly will be set a s i d e  for further size reduction before 

it , . .  is . . . . .  again . loaded . into the  receiving hopper. $laterial that does pass 

*Assumes an average o r e  grade  of 0.072 percent uranium o x i d e ,  a  stock- 
pile surface area of about  23,000 s q ,  meters, and a radon emanation ra te  
of 1.6 p~i/m2-sec per pCi of radium-226 per gram of o r e .  

I 



through t h e  g r i z z l y  w i l l  be t r anspor t ed  by an apron feeder  t o  t h e  grind- 

ing  c i r c u i t .  

In  t h e  gr inding  c i r c u i t ,  t h e  o r e  w i l l  be reduced t o  minus 28 mesh 

i n  a  two-stage process c o n s i s t i n g  of a  semiautogenous m i l l  followed by a 

rod m i l l  opera t ing  i n  c losed  c i r c u i t  w i th  a s t a t i c  screen.  Ore t h a t  

passes through t h e  f i n a l  screen w i l l  be t r anspor t ed  t o  t h e  leaching  c i r -  

c u i t  (F igure  3 .3 -2 ) .  Oversize o r e  w i l l  be fed back i n t o  t h e  gr inding  

c i r c u i t .  

Sol ids ,  A l l  conveyor b e l t s  i n  t h e  gr inding  c i r c u i t  w i l i  be enclosed 

and a wet scrubber  w i l l  be used t o  con t ro l  dus t  emissions. (F igures  

3.3-3 and 3.3-4,) 

Liquid. The gr inding  m i l l s  and sc reens  w i l l  con ta in  a t h i c k  s l u r r y  of 

uranium o r e  and water.  Any s p i l l a g e  from t h e  m i l l s ,  s c r eens ,  pumps o r  

piping system w i l l  c o l l e c t  i n  f l o o r  sumps. The s p i l l e d  m a t e r i a l s  w i l l  

be pumped back i n t o  t h e  feed t o  t h e  m i l l .  

~ a s e o u s .  Modest amounts of radon-222 w i l l  be r e l eased  i n t o  t h e  environ- 

ment by t h e  t o t a l  m i l l i n g  opera t ion .  A hypo the t i ca l  "worst case" condi- 

t i o n  has been assumed i n  which a l l  t h e  radon emissions from the plant 

are re l eased  through t he  SAG m i l l  stack. The emissions were estimated 

on the  basis of an o r e  grade of 0,072 percent  uranium oxide  and a 



throughput of 2000 tons/day. Using the method taken from the Draft En- 

vironmental Statement for the Sweetwater Project (NRC,  1977) ,  the re- 

lease is estimated to be about 0.074 Ci/day. 

LEACHING 

The leach circuit dissolves the uranium minerals from the siltstone. 

Leaching will be done with a solution of sulfuric acid and small amounts 

of sodium chlorate at a temperature of 1 7 5 ' ~  and a pH of 1.5. The pro- 

cess will take place in two acid mix tanks and a series of four leach 

tanks (Figure 3.3-2). Each tank will have slow-moving agitators to keep 

the ore in suspension. 

Discharge from the leach circuit %Til l  be a thick s l u r r y  consisting 

of barren silt and fine sand grains and a d i l u t e  sulfuric acid solution 

rich in uranium. This slurry will be pumped to the countercurrent de- 

cantation circuit. 

Effluents 

Solid. There will be no solid effluents released from the leach circuit. 

Liquid. The leach tanks will contain a slurry of about 45 percent solids. 

These tanks will be placed on an inclined floor which drains to a sump 

(Figure 3.3-5). Any s p i l l a g e  from t h e  tanks will d r a i n  i n t o  t h e  sunp 

and be pumped back into the process system, The recessed impoundment 



a r e a  of the f l o o r  w i l l  be l a r g e  enough t o  c o n t a i n  t h e  e n t i r e  volume of 

any of t h e  l e a c h  t anks ,  

~ a s e o u s .  The l e a c h  t anks  will be covered. Air from t h e  tanks  w i l l  be 

vented th rough a wet sc rubber  (Figures 3.3-5 and 3.3-6 and Tab le  3,3-1). 

Exhaust from t h e  scrubber  will c o n t a i n  t r a c e s  of radon-222, The acid 

mi s t  and vapors  removed by the scrubber  w i l l  be r e tu rned  t o  the l e a c h  

tanks.  

COUNTERCURRENT DECANTATION THICKENING 

The l e a c h  c i r c u i t  d i s cha rge  s l u r r y  w i l l  be pumped into the t o p  of 

t h e  first of a series of f i v e  coun te rcu r r en t  decan ta t i on  t anks  (known 

as " th ickeners t ' )  (F igu re s  3.3-7 and 3.3-8) .  material will then  

be pumped i n t o  t h e  t o p  of the second thickener alid so on u n t i l  i t  i s  

discharged from t h e  f i f t h  t h i ckene r  a s  a s l u r r y  c o n s i s t i n g  of approx i -  

mately 38 percent  s o l i d s  (by weight ) .  This  s l u r r y  w i l l  be pumped t o  a 

t a i l i n g s  box and u l t i m a t e l y  d i scharged  t o  t h e  t a i l i n g s  impoundment. 

Wash water w i l l  be added t c  t h e  f i f t h  thickener. The clear s o l u t i o n  

that overf lows t h i s  t h i ckene r  wil l  advance t o  t h e  f o u r t h  t h i ckene r  and 

so on t o  t h e  f i r s t  t h i c k e n e r ,  This  coun te rcu r r en t  f low w i l l .  wash t h e  

d i s so lved  uranium from t h e  o re .  

A s  i t  leaves t h e  f i rs t  thickener, the pregnant ac id  s c l u t i o n  w i l l  

contain 150 t o  200 p p  of s o l i d s .  I n  order  t o  reduce the s o l i d s  con- 

t e n t ,  t h e  s o l u t i o n  will be pumped t o  a c la r i f i e r .  A g lue  s o l u t i o n  will 

be added t o  t he  c l a r i f i e r  t o  f l o c c u l a t e  t h e  suspended so i fds .  Overflow 
I 
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from the  c l a r i f i e r  w i l l  then be pumped through sand f i l t e r s .  The f i l -  

t e red  so lu t ion  w i l l  con ta in  l e s s  than  10 ppm of suspended so l ids .  This 

s o l u t i o n  w i l l  be pumped t o  a s to rage  tank t o  provide feed t o  the  so lvent  

e x t r a c t i o n  c i r c u i t  (F igure  3.3-7). 

. . . . . . . 

Eff luen t s  

s o l i d .  The bar ren  t a i l i r i g s  w i l l  be pumped t o  a holding tank and then 

discharged t o  t h e  t a i l i n g s  impoundment by g r a v i t y  flow through a pipe- 

l i n e .  The chemical components of t h e  water i n  t h e  s l u r r y  a r e  provided 

i n  Table 3.3-2.  The s o l i d  t a i l i n g s  w i l l  conta in  approximately 0.17 l b  

of uranium oxide/ ton of o r e  not  recovered i n  the  m i l l i n g  process,  a s  

we13 as t h e  fo l lowing  radionucl ides  : 

- . . . - . . . 
Concentration ( p ~ i / & )  

2 . 1  (50.2) 

7.9 (50.8) 10-5 

The t a i l i n g s  i n  t h e  impoundment w i l l  be kept wet over t h e  l i f e  

of t h e  p r o j e c t ,  Consequently, dus t  emissions a r e  n o t  expected t o  be 

s i g n i f i c a n t ,  A t  t h e  conclusion of mi l l ing  ope ra t ions ,  the  impoundment 

w i l l  be rec la-bed.  

~ i q u i d .  The th ickeners  will be loca ted  outdoors,  (F igu re  3.3-6) .  A 

b e m  w i l l  be cons t ruc ted  around the a r e a  t o  con ta in  s p i l l s .  The berm 

w i l l  be high enough t o  hold the  con ten t s  from any one of the  thickeners. 



Table 3.3-2. CHEMICAL COMPOSITION OF THE WATER IN THE TAILINGS SLURRY . . 

Constituent Composition (g/l unless otherwise stated) 

Total dissolved 
Total suspended 
Fe (total) 
Fe (dissolved) 
Cl 
Cr 
Ni 
Mn 
Zn 
S i 0 2  
Pb 
U (total) 
Th (total) 
As 
P 
F 
a 
Mo 
Hg 
R 
ca 
Cd 
v 
Na 
Mg 
Ca 

solids 
solids 

Total organic carbon 
Ra-2 2 6 
Tk-230 
Ra-228 
Hardness as CaC03 
Nitrate as N 
3 
Se 

Source: Hazen Research, Inc* ,  1978. 



I n  t h e  event  of a s p i l l  o r  tank r u p t u r e ,  t h e  l i q u i d  w i l l  be pumped back 

f o r  r euse  by a por tab le  s l u r r y  pump. 

The f l o o r s  i n s i d e  t h e  th ickener  pump house w i l l  be sloped t o  a 

sump f o r  rec lamat ion  of i n t e r n a l  s p i l l a g e  and easy equipment washdown. 

Some seepage of l i q u i d  e f f l u e n t  w i l l  occur through t h e  t a i l i n g s  

dam and through t h e  bottom of t h e  t a i l i n g s  impoundment. The maximum 

seepage r a t e  through t h e  dam and t h e  bottom i s  es t imated  t o  be 5 gpm 

and 2 gpm, r e s p e c t i v e l y ,  f o r  a t o t a l  of 0.14 acre- fee t /year  (Dames & 

Moore, 1978). This r a t e  w i l l  occur when the  f i n a l  s t age  of t h e  dam has  

been cons t ruc ted  and t h e  r e s e r v o i r  i s  a t  f u l l  capac i ty .  Fur ther  d is -  

cuss ion  of seepage from the t a i l i n g s  d i sposa l  system i s  provided i n  

Sec t ion  3.4, 

The p o t e n t i a l  maximum seepage r a t e  from t h e  impoundment i s  consid- 

ered t o  be very low. For comparison, r e c e n t  New Mexico water q u a l i t y  

r e g u l a t i o n s  l i m i t  t he  r a t e  of seepage from t a i l i n g s  ponds t o  no more 

than  0.5 acre- fee t lyear .  New Mexico i s  one of t h e  few s t a t e s  t h a t  reg- 

u l a t e s  seepage from t h i s  type of impoundment and t h e i r  l i m i t a t i o n s  are 

considered t o  be q u i t e  s t r i n g e n t  (Dames & Moore, 1978). 

~ a s e o u s .  Some water vapor,  ac id  m i s t ,  and minor amounts of radon-222 

will escape i n t o  the  atmosphere from t h e  open th ickeners .  Natural air 

c u r r e n t s  should provide s u f f i c i e n t  d i s p e r s i o n  and d i l u t i o n  t o  prevent 

any hazardous concent ra t ions  even a t  the su r face  of the tanks.  



A smal l  amount of radon-222 w i l l  be r e l e a s e d  from t h e  t a i l i n g s  im- 

poundment. Assuming an average o r e  grade  of 0.072 percent  and a t o t a l  

s u r f a c e  a r e a  of 83 acres f o r  t h e  impoundment, t h e  r e l e a s e  of radon-222 

i s  es t imated  t o  be  8.5 x Ci/day us ing  t h e  method g iven  i n  t h e  

Dra f t  Environmental Statement f o r  the Sweetwater Uranium P r o j e c t  (NRC, 

SOLVENT EXTRACTION 

The primary purpose of the s o l v e n t  e x t r a c t i o n  c i r c u i t  i s  t o  up- 

grade t h e  uranium-bearing s o l u t i o n s .  Th i s  c i r c u i t  c o n s i s t s  of two u n i t  

ope ra t i ons  (F igu re  3.3-9).  F i r s t ,  uranium mine ra l s  a r e  t r a n s f e r r e d  

5rcm t h e  aqueous a c i d  soluLion t o  an organic  l i q u i d  by ion enchange. 

Second, the uranium i s  stripped f r ~ m  the organic so lven t  with ammonium 

su l fa te ,  

To accomplish the f i r s t  ope ra t i on ,  t h e  c l a r i f i e d  ac id  s o l u t i o n  

w i l l  be pumped t o  an e x t r a c t i o n  mixer/settling tank where it w i l l  be 

mixed wi th  an organic so lven t  c o n s i s t i n g  of 2.5 percent alamine 336, 

2.5 percent  isodecanol, and 95 percent kerosene. The two s o l u t i o n s  

(aqueous and o rgan ic )  w i l l  then be allowed t o  separate i n  the tank. 

Af ter  going through a series of four  m i x i n g / s e t t l i n g  tanks, almost  all 

of the uranium w i l l  have been removed from t h e  a c i d  s o l u t i o n .  The raf- 

f i n a t e  w i l l  be  returned f o r  use as wash water  i n  the coun te rcu r r en t  

decan ta t i on  tanks o r  f o r  d i l u t i o n  i n  t h e  t a i l i n g s  s l u r r y .  The uranium- 

r i c h  o rgan ic  solvent w i l l  be advanced t o  a holding tank and then t o  t h e  

s t r i p p i n g  operat ion.  



I n  t h i s  second ope ra t ion ,  t h e  pregnant organic  so lven t  w i l l  be 

passed through a hea t  exchanger t o  r a i s e  i t s  temperature t o  86OP and 

then mixed wi th  an ammonium s u l f a t e  so lu t ion .  Gaseous ammonia w i l l  be 

added t o  t h e  s o l u t i o n  t o  keep the pH between 4.0 and 4,3 .  The ammonium 

s u l f a t e  w i l l  s t r i p  t h e  uranium from t h e  organic  so lvent .  Af ter  being 

processed through fou r  mix ing / se t t l i ng  tanks ,  the uranium-rich ammonium 

s u l f a t e  s o l u t i o n  w i l l  advance t o  t h e  p r e c i p i t a t i o n  c i r c u i t .  Most of 

t h e  barren organic  so lven t  w i l l  be recycled  t o  t h e  beginning of t h e  

so lvent  e x t r a c t i o n  opera t ion .  A s m a l l  po r t ion  of t h e  ba r ren  so lven t  

w i l l  be bled o f f  t o  a sludge holding tank. Ammonia, s u l f u r i c  a c i d ,  and 

water w i l l  be added t o  t h e  so lvent  i n  t h i s  tank  t o  remove i m p u r i t i e s  

such a s  molybdenum t h a t  otherwise night bui ld  up i n  the c i r c u i t  and 

prevent an efficient uranium e x t r a c t i o n .  The sludge f r o m  this tank 

w i l l  be discharged t o  t h e  t a i l i n g s  impoundment, The c lean  so lvent  w i l l  

be pumped t o  the  bar ren  organic  holding tank for reuse  i n  t h e  s t r i p p i n g  

opera t ion .  

. - .  

Eff luen t s  

s o l i d .  There w i l l  be no s o l i d  e f f l u e n t s  r e l eased  from t h e  so lvent  extrac-  

t i o n  c i r c u i t *  

~ i ~ u i d ;  The so lven t  e x t r a c t i o n  and s t r i p p i n g  tanks and their  mixers, 

pumps, p i p i n g ,  s to rage  tanks,  and o the r  appurtenances w i l l  be loca ted  

i n  a bu i ld ing  (Figure 3.3-10). The concre te  f l o o r  of this bu i ld ing  

w i l l  be sloped toward a sump. Any s p i l l  w i l l  d r a i n  i n t o  t h e  sump and 

be pumped back i n t o  t h e  process system, 



It i s  es t imated  t h a t  approximately 470 g a l l o n s  of kerosene w i l l  

be l o s t  each day from t h e  so lvent  e x t r a c t i o n  c i r c u i t .  Based on t h e  

experience of opera t ing  m i l l s ,  i t  i s  known t h a t  about 90 percent  of 

t h e  kerosene l o s s e s  result from adso rp t ion  onto p a r t i c l e s  i n  the  barren 

a c i d  that i s  r e tu rned  t o  t h e  l each  c i r c u i t ,  This  kerosene will even- 

t u a l l y  be discharged from t h e  m i l l  i n  t h e  t a i l i n g s ,  and f o r  a l l  p r a c t i c a l  

purposes, i t  w i l l  remain adsorbed on t a i l i n g s  p a r t i c l e s ,  

Gaseous. Approximately 10 percent  of t h e  kerosene l o s s e s  from t h e  so lvent  

e x t r a c t i o n  c i r c u i t  w i l l  r e s u l t  from evaporat ion.  Assuming a s p e c i f i c  

g r a v i t y  of 0.82 (Chemical Rubber Company, 1970) , roughly 150 kilograms/ 

day, o r  2 g / s e c ,  of kerosene w i l l  evapora te  from s e t t l i n g  tanks,  Air 

in t h e  solvent e x t r a c t i o n  bu i ld ing  w i l l  be r e l eased  i n t o  the  atmosphere 

through roof v e n t i l a t o r s .  

PRECIPITATION 

The pregnant ammonium s u l f a t e  s o l u t i o n  will be passed through a hea t  

exchanger t o  r a i s e  i t s  temperature t o  between 1 4 0 " ~  and 1 6 0 ' ~  and then  

it w i l l  be pumped i n t o  two a g i t a t e d  p r e c i p i t a t i o n  tanks (F igure  3.3-9), 

Gaseous ammonia w i l l  be i n j e c t e d  i n t o  t h e  tanks  a t  a r a t e  of approxi- 

mate ly  0.2 l b  f o r  each pound of uranium oxide t o  p r e c i p i t a t e  the  

uranium as  axnmoniun d i u r a n a t e  (uranium c o n c e n t r a t e ) *  

The uranium concent ra te  s l u r r y  f rom t h e  p r e c i p i t a t i o n  tanks w i l l  

be pumped t o  a washing th i ckene r*  The bar ren  ammonium s u l f a t e  s o l u t i o n  



t h a t  overf lows t h i s  t h i ckene r  w i l l  be passed through a cont inuous sand- 

t ype  f i l t e r  and recyc led  t o  t h e  s t r i p p i n g  s t a g e  of t h e  s o l v e n t  ex t rac-  

t i o n  c i r c u i t .  The uranium concen t r a t e  underflow from t h e  t h i ckene r  

w i l l  be mixed wi th  water f o r  washing and passed through a c e n t r i f u g e .  

The concen t r a t e  from t h e  c e n t r i f u g e  w i l l  be recyc led  t o  t h e  washing 

th i ckene r .  The c e n t r i f u g e d  uranium concen t r a t e  w i l l  be  d i scharged  t o  

a d rye r  a t  about 60 pe rcen t  s o l i d s .  

~f f l u e n t  s 

So l id .  There w i l l  be no s o l i d  e f f l u e n t s  r e l ea sed  from t h e  p r e c i p i t a t i o n  

c i r c u i t .  

Liquid.  The p r e c i p i t a t i o n  t anks  and the uranium concen t r a t e  thickener, 

as w e l l  a s  a13 associa ted p i p i n g  and appwtenances, will be conta ined  

i n  the main m i l l  bu i ld ing .  Any s p i l l a g e  will be c o l l e c t e d  and r e tu rned  

t o  the system. 

Gaseous. A i r  from the  p r e c i p i t a t o r s ,  t h i ckene r ,  and c e n t r i f u g e  a r e a  will 

be passed through a wet sc rubber  and vented t o  the atmosphere from a stack 

(Figures  3.3-11 and 3.3-6 and Table 3.3-1). The exhaust  ga se s  w i l l  

c o n t a i n  less than  300 p p  of ammonia and traces of radon-222* 

DRYING AND PACKAGING 

The washed uranium concen t r a t e  from the c e n t r i f u g e  w i l l  be d r i e d  i n  an 

o i l - f i r e d ,  mu l t i p l e -hea r th ,  Herrshoff- type furnace (F igu re  3.3-9). me 

d r i e d  product  will then  be passed through a r o l l  crusher f o r  r educ t ion  t o  



minus 0,25 inch.  The f i n i s h e d  product  w i l l  c o n t a i n  l e s s  t h a n  two per- 

c e n t  mo i s tu r e .  

Dried uranium c o n c e n t r a t e  will be  s t o r e d  i n  a 275-cubic f o o t  b i n  

f o r  packaging dur ing  t h e  day s h i f t .  The product w i l l  be  d i scharged  

from t h e  b i n  i n t o  55-gal lon s t e e l  d m s  (approximately 900 pounds per  

drum), It w i l l  t h e n  be hand sampled and s t o r e d  i n  sh ipp ing  l o t s  of 

approximate ly  40,000 pounds. 

E f f l u e n t s  

So l id .  Exhaust from t h e  fu rnace  and packaging equipment w i l l  be vented 

t o  t h e  atmosphere through a wet sc rubber  (F igu re s  3.3-11 and 3.3-6 and 

Table  3.3-1). Uranium c o n c e n t r a t e  dus t  w i l l  be emi t t ed  w i t h  t h i s  ex- 

h a u s t  a t  an average rate of 0.032 lb /h r .  Assuming a qua]- i ty  of 85 per- 

cent, t h e  uranium c o n c e n t r a t e  G i l l  c o n t a i n  approximately 0.24 v C i / g  of 

uranium-234, 0.011 pCi /g  of uranium-235, and 0.24 IICi/g of uranium-238. 

F in i shed  product  w i l l  be d i scharged  i n t o  s t e e l  drums th rough  a 

s e a l e d  c o l l a r  equipped w i t h  a wet sc rubber  (F igu re s  3.3-11 and 3.3-6 

and Table  3.3-1). 

A l l  s ludge  from t h e  wet s c rubbe r s  i n  t h e  dry ing  and packaging 

c i r c u i t  w i l l  be  r ecyc l ed  t o  the uranium concen t r a t e  t h i c k e n e r .  

L iqu id .  No l i q u i d  e f f l u e n t  will be r e l e a s e d  f rom t h e  d ry ing  and pack- 

aging circuit s. 

Gaseous, Table 3.3-3 sumnarizes  t h e  gaseous emissions from t h e  Herr- 

schof f  f u rnace ,  



Table 3.3-3. ESTIMATED HERRSCEOFF MULTIPLE HEARTH TYPE FURNACE 
EMISSIONS~ 

Pollutant Maximum b Annual ~vera~r' 

Particulates <0.00016(<0.00002) <0.00009(<0.00001) 

Sulfur dioxide d <0.568(<0.072) <0,319(<0.040) 

Carbon monoxide <0.040(<0.005) <0.023(<0.003) 

Hydrocarbons <0.008(<0.001) <0.005(0.0006) 

Nitrogen oxides <0.176(<0.002) 
(as NO2) 

a~mission estimates based on EPA (1975) emission factors. 

haximum emissions based on a distillate fuel oil consumption rate 
J 

of 8.0 gal/hr. 

'~nnual average emissions based on a distillate fuel oil consumption 
rate of 4.5 gal/hr. 

d~ulfur content of fuel assumed to be 0.5 percent. 

e~missions vented through wet scrubber. Calculations assume 99+% 
scrubbing efficiency on particulate emissions only. 



3.4 TAILINGS DISPOSAL SYSTEM 

As mentioned i n  Sec t ion  3.1, t a i l i n g s  from t h e  m i l l i n g  ope ra t ion  

w i l l  be discharged t o  an impoundment loca ted  i n  exhausted p i t  a r e a s  

(Figure 3.1-2). Mining w i l l  p rogress  from nor th  t o  south  through t h e  

i n i t i a l  p i t s ;  consequently, i t  w i l l  be necessary t o  cons t ruc t  t h i s  

impoundment i n  t h e  no r the rn  p o r t i o n  of t h e  mine area .  I n  a r d e r  t o  

con ta in  t h e  t a i l i n g s  it  will .  be necessary  t o  cons t ruc t  a dam. 

The t a i l i n g s  dam w i l l  be b u i l t  i n  s t ages  t o  prevent  i n t e r f e r e n c e  

wi th  mining opera t ions  and s t i l l  provide adequate t a i l i n g s  s t o r a g e  

capaci ty.* The f i r s t  s t a g e  of t h e  dam w i l l  be cons t ruc ted  i n  po r t ions  

of sequence 1 and 3 (F igure  3.4-1). stage w i l l  provide s t o r a g e  

f o r  the first 33.months of t a i l i n g s  d ischarge  from the  milie The i m -  

poundment c rea t ed  by t h e  dam w i l l  cover  a maximum of approximately 28 

a c r e s  and have a capac i ty  of about 50 m i l l i o n  cubic  f e e t  (F igure  

3.4-2). The second s t a g e  of c o n s t r u c t i o n  w i l l  extend t h e  dam f u r t h e r  

i n t o  sequence 1 (Figure  3.4-3). This  ex tens ion  w i l l  be completed by 

t h e  end of t h e  second year  of m i l i i n g  (Table 3.4-1) and w i l l  provide 

an a d d i t i o n a l  n ine  months of s to rage  capaci ty  t o  t h e  impoundment. 

*The proposed t a i l i n g s  impoundment was designed f o r  a  m i l l  w i t h  a 14 
year  l i f e .  Fur ther  development d r i l l i n g  by MIhXRALS cow i n d i c a t e s  
that reserves w i l l  be a v a i l a b l e  f o r  only 10 years  of mi l l i ng .  How- 
ever, t h e  q u a n t i t y  of t a i l i n g s  t o  be discharged over t h e  10 years 
w i l l  be e s s e n t i a l l y  t h e  same a s  t h a t  used f o r  t h e  o r i g i n a l  design.  
Consequently, the f i g u r e s  given i n  t h i s  d iscuss ion  a r e  accura t e .  
Several  of t h e  graphs i n  t h e  t e x t  showing impoundment capac i ty  and 
the  water budget f o r  t h e  system use a  t ime s c a l e  of 1 4  years .  While 
t h i s  t i m e  scale w i l l  be reduced, t h e  q u a n t i t i e s  given w i l l  remain ap- 
proximately t h e  same. 



The second s t a g e  impoundment w i l l  cover a  maximum of approximately 47 

a c r e s  and have a  capac i ty  of about 65 m i l l i o n  cubic  f e e t .  The f i n a l  

dam w i l l  be cons t ruc ted  i n  s e v e r a l  s t a g e s  (Table 3.4-1) a s  increased  

t a i l i n g s  s to rage  capac i ty  i s  requi red .  This dam w i l l  i nco rpora t e  the 

southern and western segments of t h e  f i r s t  s t a g e  dam and a l l  of t h e  

second s t a g e  dam (F igure  3 . 4 - 4 ) .  The north-south segment of t h e  f i r s t  

s t age  dam w i l l  be abandoned and covered wi th  t a i l i n g s  a s  t h e  impound- 

ment l e v e l  r i s e s .  The f i n a l  t a i l i n g s  impoundment w i l l  cover approximately 

81  a c r e s  and have a  s to rage  capac i ty  of 190 m i l l i o n  cubic f e e t .  

DAM DESIGN 

The l a c u s t r i n e  sediments that w i l l  be exposed a t  the bottom of 

exhausted p i t  a r e a s  c o n s i s t  p r imar i ly  of h igh ly  impervious c lays tone  

and s i l t s t o n e .  The m a t e r i a l  will s i g n i f i c a n t l y  reduce seepage from the 

impoundment. S t r ipp ing  t o  remove permeable ma te r i a l  such a s  t o p s o i l  

and h ighly  weathered rock w i l l  only be requi red  on the  western s i d e  

of t h e  impoundment where the  t a i l i n g s  dam w i l l  be cons t ruc ted  on the  

c r e s t  of t h e  p i t .  Claystone and s i l t s t o n e  c rop  out  i n  most of t h i s  

a rea ;  t h e r e f o r e ,  t h e  need f o r  s t r i p p i n g  i s  expected t o  be minimal. 

During cons t ruc t ion  of t h e  t a i l i n g s  dam, t h e  impoundment bottom 

w i l l  be c a r e f u l l y  exmined t o  i n s u r e  t h a t  t h e  c l ays tone  and s i l t s t o n e  

are  continuous. I n  the  event t h a t  more pervious m a t e r i a l s  a r e  found, 

they w i l l  be  covered with a f ive- foot  l a y e r  of compacted mudstone, 



Table 3,4-1. PROPOSED TAILINGS DAM CONSTRUCTION SCHEDULE 

Crest  E leva t ion  Required Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Stage I n  Fee t  For Construct ion 

F i r s t  1750 P r i o r  t o  s t a r t  o f  m i l l i n g  

Second 1750 2nd year  of m i l l i n g  
Third 1750 3rd year  of m i l l i n g  
Fourth 1780 4 th  year  of m i l l i n g  
F i f t h  17 95 6 t h  year  of m i l l i n g  

1820 8 t h - y e a r  of m i l l i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F i na l .  . . . . . . . . . . . . . . .  

The t a i l i n g s  dam w i l l  c o n s i s t  of fou r  genera l  s ec t ions :  t h e  up- 

stream s h e l l ,  co re ,  t r a n s i t i o n  zone, and downstream s h e l l ,  The r e l a t i v e  

l o c a t i o n  of t hese  s e c t i o n s  i s  shown i n  Figure 3.4-5. 

The dam core  will func t ion  as t h e  primary barrier t o  the seepage of 

l i q u i d s  through t h e  dam, This core  will consist of compacted c lays tone  

obtained from t h e  non-mineralized l a c u s t r i n e  sediments. The co re  w i l l  

be t i e d  t o  bedrock wi th  a key t r ench  that will be a t  l e a s t  5 f e e t  

deep and 15 feet wide, 

The downstream s h e l l  of t h e  t a i l i n g s  dam w i l l  provide s t r u c t u r a l  sup- 

port f o r  t h e  c l a y  core and o v e r a l l  embankment s t a b i l i t y .  This s h e l l  w i l l  

be cons t ruc ted  wi th  sand and g rave l  obtained from the  lower conglomerate 

ma te r i a l  i n  the overburden, The use of t h e s e  g ranu la r  raaterials w i l l .  pro- 

v ide  a  h i g h  ratio of permeabi l i ty  between the  downstrean s h e l l  and the 

core ;  reducing seepage g r a d i e n t s  and maintaining a  very low phreatic sur-  

face i n  t h e  dam. 



Twenty-foot wide benches w i l l  be cons t ruc ted  a t  75-foot i n t e r v a l s  i n  

t h e  downstream s h e l l  t o  provide access  and c o n t r o l  e ros ion .  The s h e l l  w i l l  

have a 2 : l  s lope  between benches. 

A ten-foot  t r a n s i t i o n  zone between t h e  impervious core  and the down- 

stream s h e l l  w i l l  be provided t o  prevent t h e  migra t ion  of c l a y  p a r t i c l e s  

from t h e  core.  This  zone w i l l  a l s o  be cons t ruc ted  from lower conglomer- 

ate sand and g rave l ;  however, t h e  m a t e r i a l  used w i l l  be l e s s  than  t h r e e  

inches  i n  s i z e  and i t  w i l l  be we l l  graded. 

The p r i n c i p a l  purpose of t h e  upstream s h e l l  i s  t o  p r o t e c t  t h e  dam 

core  from eros ion .  This  s h e l l  w i l l  c o n s i s t  of sand and g r a v e l  obtained 

from upper and lower conglomerate overburden, An 18-inch layer  of cob- 

b l e  t o  boulder-sized rock w l l l  be p laced  on the o u t s i d e  of t h e  upstrean 

s h e l l  t o  provide p ro tec t ion  aga ins t  wave ac t ion .  This rock w i l l  be ob- 

t a ined  from t h e  b a s a l t  and/or  s t rong ly  cemented sedimentary m a t e r i a l  i n  

t h e  overburden. 

Ta i l inns  Dam S t a b i l i t y  

Slope S t a b i l i t y .  S t a b i l i t y  ana lyses  of t h e  dam have been conducted by 

Dames & Moore (1978).  The results of these  ana lyses  i n d i c a t e  t h a t  ade- 

quate f a c t o r s  of s a f e t y  against t h e  f a i l u r e  of t h e  upstream s l o p s  have 

been provided f o r  the most c r i t i c a l  loading cond i t ions  ant ic ipated.  The 

most c r i t i c a l  mode of f a i l u r e  f o r  t he  upstream and downstream s lopes  

c o n s i s t s  of very shallow-seated f a i l u r e s  t a n g e n t i a l  t o  t h e  s lopes.  This 

type of f a i l u r e  would r e su l t  i n  l o c a l  s loughing of t h e  s l a p e s  which 



could be r e a d i l y  r e p a i r e d  dur ing  normal maintenance. F a c t o r s  of  s a f e t y  

computed f o r  i n f i n i t e  s lope  f a i l u r e  of t h e  dam a r e  1.6 f o r  s t a t i c  con- 

d i t i o n s  and 1.25 f o r  ear thquake load ing  cond i t i ons .  Fac to r s  of s a f e t y  

computed f o r  deep-seated f a i l u r e s  of the upstream s lope  a t  t h e  end of 

dam cons t ruc t ion*  a r e  1 ,5  f o r  s ta t ic  c o n d i t i o n s  and 1.25 f o r  se i smic  

cond i t i ons ,  The f a c t o r s  of s a f e t y  f o r  deep-seated f a i l u r e s  of the 

downstream slope a r e  1.5 f o r  s t a t i c  c o n d i t i o n s  and 1.0 f o r  ear thquake 

loading  cond i t i ons .  

s e t t l emen t .  The dam i s  expected t o  s e t t l e  a maximum of about  1 2  inches  

a t  i t s  h i g h e s t  po in t .  This  s e t t l emen t  i s  expected t o  take  p l ace  dur ing  

c o n s t r u c t i o n  and should have no effect on dam s t a b i l i t y  ( D a m e s  & Moore, 

1978). 

i , iquefr?ction. - S o i l  L ique fac t ion  i s  a phenomenon normally assoc ia t rd  

wi th  very l o o s e  t o  l o o s e ,  s a t u r a t e d  g r a n u l a r  m a t e r i a l  sub j ec t ed  t o  c y c l i c  

shea r  stress caused by events such as ear thquakes .  Since t h e  dam foun- 

dation w i l l  c o n s i s t  of moderately i n d u r a t e d ,  f ine-gra ined  m a t e r i a l s  

and a l l  materials i n  the  dam embanbent will be compacted t o  a r e l a t i v e l y  

dense c o n d i t i o n ,  t he  dam should no t  be subject t o  l i q u e f a c t i o n  ( D a n e s  

& Moore, 1978).  

*Since the d i s p o s a l  of t a i l i n g s  a g a i n s t  t h e  u p s t r e m  s lope  should in- 
c r e a s e  i t s  o v e r a l l  s t a b i l i t y ,  the most c r i t i c a l  s t a b i l i t y  c o n d i t i o n  
f o r  t h i s  s l ope  i s  a t  the end of dam c o n s t r u c t i o n  p r i o r  t o  t a i l i n g s  
d i s cha rge  . 



Freeboard Requirements 

Total minimum freeboard that will be provided for each stage of 

the tailings dam is presented in Table 3 . 4 - 2 .  This freeboard provides 

sufficient storage capacity for all storm waters that would runoff 

into the impoundment area as well as three additional feet to protect 

against erosion caused by waves generated during the design storm con- 

ditions, 

Table 3 . 4 - 2 .  MINIMUM FREEBOARD REQUIREMENTS FOR THE TAILINGS DAM 

Crest Elevation Minimum Freeboard 
Stage of Construction In Feet In Feet 

first 1758 6.0 

Second 

Third 

Fourth 

Fifth 

Final 

The impoundment has been designed at every stage of development 

to contain a probable maximum flood series preceded or followed by 

a 100-year flood. The probable maximum flood series is defined as 

the probable  maximum flood (PMF) and a flood equivalent to about 40 

percent of the PMF occurring within about 3 to 5 days of the main 

flood . 



A probable maximum precipitation value of approximately 11 inches 

was used in computing the required storm water storage requirements. 

Precipitation of 3.3 inches is anticipated to result from a 100-year 

stom of 6 hours duration, The drainage area of the impoundment during 

the first, second, and final stages of the dam is approximately 50, 

61, and 129 acres, respectively (Figure 3.4-6). 

TAILING DISPOSAL 

As discussed in Section 3.3, the tailings will be discharged from 

the mill in a slurry consisting of approximately 38 percent solids by 

weight. The slurry will be transported to the tailings impoundment 

through a pipeline, Since  the m i l l  is i o c a t e d  about 150 f e e t  h ighe r  

in elevation than the impoundment it will not be necessary to pump the 

slurry. Instead, approximatsly ?C drop  b ~ x s s  will be instslled along 

the line to break the hydrostatic pressure generated by the discharge. 

Tne tailings slurry will be discharged into the impoundment at a 

rate of about 695 gpm through spigots located on the crest of the dam, 

Spigot valves wi l l  be placed on approximately 100-foot centers. To 

control erosion, discharge from the spigot points will occur through 

feeder lines laid on the inside slope of the dam embankment. As the 

tailings are discharged, the coarser sand fractions will settle out at 

the base of the dam, and the finer solids and most of the water in the 

slurry will move toward the center of the impoundment. 



Water Balance 

Inputs to the tailings impoundment will consists of tailings and 

waste water from the mill and precipitation. Tailings production is 

expected to average about 2000 TPD. This will be discharged along with 

approximately 564 gpm of water, Approximately 20 percent of the waste 

water will become entrained in the tailings, and the remainder will 

form a pond. The mean yearly precipitation in the vicinity of the 

property is 7.47 inches, For the purpose of this analysis, it is assumed 

that 100 percent of the precipitation falling on the drainage area 

of the impoundment will collect in the pond (Dames & Moore, 1978). 

It is estimated that the average wet density of the tailings will 

be on the order of 112 pounds per  cubic foot ( D a m e s  & Moore, 1978). 

Consequently, about 17.2 million cubic feet per year of tailings and 

entrained water will be deposited in the impoundment. The rate of 

"free" mill water discharged to the impoundment is estimated to be about 

31.7 million cubic feet per year. The amount of precipitation entering 

the impoundment will be dependent on the drainage area which is in turn 

related to the construction schedule for the impoundment. The relation- 

ship between time and volume of the various inputs is shown graphically 

in Figure 3.4-7. 

Outputs from the tailings impoundment will consist of surface eva- 

poration from t h e  pond and seepage (seepage is discussed in detail 

below). The long-term average evaporation rate for the property is re- 

ported to be within the range of 76 to 80 inches per year; an evaporation 
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r a t e  of 78 inches  pe r  yea r  was assumed f o r  t h e  purpose of t h i s  a n a l y s i s  

(Dames & Moore, 1978). Since evapora t ion  and seepage a r e  dependent 

on t h e  a rea  of t h e  impoundment, they a r e  i n  t u r n  dependent on t h e  

cons t ruc t ion  schedule of the impoundment. The r e l a t i o n s h i p  between t i m e  

and volume of evapora t ion  and seepage outputs  i s  shown i n  F igure  3.4-8. 

