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SUBJECT: ENVIRONMENTAL ASSESSMENT FOR THE R I O  ALCOM MINING CORP. 
‘ -  LICENSE APPLICATION, SMITH RANCH I N  SITU LEACH MINING 

PROJECT, CONVERSE COUNTY, WYOMING 

Background 

On Harch 31, 1988, predecessors of Ria Algom M in ing  Gorp. (Rio Algom) submi t ted  
an a p p l i c a t i o n  t o  NRC f o r  a source ma te r i a l  l i cense .  The a p p l i c a t i o n  
spec1 f i c a l  l y  addressed t h e  expansion t o  commercial sca le  o f  t h e  0-Sand resea rch  
and development ( R d 9 )  p r o j e c t  conducted a t  t h e  Smith Ranch s i t e ,  Converse 
County, Wyoming. R i o  Algom acqu i red  the  p r o j e c t  and committed t o  pursue the  
1 i cense  app l  f c a t i o n  d u r i n g  1990. 

On October 28, 1991, NRC pub1 i shed  a d r a f t  F t n d i n g  o f  No S i g n i f i c a n t  Impact 
(FONSI) i n  t h e  Federa l  Re i s t e r  (56 FR55513) and no t f ced  t he  a v a i l a b i l  1 ty o f  an  

% n o m p l e t e d  i n  cons l d e r a t l o n  o f  1 i cense i ssuance. Environmental  Assessment 
D u r i n g  a 30-day p u b l i c  comment pe r i od ,  no ~0IIUnentS o r  quest ions were received. 

D i scuss ion  

Upon p r e p a r a t i o n  o f  a S a f e t y  Eva lua t i on  Report, NRC found a need t o  c l a r i f y  t he  
terms con ta ined  i n  seve ra l  proposed 1 icense cond i  t i ons .  The condi  t i o n s  
i n v o l v e d  g a t h e r i n g  b a s e l i n e  ground-water q u a l i t y  data,  and t h e  es tab l i shment  of  
excu rs i on  a c t i o n  1 e v e l s  and aquf f e r  r e s t o r a t i  on c r i t e r i a .  I n  add i  t i o n ,  
c o n d i t i o n s  s p e c t f y i n g  t h e  S t a t e  Permi t  area and t h e  a p p l i c a n t ' s  environmental  
m o n i t o r i n g  program have been added. 

NRC has added terms t o  ano ther  l i c e n s e  c o n d i t i o n  t o  c l a r i f y  requirements f o r  
t h e  p r o t e c t i  on  o f  cul resources. C u l t u r a l  resources were cons idered 
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separate ly  from preparat ion o f  t h e  € A ,  I n  consultation w i t h  the  S ta te  o f  
Wyomtng H l s t o r t c  Proservatfon Of f l ce ,  the Bureau of Land Management, and t h e  
Advlsory Counci l  f o r  H f s t o r l c  Preservat ion. These consu l ta t fons  were per formed 
I n  accordance wt t h  Sectfon 106 o f  the Nat ional  H i s t o r i  c  P rese rva t i on  Act. 

F l n s l l y ,  a  new EA sec t ion  and l i c e n s e  c o n d i t i o n  concerning rec lamat ion  o f  
s e t t l i n g  ponds associated w i t h  t h e  RLD p r o j e c t  has a l s o  bee:, added. This 
c o n d i t l o n  addresses e x l s t i n g  facilities, and i s  n o t  d i r e c t l y  r e l a t e d  t o  t h e  
commercial p ro jec t .  The requirement I s  being added t o  the for thcomlng 
c o n e r c i a l  l i cense  I n  order  t o  l a c f l i t a t e  te rminat fon  o f  the e x l s t i n g  RbD 
1 t  cense. 

Hone o f  the dfscussed changes a f f e c t  the  FONSI. 

The at tached €A I s  hereby placed I n  the  docket I f  le .  The s t a f f  f f nd  R io  
Algom's application, as amended, I s  i n  accordance w l t h  T i t l e  10, Code o f  
Federal Regulations, P a r t  40. Therefore, the  s t a f f  recommend t h a t  a  f f n a l  
FONSI be Issued rnnouncfng issuanc~* of a source ina ter ia l  I tcense approvfng t h e  
a c t f v i  t i e s  descr ibed i n  the appl'." '-aha I l cense  should I n c l u d e  the 
cond i t fons  described i n  the  f l n b  <r-?*fth the  condi t l o n s  found 
i n  a  r e l a t e d  Safe ty  Eva?uatlon Repb. -. --d=. - 

[ ~ o e l  P. Grimm 
Pro jec t  Manager 

Enclosure: 
As Sta ted  

Cases Closed: 04008964011E 
04008964015E 

bcc: 
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1. INTRODUCTION 

1.1 Background 

By l e t t e r  dated March 31, 1988, Sequoyah Fuels Corporat ion, a subs id ia ry  o f  
Kerr-McGee Corporat ion, submitted an a p p l i c a t i o n  t o  t h e  NRC f o r  a source 
ma te r ia l  l i cense  t o  c o m e r c i a l l y  produce uranium a t  I t s  Smith Ranch P r o j e c t ,  
Converse County, Wyoming (Figure 1.1). The appl i c a t i o n  s p e c i f i c a l  l y  addressed 
expansion o f  an e x i s t i n g  l i censed p i l o t  p r o j e c t ,  s tudy ing  f e a s i b i l i t y  o f  
uranium recovery from two separate sandstone horizons us ing  i n - s l t u  l each  
methods. 

On December 20, 1988, Kerr-McGee Corporat ion n o t i f i e d  NRC i t  had concluded 
nego t i a t i ons  f o r  the  sa le  o f  Smith Ranch p r o j e c t  t o  R io  Algom Ltd. , Toronto, 
Canada, request ing t r a n s f e r  o f  1 icensed a c t i v i t i e s  t o  R io  Algom. Corporate 
management of t he  p r o j e c t  was re ta ined  a t  Rio Algom Min ing  Corporat ion, 
Oklahoma City, Oklahoma. During and a f t e r  t h e  i n t e r i m  per iod ,  NRC's rev iew of  
t h e  a p p l i c a t i o n  was defer red  pending Rio Algom's c o m i  tment t o  pursue t h e  
l i c e n s e  app l i ca t i on .  NRC's review process was resumed during 1990. 

Source Ma te r ia l  L icense SUA-1387 was Issued June 2, 1981, f o r  t h e  Smith Ranch 
research and development (RdD) operatlon. The l i cense  f o r  t h e  R&D p r o j e c t ,  
a l s o  known as t h e  0-sand/Q-sand p r o j e c t ,  was renewed by NRC on January 29, 
1988. The commercial opera t ion  w i l l  expand upon t h e  R U  operat lon,  and w i l l  
u t i l i z e  e x i s t i n g  sur face f a c i l i t i e s  as w e l l  as those o f  an e x i s t i n g  sha f t  mine, 
An environmental assessment dated December 18, 1987, was prepared i n  
cons ide ra t i on  o f  renew1 ng SUA-1387 f o r  cont inued W operat ion. The ope ra t i on  
cont inues t o  t h i s  day, b u t  was p laced on standby s ta tus  du r ing  comnercial p l ~ n t  
expans ion. 

The p l a n t  s i t e  i s  found 17 a i r  m i l es  nor theas t  o f  Glenrock, Wyoming 
(F igure 1.1). The p i l o t  p r o j e c t  occurs i n  Sect ions 26 and 36, Township 36 
North, Range 74 West (T36N R74W). i n  Converse County, Wyoming (F igure 1.2). 
The proposed commercial p r o j e c t  i s  loca ted  i n  an area t o  be pe rm i t t ed  by  the 
Wyoming Department o f  Environmental Qua1 i ty (DEQ) exceeding 16,000 acres. 
Proposed min ing w i l l  a c t u a l l y  a f f e c t  approximately 500 acres i n  Sect ions 25, 
26 ,  27, 33, 34, 35, and 36 T36N R74W; and Sect ions 2, 8, 16, 17, 18, and 
2 1  T35N R74W. 

Rio  Algom proposes t o  s o l u t i o n  mine uranium, occu r r i ng  i n  sandstone s t r a t a  of  
t h e  Wasatch and F o r t  Union Formations, a t  depths o f  450 t o  1000 feet. Ore 
depos i ts  t y p i c a l l y  a r e  sinuous w i t h  lengths up t o  several  thousand fee t  and 
100- t o  300-foot widths. The 0-sand and Q-sand p i l o t  p r o j e c t s  were conducted 
approximately 500 and 750 f e e t  deep, respect ive ly .  

Dur ing  the  uranf um e x t r a c t i o n  process, R io  Algom wi  11 prepare aqueous so lu t ions  
o f  sodium carbonate, sodium bicarbonate, carbon d iox ide ,  oxygen, and hydrogen 
peroxide, adding them t o  ground water. The min ing so lu t i on ,  known as 
l i x i v i a n t ,  w i l l  be pumped down i n j e c t i o n  w e l l s  under pressure i n t o  the  
minera l i zed zones where i t  w i l l  d i sso l ve  uranium from the  formation. The 
uranium-bearing s o l u t i o n  w i l l  m igra te  through the formation, w i  11 be recovered 



LOCATION MAP 

F igu re  1.1: Index map o f  Wyoniing showing the l o c a t i o n  o f  and access t o  
the  Smith Ranch ISL p r o j e c t ,  Converse County, Wyoming. 





from production wells, and the uranium extracted in the processing plant. The 
leaching solution is then recharged and reused. Well fields will be designed 
in a five-spot or seven-spot pattern, with each recovery well being located 
inside a ring of injection wells. I. 

Extracted solutions will be pumped to a processing plant where uranium will be 
recovered. Fol lowing uranium recovery in each individual mining unit, the 
applicant shall restore ground-water conditions. Restoration wi 1 1  involve 
ground-water sweep, clean water injection, and geochemical stabi 1 ization of the 
aquifer with a reductant. The goal of ground-water restoration is to return 
the aquifer to baseline conditions existi.ng pr,ior to mining. 

1.2 Proposed Action 

By letter dated March 31, 1988, Sequoyah Fuels Corporation submitted Form NRC-2 
and text applying for a source material 1 icense for the Smith Ranch faci 1 ity to 
authorize commercial-scale operations. Page changes to the application were 
submitted on Hay 10, June 30, and August 30, 1988; February 15, February 28, 
March 13, March 20, March 28, April 5, September 30, December 5, and 
December 10, 1991. In addition, the applicant provided the following 
commitments in addition to the application: 

Submittal Date Description 

July 13, 1990 Responses to NRC comments and questions, 
including aquifer pump-test analyses, and 
moni tor-we1 1-spacing calculations. 

October 4, 1990 Cover letter s u h i  tting MILDOS-Area Predictions 
of Radiation Dose. 

Apri 1 5, 1991 

May 7, 1991 

Letter providing proposal for waste byproduct 
material disposal. 

Cover letter transmitting consulting historian's 
report and recommendations, proposing changes to 
the mine facilities layout. 

July 12, 1991 0-Sand deferral and interim environmental 
monitoring plan. 

September 3, 1991 Cover letter assigning new Radiation Safety 
Officer for the Smith Ranch project. 

This environmental assessment (EA) addresses the site characteristics and 
proposed operations of the commercial project and summarizes the foreseen 
associated environmental effects. Additional information concerning safety 
aspects of the proposed action is found in an accompanying safety evaluation 
report (SER). 



1.3 Review Scope 

1.3.1 Federal and State Author i ty  

In compliance w i t h  Part  40 o f  T i t l e  10 o f  the Code o f  Federal 
Regulations (10 CFR 40, "Domestic Licensing o f  Source Material"),  an NRC 
l icense i s  required to .  " . . . receive, possess, use, t ransfer ,  o r  
de l i ve r  . . . any source material . . . ." I n  add4 t i on ,  the Uranium M i  11 
Ta i l ings Radiat ion Control Act (UMTRCA) of 1978 and Atomic Energy Act o f  1954 
require persons who conduct uranium source mater ia l  operations t o  ob ta in  a 
byproduct mater ia l  l icense t o  own, use, o r  process t a i l i n g s  and wastes 
generated by the operation, inc lud ing above-ground wastes from ISL operations. 

I n  accordance w i t h  10 CFR Part  51, t h i s  EA serves to: (1) b r i e f l y  provide 
su f f i c ien t  evidence and analysis f o r  determining whether t o  prepare an 
environmental impact statement (EIS) o r  a f ind ing o f  no s i g n i f i c a n t  impact, 
(2) f u l f i l l  the NRC's compliance w i t h  the National Environmental Po l i c y  Act  
when no E I S  i s  necessary, and (3) f a c i l i t a t e  preparation o f  an EIS when one i s  
necessary. Should the NRC issue a f i nd ing  o f  no s i gn i f i can t  impact, no EIS 
would be prepared and the comercia1 source mater ia l  l icense would be granted 
subject  t o  operat ing condit ions contained i n  the source and byproduct mate r ia l  
1 icense. 

The State o f  Wyoming, Department of Env4rornnental Qua1 i ty (UDEQ), administers 
and implements the State 's ru les  and regulat ions. Rio A l g m  has appl ied for ,  
and w i l l  be requ i red t o  receive, a mining permit  frm the s ta te  p r i o r  t o  
commencing proposed comercia1 operations. This EA w i l l  cornonly r e f e r  t o  t he  
permit  area f o r  convenience, even though i t  does no t  represent Federal 
j u r i s d i c t i o n  1 i m i  ts .  

Addi t ional  ly, the U. S. Bureau o f  Land Management (BLH) supported the  
preparation o f  t h i s  EA because Federal lands occur i n  the proposed mining area. 
The BLn i s  involved on ly  w i t h  federal surface i n  the mine area and i t s  concern 
are l i m i t e d  t o  (1) undue and unnecessary degradation o f  t h i s  land; (2) 
threatened and endangered species under the Endangered Species Act of 1973, as 
mended by pub1 i c  law 97-304 o f  1982; and (3) c u l t u r a l  and h i s t o r i c  resources 
t h a t  qua1 i f y  f o r  the National H i s t o r i c  Register of H i s to r i c  Places as ou t l i ned  
under 36 CFR P a r t  800 and the fap leBmt ing   regulation^ for  Section 106 of the 
Nat ional  H i s t o r i c  Preservation Act of 1966. 

1.3.2 Basis f o r  NRC Review 

The NRC i s  prepar ing t h i s  EA i n  review o f  the proposed l icens ing act ion,  i n  
accordance w i t h  10 CFR 51, "Envi r omen ta l  Protect ion Regulations f o r  Domestic 
Licensing and Related Regulatory F u n c t i o n ~ . ~  I n  conducting t h i s  assessment, 
the s t a f f  considered the f o l  lowing: 

O Environmental i n f o r r a t i o n  submitted i n  an appl ica t ion March 31, 1988, as 
amended, t o  support Rio Algon's app l i ca t ion  for  a comnercial l icense. 



* Operat ional h i s t o r y  o f  the  R&D operat ions, i n c l u d i n g  i nspec t i on  repo r t s ,  
environmental moni tor ing repor ts ,  rad io log i ca l  s d f e t y  aud i ts ,  and 
w e l l - f i e l d  r e s t o r a t i o n  information. 