Figure 3.4-9 i s  a composite of F igures  3.4-7 and 3*4-8 and t h e  

s to rage  capac i ty  of t h e  t a i l i n g s  impoundment a t  va r ious  s t a g e s  of de- 

velopment, As can be seen i n  t h i s  f i g u r e ,  t h e  impoundment i s  l a r g e  

enough t o  s t o r e  t h e  t a i l i n g s  and en t r a ined  water  produced by t h e  m i l l ,  

but not  l a r g e  enough t o  a l s o  s t o r e  a l l  of t h e  "free" water.  It i s  

est imated t h a t  a minimum of about 231 m i l l i o n  cubic  f e e t  of excess 

water must be removed f r o n  the impaundment over t h e  l i f e  of t h e  p r o j e c t  

t o  prevent  overtopping of the  t a i l i n g s  dam. 

Excess water  w i l l  be removed f r o n  t h e  impoundment by evaporat ion.  

This w i l l  be accomplished by spraying  water  from t h e  impoundment pond 

i n t o  t h e  a i r  and/or by-evapora t ion  ponds. If spraying proves t o  be 

f e a s i b l e ,  t h e  water w i l l  be sprayed from t h e t o p  of t h e  t a i l i n g s  dam 

down i n t o  t h e  pond t o  minimize d r i f t  i n t o  surrounding a reas .  

SEEPAGE 

Seepage w i l l  occur through t h e  t a i l i n g s  dam and t h e  bottom of t he  

impoundment. I n  determining t h e  amount of seepage, t h e  fol lowing perme- 

a b i l i t y  values were used: 
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Material 

Dam Core 

Dam Shell 

Impoundment Floor 

Coefficient of 
Permeability (ft/min) 

2 x lo-' (vertical) 

2 x low6 (horizontal) 

These values are typical for the materials to be used in constructing the 

dam and for the impoundment bottom. They have been confirmed by field 

and laboratory studies (Dames & Moore, 1978). 

Seepage Through Dam 

In this analysis, it was assmed that slimes accumulating on the 

upstream surface of the dam and the upstream shell would not resist 

the flow of water to the dam core. This provides a degree of conser- 

vatism to the seepage estimate. 

Flow through the core will be dependent on the dam perimeter and 

the height of water in the impoundment. Predicted seepage varies to 

a maximum of about 0.6 cubic feet per minute, which will occur during 

the final dam stage when the tailings impoundment is filled to 

elevation 1812. 

The permeability of the downstream shell is high enough relative 

to the core so that water passing through the core will drip vertically 

through the shell and accumulate on the foundation. This water will 



discharge into the mine pit area on the south side of the dam. The small 

seepage quantities and gradients make it unnecessary to design drainage 

facilities to control this flow, 

Seepage Through Impoundment Bottom 

Seepage through the bottom of the tailings impoundment can be 

expected to exit in the pit area to the south of the impoundment (Figure 

3.4-10). This is due primarily to the effects of mine dewatering on 

groundwater flow. Dewatering will lower the groundwater table to the 

bottom of the pit and a flow gradient will be created toward the pit. 

Seepage quantities will be dependent on dam geometry, topography, 

psnd size and configuration, and ~ o n d  surface elevation. Assmlng that 

the permeabilities for the bottom material given above are correct, 

the maximum quantity of seepage through the bottom of the impoundment 

is estimated to be about 0.3 cubic feet per minute. This maximum would 

occur during the final stage of the impoundment. 

Radlochemical Contaminant Migration 

Seepage of radioactive msterlals that are in solution with the 

tailings water will not occur outside of the immediate boundaries of the 

tailings impoundment during the life of the proposed project or over the 

long-term. Based on analyses conducted by Dames & Moore (1978),  the 

maximum distance of migration of thorim-230, uranium-238, and radium-226 

inta the relatively impervious boundaries of the tailings impoundment 

over a per iod  of 100 years is expected to be on the o r d e r  of 2 ,  4 ,  and 



80 centimeters, respectively. The actual migration distances should be 

much less since the design life of the project is only about 10 years. 

At this time discharge into the impoundment will cease and the hydraulic 

gradient within the impoundment will gradually decrease, resulting in 

insignificant seepage from the impoundment. 



3.5 ANCILLARY FACILITIES 

OFFICES, WAREHOUSE, AND SHOPS 

The o f f i c e ,  warehouse, and shops f o r  t h e  Anderson p r o j e c t  w i l l  be  

l o c a t e d  a t  t h e  m i l l .  A one-story,  i n s u l a t e d ,  p r e f a b r i c a t e d  b u i l d i n g  

w i l l  c o n t a i n  a n a l y t i c a l  and m e t a l l u r g i c a l  l a b o r a t o r i e s ,  emergency 

medical  f a c i l i t i e s ,  and o f f i c e s  f o r  t h e  mine and m i l l  s t a f f s .  An 

i n s u l a t e d  p r e f a b r i c a t e d  b u i l d i n g  w i l l  c o n t a i n  a  warehouse, a machine 

shop, s e v e r a l  l a r g e  bays f o r  mine v e h i c l e  maintenance, and change rooms. 

The main o f f i c e  b u i l d i n g  w i l l  cover approximately 12,800 s q u a r e  f e e t ,  

The b u i l d i n g  con t a in ing  the o t h e r  p ro  j ect-support  f a c i l i t i e s  w i l l  cover  

approximately 26,000 s q u a r e  f e e t .  

FIFE PROTECTION 

A l l  v e h i c l e s  used i n  t h e  Anderson p r o j e c t ,  i nc lud ing  mining 

equipment, w i l l  c a r r y  2.5- t o  10-lb f i r e  ex t i nqu i she r s .  The shop 

and m i l l  b u i l d i n g s  w i l l  a l s o  have 30-lb p o r t a b l e  foam f i r e  ex t inquish-  

ers spaced a t  50-foot i n t e r v a l s  ( spac ing  may be  c l o s e r  i n  a r e a s  

s epa ra t ed  by p a r t i t i o n s ) .  

Water f o r  f i r e  p r o t e c t i o n  w i l l  be  supp l i ed  from a 500,000-gallon 

s t o r a g e  t a n k  ( F i g u r e  3.5-1). A p i p e l i n e  w i l l  be  constructed from the 

t ank  around t h e  m i l l  f a c i l i t i e s .  S u f f i c i e n t  hydran ts  and hose boxes 

w i l l  be  l o c a t e d  along t h i s  p i p e l i n e  t o  p rov ide  adequate  f i r e  p r o t e c t i o n  

f o r  t h e  n i l1  f a c i l i t i e s  (F igu re  3.2-1). 



MEDICAL FACILITIES 

The office building will contain a first-aid treatment room. An 

ambulance will also be maintained on the property at all times. 

A safety and environmental administrator will be included in the 

mining staff. He will organize ongoing safety programs, regularly 

inspect all mine and mill facilities for compliance with safety regu- 

lations, and organize and train a first-aid crew. At least one person 

trained in first aid will be present during each work shift. 

WATER SUPPLY 

Water will be supplied to the project from wells at the Palmerita 

Ranch and/or Section 16, TUN, XLOW. The water will be puaped at a 

rate of 1000 gpm to the mill site through a 10-inch diameter pipeline. 

This water will be stored in a 500,000-gallon tank located to the north 

of the mill area (Figure 3.5-1). A pump house located adjacent to the 

storage tank will contain the pumps for fire protection, process makeup, 

and potable water. Chlorination and filtering equipment for potable 

water will also be located in this pump house. 

Approximately 564 gpm of water will be required in the milling 

process to make up for losses to the tailings impoundment. Tiis water 

will be pumped from the storage tank to the appropriate process circuits. 



Water from t h e  s t o r a g e  tank  w i l l  be  pumped through t r ea tmen t  fa -  

c i l i t i e s  t o  a 40,000-gallon po t ab l e  water ho ld ing  t a n k  l o c a t e d  a d j a c e n t  

t o  t h e  pump house. This t ank  will c o n t a i n  s u f f i c i e n t  wate r  to supply 

the m i l l  f o r  t h r e e  days a t  normal usage r a t e s .  

Water f o r  b o i l e r  feed  w i l l  be ob t a ined  from the p o t a b l e  water 

t ank  a t  a rate of approximate ly  48 gpm. P r i o r  t o  use  i n  t h e  b o i l e r ,  

t h i s  water w i l l  be p u r i f i e d  by pas s ing  it  through a package sodium 

z e o l i t e  i o n  exchanger equipped w i t h  b r i n e  tank  au tomat ic  backwash and 

r egene ra t i on  c o n t r o l s .  

SANITARY AWD OTHER WASTE WATER SYSTEMS 

A sewage treatment p lan t  c o n s i s t i n g  of below-grade c o n c r e t e  tanks 

sail1 be i n s t z l l . e d  at the mill. This p l a ~ t ,  v d l _ i  be equlpp~d with faci l -  

i t i e s  for sc r een ing ,  a e r a t i o n ,  and c l a r i f i c a t i o n  wtth c h l o r i n e  t r e a t -  

ment. The plant i s  designed t o  serve 336 people  with an e s t ima ted  f low 

of  16,800 g a l l o n s  per bay. The e f f l u e n t  from t h e  plant will  b e  discharged 

t o  a l e a c h  f i e l d .  

Test ing procedures i n  the l a b o r a t o r i e s  w i l l  produce some l i q u i d  

wastes such as water  diluted a c i d s ,  bases, and so lveo t s .  These wastes 

will be collected and pumped t o  t h e  m i l l  c i r c u i t  a t  an e s t ima ted  average 

rate of three g p .  



Regular maintenance of t h e  b o i l e r  and b leed  l i n e s  w i l l  g ene ra t e  

l i q u i d  waste a t  a r a t e  of approximate ly  f i v e  gpm. This  water  w i l l  be  

r e tu rned  t o  t h e  m i l l  c i r c u i t .  

STEAM GENERATION 

A 22,000 pounds per  hour ,  125 p s i g ,  o i l - f i r e d  b o i l e r  w i l l  supply 

the process  steam f o r  t h e  l e a c h i n g ,  so lven t  e x t r a c t i o n ,  p r e c i p i t a t i o n ,  

and sodium c h l o r a t e  f a c i l i t i e s .  An a d d i t i o n a l  b o i l e r  w i l l  a l s o  be in- 

s t a l l e d  a s  a backup unit. The b o i l e r  i s  expected t o  burn about  278.25 

g a l / h r  of d i s t i l l a t e  f u e l  o i l  a t  maximum f i r i n g  r a t e  and burn an  average 

of  207.4 g a l / h r .  B o i l e r  s t a c k  emissions a r e  provided i n  Table 3.5-1. 

FUEL STORAGE 

Two 100,000-gallon f u e l  t anks  and a f u e l  i s l a n d  w i l l  be l o c a t e d  

t o  t h e  east of t h e  main m i l l  bu i l d ing .  It i s  e s t ima ted  t h a t  f u e l  

consumption dur ing  t h e  p r o j e c t  w i l l  be approximately 14,082 g a l l o n s  

per  day. The s t o r a g e  tanks  w i l l  p rov ide  a two week supply .  

ELECTRICITY 

E l e c t r i c a l  power w i l l  be required a t  t h e  mine s i te  f o r  l i g h t i n g  

and f o r  u se  of t h e  e l e c t r i c  shovel .  It will be needed at the   all site 

f o r  pumps and o t h e r  e l e c t r i c a l  equipment used i n  the v a r i o u s  m i l l  c i r c u i t s ,  

l a b o r a t o r i e s ,  o f f i c e s ,  warehouse, and shops. Power wiil be s u p p l i e d  

by Arizona Pub l i c  Service ( A P S )  via a 115 k i l o v o l t  (kv) t ransmiss ion  

l i n e  running from t h e  Willow Lake s u b s t a t i o n  l o c a t e d  approximate ly  60 



Table 3.5-1. ESTIMATED BOILER STACK EMISSIOWS~ 

Emission   ate^ (lb/hr (g/sec) ) 

Pollutant Maximum b Annual ~vera~e' 

Particulates 

Sulfur dioxided 

Carbon monoxide 

Hydrocarbons 

Nitrogen oxides 
(as NO2) 

a~mission estimates based on EPA (1975) emission factors. 

'~aximum emissions based on a distillate fuel oil consumption rate of 
278.25 gal/hr (159 bbl/dayf @ 41'~ (avg. 24-hour temperature). 

'~nnual average emissions based on a d i s t i l l a t e  f u e l  o i i  consumption 
rate of 207.4 gal/hr (118.5 bbl/day) @ 60°F corrected to average an- 
nual ambient temperature of 67°F. 

d~ulfur content of fuel assumed to be 0.5 percent. 

%oiler capacities equal 22,000 l b .  steam/hr each (equivdent 25.4 
MMBTIJ/hr). One boiler operating - one standby. 



miles away. Approximately 22 miles of new line will be constructed. 

This line will come into a substation at the northeastern corner of 

the property. Two 12.47 kv lines will be constructed from this substa- 

tion. One line will be looped around the mine area. The other line 

will run to the mill facilities. Adequate grounding to ensure safe 

operation will be built into the system at circuit breakers, trans- 

former banks, and switching points. 

ACCESS ROAD 

Access to the Anderson property from U.S. Highway 93 will be pro- 

vided by a paved road about 12 miles long to be constructed by MINERALS 

and dedicated to Yavapai County (Figure 3.5-2) .  This road will have 

a 26-foot wide paved traveled way. Culverts will be installed where 

the road crosses major drainage channels, and drainage ditches will 

be constructed along side the road. 
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KEY: - 
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ENVIRONMENTAL EFFECTS OF THF, PROPOSED ACTION 

4.1 LAND USE 

Implementation of the proposed project will convert a total of approxi- 

mately 1000 acres of ephemeral grazing land to industrial uses. Since 

construction and operation of the project are closely phased (Figure 3.1-1) 

and the types of land use impacts resulting from both are essentially 

the same, construction and operational impacts will nut be differentiated 

in t h i s  subsection. 

Tile mill complex (mill buildings, ore stockpiles, administrative 

building, parking lots, etc.) will cover approximately 42 acres (Table 4.1-1). 

This  complex will remain as a permanent feature of the landscape during 

the life of the project. After project termination, the mill complex will 

be decontaminated, removed, and the land will be revegetated so that it is 

returned to its present multiple uses. 

As discussed in Sec t ion  3.0, tailings from the proposed mi19 will be 

discharged t o  an impoundmnt located i n  exhausted pit areas. At  i t s  

rn~ziwirn s i ze ,  toward the end of the project, the impoundment will cover 

approximately 81 acres (Table 4.1-1). After project termination the 

impoundment will be reclaimed. 



TABLE 4.1-1. ANDERSON PROJECT LAND REQUIREMENTS~ 

F a c i l i t y  Acreage Required 

Mill Complex and Anc i l l a ry  F a c i l i l t i e s  S i t e s  42  

T o t a l  Ta i l ings  Area b 81 

Mine ~ r e a '  392 

Dump Area 378 

Access Road d 200 

a ~ o e s  not inc lude  t he  160 a c r e s  r equ i red  for housing and commerce i n  
Wickenburg (based upon a n  es t imated  13.44 acres/100 p ro jec t - r e l a t ed  
persons r e s i d i n g  i n  s i n g l e  family homes, 8.6 acres/100 persons i n  mul t i -  
family r e s idences ,  3.34 acres/100 persons i n  mobile homes, plus an add i -  
t i o n z l  15 percent  f o r  p u b l i c  purposes, 15 percent for new streets and 
p ~ b l i c  rights-of-way, and 10 percent f o r  ~ e w  comixercial and ic&wtrial 
use). 

"~ocated in exhausted mine area. 

C ~ n c l u d e s  haul  roads. 

d ~ n c l u d e s  e n t i r e  r ight-of  -way. Actual roadbed will have a paved su r f  ace  
26 f e e t  wide. This  will cover a t o t a l  of approximately 45 a c r e s .  



Mining will be performed in a sequential manner and will directly 

disturb a total of 392 acres of land over the life of the proposed project. 

An additional 378 acres will be disturbed by the creation of overburden 

waste dumps to the east and west of the mine area. Since mining will be 

progressive, it is expected that about 65 acres will be disturbed in 

any given year. Areas disturbed by mining activities will be reclaimed 

to support their present multiple uses. 

The duration of the land use impacts resulting from project construc- 

tion and operation are dependent on the length of time required f o r  vegeta- 

tion in the region to become reestablished on disturbed areas. This 

process of reestablishment is discussed in Section 4.5. 

Access to the Anderson property will be by a newly constructed, 

26-foot wide, asphalt-surfaced county road beginning at U.S. Bighway 93 

(Figure 3.5-2). This road will permanently preempt other uses on approxi- 

mately 45 acres. 

The proposed project will result in secondary land use impacts related 

to project-induced residential development. The extent of these secondary 

impacts will depend on housing mix, intensity of develoment, and ability 

of the communities involved to manage growth. Based on general land 

requirements for housing and commerce that have been recently developed by 

Hutton (1977) for Wickenburg, it is estimated that the amount of land 

required for project-related urbanization should not exceed 160 acres. This 

amounts to approximately 13 percent of all unoccupied vacant land in 

Wickenburg. 



4.2 DEMOGRAPHIC AND SOCIOECONOMIC CONSIDERATIONS 

Socioeconomic and demographic impacts  r e s u l t i n g  from t h e  proposed 

p r o j e c t  w i l l  c e n t e r  p r i m a r i l y  i n  Wickenburg, a l though  t h e  s m a l l e r  com- 

mun i t i e s  of Congress and Yarne l l  (F igu re  2.1-1) a r e  a l s o  l i k e l y  t o  be 

a f f e c t e d  by t h e  p r o j e c t .  The methodologies used t o  de te rmine  t h e  poten- 

t i a l  e f f e c t s  of p r o j e c t  implementat ion a r e  based l a r g e l y  on t h e  Econon- 

ic-Demographic P r o j e c t i o n  Model and t h e  Wickenburg Arizona Economic Base 

Ana lys i s  cons t ruc t ed  by t h e  Arizona O f f i c e  of  Economic P lanning  and Devel- 

opment (OEPAD) (1977) .  The OEPAD s t u d i e s  examine b a s i c  employment and t r a c e  

th rough  t h e  r e s u l t i n g  changes i n  secondary and /o r  s e r v i c e  r e l a t e d  employ- 

ment, M u l t i p l i e r s  developed f o r  t h e  fo l lowing  d i s c u s s i o n  were e s t ima ted  

from a n a l y s i s  of t h e  OEPAD studies and from a n a l o g i e s  with o the r  commmi-- 

t ies  i n  t h e  w e s t  expe r i enc ing  energy- re la ted  growth. 

Cons t ruc t i on  and o p e r a t i o n  of t h e  Anderson uranium p r o j e c t  w i l l  c r e a t e  

b a s i c  employment which, i n  t u r n ,  can  be expected t o  gene ra t e  some secondary 

l o c a l  s e r v i c e  employment. The combination of b a s i c  and s e r v i c e  employees 

p l u s  t h e i r  f a m i l i e s  l e a d s  t o  a  popu la t i on  f o r e c a s t  which i s  a  key v a r i a b l e  

i n  t h e  e v a l u a t i o n  of p r o j e c t - r e l a t e d  socioeconomic and demographic impacts. 

For  t h i s  e v a l u a t i o n ,  p r o j e c t - r e l a t e d  popu la t i on  growth was s u b j e c t i v e l y  

a l l o c a t e d  t o  t h e  communities i n  t h e  s tudy area on t h e  ba s i s  of d i s t ance  

between t h e  Anderson p rope r ty  and t h e  c o r n u n i t i e s  in t h e  a r e a ,  c u r r e n t  pop- 

u l a t i o n ,  p h y s i c a l  b a r r i e r s ,  community a t t i t u d e s  toward growth, q u a l i t y  of 

l o c a l  s e r v i c e s ,  c o s t  of l i v i n g ,  and a v a i l a b i l i t y  of housing. The propor- 

t i o n s  a l l o c a t e d  t o  each  community were reviewed by 11s. Anna L. Hernandez 



of  OEPAD (~ommuni ty  A f f a i r s ) ,  P r o f e s s o r  Leigh Gibson of t h e  Univer- 

s i t y  of  Ar izona ,  l o c a l  p u b l i c  o f f i c i a l s ,  and i n d u s t r y  r e p r e s e n t a t i v e s .  

There was g e n e r a l  concur rence  t h a t  t h e  e s t i m a t e s  correspond t o  t hose  

used f o r  l o c a l  planning and t h a t  t hey  a r e  r ea sonab l e .  

EMPLOYMENT 

P r o j e c t  c o n s t r u c t i o n  w i l l  begin i n  the f i r s t  q u a r t e r  of 1979 and 

con t inue  through t h e  t h i r d  q u a r t e r  of 1980. The c o n s t r u c t i o n  l a b o r  

f o r c e  w i l l  r e ach  a peak of 130 workers i n  t h e  f i r s t  q u a r t e r  of 1980 and 

remain a t  t h a t  l e v e l  f o r  abou t  6 months  a able 4.2-I), Beginning i n  

t h e  second q u a r t e r  of 1980, cons t ruc t i o r r - r e l a t ed  employment w i l l  grad- 

ually decrease; t e r m i n a t i r ~  in t h e  f o u t f - i  quarter ~5 1980 when m i i f  

o p e r a t i o n s  beg in ,  Average employment over t h e  2f -amnth cons t rue  t i c n  

per iod  i s  expected t o  b e  app rox i - i i t e l y  98 people.  

Approximately 204 permanent employees w i l l  be h i r e d  f o r  p r o j e c t  

opera t ions  dur ing  1979, p r i m a r i l y  i n  t h e  second hal f  of t h e  year .  

Ope ra t i ona l  employment w i l l  i n c r e a s e  t o  abou t  340 during t h e  first 

h a l f  of 1980 and reach a peak of 347 i n  the f o u r t h  quarter  of t h a t  

yea r .  Employment w i l l  remain a t  t h i s  Psve l  u n t i l  l a t e  1985 when i t  

will dec rea se  t o  315, Employment will aga in  dec rea se  i n  1989 t o  307. 

It  w i l l  remain a t  t h i s  l e v e l  u n t i l  p r o j e c t  t e r m i n a t i o n  ( c u r r e n t l y  planned 

f a r  1990) .  

The amount of secondary emyloxpent generated by p r o j e c t  c o n s t r u c t i o n  

and o p e r a t i o n  w i l l -  depend on t h e  communities' e x p e c t a t i o n s  of permanent 



Table  4.2-1. ANDERSON PROJECT EMPLOYMENT PROFILE, 1979-1990 

Time P e r i o d  Employment 
C o n s t r u c t i o n  Opera t ion  Local  S e r v i c e  To ta l  

F i r s t  Q u a r t e r  1979 

Second Q u a r t e r  1979 

Thi rd  Q u a r t e r  1979 

F o u r t h  Q u a r t e r  1979 

F i r s t  Q u a r t e r  1980 

Second Q u a r t e r  1980 

Thi rd  Quarter 1980 

F o u r t h  Q u a r t e r  1980 

1981 

1982  

a Assumes t i m e  l a g  i n  b u i l d  up of l o c a l  s e r v i c e  employment, 



growth, compet i t ion  between l o c a l  communities and Phoenix, aggress iveness  

of l o c a l  businessmen t o  expand p r e s e n t  s e r v i c e s ,  and t h e  a t t r a c t i v e n e s s  

of Wickenburg, Congress,  and Yarne l l  t o  o u t s i d e  deve lopers .  It i s  assumed 

t h a t  t h e  b a s i c  employment c r e a t e d  by t h e  proposed p r o j e c t  w i l l  have a 

secondary employment m u l t i p l i e r  of 0.5 i n  1979, i n c r e a s i n g  t o  0.9 d u r i n g  

most of  1980, and r each ing  a peak of 1.26 i n  l a t e  1980 when m i l l  ope ra t i ons  

begin. These m u l t i p l i e r s  acknowledge t he  t i m e  l a g  between b a s i c  employment 

and the development of l o c a l  s e r v i c e  i n d u s t r i e s  common i n  esmmunities 

expe r i enc ing  energy- re la ted  growth and should more c l o s e l y  r e f l e c t  a c t u a l  

secondary employment growth p a t t e r n s .  Consequently,  t h e  c r e a t i o n  of 347 

new jobs i n  b a s i c  i n d u s t r y  as t h e  r e s u l t  of p r o j e c t  implementat ion i s  es-  

t i m a t e d  t o  induce 437 secondary jabs  i n  l o c a l  serv2ce i n d u s t r i e s ,  

T o t a l  e s t ima ted  popu la t i on  growth r e s u l t i n g  from c o n s t r u c t i o n  and 

o p e r a t i o n  of t h e  proposed p r o j e c t  i s  provided i n  Table 4.2-2. It was 

assumed t h a t  90 percen t  of t h e  c o n s t r u c t i o n  and o p e r a t i o n s  work f o r c e  

would r e l o c a t e  t o  t h e  p r o j e c t  r eg ion  and t h e  remaining 10  percent of t h e  

work f o r c e  would be h i r e d  l o c a l l y .  This  assumption w a s  based on the 

a v a i l a b i l i t y  of l o c a l  l a b o r ,  d is tance t o  Phoenix,  t r a n s p o r t a t i o n  f a c i l i -  

t i e s ,  and t h e  s k i l l s  r equ i r ed  f o r  employment. It i s  expected t h a t  a 

p o r t i o n  of t h e  l oca l l y -h i r ed  employees w i l l  come from t h a t  segment of 

the community c u r r e n t l y  cons idered  unemployed. The remainder of the 

l oca l l y -h i r ed  employees w i l l  c o n s i s t  of peop le  n o t  p re sen t ly  i n  t he  job 

market, people  who a r e  upgrading t h e i r  jobs ,  o r  marg ina l ly  employed 





people .  It should be no ted  t h a t  t h e  es t imated  percen tages  a r e  n o t  

based i n  any way on t h e  h i r i n g  p r a c t i c e s  of MINERALS. 

Based on l o c a l  household c h a r a c t e r i s t i c s  and prev ious  s t u d i e s  of 

communities exper ienc ing  growth due t o  energy- re la ted  development  en- 
v e r  Research I n s i t u t e ,  1976 and U.S. Department of Housing and U r b a ~ .  

Development, 1976) ,  i t  i s  a n t i c i p a t e d  t h a t  60 percen t  of t h e  i r r m i g r a o t  

c o n s t r u c t i o n  workers  h i r e d  f o r  t h e  Anderson p r o j e c t  w i l l  be the heads 

of household.  These households are e s t ima ted  t o  c o n s i s t  of an average 

of  3.1 people  w i t h  0.8 school  age c h i l d r e n .  The remaining 40 p e r c e n t  

of t h e  in-migrant  c o n s t r u c t i o n  employees w i l l  be s i n g l e  o r  w i l l  n o t  

br ing t h d r  families t o  the  reg ion .  Approximately 85 percent of the 

o p e r a t i o n a l  employees relocating t o  the area w i l l  be the heads of house- 

ho ld ;  15 p e r c a t  r w ? L I I .  be  s i n g l e ,  F o r t y  p e r c ~ n t  ~f cht? l oca l  service 

employees h i r e d  as a r e s u l t  of t h e  p r o j e c t  a r e  expected t o  be t h e  

heads of household,  w h i l e  10 p e r c e n t  w i l l  be s i n g l e .  The remaining 

jobs i n  project- induced s e r v i c e s  w i l l  be f i l l e d  by l o c a l  people  ( t h o s e  

c u r r e n t l y  unemployed o r  marg ina l l y  employed, people  n o t  p r e s e n t l y  i n  

the l a b o r  f o r c e ,  e t c . )  and members of t h e  permanent households of 

p r o j e c t  employees ( p r i m a r i l y  spouses). The households of o p e r a t i o n s  

employees and secondary s e r v i c e - r e l a t e d  employees a r e  e s t ima ted  t o  c o n s i s t  

of  3.1 people  w i t h  0.8 school  age c h i l d r e n .  

Because Wickenburg i s  the  l a r g e s t  community and p r i n c i p a l  t r a d e  

c e n t e r  i n  the p r o j e c t  r eg ion ,  i t  i s  assumed tha t  approx imate ly  75 pe rcen t  

of t h e  project-related popula t ion  growth will ~ c c u r  t h e r e  ('Table 4.2-3). 



Table 4.2-3. ANDERSON PROJECT POPULATION DISTRIBUTION, 1979-1990 

Wickenburg Area Outside Wickenburg 
~ r e a ~  

~i thouta With Project P e r c a n e o f  Project 1nduced 
T i m e  Per iod Project P r o j e c t  Induced T o t a l  Popu- Popula t ion Growth 

Popula t ion l a  t i o n  
Growth 

F i r s t  Quar ter  1979 

Second Quarter  1979 

Third Quarter  1979 

Four th  Quar ter  1979 

F i r s t  Quar t e r  1980 

Second Quar ter  1980 

Thi rd  Quarter 1980 

Fourth Quarter 1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

i988 

1989 

1990 

a ~ o u r c e :  Maricopa Assoc i a t i on  of Governments, 1978. 
b ~ n c l u d e s  r u r a l  p o r t i o n  of southwestern  Yavapai County and nor thwestern  Maricopa 

County. Popula t ion  p r o j e c t i o n s  f o r  Congress and Yarne l l  a re  not a v a i l a b l e ;  how- 
eve r ,  i t  i s  expected t h a t  a l a rge  p o r t i o n  of these people will s e t t l e  i n  t h e  two 
communities. 



The remaining 25 p e r c e n t  of t h i s  popu la t i on  growth i s  expected t o  occur  

i n  t h e  s m a l l  communities, p r i n c i p a l l y  Yarne l l  and Congress,  and r u r a l  

a r e a s  of sou thwes te rn  Yavapai and n o r t h d e s t e r n  Maricopa c o u n t i e s ,  By 

the f i r s t  q u a r t e r  of 1980, project- induced growth may i n c r e a s e  the popu- 

l a t i o n  of Wickenburg by 1260 people  which r e p r e s e n t s  75 p e r c e n t  of the 

t o t a l  project- induced growth. This  r e p r e s e n t s  a 36 percen t  i n c r e a s e  

over  the p ro j ec t ed  popu la t i on  growth f o r  that community wi thout  t h e  

p r o j e c t .  P r o j e c t  implementat ion may i n c r e a s e  t h e  popu la t i ons  of  Con- 

g r e s s ,  Y a r n e l l ,  and r u r a l  p o r t i o n s  of Yavapai and Maricopa c o u n t i e s  

by a maximum of about 420 people .  

Cons t ruc t i on  of the proposed mine and m i l l  i s  expected to encourage 

an influx of r e l a t i v e l y  young f a m i l i e s  ( ~ a S l e  4.2-4) wtth either very few 

GT no chihiren ( ~ l o u n t a i n  West Research, 1,976)- Th i s  w i l l  alte-:. t h e  age 

composi t ion of t h e  Wickenburg a r e a ,  *The 20 t o  64 year-old age group 

( c u r r e n t l y  44.5 p e r c e n t  of t h e  Wickenburg popu la t i on )  may i n c r e a s e  by 

about  2 percen t  dur ing  the c o n s t r u c t i o n  pe r iod ,  whi le  t h e  62 and over 

age group ( c u r r e n t l y  34 p e r c e n t  of t h e  popula t ion)  may decrease by 

almost  6 percent. 

F a m i l i e s  of o p e r a t i o n s  employees a r e  expected t o  be  somewhat o l d e r  than 

those  of c o n s t r u c t i o n  workers.  The i n f l u x  of these employees may a l so  a l t e r  

the age composition i n  t h e  Wickenburg area i n  a manner s i m i l a r  t o  t h a t  de- 

s c r i bed  above. 



Table 4.2-4. COMPARISON OF AGE PROFILES, WICKENBURG AND P R O J E C T  CONSTRUCTION 
RELATED MIGRANTS ( p e r c e n t  of t o t a l )  

Age Group Wickenburg P r o j e c t  Cons t ruc t ion  
Rela ted  Migrants  

Pe rcen t  under 19  y e a r s  21.2 

Percent  20-64 years  44.5 

Pe rcen t  65 y e a r s  and over 34.3 

Source: Arizona Department of Economic Secu r i t y ,  1976 and Mountain West 
Research, 1976. 

SCHOOL ENROLLMENT 

A s  discussed  above, f a m i l i e s  r e l o c a t i n g  t o  the s tudy  r e g i o n  as a 

r e su l t  of p r o j e c t  implementation are assumed t o  have aa average of 0.8 

school-age ch i ld ren .  It i s  expected t h a t  most of t h e s e  c h i l d r e n  w i l l  

be e n r o l l e d  i n  Wickenburg School D i s t r i c t  9. For t h i s  assessment ,  t h e  

d i s t r i b u t i o n  of s t u d e n t s  between elementary and secondary enro l lment  was 

based on state-wide averages he ld  cons t an t  over t ime. 

P ro j ec t - r e l a t ed  school  enro l lment  i s  expected t o  begin i n  e a r l y  1979 

with roughly 2 4  s t u d e n t s .  By t h e  f i r s t  q u a r t e r  of 1980, enrol lment  w i l l  

r e ach  a peak of 398 p u p i i s .  Enrollment will gradua l ly  dec l ine  as eonstruc-  

t i o n  employment d e c r e a s e s ,  reaching a cons t an t  l e v e l  of about 352 s t u d e n t s  

i n  1981 (Table  4 . 2 - 5 ) .  Enrollment w i l l  again d e c l i n e  i n  i986  and reach  a 

low of about 312 s t u d e n t s  i n  1989. P ro j ec t  r e l a t e d  enro l lment  w i l l  remain 

a t  t h i s  l e v e l  u n t i l  p r o j e c t  t e rmina t ion .  The total enro l lment  f o r  t he  



Table  4.2-5. ESTIMATES OF ANDERSON PROJECT-BELATED ENROLLMENT, WICKENBURG 
SCHOOL DISTRICT 9" 

School Grades S tuden t s  1981- 1986- 1989- 
1979 ( q u a r t e r s )  1980 (quarters) 1985 1988 1990 

Maclennan 
E l e m e n t a r y  School K-5 11 23 24 102 179 179 163 137 158 144 140 

G a r c i a  E l e m e n t a r y  
S c h o o l  6-8 6 1 2  13 54 96 96 87 73 85 77 75 

* 
i 

c-r Wickenburg High 
~1 S c h o o l  9-12 7 15 16 70 123 123 113 95 109 100 97 

Change -+-2 4 4-26 +3 +I73 3-172 0 -35 -58 +47 -31 -9 

a~ssumes 45 p e r c e n t  of total s t u d e n t s  will be enrolled in grades K-5, 
24 p e r c e n t  i n  grades 6-8, and 31 pe rcen t  i n  grades  9--12. 



Wickenburg School District is estimated to increase 37 percent by 1980. 

Approximately 93 percent of this growth will be related to the Anderson 

project (Table 4.2-6) .  

Since the proposed mine and mill are located outside of the boundaries 

of School District 9, the district will not receive property tax revenues 

directly from the project. It is probable that the district will have less 

new assessed valuation per student after project implementation than it has 

now. School District 17 (Congress) will receive all of the tax revenues 

generated by the project while it is not expected to receive a large 

portion of the project-related educational costs. It should be noted 

that the costs incurred by School District 9 as a result of an increase 

in students from Congress, Yarnell, and rural areas of Yavapsi County 

will be offset by the tuition payed by School District 17 (refer to See- 

tion 2.2). 

HOUSING 

Table 4.2-7 provides an estimate of the housing requirements that nay 

result from project-induced population growth. These estimates are based 

on employment projections, work force characteristics, housing preferences, 

housing availability, and research conducted by Mountain West Research 

(1976). It is estimated that 53 percent sf the in-migrant construction 

workers will. reside in mobile homes, 17 percent will live in single family 

units, and 30 percent will live in motels, apartments, and town houses. 

It is estimated that 54 percent of the in-migrant operations employees 



Table  4.2-6. ENROLLMENT PROJECTIONS FOR WICKENBURG SCHOOL DISTRICT 9 WITH AND 
WITHOUT ANDERSON PROJECT, 1979-1990 

School 

Maclennan Garcia Wickenburg High 
Elementary (K-5) Elementary (6-8) (9-12) 

Time Period Without With Without With Without With 
( F a l l )  P ro jec t  P ro jec t  P r o j e c t  P ro jec t  P ro jec t  P r o j e c t  

Student Capacity 400 



Table  4.2-7. ESTIMATE OF PROJECT-RELATED HOUSING REQUIRENJ3NTS 

Type of U n i t  Number of Units 

Wickenburn Area 

S i n g l e  Family 
c-. Mul t ip l e  Family 

Mobile Homes 
-4 

Sub to t a l  

Remainder of Study Region 

S i n g l e  Family 
Mu1 t i p l e  Family 
Mobile Homes 

Sub to t a l  

T o t a l  

Change 

1979 
Q u a r t e r s  



and t h e i r  f a m i l i e s  w i l l  live i n  s i n g l e  family u n i t s ,  36 percent  

w i l l  r e s i d e  i n  mobile homes, and t h e  remaining 10  percent w i l l  l i v e  i n  

apartments  o r  townhouses. It i s  est imated that 43 percent  of the  people 

moving i n t o  t h e  reg ion  t o  f i l l  project-induced secondary jobs w i l l  l i v e  

i n  s i n g l e  family u n i t s  and 25 percent  w i l l  l i v e  i n  apartments  o r  t o m -  

houses. The remaining 32 percent  w i l l  live i n  mobile homes. It was as-  

sumed t h a t  an average of 1.5 s i n g l e  employees would live i n  a s ing le  

housing u n i t ,  

Demand f o r  housing by pro jec t - re la ted  employees w i l l  begin i n  e a r l y  

1979. By t h e  f i r s t  quarter of 1980, approximately 594 u n i t s ,  inc luding  

about 259 s i n g l e  family houses, w i l l  be  needed t o  meet demands of p ro jec t -  

induced populat ion growth.  As discussed  i n  Sec t ion  2.2, housing in the 

pro jec t  area is essen t ia l ly  at: capac i t y .  Wl~ile s i zeab le  a d d i t i o n s  t o  the 

housing s tock  are c u r r e n t l y  i n  va r ious  stages of planning, t h e r e  may be 

a shortage of u n i t s  dur ing  the cons t ruc t ion  phase of t h e  p ro jec t  and at 

t h e  beginning of ope ra t ions .  

INCOME AND RETAIL SALES 

Total  pro j ec t - r e l a t ed  g r o s s  personal, income i s  expected t o  increase 

from approximately 2.79 m i l l i o n  d o l l a r s  i n  1979 t o  about 9.64 m i l l i o n  d o l l a r s  

i n  1980, and approach 95 m i l l i o n  d o l l a r s  over  the l i f e  o f  the  p r o j e c t  (Tab le  

4.2-8) .* 

*Personal incme estimates a r e  based on 1975 s t a t e  average wage l e v e l s  scaled 
upward annual ly . 



Table 4.2-8. ESTIMATES OF PROJECT-RELATED NET PERSONAL INCOME 
(MILLIONS), 1976 DOLLARS 

N e t  Persona l  1ncomea 1979 1983 1981 1986 1989 

- 

Cons t ruc t ion  b 1.54 1.52 - - - 

 erati ti on' 0.71 4.75 4.86 4.41 4.30 

Local  Se rv i ce  d 0.54 3.37 3.86 3.50 3.42 

To ta l  2.79 9.64 8.72 7.91 7.72 

a ~ s t i m a t e d  t o  be 65 percent  of g r o s s  income f o r  c o n s t r u c t i o n  workers 
and 70 p e r c e n t  of g r o s s  income f o r  o p e r a t i o n a l  and l o c a l  s e r v i c e  
workers . 

'Based on  t h e  1976 Arizona average weekly cons t ruc t ion  worker 's  e a rn ings  
of  $420, e s c a l a t e d  8 pe rcen t  annua l ly  t o  1979 ( $ 5 2 9 1 .  

' ~ased  on a n  average 1979 annual  wage of $20,000. 

d ~ a s e d  on  t h e  1975 Arizona average annual  wage of $9,270, e sca l a t ed  8 
pe rcen t  annua l ly  t o  1979 ($12,612),  



Growth of r e t a i l  f a c i l i t i e s  i s  g e n e r a l l y  a f u n c t i o n  of p o t e n t i a l  

r e t a i l  s a l e s ,  which i n  t u r n ,  i s  dependent on pe r sona l  income. The supply 

of r e t a i l  f a c i l i t i e s  i n  t h e  s tudy  r eg ion  w i l l  most l i k e l y  l a g  behind 

demand, p a r t i c u l a r l y  d u r i n g  t h e  2 l m o n t h  c o n s t r u c t i o n  per iod when demand 

would probably b e  viewed a s  temporary. 

Table 4.2-9 p rov ides  an e s t i m a t e  of t o t a l  re ta i l  s a l e s  r e s u l t i n g  from 

pro  ject-induced popu la t i on  growth. It i s  assumed t h a t  t h e  r e t a i l  e s t a b l i s h -  

ments i n  t h e  Wickenburg a r e a  will r e c e i v e  on ly  about  h a l f  of  t h e  t o t a l  

expend i tu r e s  du r ing  the c o n s t r u c t i o n  per iod.  Due t o  i t s  s i z e  and proxi- 

m i t y ,  Phoenix i s  assumed t o  r e c e i v e  t h e  r e s t  of t h e  r e t a i l  s a l e s  bus ine s s  

P e a r  end Wickenburg LOU t sLd c Wickenburg b 

-- - -- - 

1979 $0.49 $0,49 

1980 1.77 1.63 

1981 1.80 1.25 

1986 l,63 9.13 

1989 1.59 1.11 

a ~ s t i m a t e d  t o  be 35 percent  of net  persona l  income. 

b ~ r i m a r i l y  Phoenix. 

du r ing  t h i s  per iod.  When p r o j e c t  o p e r a t i o n s  beg in  and the  supply of 

r e ta i l  f a c i l i t i e s  b e g i n s  t o  r each  demand, a l a r g e r  pe r cen t  of  r e t a i l  

t r a d e  expend i tu r e s  will go t o  t he  Wickenburg a r ea .  



TAXES 

The proposed p r o j e c t  w i l l  g ene ra t e  cons ide rab l e  t a x  revenues t o  

t h e  state and l o c a l  governments. S t a t e  income t a x  w i l l  amount t o  approx- 

ima te ly  10.5 p e r c e n t  of  t h e  c o r p o r a t e  p r o f i t  on t h e  proposed p r o j e c t .  

MINERALS w i l l  pay a s t a t e  ad valorem p rope r ty  tax of $6.797/$100 assessed  

v a l u a t i o n .  A l a r g e  p o r t i o n  of  t h e  ad valorem tax revenues w i l l  be r e d i s t r i b -  

uted t o  Yavapai County, t h e  Yavapai County J u n i o r  Col lege ,  and Congress 

School D i s t r i c t  17. P a r t  of t h e  funds c o l l e c t e d  by t h e  Congress School 

D i s t r i c t  w i l l  be d i s t r i b u t e d  t o  the Wickenburg schools  i n  t h e  form of 

t u i t i o n  payments. MINERALS w i l l  a l s o  pay a s t a t e  s a l e s  t a x  of 2.5 per- 

c e n t  on t h e  g r o s s  income de r ived  from t h e  mined product  and a s t a t e  s a l e s  

t a x  of 4 p e r c e n t  on such i t e m s  as f u e l  and maintenance and o f f i c e  su?p l i e s  

purchased i n  Arizona. I f  t h e s e  s u p p l i e s  a r e  purchased i n  Wickenburg, Phoenix,  

o r  most o t h e r  incorpora ted  c i t i e s  i n  t h e  s t a t e ,  MINERALS w i l l  pay one per- 

c e n t  c i t y  s a l e s  t a x  a s  w e l l  a s  t h e  s t a t e  tax.  

I n  a d d i t i o n  t o  d i r e c t  t a x e s  on f a c i l i t i e s  and goods produced, the pro- 

j e c t  w i l l  g e n e r a t e  employee-rela ted t a x  revenues.  An unemployment s e c u r i t y  

t a x  equa l i ng  27 pe rcen t  of  t h e  g r o s s  wages of t h e  f i r s t  $6000/worker will 

be payed t o  t h e  s t a t e  each  year  f o r  t h e  f i r s t  two yea r s  of opera t ion .  A f t e r  

t h i s  t ime,  t h e  unemployment s e c u r i t y  tax w i l l  be  d e p e d e n t  on the employment 

t u rnove r  r a t i o  o f  t h e  p r o j e c t .  MINERALS will a l s o  c o n t r i b u t e  t o  t h e  s t a t e  

workmanr s compensation fund. P r o j e c t  employees, a s  wel l  as pro ject-induced 

secondary employees, w i l l  pay s t a t e  ad valorem p rope r ty  tax,  s ta te  income 



tax, a state sales tax of four percent on most goods other than food, and 

a sales tax of one percent on purchases in incorporated cities. 

In total, it is estimated that the proposed project, including direct 

employees, could result in $4.5 million in state and local taxes each 

year. This  estimate does not include tax revenues generated by the secondary 

employment the project will create. 

PUBLIC FACILITIES AND SERVICES 

Projected public facility requirements for the Wickenburg area with 

and without the proposed project are provided in Table 4.2-10. These 

projections are based on engineering standards developed for each facility 

a p p l i e d  to population projections, project-related employment patterns, 

and expected projeecl--induced population growth, For the mst part, sza te  

and national standards were used to more adequately reflect the long range 

needs for community services. However, local standards were used when they 

were more s t r i n g e n t  than the state or national averages. 

Many of the public facilities i n  the Wickenburg area are either pre- 

sently adequate or are now being exparrded to sufficient capacity to serve 

a much larger population than is projected for the area, Nominal increases 

in health care, law enforcement, and fire protection will be needed at 

the start of project construction, Wickenburg School District 9 will also 

need additional teachers at this time ( T a b l e  4 . 2 - l o ) *  



T a b l e  4.2-10. ESTIMATE OF WICKENBURG AREA PUBLIC FACILITY 
AND SERVICE mQUIRENENTS, 1979-1990 

--- - - - 

Pub l i c  Se rv ices  Facilities Year 

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1889 1990 

Water supply ( T o t a l  wd)' 
Uithout  P r o j e c t  .8 
With P r o j e c t  .9 

Uater  Treatment ( T o t a l  =gd)b 
W i  tbout  P r o j e c t  2.0 
With P r o j e c t  2.0 

Sewer Treatment ( t o t a l  mgdlc 
Without P r o j e c t  .3 
With P r o j e c t  .3 

f i r e  p r o t e c t  on ( t o t a l  no, 
of v e h i c l e s )  i 

Without T r o j e c t  3.4 
W i  t h  P r o j e c t  3.6 

Law Enforcement ( t o t a l  no. of 
o f f  i ~ e r s ) ~  

Without Project 8 .3  
With Projecr 8 -5 

Law Enforcement ( t o t a l  no, of 
veh ic l e s ) '  

Without P r o j e s t  
With P r o j e c t  

Heal th  Care ( t o t a l  
d a c t o t s ) g  

Vi thout  P r o j e c t  
S i t h  Project 

Yeal th  Cor+ ( t o c a i  
b e d s  ! 

Wirhout P r o j e c t  
With P r o j e c t  

no. of 

no. of 

Education-Wickenburg School 
D i s t r i c t  9 ( t o t a l  no. of 
teachers) '  

z i t h o u t  P r o j e c t  
U i th  P r o j e c t  

'Based on 258 g a i l o n s  per  day lpe r  c a p i t a l  (average d a i l y  per c a p i t a  consumption i n  Wickenburg). 

bBased on 2.5  ( x )  average tnsd par year. 

'Based oa 100 g a l l o n s  per day/per  c a p i t a l  (average daily sewage use in Wickenburg). 

dBased on 1 vehicle /1000 population. 

e3ased on 2.5  o f f i c e r s /  1000 populat ion,  

f ~ a s e d  on i p a t r o l  car1750 populat ion (Arizona J u e t i c e  Planning Agency and Wickenburg averages) ,  

E3ased on r eg ion  v i d e  r a t i o  of 1 docror/1200 populat ion,  3 . 2  h o s p i t a l  beds/1000 p o v u ~ c i o n  ( k i z o n a  Departneat of 
Heal th)  . 

hBased on r eg ion  v ide  r a t i o  of 1 doctor /1200 popu la t i an ,  3.2  h o a p i t a l  beda/1000 popu la t ion  (Arizona Deparrlnent of 
Real: h). 

'Eased on echo01 d i s t r i c t  wide scudent / teacher  r a t i o  of 15.2 /1  (Uickenburg School D i s t r i c t  9 percent  r a t i o ) ,  



4.3 HYDROLOGY AND WATER QUALITY 

Potential hydrologic and water quality impacts resulting from 

the proposed Anderson project will be associated primarily with 

groundwater. Dewatering of the mine plus the consumption of additional 

water in the mill process will cause some drawdown of local aquifers. 

Since all of the liquid wastes from the mill (with the exception of 

sanitary wastes) will be discharged to the tailings impoundment and 

evaporation, no surface waters will be contaminated directly by project 

activities. However, there is some potential for indirect impacts on 

surface water quality. Over the long-term, these may include the effects 

of leachates from the tailings impoundment and mine waste dumps and the 

action of heavy rainfall on mine waste dumps. 

As discussed in Section 3.5, sanitary wastes will first be treated 

in a plant equipped with facilities for screening, aeration, and clarifi- 

cation with chlorine. The treated wastes will then be discharged to 

a leach field. This disposal method is not expected to result in any 

significant environmental impacts. 

HYDROLOGY 

During operations, the mine wili be excavated to an average of about 

200 feet below the present grundwater level in the area. Calculations by 

Water Development Corporation (1978) indicate that a geometric mean of 

about 70 gprn of groundwater would drain into the mine over the first 



f i ve  s t a g e s  of development.* F a u l t s  and f r a c t u r e s  encountered dur ing  

mining may y i e l d  s e v e r a l  hundred gpm f o r  up t o  a few weeks; however, 

t h e s e  f lows should d e c r e a s e  t o  t h e  mean mentioned above w i t h i n  a rela- 

t i v e l y  s h o r t  t ime.  

The development of t h e  mine i s  not a n t i c i p a t e d  t o  s e r i o u s l y  

impact o t h e r  u s e r s  i n  t h e  a r e a .  E f f e c t i v e l y  all use of Santa Maria 

River  water t a k e s  p l a c e  up g r a d i e n t  t o  t h e  e a s t  o f  t h e  proper ty .  

For t hose  u s e r s  down dip on t h e  a q u i f e r s ,  t h e  low t r a n s m i s s i v i t i e s  of 

t h e  format ions  encounte red  du r ing  mining and t h e  s o u t h e r l y  d i p  of t h e  

beds involved should  prec lude  any impact on wate r  u s e r s  i n  t h e  Date 

Creek dra inage ;  t h e  n e a r e s t  of which i s  t h e  P i p e l i n e  Ranch. 

Mine d ra inage  w i l l  not meet a l l  of the water demands of t h e  proposed 

p r o j e c t ,  s i n c e  t h e  m i l l  p roces s  and o t h e r  p r o j e c t  a c t i v i t i e s  ( e , g . ,  

sewage t r ea tmen t ,  washdown, s c rubbe r s )  w i l l  r e q u i r e  approximate ly  1000 

gpm a t  peak consumption. For t h i s  r ea son ,  MINERALS w i l l  o b t a i n  a d d i t i o n a l  

wate r  from w e l l s  l o c a t e d  i n  e i t h e r  the a l luv ium of t h e  Santa Maria River  

at t h e  Pa lmer i t a  Ranch o r  bedded ho r i zons  i n  S e c t i o n  10, TIIN, U O W .  

Pa lmer i t a  Ranch Wells 

A s  d i scus sed  i n  S e c t i c n  2.6,  much of the flow i n  the p r i n c i p a l  

r i v e r s  i n  the v i c i n i t y  of the Anderson p rope r ty  c o n s i s t s  of subflow 

in the alluvium of the s t ream channels .  Examination of groundwater 

*Groundwater d r a inage  w a s  c a l c u l a t e d  us ing  a formula developed by 
Ferris e t  a l .  Pe rmeab i l i t y  of the  a q u i f e r  w a s  assumed to be 1.64 
g a l / d a y / f t 2 .  A f i g u r e  of 340 g a l / d a y / f t  was used f o r  t h e  co- 
e f f i c i e n t  of  transmissibility and the c o e f f i c i e n t  of s t o r a g e  was 
assumed to be 0.05 (Water Development Corpora t ion ,  19781, 



l e v e l s ,  alluvium permeabi l i ty ,  g r a d i e n t s ,  and h i s t o r i c  su r face  flows 

supports  t h e  content ion  t h a t  groundwater i n  t h e  alluvium of t h e  Santa 

Maria River i s  under l a in  by igneous rock i n  the  genera l  v i c i n i t y  of 

t h e  proposed mine and t h a t  t h e  groundwater i s  impounded by a natural 

b a r r i e r  of basement rock i n  t h e  genera l  a r e a  of t h e  Alamo Reservoir  

Dam. Based on flows p r i o r  t o  t h e  cons t ruc t ion  of t h e  dam, approxi- 

mately 15  c f s  of t h e  average annual su r face  flow of t h e  B i l l  Williams 

River could not  be accounted f o r  i n  t h e  su r face  flows of i t s  two major 

t r i b u t a r i e s  - the Big Sandy and Santa Maria r i v e r s .  I f  t h i s  15 c f s  i s  

assumed t o  be underflow forced t o  t h e  su r face  by t h e  basement rock bar- 

r i e r ,  and i f  i t  i s  proportioned t o  t h e  two t r i b u t a r i e s  on t h e  b a s i s  of 

t h e i r  i nd iv idua l  eontr i .but ion t o  the t o t a l  drainage a r e a ,  t h e  underflow 

a t t r i b u t a b l e  t o  the Santa Maria r i ve r  i s  4,44 cfs .  

Based on the  cross-sec t ional  a r e a  and slope of t h e  alluvium i n  t h e  

r i v e r  immediately n o r t h  of t h e  proposed p ro jec t  and an under-flow of 

4.44 c f s ,  t h e  t ransrn iss iv i ty  of t h e  a l l u v i a l  a q u i f e r  i s  1.4 x 10 6 

gpd/f t2 .  This  va lue  approximates t h e  l a r g e r  va lues  of t ransrn iss iv i ty  

observed i n  we l l s  i n  t h e  alluvium a t  t h e  Palmeri ta  Ranch (Water 

Development Corporation, 1978). The geometric mean of a l l  the t rans-  

2 m i s s i v i t y  values determined a t  t h e  ranch was 733,000 gpd / f t  o r  about 

ha l f  t h a t  ca l cu la t ed  on the b a s i s  of probable  underflow, Based on 

t h i s  geometric mean, pe rmeab i l i t y  of the  alluvium i n  the  Santa Maria 

River and as soc ia t ed  channels would be about Oe0134 f t / s e c .  



I f  a l l  of t h e  wate r  supply w e l l s  f o r  t h e  proposed p r o j e c t  a r e  lo-  

c a t e d  i n  t h e  v i c i n i t y  of P a l m e r i t a  Ranch Well No. 1 ( ~ ~ 1 / 4 ~ ~ 1 / 4 S ~ 1 / 4 ~ ~ 1 / 4 ,  

Sec t i on  1 7 ,  TUN, RllW), drawdown a t  t h e  main channe l  of t h e  San t a  Maria 

River  nea r  the  w e l l  field would be: 

s = 2644 l o g  0.3Tt 
T 2 

r S  

where: T = t r a n s m i s s i v i t y  ( g p d / f t 2 )  

t = number of days of ze ro  f low i n  one yea r  f o r  
a n  average  y e a r  (days)  

Q = pumping r a t e  (gpm) 

r = r a d i a l  d i s t a n c e  from w e l l  t o  o b s e r v a t i o n  p o i n t  ( f t )  

S = s t o r a g e  c o e f f i c i e x t  ( n i t l e s s )  

s = 264 x 600 l o g  = 0.964 feet of d rawdom 
733000 

(100) x 0.2 

The maximum l e n g t h  of t i m e  of no s u r f a c e  f low recorded  on t h e  Santa  

Maria River i s  409 days.  Over such a pe r iod ,  t h e  drawdown induced 

by pumping would be 1.005 feet.  Under t h e  worst-case c o n d i t i o n  of 

1000 gpm cont inuous pumping dur ing  409 days of no s u r f a c e  f l ow ,  the  

drawdown i n  t h e  main channel  of t h e  Sante  Maria River would on ly  be 

about 1.68 f e e t  i n  t h a t  p o r t i o n  of the s t ream n e a r e s t  t o  t h e  source  

w e l l  ( i .e . ,  approximate ly  100 f ee t ) .  

Based on t h e s e  c a l c u l a t i o n s ,  the  withdrawal  of water from the 

alluvium of the Santa Maria River  i n  t h e  v i c i n i t y  a f  t h e  P a l m e r i t a  



Ranch will result in relatively minor drawdown of the aquifer. Even 

2 under conditions of more limited transmissivity (250,000 gdp/ft ), 

water table declines in the area marginal to the Alamo Reservoir would 

be at the most less than 0.5 foot (Water Development Corp., 1978). 

The water  withdrawn from this aquifer, even if pumping is maintained 

at a rate of 1000 gpm, would constitute about 6 percent of the annual 

average daily discharge of the Santa Maria River. Consequently, ground- 

water recharge following termination of the proposed project should be 

essentially complete within a short time following the next notable flow 

in the river. 

Section 16 Wells 

Due to the relatively Isw transmissivity of t h e  sandstone and con- 

glomeratic sections tested in Section 16, and because of very slow 

recharge, pumping at a rate of 350 gpm f o r  10 years would result in 

a pumping water level at the pumped well of nearly 1040 feet. Three 

wells placed in a triangular pattern 0.5 mile apart, and each pumping 

at a rate of 350 gpm, would result in a pumping water level of approxi- 

mately 1250 feet (Water Development Corporation, 1978). It is expected 

that recharge of the affected aquifer would be insigoificant; conse- 

quently, water withdrawn from this location would be essentially mined. 

The radius of influence from wells located in Section 16 would 

not be greater than 1.5 miles. Assuming that all three wells were 

located at the same point, a drawdown of 0.1 foot at a distance of 7500 

feet from the pumped well was calculated using the Theis nonequilibriun 



equation. Consequently, the withdrawal of water from Section 16 should 

have no significant effect on springs or other users in the area. 

WATER QUALITY 

As discussed in Section 3.4, seepage from the tailings impoundment 

will reach a maximum of 7 gpm (5 gpm through the dim and 2 g p  through 

the bottom of the reservoir) when the impoundment is filled to capacity. 

In the event that any of this seepage appears at the surface below 

the dam, a portion will evaporate and the rest will infiltrate to the 

mine pit. 

Excess water from the tailings impoundment will be evaporated by 

spraying and/or discharge into shallow evaporation ponds. If spraying is 

used, sonc d r i f t  cutside of th2 impoundlneilt l u  expectsd, This drift will 

contain compounds of iron, alllminum, and magnesium, as we11 as calcium 

sulfate and sulfuric acid. Trace elements, particularly boron, and some 

radioactive mzterials will also be present in the drift (refer to 

Section 4.7 for a discussion of the potential effects of the radioactive 

components in the spray drift). Since the spray will be directed down 

into the impoundment, most of the drift should be contained in the mine 

area; consequentiy, impacts on surrounding vegetation are expected to be 

minor. Same of the constituents of the spray drift can be expected to 

s e t t l e  in minor drainages on t h e  Anderson property. These constituents 

may eventually be washed i n t o  the Santa Maria River  and u l t i m a t e l y  be 

deposited i n  the A l a m s  Reservoir. Due to t h e  l o w  concentrations involved 

and the high d i l u t i o n  rate, t h i s  i s  not expected to significantly effect 



the quality of the water in the reservoir. If evaporation ponds are 

used, wind drift of aerosols would spread insignificant amounts of 

trace elements and some radioactive materials outside of the ponds. 

Some seepage through the pond liners is also likely; however, it is 

expected to be minor. 



4.4 AIR QUALITY 

Both particulate and gaseous air pollutants will be emitted during 

construction, development, and operation of the project. By far, the 

dominant particulate emission will be fugitive dust from haul roads, 

stockpiles, and working surfaces. Vehicle and equipment engine exhaust 

and mill stack effluents will contribute relatively minor additional 

amounts of particulate matter. From an evaluation of the proposed pro- 

ject schedule, it is predicted that maximum annual particulate emissions 

will occur from 1981 through 1984 when combined stockpiling and overburden 

stripping activities will be greatest. Gaseous air pollutant emissions 

will reach a rmximum after 1980 when the mill and mine are in operation 

and remain at that level for the life o$ the p r o j e c t *  

EMISSIONS 

Uncontrolled, fugitive dust emissions from the project would be 

about 1300 tons/year from 1981 through 1984. However, control measures 

will be used to minimize dust generation, including frequent watering 

of active haul roads and working surfaces. Heavily used haul roads 

will also be treated with chemical binders, as necessary, and mine 

walls and working areas will be sprinkled during primary stripping, 

secondary stripping, and mining, as appropriate. Dusty, inactive working 

surfaces will be sprayed with chemical binders to reduce wind erosion. 

As a result of these control measures, total annual particulate emissions 

during peak years are estimated to be about 820 tons. This represents 



a 40 percent control of the potential emissions. Detailed calculations 

of fugitive dust emissions resulting from the proposed project are pro- 

vided in Appendix B-5. 

Fugitive dust, as defined in EPA regulations (40 CFR 51 and 40 

CFR 52), is currently exempt from consideration in air quality impact 

assessments, specifically with regard to consumption of Prevention of 

Significant Deterioration (PSD) increments. Particulate emission sources 

that must be considered in the impact assessment include the ore secieving 

area stack (Stack No.  I), the yellowcake concentrate area stack (Stack 

No.  3), and the mill boiler stack (Stack No. 5). The yellowcake concen- 

trate area stack combines releases from the yellowcake dryer and packag- 

ing operations. The location of each stack is shown in Figure 3.3-6 

and approp~ia'e design parameters and emission rates are provided in 

Tables 3.3-1 and 3.3-3. An indicated in these tables, gaseous pollu- 

tants will also be emitted from Stacks 3 and 5 ,  

AMBIENT CONCENTIUTIONS 

The EPA (1977) Valley Model (with Briggs plume rise for bouyant stack 

plumes) was used with annual site meteorological data to calculate an- 

nual average offsite pollutant concentrations above background resulting 

from project activities. Short-term estimates (also using the Valley 

Model) were based on the worst-case meteorologicai assumption of up to 

six hours of persistent wind direction with F stability and a wind speed 

of one m/sec. For averaging periods of less than six hours, continuous 



worst-case condi t ions  were assumed. The Valley Model and inpu t  d a t a  a r e  

descr ibed  f u r t h e r  i n  Appendix B-6. Concentrations were ca l cu la t ed  f o r  

13 d i s t a n c e s  out  t o  1 0  k i lome te r s  r e l a t i v e  t o  a reference  po in t  loca ted  

near  t h e  ore  r ec i ev ing  s t a c k  i n  each of the  1 6  c a r d i n a l  compass d i rec-  

t i o n s .  Table 4.4-1 p resen t s  computed maximum o f f s i t e  concent ra t ions  

above background f o r  each p o l l u t a n t .  Modeling r e s u l t s  a r e  presented i n  

g r e a t e r  d e t a i l  i n  Appendix B-6. 

A i l  computed concen t ra t ions  a r e  w e l l  below re spec t ive  PSD increments 

f o r  p a r t i c u l a t e s  and s u l f u r  d iox ide  (Tab le  4 . 4-21. I n  add i t ion ,  o n s i t e  

emissions a r e  not expected t o  exceed National Ambient A i r  Qual i ty  Standards 

(Table 2.7-10). 



Table 4-4-1- MAXIMUM OFFSITE AIR POLLUTANT CONCENTRATIONS ABOVE 
BACKGROUND RESULTING FROM MILL BOILER, ORE RECIEVING, 
tWD URANIUM CONCENTRATE AREA STACK EMISSIONS 

Concentrat ion Locat ion 

P o l l u t a n t  Averaging Time ( U g h 3 )  Distance(m) Di rec t ion  

P a r t i c u l a t e  
mat te r  

Annual South 

South- 
Southwest 

Sulfur dioxide  Annual 

24-hour 

South 

East- 
Northeast 

E a s t -  
Nort5east 

Nitrogen d ioxide  

Carbon monoxide 

Annual, 

8-hour 

South 

East- 
Northeast  

East- 
Northeast 

Hydrocarbons East- 
Northeast 



Table 4.4-2. PREVENTION OF SIGNIFICANT DETERIORATION INCREMENTS 
FOR CLASS 11 AREAS 

Pollutant Averaging Time Allowable Increment (pg/m 3 ) 

Particulate matter Annual 19 

Sulfur  d iox ide  Annual 20 

3-hour 512 

Source: 40 CFR 51 and 40 CFR 52 



f igure  4.7-4, ZONE OF INCREASED RADIATION EXPOSURE 



4.5 BIOLOGY 

VEGETATION 

Approximately 1000 acres of vegetation will be removed over the 

life of the proposed project. This vegetation will consist largely of 

creosotebush, brittlebush, white bursage, palo verde, Joshua tree, 

saguaro cactus, and ocotillo. 

Approximately 400 acres of vegetation will be removed during the 

21-month construction period when the mill facilities, haul roads, and 

access road are constructed and the initial pit sequences are opened. 

During the 10-year operating life of the project, development of the 

mine will result in the removal of an average of slightly more than 65 

acres of vegetation a year. 

After completion of the proposed project, the 81 acre tailings im- 

poundment will be reclaimed with grasses* Reclamation will also be con- 

ducted on the rest of the land disturbed by project activities; however, 

the extent of revegetation efforts has not yet been determined* Reveg- 

etation methods to be used for reclamation are currently under study. 

Reclamation of lands disturbed by project activities is likely to 

establish a plant cover at least equal to that now present in the area 

within a few years. However, it will take longer for mature or "climax"* 

*A mature plant community is defined as a relatively stable association 
of plants. Baring any major disturbance, the species composition of a 
mature plant community should not change significantly over time. 



p l a n t  communities t o  develop. Native spec ie s  most l i k e l y  t o  i n i t i a l l y  

reinvade d i s tu rbed  lands  a r e  c reosotebush ,  b r i t t l e b u s h ,  and whi te  bursage. 

Due t o  t h e i r  poor germinat ion r a t e ,  s e v e r a l  spec ie s  such a s  saguaro cac tus ,  

may t ake  s e v e r a l  decades t o  become re-es tab l i shed  on t h e  s i t e .  Based on t h e  

l i f e  h i s t o r i e s  of t h e  spec ie s  most commonly found on t h e  Anderson proper ty ,  

i t  i s  l i k e l y  t h a t  mature p l a n t  c o r n u n i t i e s  w i l l  no t  become e s t a b l i s h e d  on 

lands  d i s tu rbed  by p r o j e c t  a c t i v i t i e s  f o r  100 t o  150 years. 

WILDLIFE 

I The spec ie s  observed on t h e  Anderson proper ty  a r e  common throughout 

many regions  of t h e  Southwest. Far  t h i s  reason,  any l o s s  of i n d i v i d u a l s  

that might result f r o n  project activities i s  nat expected to affect the 

o v e r a l l  maintenance of any spec ie s .  It i s  a l s o  u n l i k e l y  t h a t  p r o j e c t  

activities w i l l  result i n  a long-term decrease of species populat ions 

i n  ad jacen t  undisturbed h a b i t a t s .  

Some i n d i v i d u a l s  of t h e  sma l l  animal spec ie s  such as t h e  small 

burrowing mammals, snakes, l i z a r d s ,  and ar thropods t h a t  now l i v e  i n  

areas t h a t  w i l l  be d i s tu rbed  by c o n s t r u c t i o n  and opera t ion  of t h e  pro- 

posed p r o j e c t  w i l l  be destroyed when t h e  vege ta t ion  i s  removed. Many 

i n d i v i d u a l s  of t hese  spec ie s  of sma l l e r  animals w i l l  no t  be a b l e  t o  

escape t o  ad jacent  undisturbed h a b i t a t s .  

Highly mobile spec ie s ,  such as the l a r g e r  mammals (bu r ros ,  coyotes,  

and r a b b i t s )  and most b i r d s ,  w i l l  be a b l e  t o  escape t h e  d i s t u r b e d  areas. 

The movement of these animals i n t o  ad jacen t  undisturbed h a b i t a t  may br ing  



increased  competi t ion f o r  food, s h e l t e r ,  breeding h a b i t a t ,  and o ther  

n e c e s s i t i e s .  Consequently, some of t h e s e  animals can be expected t o  be 

l o s t  a s  t h e  r e s u l t  of p r o j e c t  a c t i v i t i e s .  

The increased  number of people i n  t h e  p ro jec t  a r e a  could have an 

a d d i t i o n a l  impact on w i l d l i f e  populat ions,  s i n c e  some w i l d l i f e  are 

l i k e l y  t o  be k i l l e d  by increased  veh icu la r  t r a f f i c .  However, t h e  num- 

be r s  of any spec ie s  l o s t  i n  t h i s  manner should be minimal and not  have 

a s i g n i f i c a n t  e f f e c t  on t h e  o v e r a l l  maintenance of t h e  populat ion.  

Wi ld l i f e  spec ie s  w i l l  begin t o  reinvade a r e a s  d i s tu rbed  by t h e  pro- 

posed p ro jec t  wi th in  a r e l a t i v e l y  shor t  period of time a f t e r  vege ta t ion  

has  becone r ees t ab l i shed .  The permanent movement of animal spec ie s  i n t o  

d i s t u r b e d  a reas  occurs  g radua l ly  and is  not  accomplished by d i s t i n c t  groups 

a t  s p e c i f i c  times. Each spec ie s  has its own range of eco iog ica l  require-  

ments t h a t  must be s a t i s f i e d  before  i t  can success fu l ly  l i v e  and reproduce 

i n  a p a r t i c u l a r  h a b i t a t .  Some animals can su rv ive  only wi th in  a narrow 

range. It i s  d i f f i c u l t ,  t h e r e f o r e ,  t o  p r e d i c t  t h e  p r e c i s e  success ion  of 

s p e c i e s  accura t e ly ,  s i n c e  many of t h e i r  requirements a r e  unknown o r  a r e  

d i f f i c u l t  t o  measure. 



increased  competi t ion f o r  food, s h e l t e r ,  breeding h a b i t a t ,  and o ther  

n e c e s s i t i e s .  Consequently, some of t h e s e  animals can be expected t o  be 

l o s t  a s  t h e  r e s u l t  of p r o j e c t  a c t i v i t i e s .  

The increased  number of people i n  t h e  p ro jec t  a r e a  could have an 

a d d i t i o n a l  impact on w i l d l i f e  populat ions,  s i n c e  some w i l d l i f e  are 

l i k e l y  t o  be k i l l e d  by increased  veh icu la r  t r a f f i c .  However, t h e  num- 

be r s  of any spec ie s  l o s t  i n  t h i s  manner should be minimal and not  have 

a s i g n i f i c a n t  e f f e c t  on t h e  o v e r a l l  maintenance of t h e  populat ion.  

Wi ld l i f e  spec ie s  w i l l  begin t o  reinvade a r e a s  d i s tu rbed  by t h e  pro- 

posed p ro jec t  wi th in  a r e l a t i v e l y  shor t  period of time a f t e r  vege ta t ion  

has  becone r ees t ab l i shed .  The permanent movement of animal spec ie s  i n t o  

d i s t u r b e d  a reas  occurs  g radua l ly  and is  not  accomplished by d i s t i n c t  groups 

a t  s p e c i f i c  times. Each spec ie s  has its own range of eco iog ica l  require-  

ments t h a t  must be s a t i s f i e d  before  i t  can success fu l ly  l i v e  and reproduce 

i n  a p a r t i c u l a r  h a b i t a t .  Some animals can su rv ive  only wi th in  a narrow 

range. It i s  d i f f i c u l t ,  t h e r e f o r e ,  t o  p r e d i c t  t h e  p r e c i s e  success ion  of 

s p e c i e s  accura t e ly ,  s i n c e  many of t h e i r  requirements a r e  unknown o r  a r e  

d i f f i c u l t  t o  measure. 



4,6  CULTURAL RESOURCES 

HISTORY AND ARCHAEOLOGY 

There are no historical or archaeological sites on the land to be 

disturbed by project activities that are included in the National Register 

of Historic Places. Some archaeological sites will be disturbed by con- 

struction of the proposed access road. Measures to mitigate this impact 

are being discussed with appropriate BLM personnel, Archaeological clear- 

ance will be obtained prior to construction of the road. 

Since a relatively high density of archaeological sites were found 

on portions of the Anderson property that will not be disturbed by the 

proposed project, a potential does exist for the presence of unidentified 

sites in the mine and mill area. In the event that an unknown site is 

discovered and studied as a result of project implementation, it will re- 

sult in positive scientific benefits. On the other hand, if an unknown 

site is destroyed or damaged during project construction or operation, it 

will result in an irretrievable adverse impact, 

PALEONTOLOGY 

Fossils are generally not abundant on the Anderson property, Those 

that do exist are often poorly preserved and frsgile. Project implemen- 

tation is therefore not expected to result in significant impacts on 

this resource. As is the case with archaeological resources, if paleon- 

tological sites are discovered and studied due to implementation of the 

proposed project, it will result in positive scientific benefits, 



AESTHETICS 

The main m i l l  bu i ld ing  conta in ing  t h e  gr inding  c i r c u i t  (F igu re  3 .3 -4 )  

w i l l  be t h e  ta l les t  (56 f e e t )  and most v i s i b l e  s t r u c t u r e  i n  t h e  m i l l  com- 

plex. Due t o  t h e  topography of t h e  area, the m i l l  w i l l  no t  be v i s i b l e  

from d i s t ances  g r e a t e r  than  about one mile. When t h e  proposed m i l l  

f a c i l i t i e s  can be seen,  t h e  l i n e s  and forms t h a t  they c r e a t e  w i l l  t end  t o  

c o n t r a s t  wi th  t h e  n a t u r a l  l i n e s  and forms of t h e  landscape. To keep t h i s  

c o n t r a s t  a t  a minimum, earthtone p a i n t s  w i l l  be used f o r  t h e  f a c i l i t i e s  

when f e a s i b l e .  It should be emphasized t h a t  t h e  proposed p r o j e c t  i s  

loca ted  i n  a  r e l a t i v e l y  i s o l a t e d  a r e a ,  roughly 15 mi le s  from t h e  n e a r e s t  

highway. Very few people  who are n o t  employed zt the facility w i l l  ever 

approach close enough t o  view it. 

When i n  full opera t ion ,  mining w i l l  create a large open p i t  t h a t  

w i l l  c o n t i n u a l l y  change i n  s i z e  and shape over t h e  l i f e  of t h e  proposed 

p ro jec t .  The p i t  w i l l  have r e l a t i v e l y  s t r a i g h t  l i n e s  and angular forms 

and will be somewhat l i g h t e r  i n  c o l o r  than  the  surrounding landscape.  

Since t h e  p i t  w i l l  be a t  surrounding topographic r e l i e f ,  i t  w i l l  no t  be 

r e a d i l y  v i s ib le .  However, it should dominate t h e  n a t u r a l  landscape i n  

views t h a t  include i t .  



4.7 RADIOLOGICAL CONSIDERATIONS 

RADIOLOGICAL INPACTS ON BIOTA OTHER THAN MAN 

Exposure Pathways 

The mine, tailings impoundment, ore piles, and the mill are expected 

to be the principal sources from which nonhuman biota can be exposed 

to radionuclides. The significant means of exposure include particulate 

emissions (i.e., dust) from the ore piles and from the milling operations, 

plus radon gas escaping from the tailings area, the mill, and the mines. 

Aerosols from the tailings impoundment may also provide a source of 

exposure to radionuclides. 

The tailings impoundment will contain thorium-230, radium-226, and 

lead-210. Small amounts of these radionuclides could enter natural food 

chains if they were distributed as windblown dust into the surrounding 

area and assimilated by plants or ingested by animals. However, such 

dispersal will be held to insignificant levels by keeping the tailings 

wet. 

Normal access routes to the impoundment will be fenced. Wile 

this will prevent large animals from entering the area, arthropods, 

reptiles, and small mammals will be able to gain access to the tailings 

impoundment. It will also be possible for birds, including migratory 

waterfowl, to land on and adjacent to the impoundment. In addition, 

raptors may seek prey around the impoundment. Since the tailings water 

will be acidic (pH about 1.5 to 2.0), it will be distinctly unpalatable 



and w i l l  d iscourage t h e  approach of animals and waterfowl. It i s  t h e r e f o r e  

u n l i k e l y  t h a t  apprec iable  q u a n t i t i e s  of rad ionucl ides  w i l l  e n t e r  t h e  

food chain through i n g e s t i o n  of t a i l i n g s  water by mammals and waterfowl. 

As  discussed i n  Sec t ion  3.0, i t  w i l l  be necessary  t o  d ispose  of 

approximately 231  m i l l i o n  cubic f e e t  (about 1.73 x 10' ga l lons )  of ex- 

ces s  water from t h e  t a i l i n g s  impoundment over t h e  l i f e  of t h e  p ro jec t .  