O In fo rmat ion  suppl ied i n  discussions w i t h  the WDEQ and the S ta te  H i s t o r i c  
Preservat ion O f f i c e  (SHPO), r e l a t i n g  t o  the s t a t e  p e r m i t t i n g  ac t i ons  and 
and p r o t e c t i o n  o f  c u l t u r a l  resources. 

Cooperation, reviews, and inputs t o  the €A by ELM. 

I n fo rma t ion  der ived from pro fess iona l  papers, journa ls ,  and textbooks'; as  
we1 1 as NRC regu la t ions  and regu la tory  guides. 

SITE DESCRIPTION 

2.1 Locat ion and Land Use 

The proposed f a c i l  i ty and associated we1 1- f  i e l d s  are  loca ted i n  eas t  c e n t r a l  
Wyorning, 23 m i les  by  highway nor theast  o f  Glenrock. No a c t i v e  residences occur  
f n  the  p e m i t  area. The land has been used mainly f o r  sheep and c a t t l e  
grazing. I n  t h e  past,  some areas were s e t t l e d  by homesteaders f o r  d r y  farming, 
b u t  most o f  these farms are now abandoned. Rio Algom and o ther  f i n s  have 
conducted uranium exp lo ra t i on  and product ion i n  the reg ion  f o r  severa l  decades. 
R jo  Algom has two p i l o t  p r o j e c t s  loca ted w i t h i n  the p e r m i t  area. The company 
in tends t o  r e t u r n  fnd i v idua l  w e l l  f i e l d s  t o  a g r i c u l t u r a l  uses a f t e r  the  s i t e  i s  
restored.  

The environmental assessment o f  the  p r o j e c t  i s  based upon a l i c e n s e  
app l i ca t i on .  The a p p l i c a t i o n  i s  v a l i d  o n l y  f o r  the a c t i v i t i e s  descr ibed i n  i t  
and i n  supplemental subaf t t a l s .  To assure t h a t  environmental d is turbance i s  
n o t  c rea ted w i t h o u t  s u f f i c i e n t  assessment, Rio Algol, w i  11 be requ i red  by 
l f  cense condf t i o n  t o  environmental ly evaluate fu tu re  a c t i v f  t i e s  i n  1  i g h t  of t h e  
o r i g i n a l  a p p l i c a t f o n  and t h i s  assessment. A c t i v i t i e s  o r  p o t e n t i a l  disturbance 
n o t  o r i g i n a l l y  foreseen w i l l  r e q u i r e  review and approval i n  the  form o f  a  
l i c e n s e  amendment. 

To ta l  l a n d  area t o  be enclosed by the s t a t e  p e n i t  exceeds 16,000 acres. Of 
t h f  s, R io  A l g w  est imates approximately 500 acres w i l l  be d i s tu rbed  dur ing  the 
p ro jec t .  A c t i v i t y  a t  the s i t e  w i l l  be l i m i t e d  by l i c e n s e  c o n d i t i o n  t o  the  
geographical area s p e c i f i e d  i n  the  l i cense  application. 

Geology and Hydrogeoloqy o f  the Ore Zones 

2.2.1 S t r a t i g r a p h i c  S e t t i n g  

The p e r s i t  area occurs a t  the southern end of the Powder River  Basin. Rocks 
exposed i n  t h e  bas in  c o n s i s t  ma in ly  o f  Ter t iary-age elastic sediments deposited 
i n  f l u v i a l  environments. Older rocks a re  found on the  f lanks o f  t h e  basin. 
The bas fn  i s ,  f n  tu rn ,  surrounded by  s t r u c t u r a l  u p l i f t s .  Host of the  
background in fo rmat ion  f o r  t h i s  d e s c r i p t i o n  i s  der ived from Sharp and Gibbons 
(1964). 



During Paleocene time, u p l i f t s  resu l ted  i n  the r i s e  o f  the  Laramie Mountains 
and shedding of  g r a n i t i c  sediments i n t o  the Powder R ive r  Basin. F ine-gra ined 
c l a s t i c s  were t ranspor ted  toward the  center. They were i n t e r m i t t e n t l y  
t ransec ted by streams ca r ry ing  coarser sediments. Thus, the  F o r t  Union 
Formation cons is ts  o f  a1 t e r n a t i n g  and discont inuous mudstones and s i  1 ts tones  
w i t h  l e n t i c u l a r  beds o f  coarser a rkos ic  sandstones. I n  add i t i on ,  disconnected 
drainage systems r e s u l t e d  i n  swampy environments, and coal  seams a re  comnonly 
found through the F o r t  Union. 

Over ly ing  the  F o r t  Union, rocks o f  the Eocene Wasatch Formation u n d e r l i e  most 
o f  the p e r m i t  area sur face (F igure 2.1). The Wasatch cons i s t s  o f  nea r l y  1000 
fee t  accumulat ion o f  claystones and s i l t s t o n e s  w i t h  widespread d iscont inuous 
lenses o f  coarse a rkos i c  sandstone. These deposi ts  a l s o  were de r i ved  from an 
ancest ra l  Laramie up1 i f t t o  the  near south. F i  ne-grained depos i ts  represent  
overbank deposi ts  o f  streams t h a t  once dra ined from t h e  u p l i f t .  Sandstone 
lenses were deposited i n  former channels of the  r i v e r s  as they a l t e r e d  t h e i r  
paths across an a l l u v i a l  p la in .  Gra in  s i z e  o f  Wasatch rocks decreases 
northward, f a r t h e r  from the source area o f  the  sediment. 

During l a t e  Eocene and 01 igocene t ime, l a r g e  accumulations of  sediment from 
vo lcan ic  sources entered the bas in  and were deposited as the  White R iver  Croup. 
These sediments, along w i t h  tuf faceous and ackosic l i t h o l o g i e s  i n  o the r  
T e r t i a r y  rocks, were t h e  source o f  uranium i n  the  region. The White R ive r  
subsequently has most ly  been eroded from the bas in  and i t  no longer  occurs i n  
t he  p e r m i t  area. 

Unconsol idated ma te r ia l s  i n  t h e  area cons i s t  main ly  of  l o c a l l y  de r i ved  
co l l uv ium on h i l l  s lopes and a l l u v i a l  deposi ts  a long water courses. Thickness 
of these depos i ts  ranges fron 0 t a  10 f e e t  or core. Playa depos i ts  a re  a l s o  
found i n  c losed depressions. They a l s o  a re  der ived from l o c a l  bedrock, b u t  
a l so  c o n t a i n  a l k a l i n e  evapor i t e  minera l i za t ion .  

2.2.2 S t r u c t u r a l  S e t t i n g  

The Powder R iver  Basin i s  an assymetr ica l  depression i n  the Precambrian 
basement rocks,  having an a x i s  o r i e n t e d  from east  c e n t r a l  Wyoming northwestward 
i n t o  Hontana. The a x i s  l i e s  on t h e  western s ide  o f  t h e  basin, evidenced by 
rocks d i p p i n g  more s teep ly ,  up t o  20 degrees, on the  western f l a n k  than the  
east  where d i p  t y p i c a l l y  i s  o n l y  1 o r  2 degrees. The bas in  i s  f i l l e d  w i t h  up 
t o  15,000 fee t  o f  sedimentary rocks which have accumulated e p i s o d i c a l l y  s ince 
Paleozoic t ime. 

Episodes of  u p l i f t  and e ros ion  a re  ev ident  by unconformable contac ts  between 
the F o r t  Union, Wasatch, and White R iver  s t ra ta .  Removal o f  t he  White R iver  
rocks and cont inued e ros ion  i n  t he  bas in  i s  evidence t h a t  u p l i f t  i s  cont inu ing  
today. 

2.2.3 S i t e  S t ra t i g raphy  

Wasatch Formation rocks a r e  found a t  the  surface i n  a l l  o f  t h e  permit  area 
except t h e  southwestern corner  (F igu re  2.1). The F o r t  Union Formation 
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underlies the Wasatch. The basin axis runs through the permit area. 
Therefore, rocks t o  the southwest d ip  toward the northeast a t  2 t o  5 degrees. 
Meanwhile, s t r a t a  underlying the center o f  the p e r n i t  area d i p  a few degrees 
northward, along the plunge o f  the basin axis,  whi le  under the eastern p o r t i o n  
o f  the area s t r a t a  d ip  1 o r  2 degrees t o  the west. 

Detai led s t ra t ig raph ic  data on the s i t e  was der ived from o r i g i na l  uranium 
exploration, development o f  the B i l l  Smith mine, and development o f  the 
0-Sand/Q-Sand p i l o t  projects. Rio Algoa developed i t s  own s t r a t i g raph i c  
nomenclature system (Figure 2.2) f o r  i nd iv idua l  zones i n  the contact area of 
the Wasatch and For t  Union Formations. The P-shale i s  found continuously b e l w  
the s i t e  area and i s  chosen a r b i t r a r i l y  as the uppermost For t  Union marker bed. 
P i l o t  projects recovered uranium from the Q-sand above, and the 0-sand below. 
The present app l i ca t ion  i s  f o r  continued mining i n  the Q-sand, several 
interconnected 0-sand o1.e zones, and new mine development i n  the under ly ing 
H-sand. 

Ore bodies found i n  the Q-Sand occur a t  depths of 450 t o  550 feet .  Host o ther  
mineral izat ion occurs i n  the 0-Sand a t  depths o f  700 t o  900 f ee t .  In general, 
a l l  s t ra ta  are shallower as one moves up-dip t o  the southwest. 

2.2.4 Ore Occurrence 

Uranium deposits occurr ing i n  most o f  the reg ion are r o l l - f r o n t  types. Rol l  
f ronts occur i n  areas where ground water i n f i l t r a t e d  from the surface o r  
migrated through an aqui fer  composed of sediment contai  n lng minerals w i t h  
s l i g h t  amounts o f  uranium. Near the surface, ox id iz ing  condit ions r e s u l t  i n  
weathering o f  the minerals l i k e  feldspar and volcanic ash and mob i l i za t ion  of 
minute c o n c ~ n t r a t i  ons o f  u r a n i u  i n  solut ion.  The White River formation 
appears t o  be the p r inc ipa l  source o f  uran i  lan minerals i n  t h i s  region. As 
ground water continued t o  migrate, i t  encountered reducing condi t ions where 
uranium i s  no longer stable i n  solut ion. The reducing enviroment may be a 
r e s u l t  of H2S, p y r i t e ,  o r  organic mater ia l  e x i s t i n g  i n  the aquifer. As a 
resu l t ,  uranium prec ip i ta ted  from the ground water and formed coatings of 
minerals l i k e  u ran in i t e  o r  c o f f i n i t e  on the sedinent grains i n  the formation. 
The r o l l  f ron t  extends fa r ther  i n  the middle of  an aqu i fer  (Figure 2.3). 
Therefore, u r a n i m  minerals occur concentrated i n  the d i r ec t i on  o f  f low, w i th  
1 imbs t r a i l i n g  backwards a t  the top and bottom of  the aqui fer ,  r e s u l t i n g  i n  
t yp i ca l  d i s t o r t ed  C-shape deposits. With time, increasing volumes of s l  i gh t l y  
mineral ized ground water f low through the reducing zone, and uranium 
prec ip i ta tes  become concentrated. Ind iv idua l  f ronts  range i n  thickness from 2 
t o  more than 25 feet .  Mineral o re  may e x i s t  l a t e r a l l y  along a f ron t  hundreds 
of feet  long, and f ronts may coalesce t o  form ore bodies miles i n  length. Thin 
mineral ized t r a i l s  and more f i n e l y  disseminated minerals are found branching 
o f f  the main f r o n t  and located between f ronts .  I n  general, eastern Wyoming 
uranium deposits average about 0.20 percent uranium oxide. 

The physical shape of  the ore deposit  i s  dependent on the loca l  p e m a b i  1 i t y  of 
the sandstone matr ix ,  i t s  con t i nu i t y  and d i s t r i b u t i o n  i n  the geologic un i t ,  as 
wel l  as the former oxidation/reduction f r on t  i n  the aquifer. The recoverable 



Figure  2 .2 :  Topographic prof  i l e  and geologica 
c ross -sec t ion  o f  the  Fort Union a ,  
Uasatch formations showing the 
principal sandstone un i ts .  Unlab, - u n i t s  consis't o f  in tervening con- 
f i n i n g  sha le  u n i t s .  
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Figure 2.3 - Illustrations of the occurrence of roll-front deposits (a) formed by 
downgradient migration of mineralized ground water through a regional aquifer (from 
Levinson. 1974) and (b) formed by migration of mineral ized ground water i n  lentjculi 
channel sandstones (from Dahl and Hagmaier, 1976). 



ore is located in portions of the Wasatch and fort Union Formations extending 
from depths of 400 to 1000 feet. The roll fronts are long and sinuous, some 
extending over one mile in length. 

For in situ leaching to be successful, the ore deposit must (1) be located in a 
saturated zone, (2) be bounded above and below by suitable confining layers, 
(3) have adequate permeability, and (4) be amenable to chemical leaching. As 
described above, the proposed mining area has favorable hydrogeological and 
structural characteristics to allow in situ leaching of uranium. The 
hydrogeology and aquifer characteristics indicate that mining solutions will b e  
contained within the production zone. Further evidence of this is demonstrated 
by the operational history of the RdrD project. 

2 . 2 . 5  Hydrostatigraphy 

Small volumes of ground water exist in unconsolidated alluvial deposits near 
the ground surface. Total thickness of these deposf ts is 1 to 30 feet. Small 
amounts of precipitation infiltrate the alluvium during part of the year and 
intermittent flows across the alluviutn nay provide some recharge. The water 
table, however, is typically mo;=e than 100 faet below the land surface 
throughout most of the permit area. Therefore, most cf the recharge flows 
through the alluvium into the lower formations. I n  the drainage system in the 
southwestern portion of the area, perched water in the alluvium aay be the 
source of water discharging from intermittently low-yielding springs. The 
potential for future development of alluvial ground-water supplies in the 
permit area is considered very poor. 

Wasatch Formation - 
The Wasatch is one of the most important shallow aquifers in the P w d e r  River 
Basin. It underlies all except the southwestern ?dge of the p e m i t  area. F o r  
the most part, ground water in the Wasatch aquifer occurs under unconfined 
conditions and its primary use in the permit area is loryield wells used for 
watering livestock. Confined zones near the base of the formation are 
separated from near-surface deposits and from each other by impermeable shale 
1 ayers. 

Fort Union Fornation 

The top of the Fort Union is exposed at the surface in the southwestern and 
western portions of the area, but may be at depths of 500 feet or more in the 
eastern and northeastern part of the p e m i t  area. Typicclly, the Fort Union is 
comprised of lenticular fine- to coarse-grained scndstonts wi tn interbedded 
claystones, siltstones, and coal. The formation i s  as much as 3000 feet thick 
beneath the mine site. The Fort Union Formation is an important aquifer in the 
Powder River Basin, and nearly all solution mining wells are completed in this 
formation. While most of the solution mining wells are designated for limited 
yields (5 to 30 gpm of water), wells completed in the Fort Union associated b 

with the Bill Smith Mine dewatering program have produced as much as 560 gpm. 