It i s  planned t o  accomplish t h i s  by a c c e l e r a t i n g  evaporat ion.  This may 

be  done by e i t h e r  spraying  water from t h e  impoundment i n t o  t h e  a i r  

o r  by decant ing  t h e  excess water and pumping it  t o  sea l ed  evaporat ion 

ponds loca ted  on t h e  waste  dumps. 

In the event  that a spray  system i s  used ,  water f r o a  the tailicgs 

pond wlll be pumped from barges t o  the  t o p  of the t a i l i n g s  dam a t  a rate 

of 2C00 t o  2500 gpm and sprayed back into the impoundment through nozzles  

spaced a t  10- t o  15-foot i n t e r v a l s  along t h e  perimeter  of the dam. It 

i s  expected t h a t  t h i s  ope ra t ion  w i l l  i nc rease  evapora t ion  by approximately 

400 gpm. 

In  o rde r  t o  minimize the  d r i f t  of spray  d r o p l e t s  am? r e s u l t a n t  

r e s i d u a l  ae roso l s ,  t h e  spray nozzles  w i l l  be aimed down i n t o  the  t a i l -  

ings impoundment. This w i l l  s u b s t a n t i a l l y  inc rease  the humidity of a i r  

w i th in  the  impoundment basin. During day l igh t  hours when the  sun heats 

t h e  a i r  i n  t he  b a s i n  i t  w i l l  rise even i n  the  absence of wind. It i s  ex- 

pected t h a t  this column of buoyant a i r  wili normally be in t e rcep ted  

by surface winds and by winds a l o f t ,  c r e a t i n g  a rap id  d i s p e r s i o n  or' 

the ae roso l s  and gases l e f t  in the atmosphere by t h e  evaporat ing water. 



These gases and aerosols may include traces of radioactive elements 

and their daughters. 

Since models are not readily available for the type of spray system 

planned, it is difficult to determine the composition or magnitude 

of emissions resulting from this operation. Less than 9 x uCi/ml 

of radium-226 would be dispersed in the tailings liquid, thereby 

creating equilibrium concentrations of radon-222 to the atmosphere, 

These emissions are expected to be minor compared with other radon 

sources created by project operations. The radium in the solid tailings 

could be kept toward the bottom of the pool below the wave base by re- 

stricting wind fetch across the pond and controlling the configuration of 

the bottom of the impoundment. Radon-222 would then have to reach 

the atmosphere by diffusion and/or currents, which would considerably 

reduce the potential for exposing the area's biota to radiation, 

The tailings liquor will have a pH of about 1.3 as it is discharged 

to the impoundment. Based on the mean annual humidity of the area, 

absorption of water from the atmosphere by the acid in the liquor 

is likely to raise the pH to slightly below 2. The pH should remain 

roughly at this level since ionization of the second acid radical of 

the sulfuric acid molecule (as well as other components) will act as 

a buffer for the liquor. 

This buffering effect could potentially act as a control on radioac- 

tive emissions from the spray system. The tailings will contain some 



iron, approximately 60 percent in ferric form and 40 percent in ferrous 

form. With a pH of about 2, the iron may act as a flocculant which 

would be effective in sweeping many molecules out of the tailings liquor 

and incorporating them into bottom sediments. It is conceivable that 

at a pH of about 2, and certainly under more alkaline conditions, iron 

floc could remove radionuclides from the tailings water. 

Small quantities of some radionuclides, such as thorium-230, may be 

dispersed into the atmosphere as the result of the spray program. The 

prevailing winds and the barriers created by the tailings dam, waste 

dumps, and surrounding mountains, should force mixing to the degree that 

background concentrations in the atmosphere would be approached within 

a few miles of the impoundment, The immediate area around the impoundnent 

possibly woulcl be subject t o  fluctuations in radionurifde concentrations. 

If deposited on the soil surface, these materials may ultimately be 

washed into the Santa Maria Rives by precipitation runoff and eventually 

reach the Alamo Reservoir, This dispersal of radionuclides could result 

in exposure to nonhuman biota. 

The use of evaporation ponds would virtually eliminate the potential 

emission of radionuclides as aerosols. Since the bottom of the ponds would 

he sealed, radioactive materials would not enter the natural environment 

through seepage into the soil. Some radon-222 would escape from the 

tailings water; however, it would probably be in lesser quantities than 

that emitted as the result of the spray program. 



Because of t h e i r  smal le r  s i z e ,  t h e  o r e  s to rage  p i l e s  have a lower 

p o t e n t i a l  f o r  exposing t h e  a r e a ' s  b i o t a  t o  r a d i a t i o n  than  t h e  t a i l i n g s  

impoundment. The o r e  p i l e s  w i l l  con ta in  about 0.072 percent  uranium 

oxide and approximately equi l ibr ium amounts of lead-210, radium-225, 

and thorium-230, Some p o t e n t i a l  e x i s t s  f o r  rad ionucl ides  t o  e n t e r  t h e  

food chain  from windblown dus t  o r i g i n a t i n g  from t h e  o r e  p i l e s .  However, 

dus t  from t h e  o r e  p i l e s  w i l l  be he ld  t o  low l e v e l s  by t h e  moisture 

i n  t h e  o r e  (about 10 pe rcen t ) ,  

Radon-222 w i l l  emanate from t h e  t a i l i n g s  impoundment, t h e  mine, 

t h e  o r e  p i l e s ,  and t h e  m i l l .  The radon and daughters  w i l l ,  i n  l a r g e  

p a r t ,  be d ispersed  i n  t h e  atmosphere. The a i r  d i s p e r s i o n  and i n h a l a t i o n  

pathways w i l l  c o n t r i b u t e  only small doses t o  b io t a .  

The poss ib l e  pa ths  of r ad ionuc l ides  through t h e  va r ious  t r o p h i c  

l e v e l s  a r e  i l l u s t r a t e d  i n  Figure 4.7-1. P lant  and animal spec ie s  i n  

the  a r e a  'nave been analyzed f o r  p re sen t  l e v e l s  of rad ionucl ides  (Sec- 

t i o n  2.9). Any s i g n i f i c a n t  i n c r e a s e s  can be noted by r e a n a l y s i s  of 

t hese  spec ies .  The reanalyses  can provide an i n d i c a t i o n  of i n c i p i e n t  

contaminat ion of t h e  surrounding a reas .  

Rad ioac t iv i ty  i n  the Environment 

The proposed m i l l  w i l l  gene ra t e  some e f f l u e n t s  that could d i s t r t -  

bute modest amounts of n a t u r a l  r a d i o a c t i v i t y  (uranium and daughters)  

t o  the  p r o j e c t  area. Sol id  and l i q u i d  e f f l u e n t s  from the mill will 

be c l o s e l y  con t ro l l ed  and contained.  The a i rbo rne  r a d i o a c t i v e  e f f l u e n t s  
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will be emitted at low concentrations and will be diluted to even lower 

concentrations by natural diffusion and dispersion processes within 

a short distance from the points of emission, At the site boundaries, 

the radioactivity will be only slightly above the natural backgrourd 

level. Table 4-7-1 gives concentrations at selected points for radon-222 

released from the project. Table 4.7-2 gives similar information for 

uranium-238. The atmospheric dispersion factors for all sources consi- 

dered in the analysis are given in Appendix D-2. 

Radioactivity released from the mine is expected to consist prin- 

cipally of radon-222 emanating from exposed ore. The high moisture 

content of the ore (10 percent) and groundwater seepage into the pits 

are expected to hold ore dust emissions from the mine to insignificant 

levels. A monitoring program is proposed to measure changes in aabient 

radioactivity (Section 5.0). 

The liquid and solid process wastes that contain most of the radio- 

activity will be retained in the tailings impoundment. There is presently 

no surface water on or near the site, and there will be no surface dis- 

charge of fluids from the tailings impoundment system. Consequently, there 

will be no buildup of radionuclides in freestanding surface water bodies. 

For the continuing measurement of groundwater quality, wells around t h e  

tailings area will be sampled and water will be analyzed periodically 

for the parameters described in Section 5.0. 
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When project operations are terminated, the tailings impoundment 

will be reclaimed (see Section 5.2 for the reclamation plan). 

DOSE RATE ESTIMATES 

Of the various pathways that could expose the local vegetation and 

fauna to radioactivity, physical deposition of dust particles on plants 

is the most significant. Herbivores may ingest the particles along with 

plant material. Since radon-222 is gaseous, it does not deposit on 

vegetation, but radon daughter products can become affixed to vegeta- 

tion after attachment to dust particles. Very small amounts of lead-210 

and its daughters may be ingested from this source. 

Sheep, beef cattle, and feral burros are the principal animals 

~f concern i.n the  area. These are all. medium-sized to large mm~als, 

and radiation doses received by them should be comparable to the values 

for man presented below. These animals are likely to receive some addi- 

tional radioactive exposure by inhalation of radon-222. Radiation doses 

to the digestive tract, or to specific tissues, through ingestion of 

deposited dust on vegetation will. be smalhL 

RADIOLOGICAL IMPACT ON 

Exposure Pathways 

The main pathways of man's exposure to radiation from the proposed 

project will be inhalation, ingestion of meat, and ingestion of vege- 

tables. Less significant pathways include immersion in the effluent plume 



( t h e  c o l l e c t i v e  gaseous and a i rbo rne  p a r t i c u l a t e  emissions from t h e  pro- 

j e c t )  and ground sh ine  from depos i ted  p a r t i c u l a t e s .  I n  t h e  genera l  case ,  

t h e  consumption of l o c a l l y  r a i s e d  animals ( c a t t l e  and sheep) and of 

vegetables  grown l o c a l l y  which have been exposed t o  p a r t i c u l a t e  radionu- 

e l i d e s  p resen t s  some p o t e n t i a l  f o r  t h e  contamination of man's food 

chain, Elevated doses from l o c a l l y  produced foods tu f f s  a r e  u n l i k e l y  be- 

cause of t h e  l i m i t e d  fo rage  a v a i l a b l e  f o r  graz ing  and t h e  absence of 

s u b s t a n t i a l  a g r i c u l t u r a l  production. For the  purposes of t h i s  d iscuss ion ,  

however, i t  has  been assumed i n  t h e  a n a l y s i s  t h a t  10 percent  of t h e  

annual vegetable  consumption and 20 percent  of t h e  annual beef consumption 

by a r e a  r e s i d e n t s  i s  suppl ied  by l o c a l  production. Doses r e s u l t i n g  from 

each of t h e s e  pathways have been determined using t h e  models given 

i n  Appendix D-1. 

An i nc rease  i n  concen t ra t ions  of rad ionucl ides  i n  o r  on va r ious  

p lant  s p e c i e s ,  i n d i c a t i n g  t h e  p o s s i b i l i t y  f o r  exposure t o  man through 

the food chain  ( t r o p h i c  t r a n s f e r ) ,  can be de tec ted  because present  l e v e l s  

of rad ionucl ides  f o r  r e p r e s e n t a t i v e  p l an t  spec ie s  i n  t h e  a r e a  a r e  known. 

Figure 4.7-2 presen t s  a  f low c h a r t  of t h e  poss ib l e  pathways of 

exposure t o  man. 

L i q u i d  E f f l u e n t s  

The mine and m i l l  w i l l  no t  r e l e a s e  r a d i o a c t i v i t y  d i r e c t l y  into 

su r face  waters.  A s  discussed i n  Sec t ion  3.0, t h e  maximum p o t e n t i a l  seepage 

from 

t h a t  

t h e  t a i l i n g s  impoundment w i l l  be  0.6 cubic fee t  per minute. Assuming 

seepage occurs  a t  this r a t e  throughout t h e  l i f e  of t h e  p r o j e c t ,  then  
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a total of about 3.15 x lob cubic feet of effluent will escape from the 

impoundment. Using an average impoundment area of 65 acres and assuming 

that the underlying rock consists of 20 percent voids by volume, then this 

seepage would penetrate approximately 5.6 feet below the impoundment. Much 

of this effluent would remain in place due to the high absorptive capacity 

of the mudstone and siltstone that underlies the area. The remaining 

effluent would be drawn toward active mining areas due to the drawdown 

of the groundwater table caused by mine dewatering. Consequently, receiv- 

ing water-related pathways are not considered to contribute significantly 

to the dose to the population in the area, 

Airborne Effluents 

The prilnary source of airborne radioactivity from the project will 

be uranium-bearing dust (Lee, dust from ore, product, and tailings) 

and radon-222 emitted from the mill, tailing, and mine. Small amounts 

of radionuclides, such as thorium-230 and radium-226, will be released 

in the dusts. The possible dose from such releases is small and will 

be controlled by such measures as keeping materials and surfaces wetted 

and by the use of pollution control equipment. Based on the concentra- 

tions presented in Tables 4.7-1 and 4.7-2, it is estimated that less 

than 10 percent of the maximum permissible concentration of these radio- 

nuclides will be released to the unrestricted area on an annual average 

(10 CFR 20). 

For purposes of calculating diffusion and dispersion of uranium- 

bearing dust and radon-222, the models given in NRC Regulatory Guide 



1.111 were applied, utilizing meteorological data from the site, as 

discussed in Appendix D-1. A ground-level release was assumed for the 

ore pile. The ore crushing system and yellowcake drying and packaging 

system are vented through stacks equipped with controls, The tailings 

impoundment was treated as an area source. No decay of radon-222 was 

assumed in the dispersion process; however, complete secular equilibrium 

of the radon daughters was also assumed. The net effect of these as- 

sumptions is to add a degree of conservatism to the calculations. 

The mine is expected to produce ore at about the same rate as 

the mill will process ore. Both mining and processing will result in 

the release of radon from the exposed ore. No significant radioactive 

particulate emissions are expected from the mine since the ore will 

be wet ~'rien it is removed. It will also 5e kept w e t  in the dl1 o r e  

stockpiles. Therefore, the only pathway of concern from this source 

is the lung dose due to radon-222. In that pathway the residents at 

a ranch approximately 4.7 miles ENE are the nearest receptors (Figure 

4.7-3). Natural dispersion and diffusion will reduce the radon-222 con- 

centrations significantly over that distance. 

Total-body and specific organ doses resulting from immersion in and 

inhalation of airborne radionuclides, as well as from ingestion of meat 

and vegetables raised in the vicinity of the mill, were calculated for 

a 50-mile radius using the  rnodels and methods described in Appendix 9-1. 

The most significant exposures to man due to particulates from the mill 

at locations of interest are given in Table 4.7-3 for all pathways. 
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Table 4.7-3. PARTICULATE RADIATION DOSES TO T?E NEAREST RECEPTORS FROM 
ALL EXPOSURE PATHWAYS (mrem/yr ) 

Distance from 
Locat ion P lan t  Center  To ta l  

and Di rec t ion  (k i lometers )  Bone Body Kidney Lung Skin 

Ranch A - NE: 

Ranch B - NE 

Ranch C - N 

Ranch D - NNW 

Palmer i ta  Ranch - W 

P i p e l i n e  Ranch - SE 

S . G . *  - N 

S.G. *  - E 
S.B.* - S 

S.B.* - W 

S*B.* - NNW 

S.B.* Plant  site boundary. A l l  s i t e  boundary doses inc lude  an occupancy fac-  
t o r  as descr ibed  i n  Appendix D. These l o c a t i o n s  a r e  not  expected t o  
y i e l d  s i g n i f i c a n t  exposures v i a  inges t ion .  



Doses due t o  radon r e l e a s e s  a r e  g iven  i n  Table 4.7-4. Residents  of nearby 

ranches (F igure  4.7-3) w i l l  be the n e a r e s t  r ecep to r s  and a r e  assumed 

t o  be exposed by inges t ion .  Exposure a t  t h e  s i t e  boundary occurs  v i a  

t h e  immersion, i n h a l a t i o n ,  and ground sh ine  pathways only.  

Food crops grown i n  the p r o j e c t  v i c i n i t y ,  on which a i r b o r n e  radio- 

a c t i v e  m a t e r i a l  could be depos i ted ,  are expected t o  be confined t o  

small a r e a s  of production. Forage may c o l l e c t  low levels of uranium- 

bearing dus t  but no large doses are expected through that  pathway. 

Swnmary of Annual Radia t ion  Doses 

The only pathways t h a t  appear  capable of impart ing any s i g n i f i c a n t  

ex2osure t o  man are inhala t ion of airborne e f f l uen t s ,  immersion i n  airborne 

e f f l u e n t s ,  and deposition of r a d i o a c t i v e  dust on the ground o r  vegeta t ion .  

Particulate deposition gives rise t o  i r r a d i a t i o n  of man by ground shine  

and by t h e  consumption of w i l d l i f e  o r  l i v e s t o c k  t h a t  inhabit the area. 

The pathway through wild animals i s  r e l a t i v e l y  i n s i g n i f i c a n t  because 

of t h e i r  small  popula t ions  i n  t h e  a r e a  and the smal l  f r a c t i o n s  of those 

animals consumed by man. 

The t o t a l  r a d i a t i o n  doses from these pathways are shown in Table 

4 . 7 - 3  f o r  individuals spending all t h e i r  t i m e  a t  locations given where 

a residence exists and for i n d i v i d u a l s  spending f i v e  percent of their 

time at the s i t e  boundary* The occupancy factor f o r  the s i t e  boundary 

is based on an individual spending approximately 4 hours a day, 2 days  

a week, 52 weeks a year a t  the site boundary. Table 4.7-5 compares 





Table  4.7-5. COMPARISION OF ANhTUAL DOSE TO INDIVIDUALS AT PALMERITA 
W C H  WITH RADIATION PROTECTION STANDARDS 

PresentNEK F u t u r e E P A  
Es t imated  Annual R e g u l a t i o n  S t a n d a r d s  
Dose A t  P a l m e r i t a  (10 CFR 20) (40 CFR 1 9 0 )  

Receptor  Organ Ranch (mrem/year) (mrem/year) (mrem/year) 

Whole body 

Lung 

Bone 

Bronchial e p i  t heliuma 

a ~ u n g  dose due t o  radon-222 d a u g h t e r s .  

h d i a t i o n  s t a n d a r d s  f o r  exposures t o  radon-222 and daughter products are 
expressed in Sli~rking Level (TWL). WL means t h e  amount of any combiIzation 
of s h o r t - l i v e d  r a d i o a c t i v e  decay products  of radon-22% i n  cne l i t e r  of 

5 air that will release 1.3 x 10 mega e l e c t r o n  v o l t s  of alpha particle 
energy during their  r a d i o a c t i v e  decay to lead-2iO ( radiun  D). For this 
conparison, -bTL w a s  conver ted  t o  dose  assumirg complete equilibrium between 
radon-222 and i t s  short- l ived daughte r  products.  

' ~ o t  a p p l i c a b l e  s i n c e  40 CFR 190 does not i n c l u d e  d o s e s  from radon-222 
daughters. 



annual r a d i a t i o n  doses  a t  t h e  n e a r e s t  res idence  (Pa lmer i ta  Ranch) wi th  

present  and f u t u r e  r a d i a t i o n  p ro tec t ion  s tandards .  

Because t h e r e  are no receiving-water r e l a t e d  pathways f o r  exposure 

t o  r a d i o a c t i v i t y ,  t h e r e  i s  no populat ion dose from such pathways. The 

t o t a l  doses (whole-body and s p e c i f i c  organ doses)  from the p r o j e c t  t o  

t h e  populat ion wi th in  50 mi les  a r e  given i n  Table 4.7-6. The s p a r s e  

populat ion of t h i s  po r t ion  of Arizona i s  r e f l e c t e d  i n  t h e  smal l  populat ion 

doses. 

Figure 4.7-4 shows the a r e a  i n  which background r a d i a t i o n  l e v e l s  

may be r a i s e d  by one percent  as a r e s u l t  of p r o j e c t  implementation. 

Table 4,7-6. AEMUTAL POPULATION DOSES (man-rems) 

PARTICULATE DOSES RADON DOSES 

T o t a l  
Bone Body Kidney Lung Skin Lung 



Ml3ASUR33S TO ENHANCE THE ENVIRONMENT OR TO 
AVOID OR M I T I G A T E  ADVERSE IMPACTS 

5.1 E N G I N E E R I N G ,  CONSTRUCTION,  AND OPERATION 

Measures t o  m i t i g a t e  many of t h e  adverse impacts t h a t  would r e s u l t  

from c o n s t r u c t i o n  and o p e r a t i o n  of t h e  proposed p r o j e c t  w i l l  be in- 

corpora ted  i n t o  the  des ign  and ope ra t ing  plans f o r  t h e  mine and m i l l .  

These measures i nc lude  t h e  fo l lowing:  

Nater t rucks  w i l l  wet down a l l  heavi ly  t r a v e l e d  unpaved 
roads on t h e  proper ty  t o  c o n t r o l  dus t .  

e Berms and d i t c h e s  w i l l  be cons t ruc ted  t o  channel s u r f a c e  
runoff away from t h e  p i t  a r e a  t o  preclude contaminat ion 
from d i s tu rbed  a r e a s .  

0 The o v e r a l l  p i t  s l o p e  w i l l  vary  between 0 . 4 : l  and 1.0:1, de- 
pending on t h e  he igh t  of t h e  s lope  ( t h i s  i nc ludes  s a f e t y  
benches wi th  a  rninirnum width of 10 f e e t ) .  These s lopes  w i l l  
have a f a c t o r  of s a f e t y  of a t  l e a s t  1.1. P i t  s lopes  w i l l  be 
cont inuously monitored during ope ra t ion  of t h e  mine. 

0 T a i l i n g s  w i l l  be discharged t o  an  exhausted p i t  a r ea .  This  
w i l l  reduce t h e  amount of land d i s tu rbed  by t h e  proposed 
p r o j e c t .  I n  a d d i t i o n ,  i f  t a i l i n g s  a r e  a c c i d e n t a l l y  s p i l l e d  o r  
t h e  dam i s  breeched, t h e  t a i l i n g s  w i l l  be contained i n  t h e  
p i t  a r e a .  

e T h e  bottom of t h e  t a i l i n g s  inpoundment and t h e  dam core w i l l  
c o n s i s t  of h igh ly  impermeable l a c u s t r i n e  sediments which w i l l  
reduce seepage t o  seven gpm, 



a The mining sequence has been designed t o  average out  t h e  o r e  
grade  a s  much a s  p o s s i b l e  and t o  minimize reworking of t he  
hau l  roads from t h e  p i t  a r ea .  I n  almost a l l  c a s e s ,  t he  ramps 
from t h e  p i t  have been loca t ed  e i t h e r  i n  a r e a s  where removal 
of overburden accounts  f o r  much of t h e  excavat ion  requi red  
f o r  t h e i r  c o n s t r u c t i o n  o r  i n  a r e a s  where b a c k f i l l  can be 
u t i l i z e d  f o r  ramps. 

a V o l a t i l e  f u e l s  and r eagen t s  w i l l  be s t o r e d  i n  c losed  tanks 
t o  minimize the  escape of vapors t o  t h e  atmosphere. 

Many u n i t  ope ra t ions  w i l l  be c a r r i e d  out  w i t h i n  bu i ld ings  o r  
c lo sed  v e s s e l s .  The a i r  i n  t h e  bu i ld ings  and gases  from t h e  
v e s s e l s  w i l l  be passed through scrubbers  t o  remove m i s t s ,  
gaseous p o l l u t a n t s ,  and dus t .  

a Due t o  t h e  r e l a t i v e l y  l a r g e  q u a n t i t y  of water  used i n  t h e  SAG 
m i l l ,  no dus t  w i l l  be emi t ted  from t h e  g r ind ing  c i r c u i t .  

a Buildings housing va r ious  n i l1  ope ra t ions  w i l l  have concre te  
f l o o r s .  These f l o o r s  w i l l  normally be s loped down t o  a  sump 
t h a t  w i l l  c o l l e c t  any s p i l l a g e .  S p i l l e d  m a t e r i a l s  w i l l  be 
qumped back i n t o  the appropr i a t e  dl1 c i r c u i t .  

o The f l o o r s  of t h e  m i l l  buildings ~ 3 1 3  be curbed o f f  o r  re- 
cessed  so  t h a t  they can concain t h e  entire vu1ux.r of m y  of 
t h e  process  tanks i n  t h e  event of a Lank x p t u r e .  

e M i l l  p rocess  equipment l oca t ed  outdoors   ill be conrained 
i n  an  impoundment capable of holding t h e  e n t i r e  volume of 
any of t h e  tanks.  

Ins t rumenta t ion  w i l l  be i n s t a l l e d  i n  a l l  m i l l  c i r c u i t s  t o  
monitor and c o n t r o l  t he  m i l l i n g  process .  ThLs in s t runen ta -  
t i o n  w i l l  s i g n i f i c a n t l y  reduce t h e  p r o b a b i l i t y  of an accidental 
r e l e a s e  of e f f l u e n t s  t o  t h e  e n v i r o n ~ e n t .  



5.2 RECLAMATION 

MINERALS w i l l  r e c l a im t h e  proposed t a i l i n g s  impoundment a f t e r  

p r o j e c t  te rmina t ion .  The i n t e n t  of t h e  rec lamat ion  p l an  i s  t o  reduce 

gamma and radon-222 emissions from t h e  impoundment t o  s a f e  l e v e l s  

(background f o r  gamma r a d i a t i o n  and twice background f o r  radon) ,  promote 

long-term s t a b i l i t y  of t h e  t a i l i n g s ,  and r e t u r n  n a t i v e  v e g e t a t i o n  t o  

t h e  s i t e .  

Af t e r  p r o j e c t  t e rmina t ion ,  d i scha rge  of t a i l i n g s  and water  t o  t h e  

impoundment w i l l  cease  and s t and ing  water  w i l l  be allowed t o  evaporate .  

When s u f f i c i e n t  water  has  evaporated t o  provide a competent su r f ace ,  t h e  

t a i l i n g s  w i l l  be covered wi th  14 f e e t  of overburden m a t e r i a l  (F igure  

5.2-1) (Dames & Moore, 1978).  This  m a t e r i a l  w i l l  be obta ined  from e i t h e r  

mined out p i t  a r e a s  o r  t h e  waste dumps. 

It i s  es t imated  t h a t  gamma r a d i a t i o n  and radon-222 emissions from 

t h e  t a i l i n g s  a f t e r  p r o j e c t  t e rmina t ion  w i l l  be 4640 mrem/year and 325.9 

p ~ i ( r n ~ - s e c ,  r e s p e c t i v e l y .  This  i s  cons iderably  h ighe r  t han  background 

(average background radon f l u x  i s  es t imated  t o  be 0.96 cum2-sec ;  average 

background gamma dose i s  107 mrem/year). A 14-foot cover  of overburden 

m a t e r i a l  w i l l  reduce gamma r a d i a t i o n  t o  approximately 0.05 mrem/year and 

radon-222 emanation t o  l e s s  than  1.32 p~i / rn2-sec  (Dames ii Moore, 1978).  

I n  a d d i t i o n  t o  covering t h e  s u r f a c e  of t h e  t a i l i n g s ,  overburden 

m a t e r i a l  w i l l  be placed a g a i n s t  t h e  downstream s lope  of t h e  t a i l i n g s  

dam and benches w i l l  be graded t o  c o n t r o l  r i l l  e r o s i o n  (F igure  5.2-1) 



(Dames & Moore, 1978). To further control erosion, a small retention 

dike will be constructed at the crest of the impoundment to minimize 

runoff over the slopes. 

After the overburden cap and erosion controls are in place, the im- 

poundment will be revegetated with grasses. If evaporation ponds are 

used to remove excess water from the tailings impoundment, these ponds 

will be reclaimed and revegetated at project termination. Reclamation 

will also be conducted on the rest of the land disturbed by project 

activities; however, the extent of revegetation e f f o r t s  has not yet 

been determined. Revegetation methods to be used f o r  reclamation are 

currently under study. 



5.3 PREOPERATIONAL MONITORING 

It was necessary to collect baseline information on the Anderson 

property in order to adequately assess the potential impacts of the 

proposed project. This baseline data will also provide an environmental 

"benchmark" for future operational monitoring in order to detect 

potential problems at an early stage. 

METEOROLOGY AND AIR QUALITY 

A meteorological monitoring program was initiated on the Anderson 

property in December 1976. A mechanical 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, instru- 

mentation was added to measure relative humidity and rainfall. Estimates 

of wind direction deviation were used to estimate atmospheric stability 

for each hour according to methods developed by Slade (1966).  

Air quality was measured during three five-day continuous monitor- 

ing programs near the meteorological tower site. Monitoring was first 

conducted from July 13 to 18, 1977. The second monitoring period began 

on November 10, 1977. The final monitoring program was conducted from 

April 23 to 28, 1978. 

During each monitoring period, 24-hour suspended particulate con- 

centrations were determined with a standard high-volume air sampler (EPA 

reference method) fitted with a constant flow controller (C1 cubic foot 

per minute); 24-hour sulfur dioxide con.centrations were determined by 



t h e  West-Gaeke bubbler  method* (EPA r e fe rence  method), and ozone con- 

c e n t r a t i o n s  were measured cont inuous ly  wi th  a Bendix 8002 Chemilumines- 

cence Ozone Monitor (EPA equ iva l en t  method). During t h e  f i n a l  monitoring 

pe r iod ,  24-hour n i t r o g e n  d ioxide  concen t r a t ions  were determined by t h e  

sodium a r s e n i t e  bubbler  method*, cont inuous carbon monoxide concent ra t ions  

were determined wi th  a Beckman CO znalpzer  (EPA equ iva l en t  method), and 

ambient a i r  grab  samples were c o l l e c t e d  f o r  hydrocarbon a n a l y s i s .  In  

a d d i t i o n ,  MINERALS began a suspended p a r t i c u l a t e  monitor ing program a t  

the s i t e  i n  September 1977. This  program inc ludes  c o l l e c t i o n  of 24-hour 

p a r t i c u l a t e  samples once each week (usua l ly  on t h e  weekend) according 

t o  a schedule approved by t h e  Arizona Bureau of A i r  Qua l i t y  Control  f o r  

t h e  p r o j e c t  s i t e .  Monitoring is  scheduled t o  cont inue  t o  a t  l e a s t  

September 1978. Ac a minimum of once each q u a r t e r ,  one of t h e  s anp le s  

coiiected by XINEULS will be aoalyzed f3r s u l f a t e ,  n i r r a t e ,  and l ead .  

Surface Water 

I n  1977, one s t a g e  gage was e s t a b l i s h e d  on t h e  Santa  Maria River ,  

and gages were e s t a b l i s h e d  on ~ e \ ~ e n  t r i b u t a r i e s  of t h e  Santa & r i a  t h a t  

d r a i n  t h e  Anderson proper ty  (F igu re  2.6-5). The c r o s s  s e c t i o n s  of t h e  

channels were measured (F igures  2.6-6 through 2.6-8) and no te s  were taken  

on channel geometry. R a i n f a l l  was monitored a t  each gaging s t a t i o n  dur ing  

t h e  summer and f a l l  of 1977, 

"Bubbler s o l u t i o n s  were provided and analyzed by t h e  Arizona Department 
of Heal th ServLces, Bureau of Air Qual i ty  Cont ro l ,  under t h e  coord ina t iof i  
of M r .  James Guyton, Monitoring Sec t ion  Manager. 



Groundwater 

Groundwater hydrology s t u d i e s  were conducted on t h e  Anderson p r o p e r t y  

Sy Water Development C o r p o r a t i o n  and D a m e s  & Moore i n  1977. The purpose  

of t h e  s t u d i e s  conducted by Water Development C o r p o r a t i o n  were t o  d e t e m i n e  

f e a s i b l e  s o u r c e s  of s u r f a c e  w a t e r  a n d / o r  groundwater  i n  t h e  v i c i n i t y  

of t h e  p r o p e r t y  f o r  u s e  i n  m i l l i n g  o p e r a t i o n s .  During t h e  s t u d i e s  con- 

duc ted  by Water Development C o r p o r a t i o n ,  4 t e s t  h o l e s  were d r i l l e d  and 

a n o t h e r  24  w e l l s  o r  test h o l e s  were examined. Pump t e s t s  were conducted 

on P a l m e r i t a  Ranch Well  No. 2 ,  DC-71, AM-507, AM-516, and All-28 ( F i g u r e  

2.6-9). The purpose  of t h e  D a m e s  & Moore s t u d y  w a s  t o  de te rmine  t h e  

s t a b i l i t y  of t h e  u l t i m a t e  open p i t  s l o p e .  A l a r g e  number of d r i l l  h o l e s  

were measured f o r  s t a t i c  w a t e r  l e v e l  (Tab le  2.6-15) d u r i n g  t h i s  s tudy .  

WATER QUALITY 

Surf a c e  Water 

S u r f a c e  f low i n  t h e  v i c i n i t y  of t h e  Anderson p r o p e r t y  normal ly  occurs  

f o r  o n l y  s h o r t  p e r i o d s  d u r i n g  and immediately a f t e r  p r e c i p i t a t i o n .  A s i n g l e  

b r i k f  p e r i o d  of runof f  w a s  r e c o r d e d  on t h e  p r o p e r t y  d u r i n g  t h e  s t u d y  p e r i o d ;  

however, p e r s o n n e l  were n o t  p r e s e n t  t o  o b t a i n  w a t e r  samples .  

Groundwater 

Groundwater samples were c o l l e c t e d  from a  t o t a l  of 10 s o u r c e s  ( F i g u r e  

2.6-12) r e p r e s e n t i n g  a l l  of t h e  major  geohydro iog ic  u n i t s  i n  t h e  v i c i n i t y  

of t h e  Anderson p r o p e r t y .  These samples were ana lyzed  f o r  redox p o t e n t i a l ,  

s p e c i f i c  conductance,  TDS, pH, Ca, Mg, R ,  N a ,  HC03, C 1 ,  S O 4 ,  t o t a l  Fe ,  



s o l u b l e  Fe ,  Mn, PO4, NO3, C03, F ,  B, U ,  A s ,  C r ,  Cu, Mo, N i ,  Se ,  

V ,  Zn, S i 0 2 ,  and s e v e r a l  r a d i o a c t i v e  t r a c e  c o n s t i t u e n t s .  

BIOLOGY 

B i o l o g i c a l  f i e l d  s t u d i e s  were  conducted on t h e  Anderson p r o p e r t y  

and i n  t h e  v i c i n i t y  of t h e  proposed a c c e s s  road  and P a l m e r i t a  Ranch 

wate r  p i p e l i n e  i n  1977. The l i n e  i n t e r c e p t  method was used  t o  measure 

v e g e t a t i o n  c o v e r  and compos i t ion  of s h r u b s ,  f o r b s ,  and g r a s s e s .  The 

d e n s i t y  of f o r b s  and g r a s s e s  was measured by t h e  u s e  of s q u a r e  meter 

q u a d r a t s  p l a c e d  a l o n g  e a c h  l i n e  i n t e r c e p t .  The p o i n t - c e n t e r  q u a r t e r s  

method was used  t o  measure a b s o l u t e  d e n s i t y  and dominance of l a r g e  

shrubs, trees, a-nd c a c t i  a t  six sa.nple s z t e s .  Ten 100-poi112 i n t c r -  

c e p t s  were r e a d  i n  upland a r e a s  t o  measure p e r r e z t  r e l a t i v e  compos i t ion  

a ~ d  coucr. 

Four r e c t i l i n e a r  d rop- t rap  g r i d s  were  used t o  s a n p l e  r e p t i l e s .  

B i rds  were su rveyed  s e a s o n a l l y  a l o n g  s i x  t r a n s e c t s .  Smal l  m a m m a l s  were 

sampled i n  t h e  f a l l  and s p r i n g  u s i n g  t h e  modi f i ed  Calboun method. Seven 

sample s i t e s  were  e s t a b l i s h e d  i n  t h e  a r e a  ( F i g u r e  2.8-1). Four of t h e s e  

s i tes c o i n c i d e d  w i t h  t h e  d rop- t rap  g r i d s ,  Two p a r a l l e l  t r a p l i n e s  were 

e s t a b l i s h e d  a t  e a c h  si te.  The r e l a t i v e  abundance and p o p u l a t i o n  t r e n d  

d a t a  f o r  r a b b i t s  and o t h e r  i n t e r m e d i a t e - s i z e d  mammals was o b t a i n e d  by 

u s i n g  t h e  r o a d s i d e  s p o t l i g h t  method ( L o r d ,  1959).  T h i s  census  was con- 

duc ted  f o r  t h r e e  c o n s e c u t i v e  n i g h t s  d u r i n g  A p r i i ,  Zune, and October ,  

1977. Deer were sampled by n o t i n g  ev idence  of t r a c k s  and p e l l e t  g roups  



a l o n g  b i r d  t r a n s e c t s .  Other  mammals such  a s  p r e d a t o r s  and b a t s  were 

no ted  by s i g h t i n g s  and e v i d e n c e  of s i g n  (burrows, s c a t ,  t r a c k s ,  e t c . )  

d u r i n g  g e n e r a l  r e c o n n a i s s a n c e  of t h e  Anderson p r o p e r t y .  

RADIOLOGICAL CONSIDERATIONS 

The f o l l o w i n g  r a d i o l o g i c a l  sampling programs were conducted on 

t h e  Anderson p r o p e r t y :  

e a tmospher ic  radon-222 c o n c e n t r a t i o n s  

radon-222 d a u g h t e r  a n a l y s i s  

s u b s u r f a c e  radon  measurements 

i n t e g r a t e d  gamma r a d i a t i o n  

r a d i o n u c l i d e  c o n t e n t  of sed iments ,  w a t e r ,  v e g e t a t i o n  and 
s o i l s  

A i r  samples were  c o l l e c t e d  f o r  two p e r i o d s  of two hours  each  a t  

roughly  24-hour i n t e r v a l s  a t  t h e  m e t e o r o l o g i c a l  tower  l o c a t e d  n e a r  

t h e  c e n t e r  of t h e  o r e  body and f i v e  s a t e l l i t e  l o c a t i o n s  ( F i g u r e  2.9-1). 

The samples were ana lyzed  f o r  radon-222 c o n t e n t  w i t h i n  48 hours  of 

c o l l e c t i o n .  

Ai rborne  p a r t i c u l a t e  samples were c o l l e c t e d  a t  t h e  m e t e o r o l o g i c a l  

tower and f o u r  s a t e l l i t e  l o c a t i o n s  ( F i g u r e  2.9-1) i n  1977.  The s a t e l l i t e  

s t a t i o n s  were sampled s e q u e n t i a l l y  and no s t a t i o n  was samyled more t h a n  once. 

A  t o t a l  of f i v e  samples were c o l l e c t e d  i n  J u l y  1977 a t  t h e  m e t e o r o l o g i c a l  

tower.  A l l  samples were ana lyzed  f o r  t o t a l  p a r t i c u l a t e s ,  t h 0 r i , ~ - ? 3 0 ,  

radium-226, and lead-210. 