2.2.6 Water Qua1 i ty 

Rio Algom submitted a compilation of water quality data collected from wells 
completed in aquifers as part of the 0-sand and Q-sand pilot projects. Water 
quality is relatively good in both aquifers. Only radium-226 routinely exists 
in concentrations above €PA primary drinking water standards. EPA's standard 
for radium is 15 picocuries per liter (pCi/l), and baseline data from the 
0-sand ranged from 6 1  to 580 pCi/l. The calculated average is 272 pCi/l. 
Tables 2.1 and 2.2 provide Rio Algom's baseline data derived from the 0-sand 
and Q-sand pilot projects. Both aquifers contain calcium-sulfate type water 
with total dissolved solids (10s) ranging from 155 to 673 milligrams per liter 
(mg/l). Sulfate and TDS routinely are found in 0-sand samples exceeding €PA 
secondary standards, but not by wide margins. In addition, various metals are 
intermittently found to exceed standards. However, these conditions vary with 
location and sampling period. 

2.2.7 Aquifer Testing 

Rio Algom and its predecessors performed an aquifer testing program consisting 
of five aquifer tests. Testing results were sunmarized in their submittal 
dated July 13, 1990. The first was conducted in 1974 to evaluate the 
excavation and development of the Bill Smith uranium mine shaft. The second 
test was conducted in Apri 1 1981 to demonstrate aquifer suitabil i ty for pi lot 
operations in the Q-sand. The third test was conducted in July 1983 to 
demonstrate aquifer suitability for the 0-sand pilot operation. A fourth test 
was conducted in a number of phases in 1985 to deternine aquifer properties of 
the M-sand, and containment by associated aquitards. This test was known as 
the Section 35 test. finally, a fifth test, the Section 25 test, was conducted 
in phases during 1986 to characterize a lower aquifer horizon in the 0-sand, 
and its associated confining layers. 

Repeated scrutiny of the app1 icant's p u m ~  tests and analyses occurred during 
the licensing phase for each pilot project, during RhD license renewal in 1988, 
by the State of Wyoming, and by continued reanalysis by the applicant. 
Analyses of pump tests consistently result in conc~usions (Table 2.3) that 
0-sand and Q-sand hydraul ic conductivity does not vary significantly from 
1 x lo-= cm/s. H-sand hydraulic conductivity is slightly lower, at 
1 x lo-' cm/s. Meanwhile, the tests reveal that aquitards between the proposed 
mining units prevent appreciable hydraulic copounication between aquifers 
(T?ble 2.4). These theoretical interpretations of test data were verified by 
RbD mining. To date, no raining solutions have vertically migrated fr.om the 
mineralized zones. In addition, no excursions of  mining solutions have been 
detected laterally away from the test well fields. This is primarily due to 
the minera 1 ized zone having permeabf 1 ity which a1 lows mining solutions to be 
controlled by pumping rates. Based upon the level of stratigraphic detail 
provided by uranium exploration and pilot operations, the locations of the 
aquifer tests appear to be representative of the comnercial project area 
through the fifth year of proposed development. Subsequent mine development in 
the southwestern portion of the p e m i t  area will be subject by license 
condition to further aquifer characterization in that area. 



Table 2.1: Basel ine ground-water qua1 i t y  da ta  i n  t h e  
Q-Sand p i l o t  w e l l  f i e l d  f o r  s e l e c t e d  chemica l  
parameters ( f rom R io  Algom a p p l i c a t i o n ,  
March 31, 1988). U n i t s  i n  mg/l,  un iess  
s p e c i f i e d  o t h e m i s e .  

Parameter 

Arsen ic  
Boron 
Calcium 
I r o n  
Magnes i urn 
Manganese 
Selenium 
Urani  um 

Range Mean - 

Chlo r i de  4-65 1 8  
Bicarbonate (HC03) 129-245 199 
Carbonate (C03) nd-75 18  
Potassium 7-34 12  
Sodium 19-87 28 
S u l f a t e  100-200 124 
TD S 155-673 388 

Spec. C o n d u c t i v i t y  
(pmhos/cm) 518-689 

pH (s tandard  u n i t s )  7.5-9.4 

nd = n o t  de tec ted  



Table 2.2: Baseline ground-water q u a l i t y  da ta  i n  t h e  
0-Sand p i l o t  w e l l  f i e l d  f o r  se lec ted  chemical 
parameters (from Rio Algom's a p p l i c a t i o n ,  
March 31, 1988). Un i t s  i n  mg/l, un less 
spec i f i ed  otherwise. 

Parameter 

Arsenic 
Boron 
Calcium 
I r o n  

a Magnesium 
Manganese 
Selenium 
Uranium 

Range 

Chlor ide 2-8 
Bicarbonate ( K O 3 )  146-234 
Carbonate (C03) no t  detected 
Potassium 6-25 
Sod i urn 24-32 
Su l fa te  244-310 
TDS 522-656 

Spec. Conduc t i v i t y  
(pmho/cm) 636-978 

pH (standard u n i t s )  7.31-8.16 

Radi um-226 (pCi / l  ) 61-680 
Thorium-230 (pCi / l )  .O-5.6 

Mean - 

nd = no t  detected 



Tab1 e 2.3: Summary of Aquifer Hydraul ic Conducti 
Smith Ranch ISL Project (all values in cm/s) 

High Low - 
Q-Sand - test calculations from one 

pumping well and five 
observation wells 1.5 x lo-3 1.8 x lo-3 

0-Sand - calculations based on one 
pumping well and nine 
observation wells 1.3 x 1.3 x 10-5 

Lower 0-Sand - one pumping well and 
three observations wells, 
tested in four phases 3.6 x lo-3 4.1 x 

H-Sand - one pumping well and three 
observation wells in 
two phases 1.2 x lo-' 2.1 x lo-s 

vities 

Average 



In summary, the results of aquifer analysis and pilot operations indicate that 
the Q-, 0-, and M-sands are nonleaky, confined aquifers. Representative 
hydraulic properties of each are summarized in Tables 2.3 and 2.4. In all 
cases, the aquifers exhibit approximate hydraulic conductivity ranging from 
1 x to 1 x lo-' cm/s. The vertical hydraulic conductivity of the 
confining layers all fall in a range from 1.7 x to 4.9 x cm/s (see 
Table 2.4). 

The upper confinement for the project is composed of the Wasatch Formation 
above the Q-sand interval. Most ground water in the Wasatch occurs under 
unconfined conditions. Confined zones are found deep, near the base of the 
formation, and are separated from the shallow aquifers by impermeable shale 
layers. These shale layers isolate the lower ore zones under several hundred 
feet of various 1 ithologies. The most distinctive confining layer found in the 
permit area is the P-shale (Figure 2.2). This shale persists throughout the 
area, averaging 60 feet in thickness, and provides the lower confining layer 
for the Q-sand, and upper confinement above the 0-sand. Its calculated 
vertical hydraulic conductivity is 4.8 x cm/s. 

The lower confinement is provided by the L-shale underlying the M-sand. The 
L-shale was penetrated by Well No. 741, used in the M-sand (Section 35) aquifer 
tests. Its penetrated thickness is about 50 feet. Its vertical hydraulic 
conductivity is 1.7 x cm/s. Deeper confining layers have not been 
characterized. 

Lateral confinement of the ore zones has been successfully accomplished 
artificially by overpumping the recovery wells. That is, more fluid is pumped 
out than injected. This procedure maintains a small cone of depression around 
each production well and the well field as a whole. To detect lixiviant that 
might migrate to areas of the formation where it would be considered to have 
caused an exccrsion, the staff will continue to require by license condition 
that the monitor wells and trend wells be monitored above and below, as well as 
around the perimeter of the mining units. Additionally, the staff will 
continue to require that any confirmed excursion be followed by appropriate 
preapproved corrective actions. The results of the corrective actions shall be 
reported to the NRC for review. 

Aquifer testing theoretically indicates that ground-water flow would be 
contained by the confining strata and concentrated within the production zone. 
The confining characteristics , associated hydraul ic conductivities and the 
continuous extent of the confining beds assure vertical control of the mining 
solutions. Further evidence of the confining characteristics associated with 
the strata bounding the production zone has been demonstrated by the lack of 
vertical migration during operation of the R&0 project. 

2.3 Archaeoloqical and Historical Resources 

Rio Algom's application includes Class 111 Cultural Resource Inventory reports 
for the areas of planned disturbance by the proposed mining project. As a 
result of the discovery of sites eligible for the National Register of Historic 
Places (Register), NRC conducted a consultative process with the BLM, the 



fable 2.4: Summary of aquftard hydraulic conductivities, 
Smith Ranch ISL project, determined by the 
applicant based on pumping tests. 

Vertical Hydraulic 
Conductivity 

Aqui tard Well No. ( Cm/Sec ) 

Upper O-Sand 593 4.9~10-~ 
Lower N-Shale 582-A 2.4~10-~ 

Upper N-Shale 74 2 1.1~10-~ 
Lower L-Sha 1 e 737-A 1.7~10-~ 

P-Shale OMP- 1 4.8~10-~ 
O-Shale OMO- 1 4.6~10-~ 



Wyoming State Historic Preservation Office (SHPO), and other potential ly 
interested parties. The purpose of the consultation was to comply with 
Section 106 of the National Historic Preservation Act. The goal of the process 
was to evaluate the eligibility of various historic and prehistoric sites for 
inclusion on the Register, evaluate the potential effects of the licensed 
activities upon the eligible sites, and to obtain the concurrence of the 
interested parties on methods to avoid, reduce and mitigate those effects. The 
detailed results of the process are documented as correspondence amongst the 
consulting parties, and are maintained separately in NRC's docket files. The 
general results are reported here. 

The cultural resource inventory located a total of 18 sites and 25 isolated 
artifacts. Other inventory projects conducted in the immediate area have 
located 9 additional sites for a total of 27 sites. 14 sites were historic, 
one of which has been determined to be eligible for nomination to the Register, 
one is presently unevaluated, and 12 were found to be nonsignificant. 
Thirteen prehistoric sites were present, of which four were eligible for 
nomination to the Register, one was of unknown eligibility, and eight were 
ineligible. None of the isolated artifacts are eligible for nomination to the 
Regi ster. 

The significant historic site in the permit area consists of six discontinuous 
segments of the Bozeman Trail (48C0165). The trai 1 generally trends northward 
along the existing paved Ross Road in the northern portion of the permit area. 
Rio Algom had the sites reevaluated in 1991, by Rosenberg Historical 
Consultants. The Rosenberg report concluded that three segments, A, B, and E ,  
contribute to the overall significance of the trail, and two portions, segments 
C and D, are noncontributing. segments. Segments A, B ,  and E occur in the midst 
of the applicant's 0-Sand pilot project and proposed mining well fields. The 
Holdup Hollow segment, listed on the Register, is located to the north of the 
proposed mining activities. A large portion of Rio Algom's permit area is 
visible from Holdup Hollow. 

Unevaluated site 48C01226, assumed to be a segment of Richards Bridge branch, 
is found midway between the two main mining areas. On-going solution mining 
activities will not directly affect this site, but it lies adjacent to a dirt 
road which will provide access to the southwestern mining area. Eligibility of 
site 48C01226 has not been carefully addressed because it lies outside the 
proposed solution mining areas. It was recorded in 1985, as part of an oil 
well location and access road inventory (A'ivazian, 1985). This site appears to 
be associated with a nonsignificant ranch road, evaluated as site number 
48C01296 by Rosenberg (1991). 

Four significant prehistoric sites have been recorded in or adjacent to the 
solution mining areas. Sites 48601288, 48C01289, and 48C01291 were reported in 
the Rio Algom' s cultural resource inventory (hi te, 1985). Another site, 
48C0352, was documented for the nearby Dave Johnston Mine inventory (Western 
Cul tural Resource Management, 1980). Of these four sites, 48C0352 and 48C0128g 
may be directly affected by well-field activities south and west of Ross Road. 
Sites 48C01288 and 48C01291 lie near but outside of projected well field areas. 



See  sec t ion  4.5 o f  t h i s  r9eport f o r  an evaluat ion of the p r o j e c t ' s  p o t e n t i a l  
e f f e c t s  on the c u l t u r a l  resources o f  the area. 

3 .0  PROCESS DESCRIPTION 

3 . 1  I n  S i t u  Leaching Process 

The i n  s i t u  leach method o f  uranium recovery was f i r s t  app l i ed  i n  south Texas 
i n  1975. Since t h a t  t ime, numerous other  f a c i l i t i e s  have been developed n o t  
o n l y  on the research and development bu t  a lso  the commercial scale. For  t h e  
most p a r t ,  these ventures have shown tha t  uranium can be economical ly recovered 
and ground-water q u a l i t y  res tored t o  basel ine o r  premining c lass  o f  use 
standards, 

There are many environmental advantages t o  i n  s i t u  leaching o f  uranium over 
convent ional min ing methods. Open p i t s ,  mine dewatering, spoi 1 p i l e s ,  and 
o t h c r  features of conventional mining methods create s i g n i f i c a n t  impacts on t h e  
environment. The greates t  impact o f  the i n  s i t u  leach e x t r a c t i o n  method i s  a 
temporary impact t o  the ore zone ground-water q u a l i t y .  This  impact i s  termed 
temporary because, i n  most instances, the ground water can be res to red  t o  i t s  
base l ine  q u a l i t y ,  premining use, o r  p o t e n t i a l  use category. I n  s i t u  leach ing  
permi ts  economic recovery o f  deep, low-grade sandstone uranium depos i ts  
c u r r e n t l y  economically unrecoverable by conventional mining methods. The 
ex ten t  t o  which i n  s i t u  leaching can be conducted 4s l i m i t e d  i n  t h a t  t h e  ore  
zone condi t ions must be su i  tab1 e f o r  conta in ing  and c o n t r o l  1  i n g  1 i x i v i a n t  
du r ing  the  leaching process. 

The mechanics of  i n  s i t u  leaching are r e l a t i v e l y  simple i n  theory. An 
oxidant-charged l i x i v i a n t  (F igure 3.1) i s  i n j e c t e d  i n t o  the  product ion  zone 
aqu i fe r  through i n j e c t i o n  we1 1 s. With s l i g h t  pH adjustments, t he  reduced 
m ine ra l i zed  uranium i s  ox id ized and d issolved when contacted by  the  1 i x i v i a n t .  
Fo l lowing t h i s ,  t he  uranium-r ich s o l u t i o n  i s  drawn t o  the recovery w e l l s  where 
i t  i s  pumped t o  the  surface and t rans fe r red  t o  the  processing f a c i l i t y .  

Dur ing  product ion,  min ing s o l u t i o n  c o n t i n u a l l y  moves through the  aqu i fe r  from 
t h e  o u t l y i n g  i n j e c t i o n  w e l l s  t o  the i n t e r n a l  recovery wel ls.  The w e l l s  can be 
arranged i n  a number o f  geometric pa t te rns  depending on ore body conf igura t ion ,  
aqu i fe r  pe rmeab i l i t y  and operator  preference. Most often, they are i n  a f i ve-  
o r  seven-spot pa t te rn .  Moni tor  we1 1s surround the  we1 1 - f i e l d  p a t t e r n  area, 
bo th  v e r t i c a l l y  and h o r i z o n t a l l y ,  and are screened i n  appropr iate s t r a t i g r a p h i c  
hor izons t o  de tec t  any l i x i v i a n t  i n  case i t  migrates ou t  o f  the  product ion  
zone. Due t o  con f i n ing  l aye rs  above and below the  minfng zone and the  
con t i nua l  movement o f  l i x i v i a n t  t o  cen t ra l  l y  loca ted recovery we1 1 s , excursions 
of  min ing  so lu t i ons  are rare. 

3.2 Well F i e l d  Design and Operat ion 

The proposed min ing p r o j e c t  invo lves  approximately 25 i n d i v i d u a l  min ing uni ts .  
When the  p r o j e c t  i s  f u l l y  opera t iona l ,  about 2 years a f t e r  1 icensing,  
approximately f i v e  min ing u n i t s  w i l l  be i n  product ion a t  a t ime (Figure 3 . 2 ) .  
Well f i e l d  i n s t a l l a t i o n  and t e s t i n g  f o r  each u n i t  i s  s l a ted  t o  requ i re  a year 
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Figure 3 . 2 :  Rio Algom's projected mine development chart indicating various mining units and when they 
will have well f ields installed, operated, and restored. 



and a hal f .  Minlng w i l l  proceed approximately 3 years i n  each u n l t ,  followed 
by an equlvalent period of un i t  restoration and survefllance monltorlng. Rio 
Algomt s proposed schedule covers a to ta l  o f  about 20 years. The exact 
locattons and boundaries a t  each minfng u n i t  are l i k e l y  t o  be adjusted as more 
detaf led  strat igraphic and ore-occurrence data ara co l  lected during we1 1 f i e l d  
construction. A single w e l l  pattern conslsts of  four t o  s i x  injection wel ls 
arranged i n  a polygon surrounding a cent ra l l y  placed recovery we1 1. Spacf ng 
between wells w i l l  vary from 75 to  100 feet depending on character lst ics o f  the 
ore bddy, the aquifer, and topography. F1 ure 3.3 exhib i ts  a typ ica l  w e l l  P f i e l d  pattern which war employed for  the p l o t  project, W e l l  patterns may be 
al tered to  f i t  the size, shape, and boundaries of  ind iv idual  ore bodies. 

Figure 3.2 provides Rio Algom's proposed mining schedule. The schedule i s  
based on known ore zones and projected capacity o f  the uranium recovery plant.  
The appl icant or tg ina l  l y  proposed to  run the plant a t  a rate of  5000 gallons 
per ninute (gpm). I n  addition, the applicant Intends to  i n s t a l l  a s a t e l l i t e  
ton-exchange u n i t  i n  the we1 1 f ields having a capacity f o r  3000 gpm. The 
applicant's calculat ion of radiologfcal eff luents, however, has been based on 
two ion-exchange units, each operating a t  3000 gpm, producing two m i  11 ion 
pounds o f  yellowcake per year. Therefore, the llcensee w i l l  be l im i ted  by 
1 lcense condi t i o n  t o  annual production of two m i l l i o n  pounds o f  ye1 lowcake, and 
a t o t a l  w e l l - f i e l d  production rate o f  6000 gpm. 

Each in jec t !  on, production and monitor wel l  w t l l  be constructed a1 ike. F i r s t ,  
each hole w i l l  be d r i l l e d  through the expected ore rone employing mud rotary 
methads w i th  a 5-fnch diameter d r l l l  b i t .  After d r l l l i n g  t o  the proper depth, 
a hole w i l l  be logged. I f  a l l  logs Indfcata the hole I s  suitable fo r  i t s  
intended purpose, f t  w i l l  then be reamed a second t i n e  t o  7- t o  10-inch 
diameter t o  the top of the ore zone. Casing w i l l  be placed to  the top o f  the 
ore and cemented i n  place. Cementing wf 11 be completed by in jec t ing  the cement 
under pressure down the caslng, out the bottom, w i th  return t o  the surface 
through the annulus. When the cement has set for a number of  days, i t  w i l l  be 
d r i l l e d  out o f  the casing. A t  t h i s  time, the ore zone w i l l  be under reamed i f  
desired, and cleaned out. Finally, a recoverable screen s t r i ng  w i  11 be lowered 
through the casfng i n to  the ore rone, w i th  packers seal lng i t  against the 
i n t e r i o r  o f  the casing str ing. A typ ica l  completed wel l  1s i l l u s t r a t e d  i n  
Figure 3.4. 

Each w e l l  w i l l  be In teg r i t y  tested p r i o r  t o  use i n  the wel l  f ie ld .  An 
i n teg r i t y  tes t  u t i l i z e s  a packer j us t  above the screen and another a t  the w e l l  
head. These packers w i l l  segregate the nonperforated section o f  the w e l l  
casing. The tes t  consfsts of pressurizing the segregated por t ion o f  the casing 
t o  a level  which simulates the maxinun anticipated operating pressure plus an 
engtneering safety factor. I f  more than a 5 percent pressure loss occurs 
during 10 minutes, the well w i l l  f a f l  the In teg r i t y  test .  Mclls not passing 
the i n teg r i t y  tests are commonly reworked and tested again. Repeated fa i l u re  
of the i n t e g r i t y  test ing w i l l  resu l t  i n  the well being abandoned. The 
ln tegr l  t y  test ing program w i  11 ensure tha t  f lu ids in jected and recovered during 
mtning are not l o s t  from the well due t o  fa l l u re  i n  the casing. 
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lure 3 . 4 :  General  i z e d  diagram o f  Rio  Algom's proposed we1 1 completion 
method i n d i c a t i n q  r e l a t i o n s h i p s  between the d r i l l e d  h o l e ,  
c a s i n g ,  packers ,  and ore  zone. . 



I n  add i t i on  t o  i n i t i a l  i n t e g r i t y  tes t ing ,  the l i cense w i l l  r e q u f r e  t h a t  w e l l s  
be re tes ted  f o r  i n t e g r i t y  a f t e r  any we l l  serv lc lng  t h a t  cou ld  cause cas ing  
damage. Repeated l n t t g r i t y  t e s t i n g  w i l l  a l t o  be requ l red  f o r  opera t ing  we1 1 s  
on a  schedule o f  once each 5 years. Any unsuitable holes or abandoned w e l l s  
s h a l l  be plugged f n accordance w f  t h  Wyoming OEQ requlrernents. 

Each we1 1 w i  11 be connected t o  the respect ive i n j e c t i o n  o r  production man i fo ld  
i n  a  w e l l  f i e l d  header bu i ld fng .  The manifolds w i l l  r ou te  s o l u t f o n  t o  the  
p i p e l i n e s  t o  and from the recovery p lant .  Meters and c o n t r o l  valves i n  
Individual w e l l  l i n e s  w l l l  monitor and cont ro l  f low ra tes  and pressures fop 
each we l l .  W e l l - f i e l d  p i p i n g  i s  expected t o  be h igh  densf ty  polyethy lene p ipe ,  
PVC and/or s tee l .  The i nd i v idua l  we l l  l f n e s  and the  t runk  l i n e s  t o  the 
recovery p l a n t  w i  11 be bur ied  t o  prevent freezing. The use o f  f l e l d  header 
b u i l d i n g s  and bu r led  l i n e s  has been proven an e f f e c t i v e  method o f  p r o t e c t i n g  
the  p i p e l  ines. P i  l o t  programs have operated cont inuously  through the pas t  
6 years  w l thou t  freeze-ups o r  o ther  s i g n i f i c a n t  weather r e l a t e d  problems. 

3.3 L l x l v i a n t  Chemistry 

The proposed chemicals t o  be nfxed w i t h  the rec l r cu la ted  ground water w i l l  
cons1 s t  o f  sodiun and carbonate species along w i t h  oxygen o r  hydrogen peroxide,  
and carbon d iox ide.  The expected l l x l v i a n t  concentrat ion and composftlon i s  
shown i n  Table 3.1. No o ther  form o f  l i x i v i a n t  wtll be permitted a t  the  s i t e  
w i t h o u t  approval as a  l i cense amendment. 

3.4 Uranium Recovery Process 

Uranium s o l u t f o n  w l l l  be conducted from several r i n f n g  u n i t s  a t  once t o  the 
processing p lan t .  The p l a n t  I s  schematical ly 111ustrated i n  F lgure 3.5, and 
w l l l  process s o l u t i o n  a t  a  f low r a t e  no t  t o  exceed 6000 gpo. Thls 
envf r o n m n t a l  ana lys l s  i s  based, I n  pa r t ,  on t h i s  process dlagram. Therefore, 
any s i g n i f i c a n t  changes t o  the  process w i l l  requ i re  an amendment t o  the 
I 1 cense. 

Dur ing  mining, the w e l l  f l e l d  waters w i l l  be enriched w i t h  uranium as we l l  as  
severa l  o ther  meta ls  associated w l t h  the  bedrock r l n e r a l s .  Data from the f & ~  
p r o j e c t  l n d l c a t e  t h a t  t r a c e  metals such as ars tn fc ,  se1e'nfum, vanadlum, I ron  
and manganese are  1  jbera ted  du r lng  the leaching process and are mob1 1  ized w i t h  
the  uranfum. Once t h e  s o l u t f o n  reaches the  p lan t ,  It 1s stored i n  a  surge tank 
o r  Is pumped d i r e c t l y  l n t o  a  se r ies  o f  I o n  exchange ( I X )  columns. I t  i s  here 
t h a t  t he  uranium and, t o  a  l esse r  extent ,  o ther  metals are absorbed onto the 
r e s i n  beads. The resulting bar ren  so lu t fon  e x l t s  the  I X  columns, I s  recharged 
w i t h  a d d i t i o n a l  oxidizing and complexing agents, and 1s r e l n j e c t e d  i n  the w e l l  
f i e l d .  

Once the  m a j o r i t y  of  t h e  i o n  exchange s i t e s  on the I X  column r e s l n  are filled 
w i t h  uranlum, the column f s  taken o f f  stream fo r  e lu t l on .  I n  the e l u t i o n  
process, t he  uranf urn I s  s t r i p p e d  from the  r e s i n  beads w i t h  a  concentrated 
solution o f  sodiun c h l o r i d e .  The r e s u l t i n g  pregnant e luant  i s  discharged 
l n t o  a  h o l d i n g  tank. 



Tab1 e 3.1: Ant1 clpated concentrat l  on ranges o f  p r i  nc lpa l  
chernlcal species i n  Rio Algom's I l x l v i a n t  I n j ec tan t  
and/or feed so lu t ion from the wel l  f l e l d s  f o r  
processing. Concentrations are glven f n m i  11 lgrams per 
1 1 t e r  (mg/l) unless spec l f led otherwise. Values 
represent normal operat l  ng condit ions and f n c l  ude 
maxima based on Individual we1 l s ,  bu t  no t  background 
aqul fer  conditions. Data are based on R d 9  p ro jec t  
observatfons. 

Species Minimum Max I mum 

Ma 
C a 
Hg 
K 
co3 
HCO 
C 1 
s o 4  
U 
v 
TDS 
pH (standard un i t s )  





When a s u f f i c i e n t  volume o f  pregnant e l uan t  i s  h e l d  i n  s to rage ,  i t  w i l l  be 
a c i d i f i e d  t o  des t roy  t he  u rany l  carbonate complex ion .  Hydrogen perox ide  o r  
amnonia w i l l  then  be added t o  t he  s o l u t i o n  t o  p r e c i p i t a t e  t h e  uranium. The 
p r e c i p i t a t e d  u rany l  perox ide s l u r r y  (yel lowcake) i s  pH-adjusted and a l lowed t o  
s e t t l e .  Fo l l ow ing  t h i s ,  the  c l e a r  s o l u t i o n  i s  decanted and e i t h e r  r e c i r c u l a t e d  
back t o  the ba r ren  e l uan t  s torage tank o r  t r e a t e d  as a waste and sen t  t o  
evapo ra t i on  ponds. The ye l lowcake i s  f u r t h e r  dewatered and washed us ing  a 
vacuum b e l t  f i l t e r  o r  equ i va len t  and d r ied .  Rio Algom expects  t o  recover  
approx imate ly  2,000,000 pounds o f  yel lowcake pe r  year .  

3.5 D e s c r i p t i o n  o f  Processing P lan t ,  Ponds, and Waste 

3.5.1 The Processing P l a n t  

The a p p l i c a n t  proposes t o  expand t h e  former B i l l  Smith mine equipment b u i l d i n g  
as i t s  I S L  p rocess ing  p l a n t .  The process ing p l a n t  w i l l  conduct  s o l u t i o n s  i n  
t h r e e  main c i r c u i t s  (F igure 3.6). 

The i o n  exchange ( I X )  c i r c u i t  w i l l  c o n s i s t  of  a  s e r i e s  o f  columns c o n t a i n i n g  
I X  r e s i n ,  tanks t o  s t o r e  s o l u t i o n s ,  and pumps. L i x i v i a n t  w i l l  be pumped 
th rough  t he  columns where u rany l  carbonate complexes w i l l  be  removed. Bar ren  
l i x i v i a n t  i s  t hen  re tu rned  t o  t h e  w e l l  f i e l d  i n j e c t i o n  system. When a r e s i n  
column becomes f u l l y  charged w i t h  u rany l  complex, i t  w i l l  be  taken o f f  l i n e  t o  
b e g i n  t h e  e l u t i o n / p r e c i p i  t a t i o n  c i r c u i t .  Lean e l u a n t  w i l l  be pumped from 
b a r r e n  e l u a n t  tanks t o  the  I X  column and the  r e s u l t i n g  p regnant  e l u a n t  w i l l  be 
t r a n s f e r r e d  t o  t h e  a c i d i z e r / p r e c i p i t a t o r  where uranium i s  p r e c i p i t a t e d .  The 
p r e c i p i t a t e d  uranium then  begins t h e  f i n a l  d r y i n g  c i r c u i t ,  where i t  i s  
dewatered and washed. F i n a l l y ,  t h e  uranium w i l l  be vacuum d r i e d  on s i t e  and 
packaged f o r  s to rage  and shipment. 

3.5.2 Wastes 

L i q u i d  and s o l i d  wastes w i l l  be generated a t  the  Smith Ranch f a c i l i t y .  
Ope ra t i ng  the p rocess ing  p l a n t  w i l l  r e s u l t  i n  two ma jo r  l i q u i d  e f f l u e n t  
streams: the p r o d u c t i o n  b l e e d  and the  e l u a n t  bleed. These streams w i l l  be 
r o u t e d  t o  water t rea tment  u n i t s  o r  t o  evapora t jon  ponds. R i o  Algom proposed 
t h a t  p roduc t i on  b l e e d  be t r e a t e d  t o  remove radium, and then d ischarged t o  
evapo ra t i on  ponds o r  another  State-approved d ischarge p o i n t .  For  an assumed 
t o t a l  p roduc t i on  r a t e  o f  4000 gpm, b leed  from e luan t ,  p r e c i p i t a t i o n ,  and water 
so f t ene r  recharg ing  w i l l  be d ischarged t o  evapora t ion  ponds o r  an approved 
d i s p o s a l  we1 1 a t  18 gpm (9.5 m i l  1  i o n  ga l  Ions p e r  year). A gene ra l i zed  min ing 
wate r  e f f l u e n t  budget i s  d i sp layed  i n  F igu re  3.7. 