The relative emanation of radon from the Anderson property was deter- 

mined by use of track etching analyses of alpha-sensitive photographic 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). Two cups 

were buried at each location. These cups viere not disturbed again except 

to remove one of the cups after three months and the other after six months. 

Total natural background ionizing radiation from all sources (air, 

water, and cosmic radiation) was measured on the property by means of 

themoluminescent dosimetry. Special weatherproof TLD packets con- 

taining three high-sensitivity fluoride chips were placed at some of the 

szme locetions as the radon cups to monitor the general ionizing 

radiation in the srea (Figure 2 , 9 - 1 ) .  ?'vo TLDs were placed at each 

selectad location. One Gas col!ecred after three months and the other 

was collected after six months. 

The groundwater sainples described above were sampled for the follow- 

ing radioactive constituents: total uranium, radon-222, radium-226 and 

-228, thorium-228, -230, and -232, gross alpha, and gross beta. 

A total of 13 sediment samples were collected along the drainage 

channels on the Anderson property (Figure 2.9-1). These samples were 

analyzed for uraaium-238 and six of its 14 daughters (uranium-234, thorium- 

230, radium-226, lead-214, bismuth-214, and polonium-210). 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. 



V e g e t a t i o n  samples were c o l l e c t e d  a t  11 l o c a t i o n s  encompassing 

t h e  a r e a  exposed t o  t h e  o r e  d e p o s i t s  on t h e  p r o p e r t y  ( F i g u r e  2.9-1 

and Tab le  2.9-7). These samples were composited and ana lyzed  f o r  t o t a l  

uranium, g r o s s  a l p h a ,  g r o s s  b e t a ,  potassium-40, b e r y l l i m - 7 ,  lead-214, 

bismuth-214, ruthenium-103, niobium-95, zirconium-95, cesium-137, and 

cerium-144. 

Two j a c k r a b b i t s  were c o l l e c t e d  f o r  r a d i o n u c l i d e  a n a l y s e s .  Both 

t o t a l  biomass and s k e l e t a l  t i s s u e  was ana lyzed  f o r  t o t a l  uranium, g r o s s  

a l p h a ,  g r o s s  b e t a ,  potassium-40, lead-212, lead-214, lead-210, radium-226, 

cesium-137, thorium-230, and thorium-232. 

CULTURAL RESOURCES 

MINERALS c o n t r a c t e d  t h e  Museum of Nor thern  Ar izona  t o  conduct  a  

h i s t o r i c a l  and a r c h a e o l o g i c a l  su rvey  of approx imate ly  9500 a c r e s  i n  

p o r t i o n s  of TIIN, N O W  and TllN, R9W. T h i s  s u r v e y  i n c l u d e d  a l l  of t h e  

l a n d  t o  b e  d i s t u r b e d  by t h e  proposed mining and m i l l i n g  a c t i v i t i e s  

( F i g u r e s  2.3-1). Approximately 15.5 p e r c e n t  of t h e  9500 a c r e s  was 

surveyed.  T h i s  s u r v e y  i n c l u d e d  12 randomly l o c a t e d  t r a n s e c t s  g e n e r a l l y  

one mile l o n g  by 1000-meters wide and examina t ion  of s p e c i f i c  a r e a s  t h a t  

cou ld  p o t e n t i a l l y  c o c t a i n  c u l t u r a l  s i t e s .  

MINERALS a l s o  c o n t r a c t e d  t h e  muse~m t o  conduct  a  p a l e o n t o l o g i c a l  

su rvey  of 11,840 a c r e s  t h a t  inc luded  t h e  Anderson p r o p e r t y .  

The U n i v e r s i t y  of Arizona was c o n t r a c t e d  t o  conduct  an a r c h a e o l o g i c a l  

su rvey  of t h e  proposed a c c e s s  road.  



5.4 OPERATIONAL MONITORING 

F i g u r e s  3.1-2 and 3.2-1 and Tab les  5.4-1 th rough  5.4-5 show t y p e ,  

f r e q u e n c y ,  and l o c a t i o n  of a l l  i n - p l a n t  and env i ronmenta l  moni to r ing .  

A l l  a r e a s  where r a d i a t i o n ,  d u s t ,  o r  o t h e r  h a z a r d s  may e x i s t  have been 

i n c l u d e d  i n  t h e  i n - p l a n t  m o n i t o r i n g  program. The number of samples ,  

l o c a t i o n s  of m o n i t o r i n g  p o i n t s ,  and t y p e  of sampling have been d e r i v e d  

from e x p e r i e n c e  and planned m e t a l l u r g i c a l  a c t i v i t y  i n  t h e  a r e a .  If  

any problems develop d u r i n g  o p e r a t i o n s ,  t h e  moni to r ing  program w i l l  be 

i n t e n s i f i e d  a s  needed and m o d i f i c a t i o n s  w i l l  be made as n e c e s s a r y  t o  

a d h e r e  t o  t h e  ALARA ph i losophy .  

Environmental  moni to r ing  l o c a t i o n s ,  t y p e s ,  and sample f r e q u e n c i e s  

have been des igned  t o  d e t e r m i n e  i n c r e m e n t a l  changes In  ambient back- 

ground c o n c e n t r a t i o n s .  S tack  moni to r ing  programs were des igned  t o  comply 

w i t h  s t a r e  and f e d e r a l  r e g u l a t i o n s  and where p o t e n t i a l  r a d i o n u c l i d e  

e m i s s i o n s  nay  occur .  

SAMPLING METHODS 

Water 

Samples w i l l  be t a k e n  a t  a s i t e  which i s  r e p r e s e n t a t i v e  of t h e  wa te r  

be ing  sampled, Care w i l l  be t a k e n  t o  avoid  sample con tan ina . t ion .  The 

samples - w i l l  be s t o r e d  i n  a manner t h a t  e n s u r e s  t h a t  t h e  c o n s t i t u e n t s  

t o  be  ana lyzed  f o r  a r e  no t  a l t e r e d  d u r i n g  s t o r a g e .  



T a b l e  5.4-1. I N  PLANT AMBIENT A I R  MONITORING PROGR4M 

Sample Sample Sample 
~ o c a t i o n  ( a ]  Desc r ip t i on  Frequency Type Total-U Rn-222 (b)  

Ore Pad Travers ing Pad Xonthly 

Monthly 

MontNy 

Q u a r t e r l y  

Hanthly  

Q u a r t e r l y  

Monthly 

Qua r t e r ly  

Hon tNy  

Ore 
Receiving 

Travers ing 
Area 

Leach Area Travers ing Area 
Around Leach Tanks 

Leach 
Operator  

C.C.D. 

Personnel  Sampler 

Travers ing 
Upper Level 

C.C.D. 
Opera t o r  

So lven t  
E x t r a c t i o n  

S o l v e n t  
E x t r a c t i o n  

P r e c i p i  t a t i o n  

Personnel  
Sampler 

Travers ing 
SX Area 

Personnel  
Sample 

Travers ing 
P r e c i p i t a t i o n  
Area 

Uranium 
Concen t r a t e  
Dryer 

Travers ing 
Upper Level 

Monthly 

U r a n i m  
C0i:ccn:rate 
Dryer 

Travers ing 
Uiddle  Level 

Uranium 
Concen t r a t e  
Packaging 

Trhvers ing 
Lower Level 

Weekly 

Qua r t e r ly  Uranium 
Concen t r a t e  
Operator  

Personnel  
Sample 

Ha in t enance  
Operator  

Personnel  
Saclple 

Labora to ry  Travers ing 
Laboratory  

Quar  t e r r y  

Annually 

~ u a r t e r l y ( ~ )  

Wash & T i r e  
Pad 

Trave r s ing  Area 

Adminis t ra-  
t i o n  
Bu i ld ing  

T rave r s ing  Area 

Garage & Shop Travers ing Area 

Ware house T rave r s ing  Area 

Change Roan Trave r s ing  Area 

Sample Types 
( 1 )  High volume (1-5 minutes)  
(2 )  Pe r sonne l  Breathing Zone Samples (2-8 hou r s )  

(a )  See F i g u r e  3.1-2 f o r  l o c a t i o n s .  
(b) Radon w i l l  be sampled u s ing  t h e  s t anda rd  nethod. 
( c )  Ref.  - Eureau of N n e s  

Annual ly  a f t e r  Is ;  y e a r ' s  q u a r t e r l y  d a t a .  



Table 5.4-2, OTHER INPLANT MONITORING 

Sample 
Location 

Environmental Sample 
Parameter Frequency Measurement 

Mill & Mainten- Beta Gama M ~ n t  h ly 
ance Employees ( TLD 

Beta Gamma 

Air Sample Beta Gama Semi-annual ly Beta Gamma 
Locations (See (Survey Meter) after 1st year's 
Table 5.4-1 quarterly data 

Ore Area Composite Air 

Leach and CCD 
Composite 

uranium Concentrate 
Composite 

Semi-annual ly Uranium 
Ra-226 
Th-230 



Table  5.4-3. ENVIRONMENTAL M O N I T O R I N G  PROGRAM 

Environmental  Sample Sample 
Parameter Location Frequency Uesaurcment 

Sur ince  wator 2 l o c a t i o n s  - Semi-annually Ra-226, Th-230, 
(Sanra % r i a  S i v e r )  See (Pig.  3.2-1) Fb-210, Po-210, 

U. Chemical, 
Wa t e r  Level 

T a i l i n g s  Impound- 1 l o c a t i o n  g u a r t e r l y  Ra-226, Th-230 
ment (Pig.  3.2-1) Semi-annually Pb-210, Po-210, 

U. Chemical, 
Yater  lava1 

Groundvater 6 l o c a t i o n s  Semi-annually Ra-225. U, pE 
(Pig.  3.2-1) f o l l o v i n g  l e t  Pb-210, Po-210 

y e a r ' s  monthly 
d a t a  and 2nd 
y e a r ' s  q u a r t e r l y  
d a t a  

Annually Ih-230 
Chelrical 

Groundwater 6 l o c a t i o n s  Quar te r ly  Ra-226, U, pH 
( T a i l i n g s  (Fig. 3.2-1) fo l lowing  1st ?b-210. Po-210 
Impoundment) y e a r ' s  moarhly 

d a t a  

Annually ill-230 
fo l lowing  1st Chemical* 
y e a r ' s  q u a r t e r l y  
d a t a  

4 l o c a t i o n s  Sampled on 6 P a r t i c u l a t e s ,  
I .  3 . 2 1 )  day c y c l e  where Ra-226, U, 

paver is  no prob- 'IX-230, Pb-210. 
lem, 6 day c y c l e  30-210 
f o r  1 mocth each  
q u a r t e r  where 
power i s  a p r o b l ~ n  

A i r  4 l o c a t i o n s  Annually a f t e r  Rn-222 
(Pig. 3.2-1) 1 s t  y e a r ' s  quar-  

terly d a t a ,  18- 
hour i n t z g r a r  ed 
s a m p l e l q u a r t e r l y  

X e t e o r o l o g i c a l  (Fig. 3.2-1) Continuous Wind Speed, 
Wicd Direc- 
t i o n .  Tem- 
p e r a t u r e ,  
P r e s s u r e ,  
Eumidity,  
P r e c i p i t a t i o n  

Beta  Gamma 4 A i r  ?ionitor Continuous Gamma Beta  
l o c a t i o l i s  - See (Read q u a r t a r l y )  
(F ig .  3.2-1) 

5 l o c a t i o n s  Annually U ,  Ra-226, 
(F ig .  3.2-1) Th-230, Pb-210, 

Po-2 10 

Vegeta t ion  5 S o i i  Sample Annually U. Ra-226 
l o c a t i o n s ,  See Th-230, Pb-210, 
(F ig .  3.2-1) Po-210 

Composite Re- . b n u a i l y  U. Ra-226 
s t r i c t e d  Area,  Th-230, Pb-210, 
Composite Unre- Po-2 10 
s r r i c t e d  Area 

*Parane te rs  inc luded  i n  Chemical .Analysis a r e  l i s t e d  belov: 

?a  A l k a l i n i t y  S i l i c a  Chroaiurn 
Teiaperocure Hardnesa Zinc Chlor ide  
T o t a l  Disso lved  S o l i d e  S u l f b c e  Manganese CC3 
T o t a l  Suspended S o l i d s  Lend Nickel  N i t r a t e  (na  N) 

Arsenic hluoinum Pot iws iun  
Boron Redox P o t e n t i a l  Copper 
Phosphorus Mercury Cadmium 
F l u o r i d e  Selenium Vanadium 

sodlurn 5-20 



T a b l e  5.4-4. STACK MONITORING PROGRAM 

- -- 

R A M E T E R S  

STACK 
DESCRIPTION 

Ore Rece iv ing  
( S t a c k  No. 1) 

Leach Area 
( S t a c k  No. 2 )  

Uranium C o n c e n t r a t e  
' P r e c i p i t a t o r  
C e n t r i f u g e ,  Dryer ,  
Packaging Room 
( S t a c k  No. 3 )  

L a b o r a t o r y  
I ( ~ t a c k  No. 4 )  

B o i l e r  
( S t a c k  No. 5 )  

(I) FREQUENCIES: P e r i o d i c a l l y  a f t e r  first y e a r ' s  semi-annual sampl ing.  



Table 5.4-5. ANALYTICAL SENSITIVITT OF RADIOLOGICAL PARAMETERS 

Medium Parameter S e n s i t i v i t y  
Approximate 
Sample S i ze  

I n p l a n t  Environment a 1  

Water Ra-226 0.05 p C i / l  4 l i t e r s  4 l i t e r s  
Th-230 0.01 p C i / l  4 l i t e r s  4 l i t e r s  
U 5 ~ g / l  4 l i t e r s  4 l i t e r s  

Air Ra-226 9 x lom5 pci/m3 300 m3 300 m3 
Th-2 30 5 x pci/rn3 300 in3 300 m3 
U 6 x loV5 p ~ i / m 3  I m 300 m3 
Rn-222 0.02 pCi/ l*  10 liters 50 l i t e r s  

Soils Ra-2 2 6 0.05 pCi/g (d ry )  -- 200 g 

Vegetat ion Th-230 0 .Ql  pCi/g (dry)  -- 200 g 
and Mam- U 0.05 vg/g (d ry )  -- 200 g 
rials** 

*Kusnetz Method 0.5 p C i / l  
**Mammals sample s i z e  = 200 g 



High volume air samples (500 to 2000 liters/minute) will be used to 

collect airborne particulates. The sampling time will be two or three 

minutes for in-plant samples used for exposure analysis and two to six 

hours for environmental samples. The filter paper will be preweighed and 

then weighed again after sampling is completed. The particulate concen- 

tration will be calculated from the veight gain (after 24 to 48 hours in 

a desiccator) divided by the sample volume. The filter will be dissolved 

and analyzed using an approved method. 

A light-weight, battery-operated low volume sampler (1 to 20 

liters/minute) that can be attached to an employees' clothing and operated 

for 4 to 8 hours will be used to monitor personnel breathing zones. The 

filter will be dissolved and analyzed using an approved method. Good 

industrial hygiene methodology will be employed throughout the sampling 

period. 

Radon samples taken in the mill will be collected and analyzed using 

the standard Kusnetz method. This method is described in Volume 2, 

Appendix 3, page 137 of Controlling Employee Exposure to Alpha Radiation 

in underground Uranium Mines. Environmental radon samples will be collected 

in a plastic or nylon bag with a pump using a sampling rate of 0.5 to 2 

literslminute. The sample duration will be approximately 48 hours. Radon 

will be analyzed using a scintillation cell, as described in Standard 

Methods (1975). -- 



S o i l  

A composite s o i l  sample w i l l  be c o l l e c t e d  on 10-foot c e n t e r s  from a  

900-square f o o t  a r e a  a t  each of t h e  l o c a t i o n s  shown i n  F igure  3.2-1. The 

s u r f a c e  sample w i l l  be cleaned of r o o t s  and rocks ,  d r i e d ,  pu lver ized ,  

blended,  and analyzed us ing  an  accepted method. 

Vegetat ion 

Vegeta t ion  samples w i l l  be c o l l e c t e d  i n  t h e  same a r e a s  a s  s o i l  

samples. Species  t h a t  a r e  r e l a t i v e l y  abundant and/or  play an  important 

r o l e  i n  t h e  food cha in  w i l l  be sampled. 

Animals 

Approximately 200 grams of small  mammals will be co i l s c t e r !  wlitrhi,:l 

t h e  r e s t r i c t e d  a r e a  and a  s i m i l a r  amount i n  t h e  u n r e s t r i c t e d  a rea .  The 

nanimls w i l l  be washed, f rozen ,  and s tcred untlil a s u f f i c i e n t  number have 

been c o l l e c t e d  f o r  ana lys i s .  They w i l l  t h e n  be d isso lved  and analyzed 

us ing  an accepted method. 

RECORDING PROCEDURES 

Each s a ~ p l e  c o l l e c t e d  f o r  e n v i r o w e n t a l  monitor ing will be l abe l ed  

wi th  t h e  fo l lowing  information:  

e Designat ion  o r  l o c a t i o n  

e Date and time oE c o l l e c t i o n  

e Sample type 

In  a d d i t i o n  t o  t h i s  information,  a sample d a t a  shee t  conta in ing  

t h e  fol lowing i n f o r n a t i o n  g i l l  be f i l l e d  out .  



e Sample des igna t ion  o r  l o c a t i o n  

Sample d a t e  and t i m e  of c o l l e c t i o n  

Sampled by 

a Analysis  requi red  

a Date s e n t  t o  l abo ra to ry  

Weather d a t a  (wind speed, d i r e c t i o n ,  temp., e t c . )  
( t h i s  informat ion  w i l l  be inc luded  when a p p l i c a b l e )  



RECLAMATION 
GRADE E L .  1 8 2 3  / 

SEE CREST D E T A I L  

/ U L T I M A T E  T A I L I N G S  f / L E V E L  E L .  1 8 1 5 %  k 7 F I N A L  STAGE T A I L I N G S  
1.- / / EMBANKMENT CREST E L .  1 8 2 0  

B U I L T - U P  D I K E  ALONG CREST OF 
PERIMETER EMBANKMEIJT FOR / POSS I BLE FLOOD RETEI IT I ON 

REC LAMAT 
GRADE E L  

RECLAMATION COVER 
CONSISTING OF 1 4 '  U L T I M A T E  T A I L I N G S  
OF SAND / L E V E L  E L .  1 8 1 5  

SECTION B - B  I 
( P L A T E  15  1 

1 " = 5 0 '  

RECLAMATION 
SECTIONS 

AND DETAILS 
DAMIS U MOOR- 

! 
I 

Figure 5.2-1. 



5.0 

UNAVOIDABLE ADVERSE ENVIRONMENTAL IMPACTS 

HYDROLOGY 

Dewatering of t h e  mine and t h e  use  of groundwater f o r  t h e  m i l l  

process  w i l l  r e s u l t  i n  t h e  drawdown of l o c a l  aqu i f e r s .  I f  water i s  

obtained from we l l s  i n  t h e  al luvium of t h e  Santa Maria River  a t  Pa lmer i ta  

Ranch, drawdown in  t h e  main channel  of t h e  r i v e r  would be l e s s  than  two 

f e e t  i n  t h a t  p o r t i o n  of t h e  stream n e a r e s t  t o  t h e  source well .  Af te r  

p r o j e c t  t e rmina t ion ,  recharge  of t h i s  a q u i f e r  should r e t u r n  t o  norna l  

w i th in  a s h o r t  per iod  of time. I f  water  i s  ob ta ined  from w e l l s  i n  

t h e  sandstone and conglomerate of Sec t ion  16, TllN, N O W ,  a pumping water 

l e v e l  of approximately 1250 f e e t  would r e s u l t .  It i s  expected t h a t  

recharge  of t h e  a f f e c t e d  a q u i f e r  would be i n s i g n i f i c a n t ;  consequent ly,  

water withdrawn from t h i s  l o c a t i o n  would be e s s e n t i a l l y  mined. m e  rad ius  

of i n f luence  from we l l s  l oca t ed  i n  Sec t ion  16 would not  be g r e a t e r  than  

about 1.5 mi les .  Consequently,  withdrawal of water  from t h i s  l o c a t i o n  

should have no s i g n i f i c a n t  e f f e c t  on sp r ings  o r  o t h e r  u s e r s  i n  t h e  a r ea .  

BIOLGGY 

Implementation of t h e  proposed p r o j e c t  w i l l  r e s u l t  i n  t he  rernoval 

of approximately 1000 a c r e s  of vege ta t ion  wi th  a concoroitant l o s s  of 



wildlife. While revegetation will establish biotic communities on some 

distrubed land within a few years, it is likely that mature native plant 

communities will not become established for 100 to 150 years. 

AESTHETICS 

When in full operation, mining will create a Large open pit that 

will continually change in size and shape over the life of the proposed 

project. The pit will have relatively straight lines and angular 

forms and will be somewhat lighter in color than the surrounding land- 

scape. Since the pit will be at surrounding topographic relief, 

it will not be readily visible. However, it should dominate the 

m t u r a l  laxiscape In vie~s t h a t  i.ncl.ude it. 



7 .O 

ENVIRONMENTAL EFFECTS OF ACCIDENTS 

The p o t e n t i a l  f o r  a c c i d e n t s  a t  t h e  proposed mine and m i l l  w i l l  be 

minimized through proper des ign ,  manufacture,  and opera t ion .  A q u a l i t y  

c o n t r o l  program w i l l  a l s o  be designed t o  e s t a b l i s h  and main ta in  s a f e  

opera t ions .  Notwithstanding t h e s e  safeguards ,  some p o t e n t i a l  does e x i s t  

f o r  acc iden t s  t h a t  may r e s u l t  i n  environmental impacts. These acc iden t s  

may inc lude  f i r e s ,  s p i l l s ,  f a i l u r e  of a i r  p o l l u t i o n  c o n t r o l  equipment, 

1 l o s s  of u t i l i t i e s ,  b o i l e r  expios ion ,  and n a t u r a l  d i s a s t e r s .  The prob- 

a b i l i t y  and s e v e r i t y  of each type  of acc ident  has  been s u b j e c t i v e l y  

determined through an o b j e c t i v e  review of a v a i l a b l e  i n d u s t r y  da t a  and 

informat ion ,  and experience (Table  7.0-1). 

MILL 

F i r e s  

Solvent  E x t r a c t i o n  C i r c u i t .  Approximately 125,000 g a l l o n s  of kerosene a r e  

contained i n  t h e  so lvent  e x t r a c t i o n  c i r c u i t .  This kerosene r e p r e s e n t s  r h e  

g r e a t e s t  p o t e n t i a l  f o r  a s e r i o u s  f i r e  a t  t h e  p r o j e c t  s i t e .  

It i s  poss ib l e  f o r  the k e r o s e m  t o  catch f i r e ,  r e l e a s i n g  a  heavy black 

S. smoke con ta in ing  carbon soot  and some n a t u r a l  uranium. so lven t  ; 



Table 7.0-1. POTENTIAL FOR ACCIDENTS AT THE AMIERSON PROJECT SITE 

Type of  Accident P robab i l i t y*  Severity*" 

FIRES 

Solvent  E x t r a c t i o n  C i r c u i t  
S torage  Areas 

f ROCESS LEAKS 

Pip ing  
Tanks 
Impoundments 

TAILINGS RELEASE 

Dam Failure 
Line F a i l u r e  

UTILITY LGSS 

Equipment Shutdown 
Prsctss C W e r f  l o w s  

SCRUBBER FAILURE 

P a r t i a l  
Complete 

BOILER EXPLOSION 

NATURAL DISASTERS 

Winds 
Floods 
Seismic 

OTHER ACCIDENTS 

Chemical Releases  
h o n i a  Releases  
Operator  E r r o r  
I n d u s t r i a l  Accidents  



Table 7.0-1. (Concluded) 

*Probab i l i t y  Sca l e  

1. Improbable - recognized,  but  n o t  reasonably expected t o  
occur .  

2. P o s s i b l e  - no t  expected t o  occur ,  but planned f o r .  
3. Rare - may occur  once o r  more during t h e  ope ra t i ng  l i f e  

of t h e  f a c i l i t y ,  but under extreme o r  unusual  condi t ions .  
4. I n f r e q u e n t  - expected t o  occur  more than once during t h e  

o p e r a t i n g  l i f e  of t h e  f a c i l i t y .  
5. Frequent  - expected t o  occur during normal opera t ions .  

**Severity Sca le  

1. T r i v i a l  - r e q u i r e s  ope ra to r / supe rv i so ry  review and/or  minor 
adjustment  - no impact. 

2. Minor - r e q u i r e s  supe rv i so ry  review and i n s t r u c t i o n s  t o  
c o r r e c t  - no impact. 

3. S i g n i f i c a n t  - r e q u i r e s  management n o t i c e  and r e p o r t i n g ,  super- 
v i s o r y  i n s t r u c t i o n s  t o  c o r r e c t  - may have p l a n t  a r e a  impact. 

4. Ser ious  - r e q u i r e s  management n o t i c e  and i n s t r u c t i o n s  t o  
c o r r e c t  - p o t e n t i a l  l i m i t e d  impact t o  l o c a l  e ixironment ,  

5. Major - r e q u i r e s  management and r e g u l a t o r y  agency no t i ce .  
E x p l i c i t  i n s t r u c t i o n s  t o  c o r r e c t  impacts ,  F f  any. 



e x t r a c t i o n  bui ld ing  w i l l  be equipped wi th  an automatic  s p r i n k l e r  system 

capable  of conta in ing  a  f i r e  i n  one of t h e  process  tanks  before  o t h e r  

tanks  a r e  compromised. The smoke generated by t h e  f i r e  would be re leased  

t o  t he  atmosphere through t h e  a i r  vents  i n  t h e  top  of t h e  bui ld ing .  

Since the  p ro j ec t  is  loca t ed  i n  a remote a r e a ,  such a f i r e  i s  no t  

expected t o  cause s i g n i f i c a n t  environmental impacts.  The short- term 

r e l e a s e  of smoke, soo t ,  and unburned hydrocarbons would decrease  a i r  

q u a l i t y  wi th in  the  iinmediate v i c i n i t y  of t h e  p l a n t ,  but  t h e s e  e f f e c t s  

would be short-term i n  na tu re .  The uranium c a r r i e d  i n  t h e  soo t  could 

be d ispersed  over t h e  same a r e a  a s  t h e  smoke but i t  would con ta in  very  

low l e v e l s  of r a d i a a c t i v i t y ,  

I n  a  documented case  of an a c t u a l  f i r e  i n  a u r a n i m  so lvent  ex- 

t r a c t i o n  u n i t ,  th2 a r e a  around t h e  burned bu i ld ing  w a s  sampled a t  

d i s t a n c e s  of 100 f e e t  and 1/4 mile.  No d e t e c t a b l e  uranium was found.* 

Any f i r e  i n  t h e  so lven t  e x t r a c t i o n  system would most l i k e l y  be 

caused by human c a r e l e s s n e s s  r a t h e r  than by spontaneous o r  process- 

r e l a t e d  inc iden t s .  To avoid t h e s e  kinds of a c c i d e n t a l  f i r e ,  t h e  fol lowing 

precaut ions  w i l l  be taken: 

e Smoking by personnel  w i l l  nor be permi t ted ,  

Welding w i l l  be allowed only by s p e c i a l  a u t h o r i z a t i o n .  

8 No open f i r e s  w i l l  be pe rn i t r ed .  

" M i l l  Super in tendent ,  Pe t ro tomics ,  personal  communication t o  HumS1.e O i l  and 
Refining Co., 1971.  



a Hazard warnings  w i l l  be pos ted .  

a Maintenance w i l l  be performed o n l y  a f t e r  t h e  r e s p o n s i b l e  super-  
v i s o r  c e r t i f i e s  t h a t  i t  can  be done s a f e l y .  

e Tanks w i l l  be i n s t r u m e n t e d  t o  p r e v e n t  over f lows .  

The e s t i m a t e d  maximum p r o b a b i l i t y  of such a n  o c c u r r e n c e  i s  one 

f i r e  p e r  200 y e a r s  of o p e r a t i o n .  The p r o b a b i l i t y  t h a t  a f i r e  would 

produce a  s i g n i f i c a n t  env i ronmenta l  impact i s  n e g l i g i b l e .  There  have 

been two f i r e s  of t h i s  t y p e  i n  o t h e r  m i l l s ,  b o t h  of which were caused 

by maintenance e r r o r s  t h a t  c o u l d  have been p reven ted  w i t h  p roper  p lanning.  

S t o r a g e  Areas.  F i r e s  o r i g i n a t i n g  i n  r e a g e n t  s t o r a g e  a r e a s  a r e  u n l i k e l y  

t o  c a u s e  s i g n i f i c a n t  r a d i o l o g i c a l  h a z a r d s  u n l e s s  a l lowed t o  p ropaga te  

and s p r e a d .  Reagents w i l l  be s e g r e g a t e d  from o t h e r  m i l l  f a c i l i t i e s  and 

e n c l o s e d  i n  d iked  a r e a s  where s p i l l s  and subsequent  f lame propaga t ion  

can be c o n t a i n e d  and c o n t r o l l e d .  Flammable m a t e r i a l s  s t o r e d  o u t s i d e  

w i l l  a i s o  be s e g r e g a t e d  from o t h e r  m i l l  f a c i l i t i e s ;  c o n s e q u e n t l y ,  t h e y  

pose no abnormal h a z a r d s .  F i r e s  i n  any of t h e  s t o r a g e  a r e a s  would have 

a n e g l i g i b l e  env i ronmenta l  impac t ,  

P r o c e s s  Leaks 

P i p i n g .  Minor l e a k s  may occur  i n  t h e  m i l l  c i r c u i t  p ip ing .  S i n c e  t h e  

m i l i  i s  c c m p l e t e l y  s e l f  c o n t a i n e d ,  t h e  p o s s i b i l i t y  of l i q u i d  l o s s  from 

t h e  p l a n t  i s  h i g h l y  u n l i k e l y .  An entrapment  b a s i n  w i l l  be provided t o  

p r e c l u d e  l o s s  of l i q u i d  s p i l l s  from r e s t r i c t e d  a r e a s .  A l e a k  i n  ex- 

posed p i p i n g  would be q u i c k l y  d e t e c t e d  and c o r r e c t e d .  Any s p i l l e d  

p rocess  l i q u i d s  would be promptly c leaned  up.  



Tanks. Al l  t anks ,  pump boxes, and sump wel l s  i n  t he  p l a n t  w i l l  be 

contained w i t h i n  diked o r  enclosed a r e a s  t o  preclude d ischarge  t o  

u n r e s t r i c t e d  a reas .  Leaks from t h e s e  f a c i l i t i e s  would be qu ick ly  

de t ec t ed  during t h e  normal course  of ope ra t ions  and r e p a i r s  would be 

made a s  needed. 

Massive r u p t u r e  of any tankage would cause l o c a l  p l a n t  damage 

and/or  contaminat ion which would have t o  be cleaned up and decontam- 

ina t ed  i n  accordance - d t h  Annex A ,  Guidel ines  f o r  Decontamination 

of F a c i l i t i e s  and Equipment P r i o r  t o  Release f o r  U n r e s t r i c t e d  Use 

o r  Termination of License f o r  Byproduct, Source, o r  Spec ia l  Nuclear 

A s  d i scussed  above, outside s t o r a g e  f a c i l i t i e s  w i l l  be enclosed i n  

diked a r e a s  which w i l l  minimize the  impact of a c c i d e n t a l  d i scharge  of 

f l u i d s ,  

T a i l i n g s  Release 

Dam F a i l u r e .  The probable a c c i d e n t s  r e l a t i n g  t o  a t a i l i n g s  dam f a i l u r e  

are discussed  i n  d e t a i l  i n  t h e  Design Report: Proposed T a i l i n g s  

Impouncbent - Anderson Uranium f r o j e c t  (Dames & Moore, 1978) .  Dam 

f a i l u r e  would most probably be  caused by t h e  overflow of t a i l i n g s  

and/or  wzstewater,  breaching by f lood  water ,  a d e s t r u c t i v e  ear thquake,  

o r  s t r u c t u r a l  f a i l u r e .  Dam des ign  and t h e  geologic  n a t u r e  of t h e  

dam s i t e  a r e  considered t o  have reduced the  p r o b a b i l i t y  of dam f a i l u r e  



due t o  any one o r  a combination of t h e s e  events  t o  a very low l e v e l .  I n  

t h e  event  t h a t  t h e  dam does f a i l ,  t h e  d ischarge  would be channeled i n t o  

open p i t  a r e a s  where i t  would be contained.  A t  any given time during 

t h e  l i f e  of the  p r o j e c t ,  t h e s e  a r e a s  w i l l  have t h e  capac i ty  t o  c o n t a i n  

t h e  maximum volume of t h e  t a i l i n g s  impoundment. 

Environmental impacts r e s u l t i n g  from a dam f a i l u r e  a r e  con- 

s ide red  n e g l i g i b l e  p r imar i ly  due t o  t h e  containment of any d ischarge .  

Some seepage i n t o  permeable s t r a t a  i n  t h e  p i t  w a l l s  could occur .  

However, t h e  only a q u i f e r  i n  t he  a r e a  is  used s o l e l y  f o r  d r i l l i n g  

water. I n  a d d i t i o n ,  r ad ionuc l ide  migra t ion  due t o  abso rp t ion  is  n o t  

expected t o  occur beyond an  a r e a  w i t h i n  t ens  of f e e t  of t h e  open p i t .  

P i p e l i n e  F a i l u r e .  The t a i l i n g s  d ischarge  l i n e  w i l l  be pr2ssur ized  and 

loca t ed  above a t rench  designed t o  accept  t he  maximum capac i ty  of t h e  

l i n e .  This t r ench  w i l l  d i r e c t  any leakage o r  l o s s  t o  dra inages  t h a t  lead  

t o  t he  t a i l i n g s  inpoundment. The t a i l i n g s  dam and p i p e l i n e  w i l l  be 

p e r i o d i c a l l y  checked during each opera t ing  s h i f t .  

U t i l i t y  Loss 

Equipment Shutdown. Temporary l o s s  of water o r  power t o  t he  m i l l  could 

cause a scrubber  o r  v e n t i l a t i o n  equipment t o  f a i l .  The drying and packag- 

i ng  room scrubber  system w i l l  have water  and power i n t e r l o c k  systems that 

w i l l  shu t  down the  dryer  and minimize t h e  amount of emissions i n  t he  event 

of water o r  power l o s s .  



A prolonged l o s s  of e l e c t r i c a l  power i s  considered u n l i k e l y  s i n c e  

d i e s e l  gene ra to r s  w i l l  supply emergency power t o  t h e  m i l l .  F a i l u r e  of 

t h e  standby gene ra to r s  dur ing  a prolonged power outage would leave  t h e  

m i l l  wi thout  power but i s  considered extremely un l ike ly .  A prolonged 

water  l o s s  i s  a l s o  considered u n l i k e l y  a s  water  is a v a i l a b l e  from a 

number of sources  on t h e  proper ty .  Loss of v e n t i l a t i o n  f o r  prolonged 

per iods  of time would r e q u i r e  evacuat ion and/or  s p e c i a l  work pro- 

cedures  t o  be implemented i n  t h e  a f f e c t e d  a r e a s .  

Process Overflows. Loss of power would cause  some pump boxes, and 

under worst-case condi tons ,  po r t ions  of t h e  l each ,  countercur ren t  de- 

can ta t ion ,  and so lven t  e x t r a c t i o n  c i r c u i t s  t o  overflow. Since a l l  of 

t hese  a r e a s  are conta ined  w i t h i n  d ikes ,  c leanup and/or  decontamination 

caul-d groceed on a r o u t i n e  b a s i s  when power returzled. 

Scrubber F a i l u r e  

P a r t i a l  Fa i lu re .  The f a i l u r e  of va r ious  mechanical components of t h e  

scrubber  assembly could r e s d t  i n  l e s s  t han  m a x i n u  ope ra t ing  e f f i c i e n c y  

of t he  equipment, F a i l u r e s  would be de t ec t ed  through process  i n s t r ~ m e n t a -  

t i o n ,  d i r e c t  obse rva t ion ,  ammonia fumes, and h e a t  buildup. Cor rec t ive  

a c t i o n  would be p a r t l y  au tomat ic  through t h e  in s t rumen ta t ion  i n t e r l o c k  system 

which s h u t s  down t h e  d rye r .  Addi t iona l  inonitoring surveys would be taken  

t o  a s s e s s  t h e  e x t e n t  of the impact on t h e  p l a n t  and t h e  environment. The 

measurable e f f e c t s  of a scrubber  f a i l u r e  a re  expected t o  be l i m i t e d  and 

we l l  below pe rmis s ib l e  emission s tandards .  



Complete F a i l u r e .  The same a n a l y s i s  ho lds  t r u e  f o r  complete f a i l u r e .  

However, f a i l u r e  of t h e  i n t e r l o c k  devices  would extend t h e  per iod  of 

emissions u n t i l  t h e  ope ra to r  took c o r r e c t i v e  a c t i o n .  Extensive monitoring 

and cleanup might be r equ i r ed  depending on cond i t i ons  preva len t  a t  t h e  

time of f a i l u r e .  

Boi le r  Explosion 

The p r i n c i p a l  hazards  connected wi th  a  b o i l e r  explos ion  would be 

f i r e s  and rup tu re  of p ip ing  o r  tanks.  The consequences of t h e s e  

acc iden t s  a r e  descr ibed  i n  t h e  above d i scuss ions  on f i r e s  and process  

leaks .  

Natura l  D i s a s t e r s  

Winds. Strong winds and l o c a l i z e d  storms occur p e r i o d i c a l l y  i n  the  

p r o j e c t  a r ea .  Severe winds could cause wave a c t i o n  i n  t h e  t a i l i n g s  

pond and r e l e a s e  f u g i t i v e  dus t  from i n a c t i v e  a reas .  The t a i l i n g s  dam 

f a c e  w i l l  be p ro t ec t ed  from e ros ion  due t o  wave a c t i o n  by a method such 

a s  r i p rap .  Fug i t i ve  dus t  could spread some r a d i o a c t i v e  m a t e r i a l ,  but  i t  

would be minor i n  n a t u r e  and probably not  d e t e c t a b l e  a t  the a i r  q u a l i t y  

monitor ing s t a t i o n s  t h a t  w i l l  be e s t a b l i s h e d  around t h e  p r o j e c t  a r ea  

( r e f e r  t o  Sec t ion  5.0). 

Floods. Major p r e c i p i t a t i o n  which could cause f looding  i s  nat expected 

t o  cause d i s p e r s a l  of r ad ionuc l ides  off t h e  Anderson proper ty  due t o  

design of t h e  f a c i l i t i e s  and l o c a l  topographic condi t ions .  However, low 



level radionuclide discharge from fugitive sources could occur along 

drainages entering the Santa Maria River. 

All drainage from acrive mining and milling areas which could tend 

to accumulate surface deposits of radionuclides will be directed zo the 

tailings impoundment. The impoundment freeboard has been designed to 

contain the runoff from a 100-year storm plus 1.4 times the maximum 

expected annual precipitation. It should be noted that if a flood should 

cause a tailings dam failure, the entire discharge would be contained in 

the open pit areas. 

Seismological. The mill and ancillary facilities have been designed to 

withstand the mximm seismic disturbance probable for the region. 

Failure of the tailings d m  due co seismic activity is discussed in the 

tailings dam design report (Dames & Moore, 1978). 

TRANSPORTATION 

The mill product, consisting primarily of uranium oxide, is the 

only radioacrive material expected to be transported from t he  project 

site. Based on published accident statistics (EX, 19771,  the probability 

of an accident involving a truck transporting product from the mil; is 

1.6 x to 2.6 x 10-~/mile. As discussed in Section 3.0, approximately 

330,000 pounds of uranium oxide will be produced fron the mill each year. 

Assuining that the trucks used to transport the product carry an average 

of about 40,000 pounds (44 drums) per load, then about 23 trips will be 

inade from the mill each year. Assuming that each truck travels an average 



of 1100 m i l e s  (approximate d i s t a n c e  between t h e  m i l l  and Oklahoma C i t y ,  

Oklahoma), t h e  p o t e n t i a l  f o r  a c c i d e n t s  involv ing  t rucks  t r a n s p o r t i n g  product 

ranges from 0.04 t o  0.066 acc iden t  per  year .  

Tes t s  conducted by t h e  NRC (NRC, 1977) i n d i c a t e  t h a t  a n  average of 

on ly  t h r e e  percent  of a t r u c k  load  of uranium oxide would be s p i l l e d  

i n  an  acc ident .  However, i n  a n  a c t u a l  acc iden t  on September 27, 1977, a 

t r a c t o r  t r a i l e r  conta in ing  40,329 pounds of uranium concen t r a t e  over- 

turned a f t e r  a c o l l i s i o n ,  s p i l l i n g  about  30 percent  of t h e  load (12,000 

pounds) (Mattson, undated).  Using t h e  acc iden t  p r o b a b i l i t i e s  given above, 

and assuming t h a t  30 percent  of t h e  load  would be r e l e a s e d ,  approximately 

4800 t o  8000 pounds of product would be s p i l l e d  a s  a r e s u l t  of t r anspor t a -  

t i o n  acc iden t s  i n  1G years of  opera t ion .  However, i t  should be no ted  

t h a t  sh ipping  precaut ions  and clearrup contingency p l ans  ( r e f e r  t o  follow- 

ing  d i scuss ion )  w i l l  be i n s t i t u t e d  t o  reduce t h i s  p o t e n t i a l  hazard. 

Because most of t h e  r a d i o a c t i v e  daughters  of uran iun  w i l l  have been 

removed i n  t h e  e x t r a c t i o n  process ,  and because of t h e  very slow regrowth 

of gamma r a d i a t i o n ,  t h e  uranium oxide w i l l  have a very low l e v e l  of 

r a d i o a c t i v i t y .  Under t h e  r e g u l a t i o n s  of t h e  U.S. Department of Trans- 

p o r t a t i o n ,  uranium oxide i s  c l a s s i f i e d  a s  low s p e c i f i c  a c t i v i t y  m a t e r i a l  

(49  CFR P a r t  173, Sec t ions  173.389C and 173.392). In a d d i t i o n ,  t h e  

3 m a t e r i a l  has a very h igh  d e n s i t y  (approximately 7 g/cm ) and i s  no t  

e a s i l y  d ispersed .  Because of t h e s e  phys i ca l  c h a r a c t e r i s t i c s  and c leaaup 

contingency p l ans ,  any uranium oxide s p i l l e d  a s  t h e  r e s u l t  of a 



t r a n s p o r t a t i o n  acc iden t  i s  not  l i k e l y  t o  r e s u l t  i n  a  s i g n i f i c a n t  

impact on t h e  environment. 

Shipping Precaut ions  

The product w i l l  be packed i n  s t e e l  drums t o  a  n e t  weight of 

approximately 900 pounds p r i o r  t o  shipment. The drums w i l l  be sea led  

and marked wi th  t h e  s tandard  symbol f o r  r a d i o a c t i v e  m a t e r i a l .  The 

v e h i c l e s  t r a n s p o r t i n g  t h e  product w i l l  a l s o  be proper ly  marked. 

MINERALS w i l l  p repare  w r i t t e n  procedures f o r  sh ipping  t h e  product.  

These procedures w i l l  r e q u i r e  product shipments t o  b e  i n  compliance 

w i t h  a p p l i c a b l e  s t a t e  and f e d e r a l  r egu la t ions .  

Produce K e c c v e z  - 

In response t o  the Septenber,  1977 u r s n i m  concen t r a t e  shipping 

a c c i d e n t ,  s e v e r a l  proposed cleanup contingency p lans  have been 

developed. The American National  Standards I n s t i t u t e ,  Inc. i s sued  a  

proposed American Nat iona l  Standard t i t l e d  Agency R e s p o n s i b i l i t i e s  

& Emergency Procedures f o r  Highway Transpor ta t ion  Accidents Involving 

Radioact ive Mate r i a l s  i n  Hay, 1978. The A t o m i c  I n d u s t r i a l  F o r m  submitted 

a d r a f t  t r a n s p o r t a t i o n  acc iden t  response guide f o r  u r a n i ~ m  ore  concent ra te  

sh ippe r s  and t r a n s p o r t e r s  t o  t h e  uranium i n d u s t r y  f o r  review i n  J u l y ,  

1978. While the  U.S. Department of T ranspor t a t ion  has n o t  developed 

s p e c i f i c  requirements  f o r  such contingency p l ans ,  i t  i s  expected t h a t  

they k i l l  do so s h o r t l y .  MIhTP&S in t ends  t o  comply wi th  all i ndus t ry  

s tandards  and f e d e r a l  r e g u l a t i o n s  concerning uranium concen t r a t e  cleanup 

i n  t h e  event  of a t r a n s p o r t a t i o n  acc ident .  



OTHER ACCIDENTS 

Other mishaps such a s  overflows from process  tanks ,  chemical ex- 

p los ions ,  f i r e s ,  o r  l a r g e  s p i l l s  of reagents  such a s  s u l f u r i c  a c i d  

o r  kerosene a r e  c r e d i b l e  a c c i d e n t s  t h a t  nay occur i n  aranium m i l l  

ope ra t ions ,  a s  i n  any chemical process  indus t ry .  A l l  r e agen t s  a r e  

s t o r e d  w i t h i n  diked areas .  S p i l l a g e  i n  t he  m i l l  w i l l  be washed down 

and pumped back i n t o  t h e  m i l l  c i r c u i t .  

The environmental e f f e c t s  of t h e s e  types of a c c i d e n t s  w i l l  be 

confined t o  t he  p lan t  s i t e ,  and the  p r o b a b i l i t y  of t h e  a c c i d e n t s '  

having any s i g n i f i c a n t  e f f e c t  on the  o f f - s i t e  environment i s  

n e g l i g i b l e .  

Explosives used i n  raining ope ra t ions  w i l l  be scored i n  a s p e c i a l ,  

i s o l a t e d  powder magazine. I f  t h e  magazine were a c c i d e n t a l l y  de tona ted ,  

t h e  r e s u l t i n g  explos ion  would be extremely v i o l e n t .  This  explosion 

would c r e a t e  a  c r a t e r  a t  t h e  magazine s i t e  and cons iderable  dus t ,  a s  

w e l l  a s  des t roy  v e g e t a t i o n  and w i l d l i f e  i n  t h e  immediate v i c i n i t y .  

Because of t h e  i s o l a t e d  l o c a t i o n  of t h e  magazine, i n j u r y  t o  p ro j ec t  

personnel  o r  damage t o  t he  p i t s ,  equipment, and m i l l  f a c i l i t i e s  i s  

un l ike ly .  



ECONOMIC AND SOCIAL EFFECTS 
OF MILL CONSTRUCTION AND OPERATION 

8.1 BENEFITS 

The Anders 

p roduc t ion  r a t e  

o n  uranium m i l l  is  expec ted  t o  have an annua l  averag  

of abou t  930,000 l b s . / y e a r  of uranium ox ide  f o r  i t s  

10-year economic l i f e .  Based on a n  assumed s e l l i n g  p r i c e  of $43 / lb . ,  

a  10-year mill l i f e ,  and a d i s c o u n t  r a t e  of 12 p e r c e n t ,  t h e  p r e s e n t  

wor th  of uranium o x i d e  p r o d u c t i o n  from t h e  Anderson p r o j e c t  i s  about  

$226,000,000. 

Uranium p r o d u c t i o n  i n  Ar izona  i s  c u r r e n t l y  q u i t e  s m a l l  compared t o  

t h e  t r a d i t i o n a l  uranium-producing s t a t e s  of Wyoming and New Mexico. 

The U.S. Energy Research and Development A d m i n i s t r a t i o n  (ERDA) f r e -  

q u e n t l y  combines Arizona,  Colorado, F l o r i d a ,  South Dakcta,  Texas ,  Utah ,  

and Washington t o g e t h e r  i n  t h e i r  s t a t i s t i c a l  r e p o r t s  on the u r a n i m  

i n d u s t r y  i n  t h e  Uni ted S t a t e s .  In  1976, t h e s e  7 s t a t e s  produced a  

t o t a l  of 2642 t o n s  of uranium c o n c e n t r a t e  (ERDA, 1977).  Annual produc- 

t i o n  from t h e  Anderson p r o j e c t  ( 4 6 5  t o n s )  would r e p r e s e n t  about  18 

p e r c e n t  of t h i s  t o t a l  and approx imate ly  4 p e r c e n t  of t h e  t o t a l  United 

S t a t e s  uranium c o n c e n t r a t e  p r o d u c t i o n  ( 12 ,747  t o n s )  f o r  1976.  



The annual  average  uranium ox ide  p r o d u c t i o n  from t h e  p r o j e c t  would 

a l s o  r e p r e s e n t  approx imate ly  1.63 x 10'' ki lowat t -hours  of e l e c t r i c i t y  

when i t  i s  used t o  make n u c l e a r  f u e l  rods .*  

Implementa t ion  of t h e  Anderson p r o j e c t  will c r e a t e  an  average  of 

98 d i r e c t  jobs  d u r i n g  c o n s t r u c t i o n .  The t o t a l  gross wages a c c r u i n g  

t o  c o n s t r u c t i o n - r e l a t e d  p e r s o n n e l  a r e  e s t i m a t e d  a t  $4.35 m i l l i o n  

over  t h e  21-month c o n s t r u c t i o n  per iod .  It i s  a n t i c i p a t e d  t h a t  t h e  

m a j o r i t y  o f  t h e  workers  w i l l  r e s i d e  i n  t h e  Wickenburg a r e a .  

O p e r a t i o n a l  a c t i v i t i e s  w i l l  employ a n  average  of 320 persons  

d i r e c t l y .  These jobs  w i l l  ex tend  f o r  t h e  10-year l i f e  of t h e  f a c i l i t y  

and g e n e r a t e  annual average wage.; r e a c h i n g  abour; SS,S& million. 

Both c o n s t r u c t i o o  and o p e r a t i o n s  &Ji l l  induce secondary service  

employment. Jobs  i n  t h i s  s e c t o r  w i l l  g r a d u a l l y  i n c r e a s e  b e t w e n  the 

c o n s t r u c t i o n  and o p e r a t i o n a l  phases  of t h e  p r o j e c t ,  r e a c h i n g  a  maximum 

of 437 when t h e  mine and m i l l  a r e  i n  full o p e r a t i o n .  Secondary employ- 

ment will g e n e r a t e  a n n u a l  a v e r a g e  vages  r e a c h i n g  abou t  $5.5 m i l l i o n .  

The proposed p r o j e c t  w i l l  g e n e r a t e  numerous t a x  r e v e n u e s ,  b o t h  

d i r e c t l y  and i n d i r e c t l y ,  d u r i n g  i t s  o y e r a t i o n a l  life. S t a t e  income 

t a x  w i l l  amount t o  approx imate ly  10.5 p e r c e n t  of t h e  c o r p o r a t e  p r o f i t  

on t h e  Anderson p r o j e c t .  MILTRALS w i l l  pay a s t a t e  ad valorem p r o p e r t y  

tax of $6.797/$100 a s s e s s e d  v a l u a t i o n .  A l a r g e  p o r t i o n  of t h e  ad 



valorem t a x  revenues  w i l l  be r e d i s t r i b u t e d  t o  Yavapai County,  t h e  

Yavapai County J u n i o r  C o l l e g e ,  and Congress School D i s t r i c t  17 .  P a r t  

o f  t h e  funds  c o l l e c t e d  by t h e  Congress School  D i s t r i c t  w i l l  be d i s t r i -  

buted t o  t h e  Wickenburg s c h o o l s  i n  t h e  form of t u i t i o n  payments. 

MINERALS w i l l  a l s o  pay a s t a t e  t a x  of 2 - 5  p e r c e n t  on t h e  g r o s s  income 

d e r i v e d  from t h e  mined p roduc t  and a s t a t e  s a l e s  t a x  of 4 p e r c e n t  on 

such  i t e m s  as f u e l  and maintenance and o f f i c e  s u p p l i e s  purchased i n  

Arizona.  I f  t h e s e  s u p p l i e s  a r e  purchased i n  Wickenburg, Phoenix ,  o r  

most o t h e r  i n c o r p o r a t e d  c i t i e s  i n  t h e  s tate,  MINERALS w i l l  pay 1 p e r  

c e n t  c i t y  s a l e s  t a x  as w e l l  a s  t h e  s t a t e  t ax .  

I n  a d d i t i o n  t o  d i r e c t  t a x e s  on f a c i l i t i e s  and goods produced, t h e  

p r o j e c t s  w i l l  g e n e r a t e  employee-related t a x  revenues .  E I X E W S  w i l l  

c o n t r i b u t e  t o  t h e  s tate workman's compensation fund and pay unemploy- 

ment s e c u r i t y  tax. Those peop le  moving i n t o  t h e  r e g i o n  a s  a r e s u l t  of 

t h e  p r o j e c t  w i l l  pay s t a t e  ad valorem p r o p e r t y  t a x ,  s t a t e  income t a x ,  

a s t a t e  s a l e s  t a x  of 4 p e r c e n t  on most goods o t h e r  t h a n  food ,  and a 

s a l e s  tax of 1 p e r c e n t  on purchases  i n  i n c o r p o r a t e d  c i t i e s .  

I n  t o t a l ,  i t  i s  e s t i m a t e d  t h a t  t h e  proposed p r o j e c t ,  i n c l u d i n g  

d i r e c t  employees,  c o u l d  r e s u l t  i n  $4.5 m i l l i o n  i n  s t a t e  and l o c a l  

t a x e s  each year.  



8.2 COSTS 

INTERNAL COSTS 

Those costs which must be borne internally by the applicant include 

capital costs incurred during construction, equipment replacement, and 

operations and maintenance costs which occur throughout the economic 

life of the project. A summary of estimated capital costs is presented 

in Table 8.2-1. Total fixed project capital costs are estimated at 

approximately $64,519,491. Annual operating costs are estimated at 

$23,331,673 for the 10-year economic life of the project (Table 8.2-2). 

EXTERNAL COSTS 

Any new demands on public services and facilities in Pavapai County 

created by the proposed project will be more than offset by property 

taxes. However, Maricopa County, particularly Wickenburg, is expected 

to receive the bulk of C h e  project-induced population growth without 

an equal increase in the tax base. 

Capital outlays by the taxing jurisdictions in iviaricopa County, 

particularly Wickenburg and Wickenburg School District 9, would be 

limited to the expansion of existing buildings and minor zdditlons 

of equipment. Operating expenditures by Wickenburg will increase 

as the demand for additional public services increases. Expenditures 

by School District 9 will increase almost directly in proportion to 

increased enrollments (nuch of this increase will be for new teacher 



Table 8.2-1. SUMNARY OF ESTIMATED CAPITAL COSTS OF ANDERSON PROJECT* 

M i l l  

M i l l  b u i l d i n g  and sys tems $22,485,830 

F i r s t  s t a g e  dam c o n s t r u c t i o n  2,118,013 

Dam c o n s t r u c t i o n  equipment 544,852 

T o t a l  m i l l  c o s t s  $25,148 ,695  

Mine - 
P r e p r o d u c t i o n  

Mine equipment 

Hain  t e n a n c e  

A d m i n i s t r a t i o n  

T o t a l  mine cos t s  

A n c i l h r y  

Access  road 

Water s u p p l y  

Power s u p p l y  

Environment a l  

Communications 

T o t a l  A n c i l l s r y  c o s t s  

T o t a l  F ixed  C a p i t a l  C o s t s  $64,519,491 

Source: Morrison-Knudsen, 1978. 



T a b l e  8.2-2 . ANNUAL OPERATING COSTS OF ANDERSON PROJECT* 

M i l l  

Opera t ing  $1,173,955 

S u p p l i e s  8,633,152 

Maintenance 1,384,248 

T a i l i n g s  dam 138,773 

Annual m i l l  o p e r a t i n g  c o s t s  $11,330,128 

Mine 

P r e p r o d u c t i o n  ( 2 1  months) 

Opera t ing  

Suppor t  

Maintenance 

P r o d u c t i o n  I (4.5 y e a r s )  

Opera t ing  

Support  

Maintenance 

P r o d u c t i o n  I1 (4.75 y e a r s )  

Opera t ing  $ 8,578,376 

Sup port 1 ,364 ,760 

Maintenance 637 ,734  

Average a n n u a l  mine o p e r a t i n g  c o s t s  $11,251,260 

A d m i n i s t r a t i o n  

T o t a l  P r o j e c t  Opera t ing  Cos t s  $23,331,673 

--- 

Source:  Morrison-Knudsen, 1978. 

1 *June 1 ,  1978 c o s t s .  



s a l a r i e s ) .  These demands f o r  pclblic s e r v i c e s  w i l l  be  p r i m a r i l y  o f f -  

set by a d d i t i o n a l  state and l o c a l  r evenues  g e n e r a t e d  by sales t a x e s ,  

p r o p e r t y  t a x e s  on  hous ing ,  u t i l i t y  s e r v i c e  c h a r g e s ,  and t u i t i o n  payed 

by Congress School D i s t r i c t  1 7 .  S i n c e  Wickenburg and School D i s t r i c t  

9 a r e  n o t  p lann ing  any major  c a p i t a l  improvements and t h e s e  j u r i s d i c -  

t i o n s  are expected t o  r e c e i v e  p ro jec t - induced  growth i n  good f i n a n c i a l  

p o s i t i o n s ,  no s e r i o u s  s h o r t a g e  of c a p i t a l  f i n a n c i n g  shou ld  occur .  

Although sales tax revenues  and u s e r  f e e s  s h o u l d  keep pace w i t h  

p o p u l a t i o n  growth and s u b s t a n t i a l  economies of scale w i l l  be r e a l i z e d  

i n  t h e  o p e r a t i o n  of Wickenburg's  new sewer and water  sys tems ,  t h e  

t iming  and s e o g r a g h i c  d i s t r i b u t i c n  of t a x  revenues  nay l e a d  t o  some minor  

front-end f i n a n c i n g  problems i n  Wichnburg  and School D i s t r i c t  9. P a s t  

studies ha7i.e e s t i a a t e d  a l a g  t ime of three t o  e i g h t  y e a r s  hetween p u b l i c  

e x p e n d i t u r e s  and f u t  w e  r e a l i z e d .  u s e s  (Colorado G e o l o g i c a l  Survey,  1974) .  

I n  r e l a t i o n  t o  t h e  Anderson p r o j e c t ,  t h e  c r i t i c a l  p e r i o d  w i l l  be from 

e a r l y  1979 when t h e  c o n s t r u c t i o n  work f o r c e  a r r i v e s ,  t o  t h e  e a r l y  

1980 ' s  when p ro  j e c t - r e l a t e d  employment s t a b i l f  zes  and r e s i d e n t i a l  

and commercial  p r o p e r t y  t a x e s  b e g i n  t o  be c o l l e c t e d .  Operat ing c o s t s  

of Wickenburg and School  D i s t r i c t  9 a r e  expec ted  t o  peak i n  e a r l y  

1980. Any d e f i c i t s  t h a t  nay  accumulate  dur ing  c o n s t r u c t i o n  and e a r l y  

o p e r a t i o n  of t h e  proposed p r o j e c t  shou ld  be e l i m i n a t e d  i n  e a r l y  1982, 

assuming a minimum 3 year  l a g  between t h e  a r r i v a l  of c o n s t r u c t i o n  

workers  and t h e  t ime  p r o p e r t y  t a x e s  a r e  c o l l e c t e d .  A s u r p l u s  of revenues  

w i l l  be a v a i l a b l e  t o  Wickenburg and School D i s t r i c t  9 i n  t h e  fo l lowing  



year s  a s  a  r e s u l t  of property t a x  revenues from expanded housing. 

However, Wickenburg and School D i s t r i c t  9 may be required t o  ad jus t  

t h e i r  e x i s t i n g  f i n a n c i a l  s t r u c t u r e s  without e x t e r n a l  a s s i s t a n c e  during 

t h e  c r i t i c a l  period t o  maintain present  publ ic  s e r v i c e  l e v e l s .  



THE RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF MAN'S 
ENVIRONMENT AND THE MAINTENANCE AND ENCHANCEMENT OF 

LONG-TERM PRODUCTIVITY 

SHORT-TERM USES 

The Anderson uranium m i l l  i s  expec ted  t o  have a n  a n n u a l  p r o d u c t i o n  

r a t e  of a b o u t  930,000 lbs of uranium ox ide  f o r  i t s  10-year economic 

l i f e .  Based on an  assumed s e l l i n g  p r i c e  of $ 4 3 / l b  and a d i s c o u n t  rate 

of 1 2  p e r c e n t ,  t h e  p r e s e n t  worth  of uranium ox ide  produced from t h e  m i l l  

o v e r  the l i f e  of t h e  p r o j e c t  i s  $226,000,000. 

The proposed p r o j e c t  w i l l  c r e a t e  a n  e s t i m a t e d  maximum of 891 new jobs 

i n  Yavapai and Maricopa c o u n t i e s ,  It would a l s o  r e s u l t  i n  an  a d d i t i o n a l  

$4.5 m i l l i o n  of t a x  revenues  a n n u a l l y  t o  t h e  s t a t e ,  c o u n t i e s ,  and l o c a l  

governments. 

Uranium i s  t h e  pr imary f u e l  used f o r  t h e  g e n e r a t i o n  of n u c l e a r  

power. It i s  e s t i m a t e d  t h a t  t h e  Uni ted S t a t e s  w i l l  consume 476,300 t o n s  

of uranium ox ide  between 1978 and 1990 (ERIIA, 1977).  Uranium rnills i n  

t h e  c o u n t r y  produced a  t o t a l  of o n l y  12,747 t o n s  of uranium ox ide  i n  

1976, w i t h  a  t o t a l  d e l i v e r y  commitment of 168,000 t o n s  between 1978 and 

1990. Based on t h e  p r o j e c t e d  demand of uranium and t h e  supp ly  produced 



by existing mills, it is quite possible that a long-term shortage of 

uranium oxide could develop within the United States in the coming years. 

The production of uranium oxide from the proposed Anderson project 

would provide one percent of the country's total estimated require- 

ments for uranium between 1980 and 1990. 

LONG-TER?? PRODUCTIVITY 

Implementation of the proposed project will result in the removal 

of approximately 1000 acres of vegetation with a concomitant loss of 

some wildlife. However, lands disturbed by project activities will be 

reclaimed. 



10.0 

IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 

Site preparation and mill construction will require the commitment 

of a variety of building materials and process equipment, as well as 

commitments of labor, energy, and capital. The dollars invested will 

be recovered through the sale of uranium oxide produced in the mill. 

At the end of the project, most of the process equipment and some 

of the building uiaterials will be salvaged. However, the other re- 

sources should be considered irretrievable commitments. 

Estimated recoverable reserves now dedicated to the project are 

approximately 10.3 million pounds of uranium oxide. Exploration on 

MINERALS' mining claims is continuing, and the possibility exists for 

the discovery of further reserves. 

Approximately 1000 acres of land will be preempted from ephemeral 

livestock grazing and wildlife habitat over the life of the proposed 

project. Since mining will be done progressively over a 10-year period, 

the amount of land preempted each year would be much smaller than this 

total; more on the order of about 50 to 100 acres annually. Approxi- 

mately 45 acres of this land will be committed permznently to a new 

county road. The remainder will be reclaimed. 



Milling operations will consume the following amounts of process 

chemicals per day: 

Acid 

Chlorat e 

Flocculant 

Glue 

Kerosene 

Ammonia 

Isodecanol 

520 tons Amine 

6 tons Ammonium nitrate 

600 lbs Lubricant (oil and grease) 

200 lbs Diesel 82 fuel 

470 gallons Gasoline 

2330 lbs 

410 lbs 

200 l b s  

13 tons 

319 l b s  

17,850 gal 

218 gal 

In addition, rnining and milling will expend energy in the form of 

electricity, 

Implemefitatlor, of the prsposed project will creare. a mxirn~zn of 

891 new jobs. Many of the people filling these jobs will relocate from 

other regions and settle in the Wickenburg area. This influx of people 

will require the construction of a maximum of approximately 594 new hous- 

ing units. Besides the commitment of building materials, capital, 

labor, and energy, the construction of these units will preempt other 

uses on approximately 160 acres of land. 

Community resources in the form of services and public facilities 

(i.e., police and fire protection, public transportation, education, 

etc.) will also be committed as a result of this population influx. 



11.0 

ALTERNATIVES TO THE PROPOSED ACTION 

The o b j e c t i v e s  of t h e  proposed p r o j e c t  a r e  t o  mine uranium o r e  

on  t h e  Anderson p r o p e r t y  and e x t r a c t  t h e  uranium o x i d e  from t h i s  o r e .  

T h i s  s e c t i o n  w i l l  p r e s e n t  t h e  a l t e r n a t i v e s  c o n s i d e r e d  t o  meet t h e  

s t a t e d  o b j e c t i v e s .  The "no a c t i o n "  a l t e r n a t i v e  w i l l  a l s o  be  d i s c u s s e d .  

M I N I N G  METHODS 

j 
Three  p o s s i b l e  mining methods were  c o n s i d e r e d  f o r  t h i s  p r o j e c t :  

underground, i n - s i t u  l e a c h ,  and open p i t .  The f o l l o w i n g  f a c t o r s  were 

c o n s i d e r e d  when e v a l u a t i n g  each  method : 

e c h a r a c t e r i s t i c s  of t h e  o r e  d e p o s i t  ( s i z e ,  s h a p e ,  a t t i t u d e ,  
and d e p t h )  

p h y s i c a l  p r o p e r t i e s  and geology of  t h e  o r e  and surrounding 
rock  

s u r f a c e  water and groundwater hydrology 

economics ( g r a d e  of o r e ,  mining c o s t s ,  and d e s i r e d  pro- 
d u c t i o n  r a t e s )  

ws te r  and a i r  q u a l i t y .  

The t r u c k  and s h o v e l  open p i t  method w a s  s e l e c t e d  f o r  t h i s  p r o j e c t  

f o r  a v a r i e t y  of r e a s o n s .  The open p i t  method i s  most e f f e c t i v e  when 

a n  o r e  d e p o s i t  i s  n e a r  t h e  s u r f a c e  and t h e r e  i s  s u i t a b l e  a r e a  f o r  d i s p o s a l  



of overburden w i t h i n  economic hau l  d i s t ances .  In t h i s  ca se ,  t h e  o r e  

depos i t  begins a s  an  outcrop wi th  a v a r i a b l e  7 O  t o  10' d i p  t o  t h e  south- 

southwest wi th  t h e  s u r f a c e  topography r i s i n g  q u i t e  s t e e p l y  j u s t  south  of 

t h e  outcrop. However, approximately 90 percent  of t h e  mineable o r e  w i th in  

t h e  p r o j e c t  boundary can be removed before  depth t o  t h e  o r e  bed would make 

open p i t  methods uneconomical. Also ,  p e m n e n t  waste  dump a r e a s  a r e  ava i l -  

a b l e  w i t h i n  s u i t a b l e  haulage d i s t a n c e s .  The degree of i n a c t i v e  f a u l t i n g  i n  

t h e  a r e a  has  c r e a t e d  a number of d i f f e r e n t  o r e  bed e l e v a t i o n s  wi th  varying 

d ips .  Open p i t  mining f l e x i b i l i t y  w i l l  a l low e x c e l l e n t  o r e  c o n t r o l  i n  t h i s  

s i t uak ion .  Sur face  water d i v e r s i o n s  w i l l  be cons t ruc t ed  during the  course 

of normal mining opera t ions .  Water t r u c k s  and sp rays  w i l l  be used t o  con- 

t r o l  dust .  Groundwater seepage into che p i t  w i l l  be zailecred and used in 

the m i l l .  

Underground mining w a s  not s e l e c t e d  a s  t h e  p r i n c i p a l  mining method 

because of t h e  poor economics a s s o c i a t e d  wi th  decreased o r e  recovery.  

The i n - s i t u  leaching  technique  was not  s e l e c t e d  because t h e  lacus-  

t r i n e  l a k e  bed o r e  depos i t  i s  n e a r l y  impermeable due t o  c l ay - s i ze  p a r t i c l e s  

i n  t h e  depos i t .  This  impermeabil i ty  w i l l  nor a l low e f f e c t i v e  passage of 

t h e  l each  s o l u t i o n s .  

PROCESSING METHODS 

There are no e x i s t i n g  uranium i n i l l s  i n  t h e  v i c i n i t y  of t h e  Anderson 

proper ty .  Consequently, k t  i s  necessary f o r  IiLINEL4LS t o  c o n s t r u c t  t h e i r  

own d31. 



Ore Grinding 

I n  o r d e r  t o  e f f e c t i v e l y  l e a c h  t h e  uranium o re ,  p a r t i c l e  s i z e  must 

be reduced. This  can be done ei ther  by impact c rush ing  and then  gr inding  

i n  a  rod o r  b a l l  m i l l  o r  by gr inding  i n  a semiautogenous m i l l .  A semi- 

autogenous m i l l  o f f e r s  an  i n i t i a l  sav ings  i n  c a p i t a l  c o s t  over t h e  impact 

c r u s h e r l b a l l  o r  rod m i l l  system. The c rushe r /mi l l  system i s  a d ry  process 

while  t h e  semiautogenous m i l l  i s  a wet process;  consequent ly,  the semi- 

autogenous m i l l  o f f e r s  a  h ighe r  degree  of d u s t  c o n t r o l .  Some uranium 

o r e s ' a r e  no t  amenable t o  serniautogenous gr inding.  However, t e s t s  COP 

ducted by MINERALS h a s  shown t h a t  o r e  from t h e  Anderson property i s  

s u i t a b l e  fo r  t h i s  type of m i l l .  Consequently,  a  semiautogenous mill was 

chosen f o r  t h i s  p r o j e c t .  

E x t r a c t i o n  

Uranium can be recovered from o r e s  wi th  e i t h e r  an ac id  o r  a l k a l i n e  

l each ing  system. The leaching  system used i s  l a r g e l y  dependent on t h e  

chemical c h a r a c t e r i s t i c s  of t h e  h o s t  rock.  Tes ts  (A.H. Ross & Associa tes ,  

1977) conducted on t h e  o r e  from the  Anderson proper ty  have shown t h a t  ac id  

leaching  r e s u l t s  i n  h igher  uranium e x t r a c t i o n  than  a l k a l i n e  l each ing ,  b u t  

t h e  use of a l k a l i n e  leaching  r e s u l t s  i n  a  s i g n i f i c a n t  r educ t ion  i n  reagent  

c o s t s .  Fur rher  t e s t s  showed t h e  presence of s u b s t a n t i a l  unmanageable quanti- 

t i e s  of s o l u b l e  organic  m a t e r i a l  i n  t h e  l i q u o r  from the alk$.line l e a ch i ng  sys- 

tem. Consequently, the acid l each  process  was chosen f o r  t h e  proposed p r o j e c t .  



Separation 

The uranium bearing leach liquor can be separated from barren tailings 

by either countercurrent decantation or filtration. Filtration is a dif- 

ficult process with most ores and can be very expensive. For these reasons, 

countercurrent decantation was selected for the Anderson project. 

Concentration 

The uranium oxide extracted during acid leaching can be concentrated 

by using either solvent extraction or ion-exchange. Since the solvent ex- 

traction system allows continuous automated handling and control, it is 

simpler than ion-exchange. In addition, due to limited recycling of 

the solution in the systen, ion-exchange w e s  more water than solvent 

extraction. Consequently, solvent excsaction will be used in che 

hdersorz m i l l .  

LOCATION OF MILL 

Three locations were evaluated as possible mill sites (FLgure 11.0-1). 

This evaluation was based on proximity to the proposed mine, topography 

and access, hydrological features, air quality, biological features, geo- 

logical characteristics, archaeological and paleontological resources, 

land ownership, decommissioning, and final reclamation including future 

monitoring and maintenance, and future mineable ore deposits. 

Hi11 Site No, 1 is Located directly adjacent to the mine on a rela- 

tively steep, south-sloping andesite flow below the ore zone. The site 
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would r e q u i r e  c u t  and f i l l  m o d i f i c a t i o n s  t o  e x i s t i n g  topography t o  accom- 

modate t h e  m i l l  and a s s o c i a t e d  f a c i l i t i e s .  The a n d e s i t e  and s t r u c t u r a l  

f i l l  a t  t h i s  s i t e  would have r e l a t i v e l y  low p e r m e a b i l i t y .  

M i l l  S i t e  No. 2 i s  l o c a t e d  a d j a c e n t  t o  a  major d r a i n a g e  of t h e  San ta  

Maria R i v e r  on g r a n u l a r  a l l u v i u m  below any  p o s s i b l e  o r e  zone. The s i te  

i s  a p p r o x i m a t e l y  one m i l e  from t h e  proposed mine and i s  r e l a t i v e l y  f l a t ,  

a l l o w i n g  f o r  e a s y  c o n s t r u c t i o n  of t h e  proposed f a c i l i t i e s ,  S o i l s  a t  

M i l l  S i t e  No. 2 a r e  r e l a t i v e l y  permeable and t h e  s i te  i s  l o c a t e d  n e a r  a 

d r a i n a g e .  However, p r o p e r  d e s i g n  of the m i l l  would p r e c l u d e  a c c i d e n t a l  

r e l e a s e s  of e f f l u e n t s  from r e a c h i n g  t h e  s o i l s .  

M i l l  S i t e  No. 3 i s  approx imate ly  t h r e e  a i l e s  from t h e  mine on a 

1 p l a t e a u  of upper  conglomerate .  The s i t e  i s  r e l a t i v e l y  f l a t ,  f a c i l i t a t i n g  

e a s y  c o n s t r u c t i o n  of t h e  m i l l .  The upper conglomerate  on t h i s  s i t e  i s  

r e l a t i v e l y  permeable;  however,  due t o  t h e  d e p t h  of the grouqdwater ,  re- 

c h a r g e  i s  r e l a t i v e l y  minor.  Mining c la ims  on t h i s  s i t e  a r e  n o t  owned 

by MLNEUZS; c o n s e q u e n t l y ,  t h e  e x t e n t  o f  m i n e r a l i z a t i o n  i s  unknown. 

M i l l  S i t e s  Nos. 1 and 2 a r e  l o c a t e d  w i t h i n  t h e  Anderson p r o p e r t y  

boundary. MINERALS h a s  t h e  unpa ten ted  minera l  c l a i m  on f e d e r a l  l and  and 

e x p l o r a t i o n  p e r m i t s  o n  t h e  s t a t e  l a n d  i n  t h i s  a r e a .  The m i n e r a l  c l a i m s  on 

M i l l  S i t e  No. 3 a r e  h e l d  by U r a n g e s e l l s c h a f t ,  USA. 

'Two a r c h a e o l o g i c a l  s i t e s ,  which appear  t o  b e  r e s t r i c t e d  t o  t h e  s u r f a c e ,  

were d i s c o v e r e d  on  M i l l  S i t e  No. 2.  No a r c h a e o l o g i c a l  f i n d s  were made a t  

B t h e  o t h e r  two s i t e s .  No p a l e o n t o l o g i c a l  f i n d s  were made a t  any o f  t h e  s i t e s .  



D i f f e r e n t i a t i o n  between t h e  t h r e e  proposed m i l l  s i t e s  on t h e  b a s i s  

of b i o l o g i c a l ,  geo log ica l ,  a i r  q u a l i t y ,  decommissioning, and rec lamat ion  

cons ide ra t ions  was n o t  s u f f i c i e n t  t o  f a c i l i t a t e  s i t e  s e l e c t i o n .  The composi- 

t i o n  and p r o d u c t i v i t y  of t h e  p l an t  and animal communities a t  each s i t e  were 

r e l a t i v e l y  s i m i l a r .  None of t he  communities a r e  p a r t i c u l a r l y  unique i n  

southwestern Arizona and t h e r e  a r e  no h a b i t a t s  on any of t he  s i t e s  t h a t  

a r e  more l i k e l y  t o  support  p ro t ec t ed ,  t h rea t ened ,  o r  endangered s p e c i e s  

than  o t h e r  h a b i t a t s  i n  t h e  region.  The a r e a  encompassing a11 t h r e e  s i t e s  

i s  cha rac t e r i zed  by a  r e l a t i v e l y  l a r g e  number of small-scale  f a u l t s  which 

appear t o  be a t  l e a s t  10,000 t o  15,000 years  o ld .  These fau l t s  were no t  

de t r tmen ta l  i n  t h e  s i t e  s e l e c t i o n  process  s i n c e  they a r e  considered in- 

a c t i v e ,  Winds ar all three si tes are s u f f i c t e n t  t o  create r e l a t i v e l y  

thorough mixing; consequent ly,  poccn t i a l  a i r  qua1 i t y  impacts between 

t h e  s i t e s  were expesceci tc be siiniiar, N1 s i t e s  are equa l l y  zcceptlzhie 

when cons ider ing  decommissioning and rec lamat ion  wi th  no f u t u r e  mainte- 

nance a f t e r  p ro j ec t  terminat ion.  