Two a d d i t i o n a l  waste streams w i l l  occur when a q u i f e r  r e s t o r a t i o n  i s  underway. 
The f i r s t  e f f l u e n t  stream w i l l  stem from mine-un i t  wa te r  c leaned o f  d isso lved  
s o l i d s  by  a combinat ion o f  I X  columns and/or i n  an e l e c t r o d i a l y s i s  o r  reverse 
osmosis (erd/ro) u n i t .  The stream w i l l  then  be t r e a t e d  f o r  radium removal, and 
d ischarged  a t  800 gpm, f o r  an  assumed recovery p l a n t  o p e r a t i o n  r a t e  o f  
4000 gpm. The r e s u l t i n g  b r i n e  w i l l  c o n t a i n  concen t ra ted  t o ~ a l  d i sso l ved  s o l i d s  
and w i l l  be d ischarged a t  about  100 gpm t o  t h e  evapora t ion  ponds. Add i t i ona l  
e rd / ro  water  w i l l  be r e c y c l e d  th rough t he  a q u i f e r  r e s t o r a t i o n  system. The 
r e s t o r a t i o n  water e f f l u e n t  budget i s  d i sp layed  i n  F i g u r e  3.7. 
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F igu re  3.6:  Schematic f low cha r t  exhlbi t f n g  the proposed path o f  process ing s o l u t i o n s  f o r  
the  Smith Ranch ISL processing p l a n t .  
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Figure 3 . 7 :  Schematic f l o w  chart exhibiting R i o  Algom's proposed flow budget 
for solutions in different components of the processing plant. 
Budget assumes operations at a total production rate o f  4000 gallons 
per minute. 



To assure that a1 1 1 iquid wastes are accounted for, Rio Algom will be required 
by license condition to return all liquid effluents to the process circuit or 
to an approved disposal system. Land application or deep-well injection of 
excess water produced during restoration has not yet been requested. These 
effluent disposal methods, however, have been in use at other uranium recovery 
facilities, and are being considered as alternatives by Rio Algom. Water will 
require treatment to maximum cons ti tuent standards. Optional disposal methods 
will require an amendment to the license, an environmental assessment, and 
Wyoming DEQ approval. 

Sanitary wastes from the restrooms and lunchroom will be disposed of in an 
approved existing septic system. The septic system is subject to continued 
approval by the State of Wyoming. 

Solid wastes generated at the site will consist of spent resin, empty reagent 
containers, miscellaneous pipes and fittings, and domestic trash. These wastes 
will be classified as contaminated or noncontaminated waste, according to their 
radiological survey results. Noncontaminated waste will be disposed of in the 
site's existing solid waste facility as authorized by the Wyoming DEQ. 

Contaminated solid waste will be separated into two categories. The first 
category will be waste which has some salvage value and can be decontaminated 
to unrestricted release limits of noncontaminated waste. This type of waste 
may include piping, valves, instruments, equipment and any other item which can 
be decontaminated. Decontaminated materials will have radiation levels lower 
than those specified In NRS Brrnch Technical Position "Guidelines for 
Decontamination of Facilities and Equipment Prior to Release for Unrestricted 
Use or Termination of Licenses for Byproduct, Source, or Special Nuclear 
Material." All d e c o n m i n a t e d  vastes will be inspected and surveyed by the 
radiation safety officer or health physics technician prior to their release 
from the site to assure that appropriate decontamination procedures have been 
observed. 

An alternative method of disposing o f  contaminated materials may be to sell the 
equipment and building to a holder of another source material license. This 
method would involve minimal contamination removal from equipment and 

, associated structures prior to shipping. Although final radiation levels may 
be higher than for unrestricted release, all equipment shall be shipped 
according to U.S.  Department of Transportation requirements. 

The second category of waste will include items which have no salvage value and 
have been contaminated during uranium recovery operations. The most comnon 
type of this material is radium contaminated filters. These materials will be 
stored within a restricted area until they can be shipped to a licensed waste 
disposal site or licensed mill tailings facility for disposal. Rio Algom 
proposes that all waste byproduct material will be disposed of at the Quivira 
Mining Company tailings pile in New Mexico. 



3.5.3 Evaporation Ponds 

A minimum of two evaporation cells will be constructed for ISL operations. 
Additional cells will be constructed as needed. Cell dimensions will be 
approximately 550 feet by 1000 feet, o r  about 12.5 acres. Construction wi 11 be 
similar to existing ponds. Embankments will be constructed of clay and sandy 
clay excavated onsite. Each cell shall be lined synthetically and include a 
leak detection system. All embankments are to be constructed to divert surface 
runoff away from the ponds and to prevent embankment erosion. In addition, 
ponds are to be fenced to exclude domestic anfmals and wfld game. 

Absolute freeboard requirements have not been determined by the applicant. 
Therefore, all detailed evaporation pond designs will be subject to NRC 
approval in the form of a license amendment prior to injection of.lixiviant for 
commercial production. Freeboard capacity will be required to accommodate a 
Probable Maximum Precipitation event, maximum wind-generated wave runup, and 
include an engineering safety factor of 1.8. In addition, pond capacities will 
be limited such that any one pond may be drained into the others in case liner 
repairs become necessary. All designs will be required to meet NRC Regulatory 
Guide 3.11, Staff Technical Position Paper No. W - 8 1 0 1 ,  and WDEQ requirements. 

3 . 5 . 4  Existing Settling Ponds 

Rio Algom's previous activities at the h i t h  Ranch site included mining from 
both the pilot ISL project and the adjacent Bill Smith shaft mine. Shaft mining 
activities are not subject to NRC regulation. Each mining project produced 
liquid effluent to the environment. The shaft mine was dewatered to prevent 
underground flooding, while the ISL project produced an appropriate well field 
bleed. Rio Algom routed these effluents to a series of radium settling ponds, 
and then released them under an NPDES permit issued by the State. 

In 1986, the NRC came to understand that the two projects' effluent streams 
were first commingled, then treated with barium chloride (BaCl) for radium 
removal. After treatment, the combined effluent was released to the ponds 
where barium sulfate (BaSO,) and radium precipitates were allowed to settle, 
resulting in an accumulation of byproduct waste material in an unposted area. 
Rio Algom's response to the NRC's findings provided a comitment to post the 
evaporation ponds as areas containing radioactive materials. Because of NRC's 
concern over mixing the two waste streams, the licensee submitted a proposal to 
remove radium from the I S L  bleed stream prior to commingling with the shaft 
mine water. Approval of this plan was granted in NRC's license renewal on 
January 29, 1988 (SUA-1387, License Condition No. 17). 

To address byproduct radium material that remained in the pond sludge, Rio 
Algom submitted calculations of the mass and concentrations of radium-226 in 
the settling ponds derived from the ISL bleed and the Bill Smith mine water. 
It was not clear from the submittals if the concentration of byproduct 
radium-226 in the pond sludge was in excess of 10 CFR Part 40, Appendix A, 
Criterion 6 standards. Rio Algom used these data to support consideration of 
the settling ponds as a disposal site for the byproduct radium. Following a 
series of correspondence and less formal conversations, Rio Algom formally 



submitted a license amendment request on March 23, 1988. The request included 
a provision for variance from 10 CFR Part 40, Appendix A, Criteria 2 and 6, 
regarding di sposal of byproduct radium-226 in the settl ing ponds. 

Supporting data fncluded radium-226 analyses for sediment samples from the 
ponds. From six sediment samples in each pond, Pond 1 exhibited an average 
total radium concentration of 96.9 picocuries per gram (pCi/g). The Pond 2 
value was 82.6 pCi/g, while Pond 3's mean was 13.9 pCi/g. A s s w i n g  all radium 
in the ponds i s  byproduct material, Rio Algom's proposal contained neither 
sufficient site characterization data, nor disposal site design specifications, 
to show that long-term stability requirements in Criterion 6, can be met. In 
addition, designation of the reclafned ponds as a byproduct disposal area would 
be contrary to the disposal site nonproliferation provisions in Criterion 2. 

In light of the application for a comercial license, NRC will transfer all 
monitoring and reclamation requireaents of the W facility to the new license. 
Because it was not clear that the criteria of Appendix A would be met by the 
applicant's earlier proposal, Rio Algom will be required by condition of its 
forthcoming commercial license, to propose an alternate means of disposal. The 
proposal shall confirm characterization of the byproduct contaaination, propose 
an acceptable disposal option, and a reclamation schedule. Finally, the 
license conditfon will require submittal and approval of the plan prior to 
commercial production of source material at the Smith Ranch ISL project. 

3.6 Ground-Water Restoration, Reclamation, and Decomissioning 

3.6.1 Ground-Water Restoration 

The primary goal of restoration is to return all ground water affected by the 
mining to baseline conditions. Rio A l g w  proposed to return water quality of 
the affected ground water to the preaining quality of use. This proposal is 
not entirely consistent with the primary restoration criteria of returning 
water to baseline quality. Therefore, Rio Algom will be required by license 
condition to use baseline conditions as its prinary restoration target. As 
evidenced in the RhD restoration demonstration, baseline levels f o r  all 
ground-water parameters cannot always be reasonably m t .  Therefore, a 
secondary ground-water restoration goal of returning the water t o  a quality 
consistent with its premining use will be established. To assure that the 
staff has sufficient time to review a l l  restoration plans, the license will 
stipulate that all ground-water restoration plans be submitted for NRC review 
at least three months prior to starting restoration of each mine unit. 

Rio Algom proposes that the restoration criteria be established on a mine-unit 
average basis for each parameter. This is consistent with current ISL 
restoration practices. Rio Algm's planned well fields average 13 acres in 
size, ranging between 5 and 20 acres apiece. Baseline for each mine unit wi 1 1  
be established by ten wells evenly distributed. Those units exceeding ten 
acres wi 1 1  have additional baseline data generated by one well for every two 
additfonal acres. From each well, three s k ~ g l e s  will be collected and analyzed 
for the parameters listed in Table 3.2. Laboratory results for each parameter 



Tab le  3.2:  B a s e l i n e  parameters t o  be ana lyzed i n  each 
ground-water  m o n i t o r  w e l l ,  Smith Ranch ISL 
p r o j e c t ,  Converse County, Wyoming. 

A. Common C o n s t i t u e n t s  
( i n  m i l l i g r a m s  p e r  l i t e r )  

B i c a r b o n a t e  
Ca lc ium 
Carbonate 
C h l o r i d e  
F l u o r i d e  
Ammon i a 

Magnes i urc 
Potass  i um 
Sodium 
S u l f a t e  
N i t r a t e  (as  N )  

B. Trace and M ino r  Elements 
( i n  m i l i g r a m s  p e r  l i t e r )  

A 1  umi num Manganese 
A r s e n i c  Mercury  
B a r i  um Molybdenum 
Boron N i c k e l  
Cadmi um Se 1 e n i  um 
C h r o m i  urn U r a n i u m  
Copper Vanad i um 
I r o n  Z i n c  
Lead 

Radium-226 i n  p i c o c u r i e s  p e r  l i t e r  

C .  P h y s i c a l  Parameters 

T o t a l  D i s s o l v e d  S o l i d s  - mg/ l  
Temperature - F0 
S p e c i f i c  C o n d u c t i v i t y  - umhos @2!j0C pH - u n i t s  



will be used to arrive at a mine-unit mean. These numerical values will 
establish the primary restoration goat, recognizing spatial and temporal 
variations. 

Rio Algon proposes to use essentially the same restoration methodology in the 
commercial operation as was used for the RbD project. Ground-water restoration 
conducted at the RbD operation utilized ground-water sweep, permeate injection, 
reductant injection, and aquifer recirculation. 

Ground-water sweep draws well field waters as well as natural ground water 
toward the center of the mining unit. This procedure is generally done without 
any well field injection. Thus, a cone of depression is established causing 
waters to flow into the mining unit. During the RbD operation, this stage was 
continued until the majority of the injected solution was recovered from the 
area surrounding the well field. Samples from the injection wells and 
comparative volume calculations are utilized to determine when this phase is 
complete. 

After ground-water sweep has been completed, the permeate injection/reductant 
stage will be initiated. In this stage, the water recovered from the well 
field will be processed by ion exchange to remove remnant amounts of uranium, 
and then electrodialys is or reverse osmosis (edr/ro) treatment w i  1 1  remove 
other dissolved solids. The resulting permeate, or other clean water can then 
be injected into the well field. Brine solutions from edr/ro treatment will be 
routed to an evaporation pond. If required, this flushing process will be 
followed by reductant injection. Its purpose is to re-establish reducing 
conditions in the aquifer; immobilizing metals like arsenic, molybdenum, 
selenium, uranium, and vanadium. Prior to comencing restoration, the licensee 
will be required by license condition to have an approved occupational safety 
plan in place concerning the use of chemical reductants in the plant or well 
field. Finally, clean water is again circulated through the aquifer to reduce 
the dissolved solids introduced during the reductant phase. Rio Algom 
estimates six pore-volumes of water will be circulated through each mining unit 
as restoration proceeds. 

The NRC reviewed the restoration results of the Q-sand project and on 
August 11. 1387, amended the RbD license to confirm successful restoration of 
the well field (Table 3.3). One well in the field exhibited values for uranium 
and nitrate above the targets. The values were below Wyoming DEQ drinking 
water standards, however, and the well-field averages as a whole were below the 
targets. The RbD approved restoration criterion was based upon returning the 
ground water to a category of use standard rather than t o  the mean of the 
baseline values. The 0-Sand pilot well field was placed on standby status 
during September 1991. Its restoration requirements are exhibited in 
Table 3.4. 

3.6.2. Decommissioning and Reclamation 

When the project is fully operational, Rio Algom expects approximately 
15 mining units will be in development, mining, or restoration at any one time 
Therefore, reclamation will occur in interim steps to minimize environmental 



Table 3 , 3 :  Baseline ground-water conditions, aquifer restoration 
goals, and actual final restoration values approved by 
NRC for the Q-Sand pilot well field (from Rio Algom's 
application, March 31, 1988). All values in mg/l. 
unless specified otherwise. 

Restoration Ac tua 1 
Parameter Ranqe Mean Goa 1 Restoration - 
Arsenic .001-. 013 .004 .05 .008 
Boron .002- .70 -15 .54 .14 
Calcium 24-l?l 7 2 120 78 
Iron . 01-. 27 .025 .3 .24 
Hagnes i urn 3- 22 16 -092 .06 
Manganese .01-. 077 .023 n/a .1 
Selenium .001- .024 .004 .029 .003 
Uranium .001-3.1 .28 3.7 1.45 

Chloride 4-65 18 250 15 
Bicarbonate (HCO,) 129-245 199 294 2 54 
Carbonate (CO,) nd- 75 18 15 n d 
Nitrate .l-1.0 .4 na .13 
Potassium 7- 34 12 2 3 8 
Sod i urn 19-87 28 4 1 38 
Sulfate 100-200 124 250 128 
TDS 155-673 388 571 44 3 

Spec. Conductivity 
(pmhos/cm) 518- 689 582 827 (;42 

pH (standard units) 7.5-9.4 8.0 6.5-8.6 7.0 

Radium-226 (pCi/l) 6-1132 340 923 4 7 7 
Thorium-230 (pCi/l) .027-4.65 1.03 5.62 3.4 

. . 



T a b l e  3 4 :  B a s e l i n e  ground-water  c o n d i t i o n s  and a q u i f e r  r e s t o r a t i o n  
v a l u e s  f o r  t h e  0-Sand p i l o t  w e l l  f i e l d - ( t r o m  R i a  Algom's 
a p p l i c a t i o n ,  March 31 ,  1988). U n i t s  i n  mg/l ,  un less  
s p e c i f i e d  o t h e r w i s e .  

R e s t o r a t i o n  
Parameter  

A r s e n i c  
Boron 
C a l c i u m  
1 r o n  
Hagnes i urn 
Manganese 
Se len ium 
U r a n i  urn 

C h l o r i d e  
B i c a r b o n a t e  (HCO,) 
Carbonate  ( C O 3 )  
N i t r a t e  
Po tass ium 
Sod i urn 
S u l f a t e  
TDS 

Ranqe 

2-8 
146-234 

n o t  d e t e c t e d  
. 2 - .  74 
6-25 

24-32 
244-316 
522-656 

Mean 

Spec. C o n d u c t i v i t y  
(pmho/cm) 636-978 7 78 

p H ( s t a n d a r d u n i t 5 )  7.31-8.16 7.69 

ffequi rement 



impacts during and after mining takes place, and will restore disturbed land to 
its premining use. A final decommissioning plan will be required by license 
condition at least 12 months prior to license termination, for NRC review and 
approva 1 .  

The most prominent surface disturbance will occur at the evaporation ponds. 
Foundations, buildings, storage areas, and parking lots for the processing 
plant already exist at the former Bill Smith Mine site (Fig. 1.2). Surface 
disturbance will also occur during the well drilling programs, pipeline 
installations, road construction, and header building construction. These 
disturbances, however, involve relatively small areas or have very short-term 
impacts. 

Topsoil Handling 

Soil disturbances caused by the mining operation will be kept to a minimum. 
Topsoil from the existing mine facility was stockpiled and seeded with a cover 
crop to control erosion. Topsoi 1 from future disturbed areas wi 1 1  be removed 
and stockpiled. Stockpiles will be located, shaped, and seeded with a cover 
crop and crimp mulched to minimize erosion. Topsoil signs will also be placed 
on each stockpile. 

In the well fields, topsoil will be removed from new access roads and well 
header building sites and stockpiled as discussed above. If unanticipated 5igh 
traffic roadways are developed, the topsoil on such roadways shall be subject 
to the same preservation program. For areas where only limited disturbance 
occurs, such as well sites and pipeline routes, topsoil will be bladed to one 
side and then re-spread over the area as soon as construction is completed. 
These areas will then be stubble mulched. If topsoil stockpiling or 
retopsoiling of an area is completed in the winter or spring, a stubble crop o f  
oats will normally be planted with the final grass seed mix o r  a long-term 
cover seed mix planted in the stubble in the autumn. 

Well Fields 

After successful restoration of ground water in the mined aquifers, each well 
field will be decommissioned. All buried well-field lines and pipelines will 
be removed. In addition, injection, production, and monitor wells will be 
plugged and abandoned according to Wyoming DEQ requirements. Land owners 
may negotiate with the applicant to convert monitor wells to water-supply we1 1s 
provided all materials involved meet standards for release to unrestricted use. 
After pumps and tubing are removed, each well will be backfilled with approved 
abandonment mud or cement slurry to within 5 feet of the surface. The casing 
will then be cut at least 2 feet below the surface, and a cement plug will be 
placed at the top. The wellhead area will then be backfilled and the surface 
reclaimed according to the approved plan. 

Pad Reclamation 

The plant and pond areas will be reclaimed in a similar fashion as the well 
field areas. Excess soil from the built-up plant base and pond embankments 



will be returned to the ponds as fill. Following this, land surface contours 
wi 1 1  be reestablished. Finally, topsoi 1 w i  1 1  be repllced on a1 1 plant and pond 
disturbed areas. Reseeding of these areas wi 1 1  also follow guidelines in the 
Wyoming DEQ permit. A periad of several years will be required for 
establishment of viable vegetative cover. The licensee will be required to 
naintain exclusionary fences and release areas for test grazing according to 
the State pe~mit. 

D e c o m i s s i o n i n ~  and Disposal 

Dismantled equipment from the processing plant may be disposed of in one o f  
three ways. First, contaminated equipment nay be dismantled and sold to 
another licensed facility. Alternatively, equipsent decontaminated in 
accordance with "Guidelines for Decontaaination of Facilities and Equipment 
Prior to Release for Unrestricted Use of Termination of Licenses for By-product 
or Source Haterial, September, 1984," published by NRC, may be sold for salvage 
or scrap. Second, decontaminated materials having no resale value, such as 
building foundations, may be buried on-site. Finally, waste materials that 
cannot be decontaminated to acceptable levels for release, shall be disposed of 
in an NRC-licensed facility as discussed in Section 3.5.2. 

After all liquid in ponds has been evaporated, decontaminated, or disposed of 
in a licensed facility, the precipitated solids and the pond liner will be 
removed and disposed of in a 1 icensed facility. Pond liners cannot typical ly 
be economically cleaned to standards required for unrestricted use. The pond 
area will then be reclaimed as other disturbed areas, discussed in a following 
section. 

Radiation Surveys 

After the equipment, buildings, foundations, piping, and associated support 
facilities have been removed, g a m a  surveys will be conducted over the areas. 
In the well fields themselves, g a m a  surveys will also be conducted during the 
decomissioning of each ninfng unit. G a r r a  survey results will be compared 
with background values, and soil samples will be obtained from locations bhich 
exhibit elevated g a m a  readings. Soil samples will be analyzed for natural 
uranium and radium-226 content. Contaminated soi 1 wi 1 1  be excavated as 
specified in 10 CFR 40 Appendix A, and disposed of in the same manner as other 
contaminated material. All survey results will be subject t o  verification by 
the NRC. 

Recontouring 

After decomissioning and decontamination have been completed, final 
reclamation wi 1 1  proceed. Compacted so i  1 along roads and beneath foundations 
wi 1 1  be ripped. Recontouring the land where disturbance has taken place will 
restore the surface and provide a terrain consistent with the post mining l a d  
use. Because no major changes in the topography will result from the proposed 
mining operation, a final contour map is not required for this project. 

Re vege ta t i on 

Guring aining operations the topsoil stockpiles, and other areas disturbed 
during the interim, will be seeded with a cover crop to minimize erosion. 



Long-term cover crop seed mix, unless requested othzrwlse by the surface owner. 
is expected to be a mix of western wheatgrass (4 lh!,/acre), stream bank 
wheatgrass ( 3  lbs/acre) and thickspike wheatgrass (3 lbs/acre). The long-term 
cover grass mix will be used to protect topsoil stocapiles and/or retopsoiled 
areas which are expected to remain in place for longer than one year prior to 
final seeding. These practices, tested and proven in the pi lot programs, wi 1 1  
provide the needed protection for the topsoil, and will minimize erosion. 

When topsoil is replaced during final reclamation, an area normally will be 
seeded with oats to establish a stubble crop, then reseeded with grasses the 
next growing season using the pure live seed mixtures shown in Table 3.5. 

Reseeding will normally be accomplished by broadcast seeding or drilling with 
seeding completed before Hay 1 or after October 15, during the year in which 
the topsoil is replaced. I f  drilling is not practical, seeds will be broadcast 
with a hand spreader, and the area will then be harrowed or raked. 

Vegetation in larger reclaimed areas will be protected by fencing until a 
viable stand of growth is obtained. When vegetation cover and productivit-y are 
adequate to support normal grazing, the licensee will apply to the NRC and 
Wyoming DEQ for bond release. 

Table 3.5 

Pure live seed (pls) mixtures required for soil revegetation. 
Smith Ranch ISL Project, Converse County, Wyoming 

" Western Wheatgrass (Rosana) 4 lb./acre 
* Thickspike Wheatgrass (Critiana) 2 lb./acre 
* Streambank Wheatgrass (Sodar) 3 lb./acre 
Canby Bluegrass 1 lb./acre 
Sheep Fescue (Covar) 2 lb./acre 
Swee tc 1 over 0.5 lb./acre 
Winterfat 2 lb./acre 

14.5 lb /acre 

* Quantity doubled for broadcast seeding 

Alterndte species. if any of the non-wheatgrass gras5es are unavailable, 
are as follows: 

Indian Ricegrass 
Prairie Junegrass 
Green Needlegrass 

4.0 EVALUATION OF ENVIRONMENTAL IMPACTS 

4.1 Ground-Water Impacts 

It is comnon practice to dramatically degrade the rater qrlality within the 
rnitberalized zone during mining. An excursion occurs when lixivtant-fortified 
ground water moves beyond the expected confines of a mining unit and i s  



d e t e c t e d  i n  a m o n i t o r  w e l l .  The unexpec ted  f n i g r a t i o n  o f  m i n i n g  s o l u t i o n s  c o u l d  
be  caused  by a v a r i e t y  o f  c i r c u m s t a n c e s .  H o s t  e x c u r s i o n s  r e s u l t  f r o m  an  
i m p r o p e r  b a l a r ~ c c .  be tween i n j e c t i o n  and r e c o v e r y  r a t e s ,  u n d e t e c t e d  
h i g h - p e r m e a b ~ l i t y  s t r a t a  o r  g e o l o g i c  f a u l t s ,  i m p r o p e r l y  abandoned e x p l o r a t i o n  
d r i l l  h o l e s ,  d i s c o n t i n u i t i e s  i n  t h e  c o n f i n i n g  u n i t s  w h i c h  a l l o w  movement o f  t h ~  
l i x i v i a n t  o u t  o f  t h e  o r e  zone ,  p o o r  w e l l  i n t e g r i t y ,  o r  h y d r o f r a c t u r i n g  o f  t h e  
o r e  zone o r  s u r r o u n d i n g  u n i t s .  A q u i f e r  t e s t i n g  and p i l o t  w e l l - f i e l d  o p e r a t i o n s  
have  d e m o n s t r a t e d  t h a t  t l y d r o l o g i c  and g e o l o g i c  f l a w s  i n  t h e  a q u i t a r d s  a r e  
s p a r s e .  Based upon  t h e  d i f f e r e n t i a l  h y d r a u l i c  c o n d u c t i v i t i e s  measured  a t  t h e  
s i t e ,  i t  i s  i m p r o b a b l e  t h a t  a  v e r t i c a l  e x c u r s i o n  w o u l d  o c c u r .  H o r i z o n t a l  
e x c u r s i o n s  d r e  a  more l i k e l y  e v e n t  and a r e  p r i m a r i l y  c o n t r o l l e d  b y  w e l l - f i e l d  
o v e r p r o d u c t i o n .  Shou ld  o v e r p r o d u c t i o n  f a i l ,  l i x i v i a n t  f o r t i f i e d  w a t e r s  c o u l d  
move t o  a  m o n i t o r  w e l l .  S h o u l d  such  a n  e v e n t  t a k e  p l a c e ,  i t  i s  e a s i l y  r e v e r s e d  
by incrr?as;ng t h e  o v e r p r o d u c t i o n  r a t e  and t h e r e b y  d r a w i n g  ' t h e  l i x i v i a n t  back. 
i n t o  t h e  m i l l i n g  zone.  Based o n  t h e  i n f o r m a t i o n  p r e v i o u s l y  d i s c u s s e d  and  
o p e r a t i o n a l  c o n t r o l s  t o  be  imp lemented ,  e x c u r s i o n s  a r e  e x p e c t e d  t o  be r a r e .  

4 . 1 . 2  E v a p o r a t i o n  Pond Seepage and S p i l l s  

A c c i d e n t a l  l e a k s  f r o m  t h e  e v a p o r a t i o n  ponds c o u l d  c o n t a m i n a t e  s h a l l o w  a q u i f e r s  
and  l o c a l l y  deg rade  g r o u n d - w a t e r  q u a l i t y  i f  n o t  c o n t a i n e d ,  d e t e c t e d  e a r l y ,  and  
c o n t r o l l e d .  The p r o p o s e d  i n s t a l l a t i o n  o f  a  s y n t h e t i c  b o t t o m  l i n e r  b e n e a t h  t h e  
e v a p o r a t i o n  ponds a t  t h e  S m i t h  Ranch s i t e  w i l l  p r o v i d e  t h e  c o n t a i n m e n t  a n d  
d e t e c t i o n .  Based  o n  t h e  use  o f  .i s y n t h e t i c  ponc  l i n e r  as  w e l l  a s  t h e  l e a k  
m o n i t o r i n g  and  r e p a i r  p rog ram,  t h e  impac t  o f  pond  l e a k s  o n  g r o u n d - w a t e r  q u a l i t y  
w i l l  b e  m i n i m a l  o r  n o n e x i s t e n t .  

S p i l l s  f r o m  t h e  e v a p o r a t i o n  ponds r e s u l t i n g  f r o m  embankment f a i l u r e  c o u l d  
r e s u l t  i n  u n a c c e p t a b l e  c o n t a m i n a t i o n  o f  s v r f a c e  and  g r o u n d  w a t e r s .  Because  t h e  
p o n d  embankments and  t h e  minimum a c c e p t a b l e  f r e e b o a r d  f r o m  t h e  t o p  o f  t h e  berms 
t o  t h e  p o n d s '  f r e e  w a t e r  s u r f a c e s  w i l l  be  d e s i g n e d  t o  c o n f o r m  w i t h  NRC d e s i g n  
s t a n d a r d s ,  s p i l l s  f r o m  t h e  e v a p o r a t i o n  ponds o r  embankment f a i l u r e s  a r e  
e x t r e m e l y  u n l i k e l y .  The l i c e n s e e  w i l l  be  r e q u i r e d  t o  r e g u l a r l y  i n s p e c t  a l l  
embankments and make r e p a i r s  as necessa ry .  

4 .  1. 3 G ruu r~d -Wa te r  R e s t o r a t i o n  

G r o u n d - w a t e r  r e s t o r a t i o n  w i l l  i n c l u d e  g r o u n d - w a t e r  sweep, pe rmea te  and  
r e d u c t a n t  i n j e c t i o n ,  and  a q u i f e r  r e c i r c u l a t i o n .  Eacn o f  t h e s e  s t a g e s  o f  
r e s t o r a t i o n  m o d i f i e s  t h e  w a t e r  q u a l i t y  o f  t h e  m i n i n g  zone.  As p r e v i o u s l y  
d i s c u s s e d ,  t h e  R&D o p e r a t i o n  was s u c c e s s f u l  i n  r e s t o r i n g  t h e  g r o u n d - d a t e r  
q u a l i t y  t o  b e l o w  b a s e l i n e  c o n c e n t r a t i o n s  f o r  t h e  m a j o r i t y  o f  t h e  c o n s t i t u e n t s  
as w e l l  as  t c  b a s e l i n e  c o n c e n t r a t i o n s  f o r  s e v e r a l  o t h e r  c o n s t i t u e n t s .  T h e r e  
a r e  a l s o  a  m i n i m a l  number o f  c o n s t i t u e n t s  w h i c h  had  t h e i r  c o n c e n t r a t i o n s  r a i s e d  
s l i g h t l y  d u r i n q  t h e  m i n i n g / r e s t o r a t i o n  e f f o r t .  No p r e m i n i n g  uses  o f  t h e  w a t e r ,  
h o w e v e r ,  wei-e p r e c  1  uded. 

R e s t o r a t i o n  o f  t h e  m i n i n g  zone w i l l  r e s u l t  i n  v a r y i n g  w a t e r  q u a l i t y  w i t h i n  t h e  
duui ter T ~ \ I S  i s  due ,  i n  p a r t ,  t o  t h e  comp lex  m i x i n g  t h a t  w i l l  t a k e  p l a c e  and  
t h e  chs3nqr ~n o x i d a t i o n  s t a t e  t h a t  w i l l  r e s u l t  f rom t h e  i n j e c t i o n  o f  m i n i n g  
s o l u t i o n s  The commerc i a l  l i c e n s e  w i l l  r e q u i r e  a  r e s t o r a t i o n  g o a l  o f  r e t u r n i n g  



the aquifer to baseline water quality. Based on the R&D demonstration, as well 
as restoration efforts at other in-situ mining operations, no unacceptable 
impacts on the aquifer are expected. 