Based on t h i s  eva lua t ion ,  S i t e  No. 1 was s e l e c t e d  f o r  t he  Anderson 

mill, M i l l  S i t e  No. 2 was r e j e c t e d  because of t h e  presence of a r chaco log ica i  

resources  and i t s  proximity t o  a major dra inage  of t h e  Santa Maria River ,  

M i l l  S i t e  No. 3 was r e j e c t e d  because of t he  excessive haul d i s t ance  from 

t h e  mine and because M I N E W S  does n o t  hold the  n i n e r a l  c laims t o  t h i s  l and ,  

TAILINGS IMPOUNDiG,NT LOCATION 

Three l o c a t i o n s  were a l s o  eva lua ted  as p o s s i b l e  t a i l i n g s  d i s p o s a l  

s i t e s  ( F i g w e  11.0-1). These s i t e s  were chosen on t h e  b a s i s  of t h e i r  



p r o x i m i t y  t o  p o t e n t i a l  m i l l  sites. The same c r i t e r i a  used f o r  s e l e c t i n g  

t h e  m i l l  l o c a t i o n  were used i n  t h e  t a i l i n g s  d i s p o s a l  a r e a  e v a l u a t i o n .  

Opera t ing  s a f e t y  w a s  a l s o  c o n s i d e r e d  i n  t h e  s e l e c t i o n  of t h e  impoundment 

s i t e .  

T a i l i n g s  D i s p o s a l  Area No. 3 was r e j e c t e d  because  MINERALS does  n o t  

hold  t h e  m i n e r a l  c l a i m s  t o  t h e  s i t e .  

As w a s  t h e  c a s e  w i t h  t h e  m i l l  l o c a t i o n ,  d i f f e r e n t i a t i o n  between 

T a i l i n g s  D i s p o s a l  Area Nos. 1 and 2 on t h e  b a s i s  of b i o l o g i c a l ,  g e o l o g i c a l ,  

a i r  q u a l i t y ,  and r e c l a m a t i o n  c o n s i d e r a t i o n s  was n o t  s u f f i c i e n t  t o  f a c i l i -  

t a t e  s i t e  s e l e c t i o n .  I n  a d d i t i o n ,  t h e  t m  s i t e s  could  n o t  be d i f f e r e n t i -  

a t e d  on the  b a s i s  of seepage.  L a c u s t r i n e  sediments  cover  most of b o t h  

1 p o t e n t i a l  d i s p o s a l  a r e a s .  These sed iments  c o n t a i n  a h i g h  percen tage  of 

c l a y  and w i l l  t h e r e f o r e  a c t  a s  a n a t u r a l  b a r r i e r  t o  seepage from t h e  

impoundmn t . 

No a r c h a e o l o g i c a l  s i t e s  were found a t  D i s p o s a l  Area No. 2;  however, 

a t o o l  procurement s i t e  was found on t h e  west s i d e  o f  D i s p o s a l  Area No. 1 

which would r e q u i r e  i n v e s t i g a t i o n  i f  t h a t  s i t e  was s e l e c t e d .  Two paleon- 

t o l o g i c a l  s i t e s  were d i s c o v e r e d  a t  D i s p o s a l  Area No. 2 and one s i t e  was 

found a t  D i s p o s a l  Area No. 1. The p a l e o n t o l o g i c a l  s i t e s  were n o t  con- 

s i d e r e d  s i g n i f i c a n t  enough t o  s a l v a g e  and c l e a r a n c e  ms  g iven  f o r  con- 

s t r u c t i o n  i n  t h e  a r e a  (Breed and B i l l i n g s l e y ,  1 9 7 7 ) .  

T a i l i n g s  D i s p o s a l  Area No. 1 i s  l o c a t e d  n e a r  t h e  head of a  t r i b u t a r y  

t o  t h e  S a n t a  X a r i a  R i v e r  w h i l e  D i s p o s a l  Area No. 2 w i l l  be l o c a t e d  i n  a 
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mined-out p o r t i o n  of t h e  p i t  a r ea .  The s u r f a c e  runoff  catchment a r e a  f o r  

both d i sposa l  s i t e s  i s  r e l a t i v e l y  s m a l l  and a  minimum of dra inage  d ive r s ion  

would be r equ i r ed  a t  e i t h e r  s i t e .  However, i f  t h e  t a i l i n g s  dam were t o  

f a i l  a t  Disposal  Area No. 1, t a i l i n g s  could reach  t h e  Santa Maria River  

and u l t i m a t e l y  t h e  Alamo Reservoi r .  I f  t h e  t a i l i n g s  dam were t o  f a i l  a t  

Disposa l  Area No. 2 ,  t h e  t a i l i n g s  would be conta ined  w i t h i n  t h e  p i t  a r e a .  

During ope ra t ions ,  overburden w i l l  be  b a c k f i l l e d  a g a i n s t  t h e  down- 

s t ream f a c e  of t h e  dam a t  T a i l i n g s  Disposa l  Area No. 2.  This w i l l  i n -  

c r e a s e  t h e  f a c t o r  of s a f e t y  f o r  the dam. I n  a d d i t i o n ,  t h e  b a c k f i l l  w i l l  

e l imina te  t h e  need f o r  recontour ing  o r  placement of more overburden t o  

prevent  e ros ion  of t h e  downstream f a c e  a f t e r  p r o j e c t  te rmina t ion .  Con- 

sequent ly ,  the u s e  of D i s p o s ~ l  Area 1\13. 2 wiii facilitate decommissioniag. 

Ta i l i ngs  Disposa l  Area Xo. 2 was s e l e c t e d  over Disposal Area No. I 

f o r  t h e  fol lowing reasons :  

a no a rchaeo log ica l  resources  a r e  p re sen t  i n  t h e  a r e a  

e t he  s i t e  f a c i l i t a t e s  cons t ruc t ion  of a t a i l i n g s  dam 
with a h igh  f a c t o r  of s a f e t y  

0 a c c i d e n t a l  r e l e a s e s  of e f f l u e n t s  from t h e  impoundment 
would not reach  t h e  n a r u r a l  environment 

t h e  s i t e  f a c i l i t a t e s  deconmissioning. 

TAILINGS NAFUAGEIVIENT 

Ta i l i ngs  management c o n s i s t s  of d i spos ing  of t h e  t a i l i n g s  o r  s o l i d  

waste and waste leach s o l u t i o n s .  The fol lowing management p lans  were con- 

s idered  f o r  t h e  proposed p r o j e c t :  



Tailings impoundment with natural foundation 

Tailings impoundment with clay liner 

Tailings impoundment with synthetic liner 

0 Slurry pipeline to mine pit 

a Tailings impoundment in specially excavated pit 

0 Settling pond, evaporation pond, and dry transport to mine pit 

0 Liquids/solids separation, evaporation, and solids disposal 

Tailings Impoundment with Natural Foundation 

As discussed in Section 3.0 and above, the tailings impoundment will 

be located in a nined-out portion of the pit area. The bottom of the 

impoundment will consist of lacustrine sediments at least five feet 

thick. Laboratory tests indicate that approximately five feet of these 

sediments in-place sill have a permeability no greater than 2 x lo-' ft/min 

(Dames & Moore, 1978). 

A seepage analysis was conductd by Dames 6 Moore (1978) on an impound- 

ment design using in-place lacustrine sediments for the impoundment liner 

and the same sediments for the dam core. Results of this analysis show that 

seepage through the bottom of the impoundment would be about 2 gpm. Seepage 

through the dam would be approximately 3 gpm. 

The uranium oxide to be mined is also contained in lacustrine 

sediments. The tailings produced from this ore will be fine, with 41 

percent by weight passing the #200 sieve and 35 percent passing the #400 

sieve. These fine tailings will also help seal the bottom of the im- 

poundment against seepage. 



T a i l i n g s  Impoundment w i t h  Clay L i n e r  

S ince  t h e  n a t u r a l  foundat ion  of t h e  proposed t a i l i n g s  impoundment 

c o n s i s t s  p r imar i ly  of c l a y  with a  ve ry  low permeabi l i ty ,  t h i s  management 

method was r e j e c t e d .  

T a i l i n g s  Impoundment w i t h  S y n t h e t i c  L ine r  

This  management a l t e r n a t i v e  would c o n s i s t  of i n s t a l l i n g  a 20 m i l  PVC 

l i n e r  on top  of t he  n a t u r a l  c l a y  bottom of t he  t a i l i n g s  impoundment. This  

l i n e r  would reduce seepage t o  zero unless  i t  was punctured by rock  o r  t o r n  

by d i f f e r e n t i a l  s e t t l emen t .  Extreme c a r e  must be taken i n  p lac ing  the  l i n e r  

t o  avoid t e a r s  o r  punctures .  No information e x i s t s  a s  t o  t h e  long-term 

d u r a b i l i t y  (e .g . ,  100 y e a r s  p lus )  of s y n t h e t i c  l i n e r s ,  The use of a s y n t h e t i c  

l i n e r  was r e j e c t e d  due t o  t h e  d i f f i c u l t y  of i n s t a l l i n g  it and i t s  high c o s t  

r e l a t i v e  t o  the minor r educ t ion  In seepagz achieved by i t s  use.  

S l u r r y  P i p e l i n e  t o  Mine P i t  

In  t h i s  a l t e r n a t i v e ,  t h e  o r e  body would be mined so t h a t  a  depress ion  

i s  c r e a t e d  t h a t  i s  l a r g e  enough t o  con ta in  t h e  t a i l i n g s  from t h e  m i l l .  

Due t o  a  combination of t h e  d i p  of t h e  o r e  bed and the  topography of 

t he  a r e a ,  a l a r g e  por t ion  of t h e  o r e  would have t o  be l e f t  i n  p lace  a s  

a  t a i l i n g s  dam. This  a l t e r n a t i v e  was r e j e c t e d  because i t  would r e q u i r e  

leav ing  a  l a r g e  anount of o r e  i n  t h e  mine, making t h e  proposed p ro j ec t  

economically unfeas ib le .  



T a i l i n g s  Impoundment i n  S p e c i a l l y  Excavated P i t  

I n  t h i s  management a l t e r n a t i v e ,  t h e  t a i l i n g s  would be  d i s c h a r g e d  t o  

a  p i t  excava ted  i n  a nonminera l i zed  a r e a .  The p i t  would cover  approxi-  

mate ly  175 a c r e s  and it would be about  40 f e e t  deep.  Due t o  topography, 

m i n e r a l i z a t i o n ,  and l a n d  ownership ,  t h e  on ly  l o c a t i o n  i d e n t i f i e d  f o r  such 

a  p i t  t h a t  was c l o s e  enough t o  the m i l l  t o  f a c i l i t a t e  t a i l i n g s  t r a n s p o r t  

o n  a  c o s t - e f f e c t i v e  b a s i s  was i n  a  major  d r a i n a g e  c h a n n e l  t o  t h e  San ta  

Maria R i v e r  ( M i l l  S i t e  No. 2 ) .  Th i s  a l t e r n a t i v e  was r e j e c t e d  due t o  

t h e  h i g h  c o s t  of e x c a v a t i n g  t h e  p i t .  I n  a d d i t i o n ,  a  l i n e r  would be 

r e q u i r e d  t o  p r e v e n t  seepage  from t h e  p i t  e n t e r i n g  t h e  a d j a c e n t  d r a i n a g e .  

S e t t l i n g  Pond, E v a p o r a t i o n  Pond, and Dry T r a n s p o r t  

I n  t h i s  a l t e r n a t i v e ,  t h e  t a i l i n g s  s l u r r y  from the m i l l  would be 

d i s c h a r g e d  t o  a  p a r t i t i o n e d  s e t t l i n g  pond. The t a i l i n g s  i n  each  c e l l  

of  t h e  pond would be a l lowed t o  s e t t l e  and " f ree"  wa te r  i n  t h e  s l u r r y  

would be decan ted  i n t o  an  e v a p o r a t i o n  pond. A f t e r  t h e  t a i l i n g s  d r i e d ,  

t h e y  would be  dumped i n  a mined o u t  p o r t i o n  of t h e  p i t  t h a t  had been 

b a c k f i l l e d  t o  above t h e  w a t e r  t a b l e .  S i n c e  t h e  t a i l i n g s  would be d r y ,  

t h e r e  would be  no need t o  l i n e  t h e  impoundment i n  t h e  mine p i t .  Th i s  

management a l t e r n a t i v e  would r e q u i r e  approx imate ly  225 a c r e s  i n  a d d i t i o n  

t o  t h e  p i t  a r e a  used t o  impound t h e  d r y  t a i l i n g s .  

The proposed p r o j e c t  i s  l o c a t e d  on a r e l a t i v e l y  s m a l l  a r e a  of l a n d  due 

t o  rugged t e r r a i n  and l a n d  ownership.  It would be ex t remely  d i f f i c u l t  t o  

f i n d  a l a r g e  enough a r e a  w i t h i n  t h e  Anderson p r o p e r t y  t o  c o n s t r u c t  t h e  

s e t t l i n g  and e v a p o r a t i o n  ponds needed f o r  t h i s  t a i l i n g s  management p lan .  



This alternative method would also create an additional exposure pathway 

to workers since it would potentially require handling dry tailings dur- 

ing windy conditions. For these reasons, the alternative was rejected. 

Liquids/Solids Separation, Evaporation, and Solids Disposal 

This management method consists of separating solids from liquids in 

the tailings slurry by filtration or similar means, evaporating the liquids, 

and transporting the filter cake to a disposal area. The alternative was 

rejected due to its high cost and the low amenability of the Anderson ore 

to filtration. 

TAILINGS IMPOUNDMENT DECOMMISSIONING 

Two methods of covering the tailings impoundment surface to reduce 

gamma radiation to background and radon emanation to twice backgroual 

were evaluated. One method requires the placement of five feet of eom- 

pacted clay and five feet of overburden material over the tailings. The 

other method requires the placement of 14 feet of overburden material 

on the tailings. Material calculations show that there is not enough 

clay left on the site after dam construction to complete the clay cap 

to the desired thickness. Therefore, only the overburden cap was con- 

sidered. 

Calculations show the exposure rate from gamma radiation at the 

surface of the uncovered tailings to be 4640 mrem/year. This is 44  

tines the background value of 107 mrem/year determined from site 



s t u d i e s .  F ive  f e e t  of packed overburden m a t e r i a l  w i l l  reduce t h e  ex- 

posure r a t e  t o  0.05 mremlyear, which i s  l e s s  than  background. 

The radon f l u x  a t  t h e  s u r f a c e  of t h e  exposed t a i l i n g s  i s  es t imated  

7 
t o  be 325.9 pCi/mL-sec compared t o  an  ad jus t ed  background radon f l u x  

of 0.96 pci/m2-sec. The proposed cover  of 14 f e e t  of overburden w i l l  

e f f e c t i v e l y  reduce radon emanation from t h e  reclaimed impoundment t o  

about twice background. 

NO ACTION 

I f  t h e  proposed mine and m i l l  a r e  no t  b u i l t ,  t h e  p o t e n t i a l  environmen- 

t a l  impacts d i scussed  i n  Sec t ions  4.0 and 6.0 would be avoided. On t h e  o the r  

'nand, t h e  ''no ac t ion"  a l t e r n a t i v e  would prevent t h e  c r e a t i o n  of a maximuin of 

891 new jobs i n  Yavapai and Maricopa coun t i e s .  It would a l s o  r e s u l t  i n  a 

l o s s  of more than  $4.5 m i l l i o n  pe r  yea r  i n  t a x  revenues. 

Although o b j e c t i o n s  t o  i t s  cont inued development have been r a i s e d ,  i t  

i s  l i k e l y  t h a t  nuc lea r  power w i l l  remain a n  important source  of energy i n  

t h e  United S t a t e s  f o r  a t  l e a s t  one o r  two decades. This  i s  p a r t i c u l a r l y  t r u e  

i n  l i g h t  of t h e  dwindling world suppiy of f o s s i l  f u e l s  and our  p re sen t  lack 

of technology f o r  t h e  l a rge - sca l e  u se  of such a l t e r n a t i v e  energy sources a s  

s o l a r  r a d i a t i o n ,  t i d a l  power, and wind. 

Uranium i s  t h e  primary f u e l  used f o r  t h e  gene ra t ion  of nuc lea r  power. 

It i s  es t imated  t h a t  t h e  United S t a t e s  w i l l  consume 476,300 tons  of uranium 

oxide between 1978 and 1990 (ERDA, 1977).  Demand i s  expected t o  be 19,800 



tons  i n  1978 and average s l i g h t l y  over 42,000 tons  per  yea r  between 1984 

and 1990 (ERDA, 1977).  Uranium mills i n  t h e  count ry  produced a t o t a l  of 

only 12,747 tons  of uranium oxide i n  1976, wi th  a t o t a l  d e l i v e r y  commit- 

ment of 168,000 tons  between 1978 and 1990. Based on t h e  p ro j ec t ed  demand 

f o r  uranium and t h e  supply produced by e x i s t i n g  mills, i t  i s  q u i t e  pos- 

s i b l e  t h a t  a long-term shor t age  of uranium oxide could develop w i t h i n  

t h e  United S t a t e s  i n  t h e  coming years .  Annual produzt ion  from t h e  

Anderson p r o j e c t  (465 t o n s )  would r ep re sen t  approximztely 2 percent  of 

t h e  expected 1978 demand. 
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Appendix A 

CULTURAL RESOURCES 

(Letter has no t  y e t  been received from the Arizona Historic Pre- 
servation Officer.) 
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PETEOROLOGY 
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D A Y  D A I L Y  A V E R A G E  U A I L Y  M 9 X  ~ A I L Y  M I N  
1 57.0 69eO 4je0 
2 57.1 70.0 4qeO 
3 5 9 . 0  73eO 4 6 . 0  
4 5 9  0 73eO 48.0 
5 59.1 72.0 4 7 . 0  
h 62.1 77: 0 47,O 
7 61 e 5  76eO Sn,O 
8 60.4 74.0 5g.O 
9 61 .L 76.0 50.0 

1 0  6 3 . 3  73.0 56.0 
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12 56.9 68eO 43.0 
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APPENDIX B-2 

DIURNAL WIND D I R E C T I O N  FREQUENCY TABULATIONS SEASONAL AND ANNVAL 





SPRING 

19 20 21 2 2  23 TOTL 

2 2 2 4 5 2 7 4  

2 1 2  4 4 1 4 7  

0  0 0 2 3 5 9  

1 0  1 1  3 3 9  

0  0 0 2 6 6 4  

2 0 8 1 0  24 162 

1 R 1 0  14  9 133 

11 11 10 7 7 1 6 5  

1 2  13 12 15 7 208 

4 9 1 0  4 4 1 3 2  

9 7 5 7 4 1 0 3  

23 18 12 7 6 243 

12 8 6 3 1 1 3 4  

4 6 5 2 6 5  

3 2 2 3 1 9 8  

1 2  2 3 1 1 2 9  

0 0 0 0 0 1  

87  87 87 87 872106 







EJ 

'JkF 

NF 

E r\l E 

E 

ESF 

SE 

SSE 

ANNUAL 

19 20 2 1  22 23 TOTL 

6 7 9 1 2  2 7 9 4 1  

7 6 7 12 19 4 4 2  

4 5 4 7 12 218 

4 3 9 1.2 19 208 

1 5 9 18 34  371 

1 3  23 37 5 3  55  5 9 9  

22 39 55 48 40 597 

35 39 40 32 33 555 



Appendix 3-3 

ANMJAL 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 



T a b l e  B-4-1. MEASURED HOURLY-AVERAGE OZONE CONCENTRATIONS (ppm). 

Time 
(MST) 4 / 2 3 / 7 8  4 / 2 4 / 7 8  4 / 2 5 / 7 8  4 / 2 6 / 7 8  4 / 2 7 / 7 8  4 / 2 8 / 7 8  



Appendix 3-5 

FUGITIT5 DUST EMISSION ESTIMATES 

A s  discussed i n  Sec t i on  4.4, annual f u g i t i v e  dus t  emissions r e s u l t -  

i ng  from t h e  proposed p r o j e c t  are expected t o  reach maximum l e v e l s  from 

1981 through 1984. Emissions have been es t imated f o r  each of t h e  f o l -  

lowing source types  i nd iv idua l l y :  

8 mine s t r i p p i n g  and o r e  product ion 

a haul road t r a f f i c  

a wind e ro s ion  from mine a r e a  

a mine waste dump development 

a ore  s t o c k p i l i n g  

Calcu la t ions  f o r  each source type a r e  descr ibed i n  t h i s  appendix 

and are based on informat ion provided by Minerals Explorat ion Company 

on t he  proposed ac t i on .  Emissions from each of the sources  a r e  con- 

s idered  t o  be " fug i t i ve  dustf1  a s  def ined i n  EPA r egu l a t i ons  f o r  t h e  

Prevent ion of S i g n i f i c a n t  D e t e r i o r a t i o n  of A i r  Qua l i ty  ( 4 0  CFR 51.24 

and 40 CFR 52.21) and a r e  t h e r e f o r e  exempt from a n a l y s i s  t o  determine 

PSD increment consumption (Union Oil Company, 1 9 7 8 ) .  



MINE STRIPPING AND ORE PRODUCTION 

St r ipp ing  

Primary overburden s t r i p p i n g  will begin i n  t h e  f o u r t h  q u a r t e r  of 

1979. Af t e r  3 months, s t r i p p i n g  w i l l  reach a rate of about 2.43 x lo6  

tons/rnonth (2.92 x l o7  tons /year ) .  This r a t e  w i l l  be maintained through 

the second qua r t e r  of 1985 a f t e r  which overburden removal w i l l  decrease 

6 7 t o  1.73 x 10 tons/month (2.08 x 10 tons /year )  f o r  the remaining l i f e  

of the p ro j ec t .  Approximately one h a l f  of the overburden m a t e r i a l  w i l l  

be below the water t a b l e  and w i l l  have a mois ture  content  of about 10 

percent.  With t h i s  high moisture  conten t  and f requent  s p r i n k l i n g  of 

active %orking areas and mine walls, f u g i t i v e  dus t  from a r e a s  below t h e  

water table i s  expected t o  be n e g l i g i b l e .  S t r i p p i n g  above t h e  water 

table is estimared to produce 3.05 pcund of d u s t i t o n  of overburden 

(Cowherd, 1974). Based on s t u d i e s  f o r  d i r t  road emissions (EPA, 1975), 

it is  expected t h a t  60 percent  of t h e  dus t  w i l l  remain suspended i n  the 

a i r  and 40 percent  w i l l  r a p i d l y  s e t t l e .  With f requent  wet t ing  of work- 

ing su r f ace s  and sp r ink l i ng  of mine wa l l s ,  about 60 percent  c o n t r o l  of 

en i s s ions  could be expected; therefore,  a c t u a l  suspended emissions are 

pred ic ted  t o  be 0.012 lb / ton .  From 1980 through 1984,  annual dus t  

emissions from overburden s t r i p p i n g  are e s t i m t e d  t o  he: 

2.92 x 10' tons /yr  x 1 / 2  x 0.012 l b / t o n  x 1 ton/2000 lb = 

87 tons /year  

Af te r  1985, anngal emissions w i l l  drop t o  about 62 tons .  



Ore Production 

Ore producing zones and areas of secondary stripping will be below 

the table and materials will have a moisture content o f  about 10 per- 

cent. With supplemental watering of dry, active working areas, fugitive 

dust emissions will be negligible relative to other sources. 

Haul Road Traffic 

The average speed of ore and stripping haul trucks will be about 

12 mph. Figure 11.2-1 of the EPA's compilation of Air Pollutant Emis- 

sion Factors (EPA, 1975), also known as AP-42, indicates that the project 

area has about 60 days with 0.01 inch or more of rain per year. With an 

assuaed silt content of 5 percent in. the road surface, the equatioa in 

Section 11.2 of AP-42 indicates that haul road dust emissions will be 

about : 

(0.81 x 5) (%)2* (365 - 60 x 2.5** = 1.35 lblvehicle mile 
365 

Since only 60 percent of these emissions can be considered suspended 

particulate matter (EPA, 1975) and frequent watering and use of chemical 

binders on permanent road surfaces will result in about 50 percent con- 

trol (EPA, 1 9 7 5 ) ,  actual emissions will be about 0.41 Ib/vehicle mile, 

*AP-12 indicates that below 30 mph, emissions become a square function 
of vehicle speed. 

**Emissions were multiplied by 2.5 to correct for the size of the haul 
trucks. 



Overburden Haulage. Overburden will be hauled to waste dumps and back- 

fill areas in 120-ton trucks, Assuming an average haul distance of 1 

mile, annual fugitive dust emissions will be: 

7 2.92 x LO tons/yr x 2 trips/120 tons x 1 mile/trip x 

Ore Haulage. About 730,000 tons of ore per year will be hauled approxi- 

mately 1 mile to the ore stockpile area in 35-ton trucks. Annual fugi- 

tive dust emissions are predicted to be: 

730,000 tons/yr x 2 trips/35 tons x 1 mile/trip x 0.41 lb/mile 

x 1 ton/2000 I h  = 8.6 tons/year 

Internal Xastr Haulage. .4n estimated 2.7 x 1c6 tons o f  internal waste 

per year w i l l  be hauled approximately 1 mile to waste  dumps and backfill 

areas in 35-ton trucks. Annual fugitive dust emissions will be: 

2.7 x lo6 tons/yr x 2 trips/35 tons x 1 mileltrip x 

0.41 lblmile x 1 ton/2000 lb = 32 tons/year 

Total Annual Haul Road Emissions (1980-1984). Total annual haul road 

emissions from 1980 through 1984 will be: 

Overburden 

Ore 

99 tons 

9 tons 

Internal waste 32 tons 

Total 140 tons 



Wind Erosion From Mine Area 

An emission f a c t o r  of 0.9 tonslacre-year  developed f o r  a g r i c u l t u r a l  

f i e l d s  (Cowherd e t  a l . ,  1976) w a s  used t o  es t imate  wind e ro s ion  emissions 

from exposed s o i l  and rock su r f ace s  i n  t h e  mine area. This emission fac- 

t o r  i s  expected t o  be conserva t ive ly  high s ince  t h e  farm f i e l d s  used t o  

develop t h e  emission f a c t o r  a r e  l oca t ed  i n  t h e  S a i n t  Louis a r e a  where t h e  

e r o d a b i l i t y  f a c t o r  (Chepil  e t  a l . ,  1962) i s  h igher  than i n  t h e  p ro j ec t  a r ea ,  

and loose  farm s o i l s  should be l e s s  r e s i s t a n t  t o  e ro s ion  than  exposed o r e  

and overburden rock. During each year  of mining, approximately 92 a c r e s  

w i l l  be exposed, ha l f  of which will be under t h e  wate r  t a b l e  o r  w i l l  be 

wetted o r  t r e a t e d  with  chemical binders .  The remaining 46 a c r e s  should 

produce, a t  most, 41 tons  of dus t  per  year as a r e s u l t  of wind erosion.  

Waste Dump Development 

Overburden and i n t e r n a l  waste w i l l  be deposi ted i n  waste dumps and 

b a c k f i l l  a reas .  The i n t e r n a l  mine waste emissions a r e  expected t o  be in-  

s i g n i f i c a n t  s i n c e  t h i s  m a t e r i a l  w i l l  be ex t r ac t ed  from below t h e  water t ab l e .  

Half of the overburden w i l l  a l s o  have been removed from below t h e  water  

t a b l e ,  and t h e  o the r  ha l f  w i l l  have been watered o r  spr ink led  p r i o r  t o  re- 

moval. It i s  expected t h a t  t h e  moisture content  and s p r i n k l i n g  w i l l  reduce 

p o t e n t i a l  t r uck  dumping emissions of 0.02/ton (PEDCO, 1978) by half. With 

about 40 percent  of t h e  r e s u l t a n t  emissions s e t t l i n g  out near the source, 

the emission factor for waste dump development i s  0.006 l b / t on .  Annual 

f u g i t i v e  dus t  emissions from t h i s  source f o r  the period 1981 through 1984 

are ca l cu l a t ed  t o  be: 



ORE STOCKPILING 

The EPA (1975) emission f a c t o r  f o r  aggregate  s t o c k p i l i n g  i n  t h e  pro- 

j e c t  reg ion  i s  3 .2  l b / t on  of o r e  s t o r e d  (P-E f a c t o r  = 3 2 ) .  Stockpi l ing  

emissions can gene ra l l y  be divided i n t o  t h e  fol lowing source a c t i v i t i e s :  

e on-loading (12 percent  o r  0.39 Ib / t on )  

a off-loading (15 percent  o r  0.48 l b / t o n )  

veh i c l e  a c t i v i t y  (40 percent  o r  1.29 Ib / t on )  

e xind e ros ion  ( 3 3  percent  or 2.06 Ib / ton)  

These emission factors represent uncont ro l led  pctentia.1 emissions ( i . e . ,  

without a p p l i c a t i o n  of dus t  i n h i b i t o r s ) .  Each source of a c t i v i t y  i s  de- 

sc r ibed  below. 

On-loading. Ore from t h e  mines w i l l  be removed from below t h e  water  

t a b l e  and i s  expected t o  conta in  a t  l e a s t  10 percent  moisture.  For t h i s  

reason, loading of t h e  o r e  onto s t o c k p i l e s  i s  expected t o  r e s u l t  i n  min- 

imal f u g i t i v e  dus t  emissions,  To provide conservatism t o  the  emission 

es t imates ,  it i s  assumed t h a t  t h e  high moisture  content  of t h e  o r e  w i l l  

reduce emissions by 50 percent  t o  0.20 l b / t o n  of o re .  

Off-loading. The o r e  i s  expected t o  r e t a i n  a high percentage of i t s  

moisture i n  t h e  s t ockp i l e s .  I n  add i t i on ,  these p i l e s  will be sp r ink l ed  



t o  c o n t r o l  wind e ro s ion  l o s se s .  This  high moisture  content  was assumed t o  

reduce p o t e n t i a l  emissions by 50 percen t  t o  approximately 0.24 l b / t o n  of 

ore. 

Vehicular T ra f f i c .  Active working su r f ace s  w i l l  be watered f r equen t ly  

t o  c o n t r o l  dust .  This i s  expected t o  reduce emissions by 50 percent  t o  

approximately 0.65 lb / ton .  O f  t h i s  amount, about 50 percent  (0 .33  l b / t o n )  

i s  assumed t o  be o r e  dust  and t he  remainder w i l l  be dust  from n a t u r a l  

s o i l  sur faces .  

Wind e ros ion .  The wind e ro s ion  component of s t o c k p i l e  emissions has  been 

modified t o  r e f l e c t  t h e  lower su r f ace  area/volume r a t i o  of t h e  uranium 

s tockp i l e s  than the aggregate  s t o c k p i l e s  s tud ied  by Midwest Research In- 

s t i t u t e  (1974 and repor ted  i n  M-42). The proposed 550,000-ton s t o c k p i l e  

f o r  t h e  Anderson p ro j ec t  i s  es t imated t o  have a su r f ace  area* of appxoxi- 

2 n a t e l y  250,000 square  f e e t ,  o r  about 0.63 f t  / t o n  of ore.  The aggregate  

s t ockp i l e s  s tud ied  by MRI  had an o v e r a l l  su r f ace  area/volume r a t i o  of 1.9 

2 f t  / t o n  of aggregate.  To co r r ec t  f o r  t h i s  s i g n i f i c a n t  d i f f e r ence ,  t h e  

e ros ion  f a c t o r  (1.06 l b l t o n )  was mu l t i p l i ed  by t h e  r a t i o  of 0.63 t o  1.9. 

I n  add i t i on ,  s p r i n ~ l i n g  of t h e  s t o c k p i l e  sur faces  and a p p l i c a t i o n  of 

chemical s t a b l i z e r s  as necessary i s  expected t o  reduce emissions by an 

a d d i t i o n a l  SO percent .  Therefore ,  wind e ros ion  &missions a r e  expected 

t o  be 0.17 l b / t o n  of o re .  

"Surface a r e a  c a l c u l a t i o n s  f o r  t h e  p ro j ec t  s t ockp i l e  were based on t h e  
assumption t h a t  t h e  exposed su r f ace  of t h e  t h r e e  s t ockp i l e s  w i l l  be 
between t h a t  of three cubes and t h r e e  cones w i t h  1 / 2  height-to-radius 
r a t i o .  



Total stockpile emissions. Component emission factors for the ore stock- 

pi les  at the Anderson project are summarized below. 

Source 

On-Loading 

Off-Loading 

Vehicular traffic 

Wind erosion 

Total 

Emissions (lb/ton) 

Total Dust Ore Dust 

0.20 0920 

0.24 0.24 

0.65 0-33 

0.17 - 0.17 

1-26 Og94 

Assuming that 2000 tons of ore will pass through the stockpile per day, 

265 dayslyear, a n n u l  stockpile dust ezissione will be 468 tsns. About 

340 tons w i l l  consist of ore dust, 

Summary sf Fugitive Dust 

Annual fugitive dust emissions resulting from the proposed project 

for years 1981 through 1984 are summarized below. 

Activity Annual Emissisas ( t ons )  

Overburden stripping 87 

Haul road travel 147 

Wind erosion 41 

Waste d m p  development 

Ore st~ckpiling 

Tota l  



Appendix B-6 

ATMOSPHERIC DISPERSION MODELING 
A DESCRIPTION OF THE MODEL WITH INPUT AND OUTPUT DATA 

THE VALLEY MODEL 

The U.S. Environmental P ro t ec t i on  Agency's Val ley Model (EPA, 1977) 

was chosen t o  p r e d i c t  d i spe r s ion  of gaseous and p a r t i c u l a t e  p o l l u t a n t s  

r e s u l t i n g  from t h e  proposed Anderson p ro j ec t .  B r i e f l y ,  t h e  Valley Model 

s imula tes  t h e  e f f e c t  of complex terrain on d i spe r s ion  of a i r  p o l l u t a n t s  

re leased  from e leva ted  sources .  No t e r r a i n  co r r ec t i ons  arc made f o r  

ground-level sources  wi th  minimal effective s t a c k  he igh ts .  The Valley 

Model equat ion ( o r  a lgor i thm)  i s  a  modified form of t h e  Pasqui l l -Gifford 

equation f o r  annual-average and short-term es t imates .  Briggs '  plume 

rise equat ion i s  used t o  c a l c u l a t e  e f f e c t i v e  s t ack  he igh t s  f o r  buoyant 

plumes. A more d e t a i l e d  d e s c r i p t i o n  of t h e  Valley Model, inc lud ing  in- 

put and output parameters,  i s  a v a i l a b l e  i n  t h e  "Valley Model User 's  Guidet1 

(EPA, 1977). The ve r s ion  of t h i s  model used f o r  impact assessment has  been 

modified t o  provide t a b u l a r  output  and i s  capable of handl ing more than  

seven recep tor  rings (a l i m i t a t i o n  of t h e  ba s i c  Valley Model computer 

code). 



MODEL INPUT AND OUTPUT 

Annual Average Calcu la t ions  

Following t h i s  d i scuss ion  a r e  t h e  r e s u l t s  of i nd iv idua l  Val ley Model 

runs f o r  p a r t i c u l a t e  mat te r ,  s u l f u r  d iox ide ,  and n i t rogen  dioxide.  Each 

run c o n s i s t s  of i nd iv idua l  source con t r i bu t i ons  ( i , e . ,  m i l l  b o i l e r  s t a c k  

and yellowcake concent ra te  stack f o r  s u l f u r  d iox ide  and n i t rogen  d iox ide ,  

and t h e  o r e  r ece iv ing  s t a c k  i n  add i t i on  t o  t h e  above two s t acks  f o r  par- 

t i c u l a t e  ma t t e r )  and a t a b l e  of t o t a l  concentrat ions .  All concent ra t ions  

3 a r e  repor ted  i n  u n i t s  of micrograms per  cub ic  meter (pg/m ). Concentra- 

t i o n s  a r e  repor ted  for each of t h e  16  c a r d i n a l  compass d i r e c t i o n s  a t  10 

distances from a re fe rence  paint near  the c r e  rece iv ing  stack. Eleva- 

t i o n  data were input  f o r  each source and receptor l oca t i on .  E leva t ion  

diffcrencss (relat5ve t o  the r e f e r ence  p o l e t )  are siuxl~lr~arized i n  t h e  final 

t a b l e  of each s e t .  Annual average meteorological  d a t a  descr ibed e a r l i e r  

i n  t h i s  appendix were used i n  t he  computations. 

Short-Term Calcu la t ions  

Short-term (24-hour) concent ra t ions  were ca l cu l a t ed  i nd iv idua l l y  

f o r  each source,  as w e l l  a s  i n  combination, f o r  each of five p o l l u t a n t s ,  

In  o r d e r  t o  avoid improper over lapping of source plumes t h a t  can occur 

a s  a r e s u l t  of t h e  sources  being separa ted  from t h e  r ecep to r  g r i d  cen t e r  

po in t ,  four  s epa ra t e  runs  were performed f o r  each po l lu t an t  with  four  

opposing d i r e c t i o n s  per run ( i . e . ,  f i r s t  run - N/E/S/W, second run - 

W / E S E / S S W / W ,  e t c . ) .  The point  of  maximum concentrat ion beyond site 



boundaries was determined from each s e t  of four  runs.  Maximum par t icu-  

l a t e  concent ra t ions  were found t o  occur south-southwest of t h e  re fe rence  

po in t ,  bu t  due t o  a d i f f e r e n c e  i n  source d i s t r i b u t i o n ,  maximum concen- 

t r a t i o n s  f o r  s u l f u r  d iox ide ,  n i t r ogen  d iox ide ,  carbon monoxide, and 

hydrocarbons were found t o  occur east -northeast  of t h e  r e f e r ence  point .  

Therefore,  on ly  model output f o r  t h e  NNE/ESE/SSW/WNW d i r e c t i o n s  i s  pre- 

sented f o r  p a r t i c u l a t e  mat te r  (TSP) ,  whi le  output  f o r  t h e  ENE/SSE/WSW/ 

NNW d i r e c t i o n s  is  presented f o r  t h e  o ther  po l l u t an t s  i n  t h i s  appendix. 

Concentrat ions  f o r  8-hour averaging times and l e s s  were ca l cu l a t ed  

from t h e  24-hour values  presented i n  t h e  following pages. The Valley 

Model code assumes 6 hours of continuous wind speed, wind d i r e c t i o n  

and s t a b i l i t y  c l a s s  f o r  24-hour computations, and m u l t i p l i e s  all shor t -  

term va lues  by 6/24 p r i o r  t o  output .  Therefore,  values presented i n  

Table 4.4-1 f o r  o the r  averaging periods were obtained by mul t ip ly ing  

Valley Model r e s u l t s  by t h e  following f a c t o r s :  

Averaging Time (hours)  Conversion Factor  
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Short-Term Calculations 
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APPENDIX C - 1  

BIOLOGICAL SAMPLING PROCEDURES 

Sample s i t e  l o c a t i o n s  were s t r a t i f i e d  to ob ta in  a r e p r e s e n t a t i v e  

sample of each of t h e  major vege ta t ion  types  i d e n t i f i e d  on t h e  Anderson 

proper ty  and i n  ad jacen t  a reas .  Three major s t r a t a  were recognized 

during a reconnaissance of t h e  a rea :  Joshua t r e e  woodland, upland 

d e s e r t ,  and r i v e r i n e  ( r i p a r i a n  and pseudor ipar ian) .  A l l  sample g r i d s ,  

l i n e s ,  and poin t  t r a n s e c t s  were s e l e c t e d  randomly wi th in  each strata. 