4.2 Offsite Radiological Impacts (MILDOS-AREA Dose Assessment) 

4.2.1 Introduction 

Rio Algom operations will produce two primary sources of radiological impact to 
the environment. First, in situ mining process fluids will release radon which 
will he vented to the atmosphere. Second, Rio Algom proposes to dry and 
package the finished product, yellowcake, which will produce radionuclide 
particulate air emissions. Radionuclides released to the environment will be 
Rn-222, U-238, Th-230, Ra-226, and Pb-210. Rn-222 gas is dissolved in the 
fluids brought to the surface during in situ mining. Radon is vented at relief 
valves on ground-water wells and later during processing at the plant. Radon 
accumulation in the plant will be removed by a negative pressure ventilation 
system. Yellowcake dust is also released to the environment during drying and 
packaging. Releases of yellowcake should be extremely small during normal 
operations. 

Rio Algom evaluated the radioactive emissions from the facility through the use 
of the computer program MILDOS-AREA. This second generation program is a 
refined version of the MILDOS code used to conservatively evaluate radiation 
doses from uranium recovery operations to selected areas adjacent to the 
production facility. The model incorporates calculated source t e n s  and an 
appropriate meteorological parameter to calculate radfonuclide concentrations 
and resulting doses. 

4.2.2 Discussion 

Rio Algom's modeling was based on flow rates of mine process fluids and 
restoration water, and pounds of yellowcake processed per day. Rio Algom 
assumed well-field production would progress at a rate of 37.5 acres yearly for 
each satellite. Dryer and packaging operations were assumed to be running at 
100 percent production from 1995 through 2006. Prior to 1995, production rates 
were projected to be 37.5 percent for 1992, 50 percent for 1993, and 75 percent 
for 1994. Well fields and production schedules used to develop the program are 
presented as Table 1 of the licensee's HILDOS submittal dated October 4, 1990. 

The source t e n s  for the mining and processing portions of the operation were 
based on peak productivity. These parameters were adjusted to reflect the 
source terms through time as the project develops and then declines towards 
depletion of the ore body and completion of activities. Calculations of source 
terms were based on the parameters and assumptions provided in the licensee's 
October 4 ,  1991, submittal, Appendix A. The following major parameters were 
included in the program: 



Radium-226 concentration in the ore 
Emanation coefficient 
Porosity 
Radon-222 ha1 f- 1 i f e 
Ore zone thickness 
Well spacing 
Ore density 
Production flow rates 
Dryer throughput 
Packaging throughput 

Other parameters used by Rio Algom for use in the Smith Ranch MILDOS-AREA run 
include population distribution parameters. These data are specific to the 
site area, and describe the receptors of radiation doses, such as permit area 
locations, single family residences, and population clusters. Meteorological 
parameters including wind dfrectfon, windspeed class, and atmospheric stability 
class were taken from data collected at Casper, Wyoming. Also, food pathway 
parameters were developed for items in the local food chain. Of these 
parameters, livestock feed and the subsequent .eat pathway were modeled. Milk 
and vegetable production are not significant pathways for this local site area. 

The MILDOS-AREA computer code estimates radiological impacts of airborne 
emissions and presents these impacts as dose c m i t m e n t s .  The licensee 
produced dose comitments to two general populations; (1) individuals and 
clustered populations within 80 ka o f  the source, and (2) clustered populations 
beyond 80 tun from the source. Specific dose coaitaents were developed for 
nearest residences, the restricted area boundary, and the State permit area 
boundary. Dose comitments were also developed for three population clusters; 
Glenrock, Douglas, and Casper, Wyoming. 

4.2.3 Results 

The licensee calculated the dose corrrmitments using the releases fomulated for 
a period of maximum activity and production. Therefore, the model aaxfmizes 
the predicted dosages and increases the conservative nature of the MILDOS-AREA 
calculations. From these conditions and parameters, the concentrations for 
particulates and working levels for radon at the nearest dowmind resident are 
well under 1 percent of the maximum peraissible concentrations. For radon, the 
calculated value was 6.41 x lo-= working levels (WL)  as compared to an 
allowable concentration i n  10 CFR 20 of 3.33 x lo-* WL. For U-238, the 
concentration was modeled at 4.257 x lo-' pCi/d as compared to an allowable 
limit of 5 pCi/m3. The dose conmibent to the most sensitive organ (bronchial 
epithelium) calculated for this receptor was 19 mRem/year. 

Working levels predicted by the model for all receptors will be less than 
1 percent of the HPC. Further, the air concentrations for particulates 
produced during drying and packaging yellowcake are less than 10 percent of the 
HPC' s for each specified substance. 

Radon concentrations and particulate concentrations for U-238, Th-230, Ra-226, 
and Pb-210 were less than 10 percent of the HPC for the restricted boundary 



receptors which were nearest to the sources. The permitted area boundary 
receptors, located farther yet from the sources, were all well under 1 percent 
of the MPC for all radionuclides of concern. Finally, the population clusters, 
which included Casper, Douglas, and the nearest city, Glenrock, were all 
several orders of magnitude below the allowable HPCs. 

4.2.4 Summary 

Analysis of the results of the MILDOS-AREA model simulation of atmospheric 
radionuclide emissions from Rio Algom's proposed Smith Ranch in situ uranium 
mine and processing facility indicates particulate concentrations will be less 
than the amounts limited by 4 0  CFR 190. Those limits are 25 mRem to the whole 
body and 75 mRem to any other organ of any member of the public, at residential 
receptors. Radon-222 levels were projected to be far less than specified as 
maximum permissible concentrations under 10 CFR Part 20, which are 
3 x pCi/ml or 3.33 x lo-* working levels. The concentrations o f  radon 
daughters and particulates from drying and packaging yellowcake also are far 
below the HPCs. 

A review of the parameters and elements used by the licensee to obtain the 
results of the MILDOS-AREA model appear to be correct, current, and 
appropriate. Further, the licensee's aoalysis and conclusions indicate that 
all current licensing requirements have been met and that all estimates of 
increases of radioactive materials have been conservative. The conservative 
nature of the model tends to predict liberal radionuclide concentrations. The 
values obtained, although conservatively developed, were well below limits 
specified by 40 CFR 190. 

4.3 In-Plant Radiation Safety 

Haximum Permissible Concentration limits exist for restricted and unrestricted 
areas. Although both are continually verified based upon air monitoring, only 
the restricted area concentrations are routinely utilized to determine 
individual exposures. The NRC will require the appl icar,i to implement an 
in-plant radiation safety program to assure that exposures are kept as low as 
reasonably achievable (ALARA). The basic elements required for an effective 
ALARA program are known from experience at other uranium in-situ leach 
operations. The applicant's proposed program shall be scaled to account for 
the nature of the comercia1 project. In general, the program will include the 
fol lowing: 

O Airborne and surface contamination sampling and monitoring; includes radon 
and/or radon daughters, and uranium; 

0 Personnel exposure monitoring; includes TLD badges, breathing-zone 
sampling for radiation work permits, personnel frisking, and bioassay; 

O Qualified management of the safety program and training of personnel ; 

O Written radiation protection procedures ; and 



' Periodic audits by qualified outside parties and frequent inspections to 
assure the program is being conducted in a manner consistent with the 
ALARA philosophy. 

Details of the program are reviewed in H R C t s  Safety Evaluation Report. The 
the program of in-plant safety is considered sufficient to protect in-plant 
personnel by keeping radiation d ~ s e s  as low as reasonably achievable. 

4.2 Waste Disposal 

Criterion 2 of 10 CFR 40, Appendix A ,  promotes the disposal of byproduct 
material from uranium in-situ leach operations at existing tailings disposal 
sites or other licensed radioactive burial grounds, to avoid proliferation of 
waste sites. Rio Algom proposes to dispose of waste byproduct material at 
Quivira Mining Company's uranium mill tailings pile in New Mexico, in 
accordance with Criterion 2. To assure that all contaminated wastes remain 
under control of Rio Algom, the license will stipulate that an area within the 
restricted area be maintained for temporary storage of contaminated materials. 

4.5 Cultural Resources 

4.5.1 Effects of the Licensing Action 

Impact Significance Criteria 

Cultural resources are considered significant if they meet the criteria 
outlined In 36 CFR 60.4. Disturbance o f  those sites which meet these criteria 
are considered significant impacts and an adverse effect (36 CFR 800.9). 
Mitigative measures must be taken. 

9irect and Indirect Impacts 

Impacts to cultural resources in the Smith Ranch permit area could be either 
direct or indirect, or both. Direct impacts include physical disturbance 
caused by construction of roads, wells, pipelines, and other facilities. 
Direct impacts may also result from naturally occurring erosion and erosion 
caused by land disturbances. In addition, vfsual intrusions m a y  result in a 
d l r o c t  impact by rltorlng the setting o f  prehistoric and hlrtorlc proportles. 
Indlrect Impacts Include potential vandalism and unauthorized collection of 
artifacts which result from increased access to the area. 

Cumulative Impacts 

Activities that directly affect cultural resources do so at the time the 
activity takes place. Conversely, indirect impacts such as erosion, increased 
visitation, vandalism, and unauthorized artifact collecting can have a 
cumulative effect, causing gradual degradation of site integrity and 
diminishment of cultural values. 



Unavoidable Impacts 

Unavoidable adverse impacts t o  c u l t u r a l  resources l o c a t e d  w i t h i n  the  m in i ng  
area may take two forms. E l i g i b l e  c u l t u r a l  resources may be a f f e c t e d  by 
d r i l l  i n g ,  and f a c i  1  i t y  and access road c o n s t r u c t i o n  i f  those a c t i v i t i e s  a re  
cons t ra i ned  by topographic  o r  geo log i ca l  cond i t i ons .  I n  t h i s  s i t u a t i o n ,  
c o n s u l t a t i o n  conducted through the  Sec t ion  106 process determines t he  met7ods 
t o  reduce o r  m i t i g a t e  t h e  e f f e c t s .  

The second type o f  unavoidable  adverse impact occurs when p r e v i o u s l y  
undiscovered c u l t u r a l  resources a re  encountered a f t e r  t h e  p r o j e c t  i s  approved 
and underway. I n  such cases, the  l i censee  s h a l l  be r e q u i r e d  by l i c e n s e  
c o n d i t i o n  t o  h a l t  g round -d i s t u rb i ng  work a t  such a  s i t e .  The BLM P l a t t e  R i v e r  
Resource Area Manager s h a l l  be n o t i f i e d  t o  arrange an a r cheo log i ca l  e v a l u a t i o n  
o f  t h e  ma te r i a l s ,  and t o  determine a  m i t i g a t i o n  p lan ,  i f  necessary. 

Summary 

Adverse impacts t o  c u l t u r a l  resources can be cons idered s i g n i f i c a n t  i f  a  g i v e n  
s i t e  has been determined t o  meet the c r i t e r i a  o u t l i n e d  i n  36 CFR 60.4. D i r e c t  
and i n d i r e c t  impacts w i l l  r e q u i r e  some means o f  m i t i g a t i o n  t o  p reven t  o r  
min imize degraddt ion o f  c u l t u r a l  values. 

4.5.2 M i  t i g a t i o n  o f  E f f e c t s  

I n  assoc ia t i on  w i t h  r ev i ew ing  R io  Algom's a p p l i c a t i o n ,  NRC consu l ted  w i t h  BLM, 
t he  Wyoming SHPO, and o t h e r  i n t e r e s t e d  p a r t i e s  t o  assess p o t e n t i a l  e f f e c t s  o f  
i s s u i n g  a  source m a t e r i a l  l i c e n s e  upon the  c u l t u r a l  resources i d e n t i f i e d  i n  
Sec t i on  2.3 o f  t h i s  EA. Documented separa te ly  i n  accordance w i t h  
36 CFR Pa r t  800, NRC issued  a  f i n d i n g  o f  No E f f e c t  and o f  No Adverse E f f e c t  t o  
t he  Wyoming SHPO on September 11, 1991. 

I n  accordance w i t h  commitments made i n  i t s  a p p l i c a t i o n  R io  Algom s h a l l  be 
r e q u i r e d  t o  p rov i de  100- foo t  b u f f e r  zones surrounding e l i g i b l e  and l i s t e d  
s i t e s ,  and prevent  su r f ace  d is tu rbance  o f  those s i t e s .  Th i s  s t i p u l a t i o n  r e f e r s  
s p e c i f i c a l l y  t o  p r e h i s t o r i c  s i t e  no; 48C0352, 48C01288, 48C01289 and 48C01291. 
I n  a d d i t i o n ,  t h i s  requi rement  app l i es  t o  e l i g i b l e  and l i s t e d  segments o f  t h e  
Bozeman T r a i l ,  s i t e  no. 48C0165. S i t e  48C01282 i s  p r e s e n t l y  unevaluated, and 
i t s  e l i g i b i l i t j  f o r  t he  Reg i s te r  s h a l l  be eva lua ted  p r i o r  t o  d is tu rbance .  I n  
a d d i t i o n ,  the l i censee  s h a l l  be r e q u i r e d  t o  m i t i g a t e  v i s u a l  i n t r u s i o n  upon t h e  
Bozeman T r a i l  segments by reduc ing  the  v i s i b i l i t y  o f  i t s  f a c i l i t i e s  i n  
accordance w i t h  recommendations p rov ided  i n  t h e  Rosenberg r e p o r t  (1991). 
Maintenance o r  f u t u r e  upgrad ing o f  the  d i r t  road pass ing  unevaluated s i t e  
no. 48C01226 s h a l l  be con f i ned  t o  the  e x i s t i n g  d i s t u r b e d  c o r r i d o r  i n  t h e  s i t e  
v i c i n i t y ,  o r  t i l e  s i t e  s h a l l  be f u l l y  eva lua ted  p r i o r  t o  any d is tu rbance .  BLM 
i s  a v a i l a b l e  f o r  c o n s u l t a t i o n  f o r  m i t i g a t i o n  o f  t h e  above s i t e s .  

NRC and ELM have determined t h a t  a l l  ac t i ons  assoc ia ted  w i t h  t he  proposed 
min ing  p r o j e c t  w i l l  be completed i n  compliance w i t h  t h e  Na t i ona l  H i s t o r i c  
Preserva t ion  Act (as  amended) and i t s  implement ing r e g u l a t i o n s  (36 C F R  800) ,  
the  Archaeolog ica l  Resources P r o t e c t i o n  Act  (as amended), and i t s  implement ing 
r egu la t i ons  ( 4 3  C F R  7 ) .  F u r t h e r .  q i r ide l ines  such as t h e  Secretary  o f  the 
I n t e r i o r ' s  Standards and Gu ide l ines  f o r  Archaeology and H i s t o r i c  P r e s e r v a t i o n  



and the Bureau of Land Management 8100 manual series will be followed where 
appropriate, Disturbance of the above sites, without required mitigation, w i l l  
constitute a violation of the NRC license and the Archaeological Resources 
Protection Act of 1979. 

Through camp1 iance w i t h  the laws, regulations,' and guidance noted above, all 
effects on cultural resources should be mitigated. This preferably will be 
accompl ished by avoiding the effects. Alternatively, a data recovery plan w i l l  
be developed in accordance with the regulatory statutes and guidelines. 