The o b j e c t i v e  of each sample method w a s  t o  ob ta in  maximum coverage 

and provide r e p l i c a t i o n  wi th in  s t r a t a .  When a random sampling point  

f e l l  i n  an a r e a  t h a t  had been obviously d i s tu rbed ,  such a s  a r e a s  

d i s tu rbed  by p a s t  mining a c t i v i t i e s ,  new random s i t e s  were se l ec t ed .  

The f i e l d  sampling schedule i s  provided i n  Table C-1. 

VEGETATION 

Vegeta t ion  sampling procedures used i n  t h e  f i e l d  program a r e  de- 

s c r ibed  by Mueller-Dombois and El lenberg  (1974) and Phillips ( l959) ,  

The l i n e  i n t e r c e p t  method was used t o  measure vege ta t ion  cover and com- 

p o s i t i o n  of shrubs ,  f o r b s ,  and g ras ses ,  Size-class  c r i t e r i o n  was used 

i n  t h e  sampling; measurement of b a s a l  a r e a  of any i n t e r c e p t e d  p l a n t  



TABLE C-1 

VEGETATION AND WILDLIFE FIELD SCHEDULE FOR 

- TIIE ANDERSON lJIiAN IUM PROJECT .- ----a- - 
OUJECTIW/'~EC11NI:QUE SAMPLE PERIOD COMMENTS 

1. F l o r i s t i c s  
2 .  V e g e t a t i o n  Sampling 

a. Line  i ntercept , 
and q u a d r a t s  

b. P o i n t - c e n t e r e d  
cluadra ts 

c. 1 0 0  p t . - l i n e  
i n t e r c e p t  

3 .  F a u n i s t i c s  
4 .  Faunal Sampling 

C, 
I a .  I l e r - p t i l e s  

W 
1) 5x5 drop-trap 

y r.i d s 

A l l  F i e l d  V i s i t s  

11-15 A p r . ,  1977 
3 1  0 c t . - 0 6  Nov, 1977 
13-15 Apr. ,  1977 
3 1  0 c t . - 0 6  Nov., 1377 
1 7  Aug. 1977 

A l l  F i e l d  V i s i t s  

21-23 A p r ,  , 1977 
08-10 June,  19'77 
21-23 Oct., 1977 

b. B i r d s  
1 )  T r a n s c c t  Counts 25-27 Feb., 1977 

06-08 Apw. , 1977 
07-10 June, 1977 
20-23 Oct., 19'77 

2) B r e e d i n g  Data Mar. -Aug.  , 1977 
5 .  Srnall Mammals 

a. IAive trap assess- 20-23 Apr. , 1977 
ment l i n e s  19-23 O c t . ,  1977 

6. R a b b i t s  
a .  Sprint] cotint 06-08 A p r . ,  1977 
b. Summer count 07-03 Jtme, 19-77 
c. F a l l  cowl t  20-22 Oct. , 1977 

7.  Deer 
a. T r a c k  arid P e l l e t  Same as birds 

8. O t l w r  M a r ~ u n a l s  A l l  F i e l d  V i s i t s  

General. Reconnaissance  

S i t e s  1-4 
Sites 5-14 
S i t e s  1 and 2 
Sites 5,6,7, and 8 
Near S i t e s  1,5, and 6 
and a t  A l n r a  R? E n c l ~ s u r e ,  
G e n e r a l  Reconna i s sance  

A l l  g r i d s  ( A , B , C ,  and D) 
A l l  gr ids  
A 1 1  g r i d s  

Tratrsects M-1, S-2, arld R - l  
T r .  M - 1 ,  M-2, S-1, 5-2,  R - l ,  and R-2 
Same a s  A p r i l  
Sarne as  A p r i l  
G e n e r a l  Reconna i s sance  

S i t e s  A-G 
S i t e s  A-G 

20 m i .  i n  and n e a r  project. s i t e  
S a m e  as A p r i l  
Same a s  April. 

Transects 1-1-1 through R-2 
G e n e r a l  R e c o ~ ~ n a i s s a u c e  

Source: Dames & Moore, l978a 



less  than  s i x  f e e t  i n  he ight  was inc luded  i n  t h e  sample. L i n e  i n t e r c e p t s  

were run a t  1 4  l o c a t i o n s  (F igure  2.8-1). Twenty square meter quadrats  

were p laced  along each l i n e  i n t e r c e p t  at 15-foot i n t e r v a l s .  The d e n s i t y  

of £orbs and grasses  was measured i n  each quadra t ,  

The point-center  q u a r t e r s  method w a s  used t o  measure abso lu te  den- 

s i t y  and dominance of l a r g e  shrubs,  t r e e s ,  and c a c t i  on sample sites 

1, 2 ,  5 ,  6 ,  7 ,  and 8 ( F i g u r e  2.9-1). A t  each of the selected sample 

s i t e s ,  20 p o i n t s  were read along a compass t r a n s e c t .  Po in t s  along t h e  

t r a n s e c t  were placed a t  100-foot i n t e r v a l s  t o  insure t h a t  p l a n t s  were 

not  resampled. At each po in t  a  90" a r c  w a s  read from t r u e  no r th  d i v i d i n g  

t h e  f u l l  c i r c l e  i n t o  fou r  quadrants.  I n  each quadrant the d i s t a n c e  

from the  po in t  t o  t h e  nea res t  p l an t  exceed ing  six feet in height w a s  

measured a s  w e l l  as t h e  p l a n t  diameter  a t  ground level ,  

Ten 100-point i n t e r c e p t s  were read i n  upland a r e a s  t o  measure per- 

cen t  r e l a t i v e  composition and cover. The po in t s  were read a t  t h r e e  

f o o t  i n t e r v a l s  along t h e  i n t e r c e p t s .  A l l  p l a n t s  i n t e r c e p t i n g  the v e r t i c a l  

p lane  t o  t h e  poin t  were t a l l i e d  and the sum of sample p l a n t s  per spec ie s  

w a s  recorded.  Three i n t e r c e p t s  were run  a t  each of t h e  fo l lowing  

l o c a t i o n s :  0.2 mi l e  no r th  of sample site 1, i n  t h e  v i c i n i t y  of sample 

s i t e  5, and i n  t h e  v i c i n i t y  of sample s i t e  6 ,  These l o c a t i o n s  were 

s e l e c t e d  a s  r e p r e s e n t a t i v e  of Joshua t ree woodland and upland d e s e r t  

vegeta t ion .  One 100-point i n t e r c e p t  was read i n  an e s t a b l i s h e d  exclo- 

s u r e  i n  Joshua t r e e  woodland vege ta t ion  approximately f o u r  mi les  west 



of Highway 93 on Alamo Road. This s i t e  i s  about 1 6  mi les  southeas t  

of t h e  Anderson property.  The exclosure  has been fenced from l i v e -  

s tock  s i n c e  t h e  mid-1960s' 

In a d d i t i o n  t o  t h e s e  samples, s i x  300-foot l i n e  i n t e r c e p t s  were 

run  p a r a l l e l  t o  t h e  proposed access  road right-of-way a t  i n t e r v a l s  of 

approximately 2.2 miles .  P l an t  occurrence was noted along the  l i n e s *  

P l a n t s  l e s s  than  s i x  f e e t  i n  he ight  t h a t  i n t e r c e p t e d  t h e  v e r t i c a l  plane 

of t h e  l i n e s  were counted. All p l a n t s  g r e a t e r  than s i x  f e e t  i n  he ight  

w i th in  50 f e e t  of t h e  road were counted. These d a t a  a r e  i n  genera l  

agreement wi th  t h e  da ta  presented i n  t h i s  r epor t .  

During t h e  f i e l d  program, f l o r a l  composition was s tud ied  through 

the use of s tandard  keys and f i e l d  guides. Kearney and Peebles (1960) 

was re ferenced  as t h e  a u t h o r i t y  f o r  s c i e n t i f i c  nomenclature. 

WILDLIFE 

Four r e c t i l i n e a r  drop-trap g r i d s  were used t o  sample h e r p t i l e s  

( r e p t i l e s  and amphibians) (F igure  2.8-1). Traps cons i s t ed  of open top ,  

one g a l l o n  cans set i n  t h e  ground so t h a t  the rims were l e v e l  wi th  t h e  

su r face .  The cans were placed a t  1 2  meter i n t e r v a l s  along coordina tes  

i n  a  5 x 5 can g r i d .  Samples were taken on a seasonal  basis (Table C-1). 

During each sample per iod  a one-square-foot masonite  board w a s  placed 

over  each can and supported on s tones  t o  i n s u r e  about two inches of c l ea r -  

ance between t h e  can r i m  and t h e  l i d .  After  t h r e e  days, a l l  t r a p s  were 

inspec ted  f o r  captures .  



Birds were surveyed seasonal ly  (Table C-1) by t r a n s e c t  counts and 

gene ra l  reconnaissance.  S i x  t r a n s e c t s  were e s t ab l i shed  i n  t h e  area 

(F igure  2.8-1). I n  each season, counts  were taken on t h r e e  consecutive 

days along each t r a n s e c t .  The number of a l l  b i r d s  and t h e  d i s t a n c e  

between t h e  t r a n s e c t  and the  s i g h t i n g  were recorded.  These d a t a  were 

converted t o  d e n s i t y  based on methods descr ibed  by Emlen (1971) .  Signs 

of breeding a c t i v i t y  were recorded dur ing  a11 censuses and gene ra l  

reconnaissance.  Data on breeding included evidence of breeding p a i r s ,  

cour t sh ip  behavior and presence of n e s t s ,  juveni les ,  and broods. 

Small mammals were sampled i n  t h e  f a l l  and spr ing  (Table C-1) us ing  

t h e  modif ied Ca-lhoun method ( 1 9 5 6 ) .  Seven sample s i t e s  were es t ab l i shed  

i n  t h e  area (F igure  2.8-1). Four of t h e s e  s i tes  (A, B ,  C and D) coincided 

w i t h  t h e  drop-trap g r i d s ,  Two t r a p l i n e s  were es t ab l i shed  a t  each s i t e .  

These l i n e s  were placed 250 f e e t  a p a r t  and p a r a l l e l  t o  each o the r .  Twenty- 

f i v e  Sherman l i v e  t r a p s  were p laces  a t  121neter  i n t e r v a l s  along each 

l i n e .  The t r a p s  were ba i t ed  and checked f o r  t h r e e  consecutive n igh t s .  

Captured animals were marked, i d e n t i f e d ,  sexed, aged, and r e l eased  a t  

t h e  po in t  of capture .  These data  were used t o  determine composition, 

abundance, and reproduct ive  status, 

The r e l a t i v e  abundance and popula t ion  t rend  d a t a  f o r  r a b b i t s  and 

o t h e r  intermediate-sized mammals was obtained by using t h e  roads i t e -  

s p o t l i g h t  method (Lord, 1959), This  census was conducted f o r  t h r e e  con- 

s e c u t i v e  n i g h t s  dur ing  Apr i l ,  June,  and October (Table C-1) and involved 



coun t ing  a l l  s i g h t i n g s  w i t h i n  t h e  h e a d l i g h t  beams of a v e h i c l e  d r i v e n  

a t  l e s s  t h a n  10  nph. The r o u t e s  randomly t r a v e r s e d  approximate ly  20 

m i l e s  of unimproved road i n  t h e  a r e a  (F igure  2.8-1). 

Deer were sampled by not ing  evidence of tracks and p e l l e t  groups 

a long  b i r d  t r a n s e c t s .  Sampling was conducted s imul taneous ly  w i th  b i r d  

c o u n t s  . 

Other mammals such as p r e d a t o r s  and b a t s  were no t ed  by s i g h t i n g s  

and ev idence  of s i g n  du r ing  g e n e r a l  reconna issance ,  

During t h e  f i e l d  program, w i l d l i f e  was i d e n t i f i e d  u s ing  s t anda rd  

keys  and f i e l d  guides .  S c i e n t i f i c  nomenclature fo l l ows  S tebbins  (1966),  

Blair  e t  al. (1968),  h e r i c a n  O r i t h o l o g i s t  Union ( 1 9 5 7 ) ,  P h i l l i p s  e t  

al. (1964) ,  Robbins e t  a l .  (1966) ,  Burt  and Gossenheider (1964),  and 

Cockrum ( 1 9 6 0 ) .  



PLmTS AND ANIMALS OBSERVED IN THE VICINITY OF THE ANDERSON PROPERTY 



TABLE C-2 

PLANTS OBSE2VED AT THE ANDERSON U F A M I U M  PROJECT AREA 

a 
COM.MUJXITY/VEGETATION TYPE 

Crucifixion Thorn 

Elue Palo Verde 

~ittle-leaf Palo Verde 

Desert W i l l o w  Ch i lops i s  linearis 

Fremont Cottonwood 

t j i l l o w  

SHRUBS, CACTI, AND LILEIES 

Acacia constricts White-thorn 

Catclaw 

Agave 

Mescal 

Slender Goldenbush 

Agave p a r q i  

Agave spp.  

a; ~ o r n m u n i t y / ~ e g e t a t i o ~  Type: 

I. Riparian 

Joshua T r e e  Woodland 
- 

4 Upland deser t  



A t r i p l e x  polycarpz 

Akriplex spa. 

3accharis q l u t i n o s a  

3. sarotnroides - 

3rickeILi.a c a l i f o rn i ca  

SBR7CE3S, CACTI,  -AND L I L L E S  

CAhqsothamnus paniculatus 

C ~ n d a l i a  spp. 

ferocactus acanthodes 

Foucmieria splendens 

Frdnseria deitoidea 

'F. dumosa - 

Desert Saltbush 

S a l t b u s h  

Seep-willow 

Desert-broom 

B r i c k e  lbush  

Saguaro 

Black-bark Rabbitbush 

Graythorn 

Cl i f f - rose  

3igelow 2agged a c k - f l o w e r  

Hedgehoq Czctus 

Englernann Hedgehoq Cactus 

Brittlebush 

Joint-f  ir 

Joint-f ir 

Plat-top Buckwheat-Smsh 

Barrel Cactus 

Ocoti l lo  

Tr i ang le  Bursage 

White Bursage 

Crucifixion-thorn 

COMlCTNITY/VEGETATION TYPE 
1 - 2 3 4 



Surrobush 

Burrobush 

Desert Lavender 

White 3atany 

m g e  Ratmy 

Creosotebush 

Anderson Thornbush 

Larrea divaricata 

SHRUBS, CACTI, RVD LILLIES 

Rabbit-thorn 

Wolfberry 

Fishhook lincushicn 

E i g e l o w  Nolina 

Bucknorn Cholla 

Beavertail Czctus 

Teddy Bear Cholla 

Pancake P r i c k l y  Pear 

Englema-m P r i c k l y  Pear 

Christmas Cactus 

Engelmann P r i c k l y  Pear  

Paper Flower 

mi crccasa  

O ~ u n t i a  acanthocarpa 

basilaris 

bigelovi i  

chlorotica 

enslemmmii  

l e n t o c a u l i s  

Psilostwoohe cooperi 

I r o s o ~ i s  i u l i f  lora Mesquite 

Screwbean 

Baldder-sage 



TABLE C-2 (CONTINUED) 

Yucca Saccata 

Y. brevif  olia - 

Yucca SPD. 

Bouteloua a r i s t i do fdes  

GRASSES 

bout el^^^ s ~ p  . 
3 rmus  ar i ssn icus  -- --- 
Bromus rubens 

Cynodcn Dactylon 

Hilar ia  muticz 

H. rigida - 

Nouhlenberqia p o r t e x i  

Muhlenbergia spp . 
Schisrnus barbatus 

Setaria spp. 

Golsenbus n 

S a l t  Cedar 

Banana Yucca 

Joshua Tree 

Soaptree Yucca 

Yucca 

Threeawn , 

S k  Weeks G r a m a  

G r a m  Grass 

Arizona Srone 

Red Brome 

S e m d a  Grass 

Tobosa 

Big Galleta 

Bush Muhley 

Muhley 

S chismus 

Bristlegrass 

Sand Dropseed 

Dropseed 

Desert F lu f  £grass 



T r a i l i n g  Four O'clock 

ZOL~ 0 ' Clock 

,Ug-weed 

Fiddle-neck 

Mohave Aster 

Aster 

Ambrosia spy. 

Aster abatus 

A s t e r  spp . 
-7 

aaileva rnultiradiata Desert Marigold 

Spiderling 

Chaenactis 

Joerhaavia s ? ~ .  

Chaenactis s tevioides  

Calochortus Kennedyi Mariposa Lily 

Senna 

Wild 

Western- jimson 

Fleabane 

Skeletonweed 

Desert Trtlimpet 

Suckwheat 

Filaree 

Spurge 

Cassia spp. 

Datura meteloides 

Erigeron spg. 

Eriogonum deflexum 

Eriogonum inflaturn 

Er ioqonm m. 

Erodium circutariurn 

Euphorbia prostrata 



TABLE C-2 Concluded 

Lesauerella qordoni 

Oenothera brevipes 

Phacelia Fremontii 

Phacelia spg . 

Senecio s m .  

Spnaeralcea spp . 
Verbena s p .  

Rubbs~t~eeCi 

2egpergras.s 

Bladderpod 

i3 ladderpod 

Arizona Bluebonnet 

Lupine 

Konke y F L o w e r  

Mohave Desert-star 

Tobacco 

Desert Smdrop 

Primese 

Brocmrape 

BracmraFe 

O w l  Clover 

Scorpianweed 

Scorpionweed 

Wooly Indianwheaz 

Desert Chicks-ry 

Desert Dandelion 

Sorrel 

Senecio 

London Xocke t 

Desert Xallow 

Globemallow 

Verbena 

Source: Dames & Xoorel1978a 



TABLE C-3 

WILDLIFE OBSERVED AT TIIE ANDERSON URANIUM PROJECT AREA -- 

AMPHIBIANS 
- - -  - 

Scaphiopus w. - 

Bufo p u n c  t a t u s  

Spadefoot  

Red-spotted Toad 

VEGETATION TYPE 
1 2 3 4 

REPTILES 

Copherus sassizi 
0 

I 
w 
~n Coleonyx variegatus 

Sauromalus obesus - ---- 

Dipsosaurus dorsalis 

Callisaurus draconaides 

Sceloporus m a q i s t e r  - L 

U t a  s tansburiana 

a. V e g e t a t i o n  Type: 

Desert Tortoise 

Banded Gecko 

Chuckwalla 

Desert Iguana 

Zebra-tailed Lizard X X X 

Desert Sp iny  Lizard 

Side-blotched Lizard X X X 

3 .  Joshua T r e e  Woodland 

4 .  Upland desert  



TABLE C-3  (CCNTINIJED) 

REPTILES 

,Phrynosoma p la  t y r h i n o s  

Cnemidophorus t i g r  i s  

Salvadora hexalepi  s 

P i t u o p h i s  melanoleucus  - - - 
Arizona - elegans 

C r o t a l u s  a t r o x  

C. c e r a s t e s  

VEGETATION TYPE 
1 2 3 4 -- 

- Desert FIorned Lizard X 

Western Whiptail  X X . X  X 

Western Patch-nosed Snake X 

Gopher Snake X X 2C X 

Glossy Snake X X 

Western Diamondback X X X X 

Sidewinder X X X X 

Mohave R a t t l e s n a k e  X X 

B I R D S  

C a  thartes aura Turkey Vul ture  X X X X 

* Buteo jamaicensis -- Red-tailed lIawk X X X X 

Accip i  ter  cooperii - - Cooper's Mswk X )I 

Aqui la  - chrysaetos Golden Eagle  X X X X 

FaZco mexicana --- - Prair ie  Falcon X 

F. s p a r v e r i u s  - American Kestrel X X X X 

* B i r d  species of which  evidence  of b reed ing  was noted on the project area. 



w 

TABLE C-3 (CONTINUED) 
+"wew 

VEGETATION TYPE 

* Lophortyx qambelii  Gambel's QnaiJ 

White-winged Dove 

Mourning Dove 

Roadrunner 

Screech Owl 

Great Horned O w l  

E l f  O w l  

Poorwi l l  

Lesser Nighthawk 

White- throa ted swift 

Black-chinned Ilununi.ngbird 

Costa ' s Hummingbird 

Common Flicker 

G i l a  Woodpecker 

Ladder-backed Woodpecker 

Western Kingbird 

* Zenaida - a s i a t i c a  

* Z. macroura - - 

Geococcyx californianus - 

Otus as io  - - .  

* Bubo virginianus -- - 
Micrathene whi t n e y i  --- 

Phalaenopti lus  n u t t a l l i  

* Chordeiles - acut ipennis  

Aeronau  t e s  saxatalis - - 

Archilochus alexandri  

* C a l y p t e  costae 

* - Colaptes auratus --- 
Centurus - uro_~ygialis 

Dendrocopos - s c a l a r i s  

* Tyrannus - - v e r t i c a l i s  



B I R D S  

TABLE C - 3  (COMTINUED) 

VEGETATION TYPE 
1 2 3 4 

* Myiarchus cinerascens A s h - t h m a  t ed  Flycatcher 

Say's Phoebe 

Tachyc i n e  t:a thalassina V i o l e t -  green Swallow 

Petroche l idon  pyrrhonata Cliff S w a l 3 . o ~  

Corvus cryptoleucus - - White-necked Raven 

* Auriparus - f laviceps Verdin 

* - Can~pylorhynchus brunne i cap i1 l .u~  Cactus Wren 

Catherpes mexicanus Canyon Wren 

Salpinctes obsoletus - Rack Wxen 

Mimus po l . yg lo t to s  Mockingbird 

Toxostoma b e n d i r e i  ---- Bend ire ' s Thrasher 

* T. c u r v i r o s t r e  - Curve-bi l led Thrasher 

* T.  dorsale - ' C r i s s a l  Thrasher 

Oreoscop tes rnontanus Sage Thrasher 

Turdus migratorious Robin 

* Polioptila melanura -- Black- ta - i l ed  Gnatcatcher 

Kegulus calendula - Ruby-crowned K i n g l e t  



Phainopepla n i  t e n s  -- -- 
* Lanius ludoviciana 

* Vireo bellii - 

V. v i c i n i o r  - 

* Vermivora luciae -- 
Dendroica ~ t e c h i a  

D .  coronata  - 

Wilsonia p u s i l l a  - 

Icterus c u c u l l a t u s  

* - I. parisorurn - 

* Molothous  ater 

Carpodacus mexicanus 

Spinus tris tis - 
* - S .  psa l t r ia  

Calamospi - za melanocorys 

Pooece tes ~ ~ r a m i n e u s  - - 

Pha inopepla  

Loggerhead Shrike 

B e l l ' s  V i r e o  

Gray Vireo 

Lucy ' s Warbler 

Y e l l o w  Warbler 

Yellow-rumped Warbler 

W i l s o n ' s  Warbler 

Ilooded Oriole 

Scott's Oriole 

Brown-headed Cowbird 

IIouse Finch 

American Goldfinch 

Lesser Goldf inch 

Brown Towhee 

Lark Bunting 

Vesper Sparrow 

VEGETATION TYPE 
1 2 3 4 



TABLE C -  3 (CON'TT~.NT~ED) 

VEGETATION TYPE 
B I R D S  

* Amphispiza bilineata 

S p i z e l l a  passerina 

S .  breweri - 

Z o n o t r i c h i a  leucophrys - 

MAMMALS 

Myotis spp. - 

B l a c k -  throa tcd Sparrow 

Chippirlg Sparrow 

Brewer's Sparrow 

White-crowned Sparrow 

Bassariscus as tu tus  

Taxidea taxus -- 
Canis latrans 

Lynx rufus  -- 

C i t e l l u s  . --- t e r e t i c a u d u s  

Ammospermophilus - harrisi 

Peroqna thus amplus - - 

P. intermedius  

P .  b a i l e y i  - - 

Myotine Rat 

Ringtail 

Badger 

Coyote 

Bobcat 

Mohave Ground Squirre l  

Yuina Antelope Squirrel 

Arizona P a c k e t  Mouse 

Rock Pocket Mouse 

Bai l ey  a s P o c k  I: Mouse 



MAMMALS 

Dipodomys m e r r i a m i  - 

Peromv scus m a n i c u l a  t u s  

Neotoma - a l n i g u l a  

Lepus c a l i f o r n i c u s  
7 - 

S y l v i l a g u s  auduboni 

~ d o c o i l e u s  hemionus 

Equus a s i n u s  

TABLE C-3  Concluded 

Merriam's Kangaroo Rat 

Deer Mouse 

Brush Mouse 

Whitethroat Woodrat 

B l a c k t a i l  ~ a c k r a b b i t  

Desert Cottontail 

VEGETATION TYPE 
1 2 3 4 

Mule Deer 

Feral  Burro 

Source: Dames & Moore1~1978a 



Appendix D 

W I 0 L O G I C A L  CONSIDEPATIONS 



Appendix D-1 

RADIOLOGIC& CONSIDERATIONS 

ACTIVITY RELEASES 

The es t imated  r a d i o a c t i v i t y  r e l e a s e s  from t h e  Anderson p r o j e c t  a r e  

given i n  Table  D-1. These estimates a r e  based on a n  average o r e  grade  

of 0.072 percent  uranium oxide. The es t ima te s  f o r  t h e  r e l e a s e s  of 

radon-222 from a l l  sources  a r e  based on t h e  methods used i n  t h e  Sweet- 

water  P r o j e c t  D r a f t  Environmental Statement  (NRC, 1977).  The o r e  dus t  

releases from t h e  o r e  s t o c k p i l e s  were es t imated  from in format ion  about 

aggrega te  p i l e s  (EPA, 1975). The methods and assumptions used a r e  d i s -  

cussed i n  Appendix B. The estimates of yellowcake emissions and of o r e  

d u s t  from t h e  g r ind ing  o p e r a t i o n  a r e  based on in fo rma t ion  provided by 

t h e  a r ch i t ec t - eng inee r  f o r  t h e  p r o j e c t *  

DOSE MODELS FOR AIRBORNE EFFLUENTS 

I n d i v i d u a l  and popu la t i on  doses  are c a l c u l a t e d  a t  v a r i o u s  l o c a t i o n s  

around t h e  s i t e  as a f u n c t i o n  of pathway and organ  ( i nc lud ing  t h e  whale 

body). I n d i v i d u a l  doses  are summed over  a l l  pathways a t  a g iven  l o c a t i o n  

s o  t h a t  t h e  maximum i n d i v i d u a l  dose can be determined. Popula t ion  doses  

are summed over  a l l  pathways t o  o b t a i n  t h e  t o t a l  popu la t i on  dose a t  



a given loca t ion .  Populat ion doses are  then su~nmed over a l l  l o c a t i o n s  

t o  o b t a i n  the t o t a l  popula t ion  dose  f o r  each organ. 

Table D-1, ACTIVITY RELEASES 

Releases (Ci/yr) 

Ore Yellowcake 
Storage Concentrat ing 

Iso tope  P i l e s  Grinding 6 Packaging T a i l i n g s  Mines Tote l  

I n h a l a t i o n  and i n g e s t i o n  dose conversion f a c t o r s  are based on NRC 

Regulatory Guide 1.109. 

The dose model f o r  exposure from contaminated ground i s  based on the 

assumption t h a t  t h e  r ecep to r  i s  1 meter above a uniformly contaminated 

plane t h a t  extends i n  a l l  d i r e c t i o n s ,  Dose conversion factors used i n  t h e  

analyses a r e  discussed by Solda t  (1971) and o the r s .  

The e x t e r n a l  exposure dose model assumes t h a t  t h e  contaminated medium 

i s  large compared w i t h  t h e  range of emit ted r a d i a t i o n .  Under t h i s  assump- 

t i o n ,  the energy absorbed i s  equal  t o  t h e  energy emit ted.  

The fo l lowing c a l c u l a t i o n a l  models based on NRC Regulatory Guide 1.109, 

Rev. 0 ,  were used t o  eva lua te  t h e  i n d i v i d u a l  and populat ion exposures 



r e s u l t i n g  from releases of a i r b o r n e  r ad ioac t ive  material. The pathways 

by which an  i n d i v i d u a l  may be s i g n i f i c a n t l y  exposed are immersion, ground 

sh ine ,  i n h a l a t i o n ,  and inges t i on .  

IMMERSION DOSES 

The model f o r  gamma whole-body dose i s  based on t h e  assumption t h a t  

t h e  contaminated medium i s  an " i n f i n i t e  volume." An " i n f i n i t e  volume" 

i s  one such t h a t  the ex t en t  of t h e  medium i n  a l l  d i r e c t i o n s  from the 

poin t  of i n t e r e s t  i s  greater than t h e  range of the emit ted particles 

i n  t h e  medium. The r e s u l t i n g  whole-body dose i s  then  g iven  by: 

where : 

D = whole-body gamma dose due t o  immersion i n  t h e  c loud,  mremlyr 
DI 

Ri = r e l e a s e  ra te  of i s o t o p e  i, Ci/sec  

X / Q  = atmospheric  d i s p e r s i o n  f a c t o r ,  sec/m 3 
- 
ETi = average gamma decay energy f o r  i s o t o p e  i, MeV/dis 

7.88 x 10' = convers ion  f a c t o r :  

A c t i v i t y  r e l e a s e  r a t e s  f o r  each source  are given i n  Table D-1. Values for 

t h e  average decay energy a r e  p resen ted  i n  Table  D-2. 



Table  D-2, ISOTOPE DATA 

I so tope  E (Me~/dis) x (sec-I) 
Y 

GROUND SHINE DOSES 

As i t  travels downwind from the  p r o j e c t ,  p a r t i c u l a t e  a c t i v i t y  will 

depos i t  on t h e  ground a d  be removed by decay. The ground-surface 

concent ra t ion  ~f i so tope  i i s  g iven  by: 

where : 

ground-surface concent ra t ion  of i s o t o p e  i, C i / m  2 

depos i t ion  v e l o c i t y  = 0.003 m/sec 

r a d i o l o g i c a l  decay cons tant  f o r  isotope i, sec-I (va lues  are 
presented i n  Table  D-2) 

ground depos i t ion  accumulation t ime,  s e c  (va lue  used: 
8 10  y r  = 3.15 x 10  see) 

The r e s u l t i n g  doses a r e  determined frorn: 



where: D ' ~ )  = dose to organ m f a r  ground shine,  mrem/yr 
rn 

3 
6 8760 hr 10 mrem 

8.76 x 10 = conversion f a c t o r :  
Yr resu 

2 
D F ~ )  = dose conversion factor (rem-meters / ~ i - h r )  

to ground shine from i so tope  i 

The dose conversion factors for shine from the soil are based 

receptor standing on a plane source of uniform concentration. 

these factors are given in Table D-3. 

f o r  organ m due 

on a dose 

Values of 

Table D-3. DOSE CONVERSION FACTORS FOR GROUND SHINE 

Isotope 

Whole Body Skin 

INMUTION DOSES 

Inhalation of radioactive gases and particulates results in radiation 

exposure to the body and to specific organs. The amount of radioactive 

material inhaled depends on the plume concentration and the breathing 

rate. The resulting inhalation dose is given by: 



where : 

dn = i n h a l a t i o n  d o s e  t o  organ m,  mrem/yr 
Inh 

BR = breathing rate = 2.32 x n3 / s ec  

DF? = inhalation dose conversion factor f o r  organ m and i s o t o p e  i ,  

7 6 3 
3.15 x 10 

I sec 10 pCi 10 m r e m  
3.15 x lox6 = conversion factor: x 

YX Cf r e m  

Values for the inhalation dose conversion factor are presented in 

Table  D-4. 

Table D-4. DOSE CONVERSION FACTORS FOR INHAUTION* 

Dose Conversion Factor (rem/$i) 

Bone h%ole Body Kidney Lung 

Activity can enter humans who ingest food containing radioactive 

materials. Activity enters the food ingestion pathway by deposition on 

grass eaten by cattle and by deposition on vegetables, The isotope 

concentration is a function of the concentration in air, the deposition 

* A l l  values are based on NRC Regulatory Guide 1.109 except for radon-222, 
which is based on ICFP Publication 2, 

INGESTION DOSES 



r a t e ,  t h e  bui ldup r a t e  on t h e  ground, the pathway, and t h e  type of 

vege ta t ion .  Radioactive m a t e r i a l  w i l l  e n t e r  p l a n t s  by d i r ec t  depos i t i on  

of a c t i v i t y  on the shoots  and by uptake from t h e  soil. The concent ra t ion  

of r a d i o a c t i v e  m a t e r i a l s  i n  vege t a t i on  i s  given by: 

where : 
T t  

C; = concentration of isotope i i n  vegetation, pCi/kg 

FR = f r a c t i o n  of depos i ted  a c t i v i t y  t h a t  i s  r e t a i n e d  by vege t a t i on  
= 0.2 f o r  p a r t i c u l a t e s  

Ad = f r a c t i o n  of t h e  ground su r f ace  a r e a  t h a t  i s  covered by vege t a t i on  
p a s t u r e  grass = 0.27 
vegetables = 1.0 

x w i  = 1, + ki = e f f e c t i v e  removal rate - fue t o  r a d i o a c t i v e  decay and 
weather ing (1, = 5.83 x l f7  s e c  f o r  a weathering h a l f - l i f e  
of 1 4  days)  

2 2 Y = v e g e t a t i o n  y ' e l d  (kg/m wet weight) = 0.04 kg/m f o r  pa s tu r e  grass 
and 2.0 kg/m3 f o r  vege t ab l e s  

t, = t ime t h a t  c rops  a r e  gxposed t o  contaminat ion 
= 90 days (7.78 x 10 sec) f o r  pa s tu r e  grass 
= 60 days (5.18 x l o 6  sec) f o r  vege t ab l e s  

SCI = s o i l  uptake concen t r a t i on  f a c t o r  f o r  i s o t o p e  i (?Ci/kg, w e t  
weight ,  per pCi/kg, d ry  s o i l  weight) (va lues  f o r  t h e  s o i l  uptake 
f a c t o r  are presented i n  Table  D-5) 

ts = s o i l  expo u r e  t i m e  (use expected p l a n t  life: 10 yea r s  = 8 3.15 x 10 s e e )  

Ps = s o i l  s u r f a c e  d e n s i t y  (p roduc t ive  s o i l  layer) = 240 kg/m 2 

1.0 x lob = convers ion f a c t o r  from Ci t o  u C i  



The quan t i t y  con t r ibu t ed  by t h e  grass is given by t h e  f i r s t  term in 

brackets in Equation D-5, while the quantity con t r ibu t ed  by t h e  soil 

is given by the second term. 

Table  0-5. SOIL BEEF CONCENTWITION FACTORS 

The activity concen t r a t i on  i n  beef depends on the animal feed 

concentrations, Seed c o n s u p t i o n  r a t e s ,  .md the amount of the activity 

consumed by the animal which i s  t r a n s f e r r e d  t o  t h e  food product of i n t e r -  

e s t .  For a given l o c a t i o n  and animal feed consumption p a t t e r n ,  t h e  

concen t r a t i on  of i so tope  i i n  an an imal ' s  feed i s  given by the fol lowing 

equat ion : 

where : 

f 
Ci =. concentration of i s o t o p e  i i n  the animal feed, lICi/kg 

f f  = f r a c t i o n  of d a i l y  feed t h a t  is pasture g r a s s  when animal grazes  
on pasture = 1.0 

fg = f r a c t i o n  of the year t h a t  animals g r aze  on pasture = 1.0 

C> concen t r a t i on  of i s o t o p e  i i n  p a s t u r e  g r a s s ,  pCi/kg 
1 



Concentration in feed at time of storage, vCi/kg (it is assumed 
that s t o r e d  feed i s  grown beyond the 50-nile radius; t h e r e f o r e ,  
c; = 0) 

delay between deposition on pasture g r a s s  and consumption by 
animals, sec = 0.0 

delay time between harvest of stored food and consumption by 
animals, sec = 0.0 

The concentrations in beef are then given by: 

where: 

c): = concentration 

The doses 

feed to food 

of isotope i in meat, uCi/kg 

product transfer factor (Ci/kg)/(Ci/day) for beef 
(values for the  transfer factor are presented Table  

animal's rate of feed consumptioo for beef pathway = 50 kg/day 
f o r  beef ca t t l e  

transport time from food production to consumption by man, 
sec = 0.0 

to man resulting from the  consumption of meat and vegetables 

that contains radioactive materials are given by: 

D: = 1.0 x lo3 C: Ub D F ~ ~  (for  beef) 

= 1.0 x lo3 C: U Wing (for vegetables) Db I V  i 

where : 

m Db = ingestion dose to organ m, mrem/yr 



U = annual consumption rate of beef or vegetables, kg/yr 

Ub = 210 kg/yr f o r  beef 

= 60 kg/yr f o r  vegetables 

D F ~ ~ ~  = ingestion dose conversion factor for orgazi rn 2nd i 
i so tope  i, r e m / p ~ i  (values for the dose conversion 

factor are presented in Table D-6) 

1.0 x 10' = conversion factor from rem to m r e x  

Doses from vegetable consumption are based on the assumption that 

10 percent of the annual individual consumption is supplied by local 

sources. For  the beef pathway, the assumption is that 20 percent of the 

cecsuxption is from local sources. The remainder of an individualq s 

food consumption is assumed to be supplied by sources outside the 50lnile 

radius. These consumption rates are also used for the ca icGat ion  of 

populat ion doses. 

Table D-6. DOSE CONVERSION FACTORS FOR INGESTION . . 

Dose Conversion Factor ( r e m / v C i ) *  

I s o t o p e  
Gastrointestinal 

Bone WholeBody Kidney Tract 

* A l l  values are based on NRC Regulatory Guide 1.109. 



POPULATION DOSES 

In order to obtain popula t ion  doses it i s  necessary  t o  combine in- 

dividual doses with population distributiocs. The popula t ion  dose is 

t he  summation, over all s e c t o r d i s t a n c e  i n t e r v a l s ,  of t h e  product pf  the  

individual dose and the number of individuals. 

where : 

prn = population dose to organ m obtained by summing over all locations 

R, man-rem/yr 

'Q = human population at locat ion E 

m 
De = individual dose t o  organ m a t  location %, mrem/yr 

l f3 = conversion factor from mem to rem 



Appendix D-2 

ATMOSPHERIC DISPERSION FACTORS 

This appendix gives a l i s t  of t h e  atmospheric dispersion factors 

(x/Q) used in the r a d i o l o g i c a l  assessment. 
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