5.0 MONITORING 

5.1 Ground Water 

Ground water will be monitored prior to, during, and after the proposed 
operation. Prior to well-field installation, ground-water data will be 
collected to determine water quality and define aquifer properties. This 
regional data is built upon during well-field development when data is 
collected to establish upper control limits and restoration criteria. During 
and following mining and restoration, additional ground-water monitoring is 
performed to verify the effect, if any, on the aquifer. 

5.1.1 Water Quality Monitoring 

Numerous water quality monitoring wells will be located in and around the 
various well fields. Additional monitoring systems will be installed 
underlying all evaporation ponds. All monitor wells will be sampled on a 
routine basis during mining to determine if solutions are being contained 
within the mining zone. Monitoring for vertical excursions will take place in 
the first saturated aquifers overlying and underlying the mineral ized zone. 
Moni tors for horizontal excursions will encfrcle the various mining units with 
wells completed in the mineralized formations at a distance not to exceed 
500 feet downgradient, 1000 feet upgradient, and spaced not more than 500 feet 
apart. 

Excursion indicators will include chloride, conductivity, and a1 kal ini ty. 
Biweekly samples for these parameters will be collected from monitor we1 1 s 
associated with we1 1 fields during mining and restoration. An excursion wi 1 1  
be declared if any two excursion indicators in any monitor well exceed their 
respective upper control limits (UCLs) or a single excursion indicator exceeds 
its UCL by 5 standard deviations. The UCLs for each excursion indicator will 
be defined as the mean baseline water quality value plus 5 standard deviations. 

If a 1 ixiviant excursion is indicated, a verification sample will be taken 
within 24 hours after results of the first analyses are received. If the 
second sample does not indicate exceedance of the UCLs, a third sample wi 1 1  be 
taken within 48 hours after the second sainpling data is acquired. If neither 
the second nor third sample indicate exceedance of the UCLs, the first sample 
shall be considered in error. If the second or third sample contains the 
indicators above UCLs. an excursion will be confirmed. 



When excursion status is confirmed, corrective action will be required to 
return the water quality to baseline concentrations. During corrective action, 
sample frequency will be increased to weekly for the excursion indicators until 
the excursion i s concl uded. 

I f  corrective actions are not effective within 60 days since the first 
excursion verification, injection of lixiviant within the well field on 
excursion shall be suspended until the problem is solved and aquifer cleanup is 
complete. Because ground-water travel times are relatively slow in these 
formations, the amount of 1 ixiviant involved in the excursion will generally be 
small, and several weeks will be required for water quality to begin to 
improve. Therefore, a 60-day time limit is appropriate. 

Quality Assurance (QA) programs will be maintalned by the Radiation Safety 
Officer. All QA programs will be conducted according to the Regulatory 
Guide 4.15 "Qua1 i ty Assurance for Radiological Monitoring Programs (Normal 
Operations) - Effluent Streams and the Environment." Standard QA procedures 
will be maintained throughout the project life. 

5.1.2 Evaporation Pond Leak Detect ion Monitoring 

Rio Algom has proposed daily inspections of the leak detection system sumps 
during operations. If water levels greater than 6 inches are detected in the 
sump, chemical assays for specific conductance and chloride wfll be used to 
confirm the source of the water. Elevated levels of these constituents shall 
confirm a liner leak, and wfll be reported to the NRC within 48 hours. 
Corrective actions shall commence upon leak confirmation, consisting of 
transferring the solution to another pond so that repairs can be made. All 
assay results will be reported in writing as soon as they are available. 

5.2 Environmental Honitorinq 

Rio Algom conducts a radiological monitoring program in accordance with the 
requirements of its R&D 1 icense. The program includes monitoring surface 
water, soils and sediments, direct radiation, radon, and ground water at 
multiple sites. The radiological monitoring program for comnercial operation 
fs an outgrowth of the R&D plan. The license will require Rio Algom to monitor 
the various environs and report the results semiannually. In addition, they 
will be required by license condition to maintain all monitoring records for a 
minimum of 5 years. 

An outline of an environmental monitoring program is displayed in Table 5.1. 
Environmental monitoring is designed to determine if the environmental 
assessment of the project accurately represents the impact on the environment. 
T o  assure that a high quality sampling and analytical program is maintained, 
Rio Algom will be required by license condition to prepare, review, and update 
standard operating procedures for all environmental monitoring required for 
the operation. These standard operating procedures will be reviewed by the 
Radiation Safety Officer to determine if proper radiation-protection 
measurements are being applied. 



TABLE 5 .1  

ENVIRONHENTAL RADIOLOGICAL WNITORING PROGRAM 
(10 CFR 40.65) 

Sample Collect ion Sample Analysis 
Type of 
Samp 1 e Number Location He t hod Frequency Frequency Type of Analysis 

A1 R - 
P a r t i c u l a t e s  

Three 

Radori 
Three 

Nearest Downwind Continuous F i  l t e r  changes Quarter ly Natural U r a n i u  
Residence a i r  sampler every two weeks compos i t e  T hor i um- 230, 
(Vollman Ranch) (ma\ i mum) of f i l t e r s  Radium-226, Pb-210 

Downwind Res t r ic ted  Same Same 
Area Boundary 
( fence  1 i  r.e) 

Upwind Control S a r e  Same 
(Dave's Water Well) 

Same a s  a i r  Continuous Quar t e r ly  
p a r t i c u l a t e s  (Terradex 

cups) 

WAT E H 
Ground water  

(Progresses  Operating l ives tock  Grab 
with opera- o r  domestic wells  
t i  on) w i th in  1 b of 

opera t ing  we1 1 f i e l d s  

Surface water  
Two from One upstream, Grab 
Sage Creek one downstream from 

r e s t r i c t e d  area 
(when flow i s  ava i l ab l e )  

Quarterly 

Quar t e r ly  

One Ou t fa l l  from t r e a t -  Grab Same 
ment p l an t  

TABLE 5. P (continued) 

Sane Same 

Same Same 

Each sample Rn-222 

Each sample Natural uranium, 
Ra-226 

Each sample Natural uranium,  
Ra-226 

Eachsample Same 



EHVIROHENTAL RADIOLOGICAL HONITORIK; PROGRAH 
(10 CFR 40.65) 

(continued) 

Sample Col lection Sample Analysis 
Type o f  
Samp 1 e Number Location Hethod Frequency Frequency Type of Analysis 

SOIL - 
One 

VEGETATION 
One 

DIRECT 
RADIATION 

Three 

STACKS 
Particulates 

One 

Downwind restricted Grab Annua 1 
area air sampling 
station 

Animal grazing Composite of Annual 
areas in direction dominant 
of prevailing vegetaticn 
wind present 

Air 5-1 ing Continuous Quarterly 
stations (dos f meter) 

Evaporation pond Saw 
area, d w n w i n d  

same 

One each Mining units Same Same 

One for Ye1 lowcake vacuum Isokinetic Quarterly 
each stack dryers, central 

plant 

Annual Natural uranium, 
Ra-226, Pb-210 

Annua 1 

Each TU) 

Same 

Same 

Natural uraniu, 
Ra-226, Th-230, 
Pb-210 

G a a a  exposure 
rate, uR/hr 

Each sample Natural uraniu, 
Th-230. Ra- 226, 
and Pb-210. Flow 
rate measured 
seaiannually 



6.0 ALTERNATIVES 

6. f Introduction 

The action that the Comnlssfon is consfdering Is the Issuance of a source 
material licrnso pursuant to Title 10, Code of Federal Regulations, Part 40 
The altarnatlves available to the Commission are: 

O Issue the lfcensc; or 

O Deny the ;pplfcation and not issue the license. 

The selection of either alternative Is based on a consideration of a number of 
factors related to protectlon of health, safety and the environment. 
Sectfon 40.32 o f  10 CFR 40 states that an applfcatlon for a specific license 
will be approved if, among other things: 

' The application Is for a purpose authorized by the Atomic Energy Act; 
O The applicant Is quallfled by reason of tralnlng and experience to use the 

source materlal for the purpose requested In such a manner as to protect 
health and mfninfze danger to llfe or property; 

O Tho appl lcant's proposed tqulpment , facf 1 f tles , and procedures are 
adequate to protect health and mlnimlze danger to life and property; and 

The issuance of the Ilcense wfll not be Inlmlcal to the common defense and 
recur1 ty or to the health and safety of the pub1 lc. 

In determining if these stlpulatlons will be met, pursuant to 10 CFR Part 51, 
a n  enviromental assessrent is performed to detemlne f f an envf ronmental 
impact statement Is requlred or If a flndlng of no slgnlficant Impact can be 
detanlned. If the stipulations discussed above are met and elther a finding 
o f  no signf ficant fmpact Is made or the envlronmental Impact statement f lnds 
tha t  tha impact is acceptable after weighlng the envfronmental , economlc, 
technical, and other benef I ts agalns t envf romental costs, and consldering 
available alternatlves, then the action called for is the Issuance of the 
proposed lfcense, wf th any approprlate conditions to protect envfronmental 
values. 

No License Alternatfvc 

If any of the stipulations are not met, including the environmental 
conslderations dl scussed above, denial of the proposed 1 icense would result. 



1.0 SUMMARY AND ENVIRONMENTAL FINDINGS 

Based on evaluation of the Rio Algom application for commercial operation, the 
operational h i s c ~ r y  of the R&D site, and the input and cooperation of the State 
of Wyomfng, Bureau of Land Management, and other Federal agencies, the NRC has 
determined that the proper action is to issue a finding of no significant 
impact in the Federal Register. The following statements support the finding 
of no significant Impact and summarize the conclusfons resulting from the 
environmental assessment. 

A. Aquifer testing indicates that the production zone is adequately confined, 
providing reasonable assurance that hydrologic control of mining solutions 
wi 1 1  be maintained. Furthermore, the ground-water monitoring program 
proposed by Rio Algom is sufficient to monitor the operations and will 
provide a warning system that wi 1 1  minimize any Impact on ground water. 

8. Radiological effluents from the proposed operation of the well field and 
processing plant are predicted to be only small percentages of regulatory 
limits and will be cont inuous ly  monitored. 

C. The environmental monitoring program is comprehensive and will detect 
radiological releases resulting from the operation. 

O .  Radioactive wastes will be minimal and will be disposed of at an approved 
site in accordance with applicable Federal and State regulations. 

E. Ground water, based upon previous testing, can be restored to baseline 
concentrations or applicable class o f  use standards. 

F.  Rio Algom will be required to provide periodlc operational data, in-plant 
radiological data, and environmental monitoring results for NRC review. 
In additian, the licensee Is subject to inspections for regulatory 
compliance by both the NRC and State of Wyomlng, Department of 
Envfronmental Quality. 

In accordance with 10 C F R  Part 51.33, the Director of NRC's Uranium Recovery 
Field Office made the determination to Issue a draft finding of no significant 
impact. Concurrent with a final flnding of no significant Impact, the  Uranium 
Recovery Field Offlce proposes to issue a source material license authorizing 
the commercial operation of the Smith Ranch in-situ leach facility, subject, in 
part, to the following 1 icense cond~tlons. 

O Authorized place of use shall be the licensee's Smith Ranch facilities f n  
Converse County, Wyoming. 

O Authorized use is for uranium recovery from pregnant lixivfant in 
accordance w f t h  statements, descriptions, and representatlons contained in 
Sections 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 and 9.0 of the licensee's 
application submitted by cover letter dated March 31, 1988, as revised by 
page changes submitted on May 10, June 30, and August 30, 1988; 



February 15, february 28, Harch 13, March 20, Harch 28, April 5, 
September 30, December 5, and December 10, 1991. In additton, the 
licensee shall conduct Its activities in accordance with the provisions i n  
the followlng: 

Submittal Date Description 

July 13, 1990 Responses to NRC comments and questions, 
including aquifer pump-test analyses, and 
monjtor-well-spactng calculations. 

October 4 ,  1930 Cover letter submittlng MILDOS-Area Predictions 
of Radiation Dose. 

Hay 7 ,  1991 

July 12, 1991 

Letter providing proposal for waste byproduct 
matertal disposal. 

Cover letter transmitting consulting historfan's 
report and recoamendations, proposing changes to 
the mine facilities layout. 

0-Sand deferral and interim environmental 
moni toring plan. 

September 3, 1991 Cover letter assigning new Radiation Safety 
Officer for the Smith Ranch project. 

Notwithstanding the above, the followlng condltlons shall override any 
conflicting statements contained In the licensee's appllcatlon and 
supplements. 

O Any slgnlflcant changes to the State of Wyoming mining permit area 
I 1  lustrated on Hap C-1 of the Ilcensee's Harch 31, 1988, application shall 
require approval by the NRC, Uranium Recovery Field Office, In the form of 
a license amendment. 

O The licensee is authorfzed to dlspose of waste byproduct material from the 
Smfth Ranch facilfty at the Qulvira Mining Corp. tailings pile, New 
Mexico. In the event this djsposal option becomes unavailable, the 
llcensee Is required t o  notify the NRC, Uranfum Recovery Field Office, 
withln 7 working days of the expfratfon date. A new agreement must be 
submitted for NRC approval within 90 days of expiration, or the licensee 
wjll be prohibited from further lixiviant injection. 

Yellowcake and byproduct waste material, other than samples for research, 
shall not be transferred from the site without specifjc prlor approval of 
the NRC in the form of a license amendment. The 1 icensee shall maintain 
permanent record of all transfers made under the provisions of this 
condition - 



0 Before cngagin~j i n  any activity riot previously assessed by the NRC, 
including activities outside the State permit area, the licensee shall 
prepare and record an environmental evaluation of such activity. When the 
evaluation indicate; thdt such activity may result in a significant 
adverse environmental impact that was not previously assessed or that is 
greater than that previously assessed, the 1 icensee shall provide a 
wrlttcn evaluation of such activities and obtain prior approval of the NRC 
in the form of a license amendment. 

O No co,nmcrcial minirig shall commence prior to submittal to the NRC, Uranium 
Recovery Field Office, for review and approval of a disposal plan for 
byproduct ma:erial which may exist in the mine water treatment ponds, 
formerly utilized in the licensee's pilot project. The submittal shall 
provide confirming byprodtjct characterization data, a disposal plan in 
accordance with 10 CFR Part 40, Appendix A ,  and a reclamation schedule. 

O Release of equipment or packages from the restricted area shall be in 
accordance with the attachment to this license entitled, "Guidelines for 
Decontamination o f  Facilities and Equipment Prior to Release for 
Unrestricted Use or Termination of Licenses for Byproduct or Source 
Materials," dated September 1984. 

O Standard operating procedures (SOPs) shall be established for all 
operational activities involving radioactive materials that are handled, 
processed, stored or transported by employees. SOPs for operational 
activities shall enumerate pertinent radiatio~ safety practices to be 
followed. In addition, written procedures shall be established for 
nonoperational activities to include in-plant and environmental 
monitoring, bioassay analysis, and instrument calibration. An up-to-date 
copy of each written procedure shall be kept in each area where it is 
used. 

All written procedures shall be reviewed and approved in writing by the 
Radiation Safety Officer (RSO) before being implemented and whenever a 
change in a procedure is proposed. The Radiation Safety Technician shall 
document that all existing facility procedures are revfewed and approved 
on an annual basis. 

O The licensee shall provide buffer zones and construct its facilities in 
accordance with the recommendations made in its historical consultant's 
report submitted May 7, 1991, in order to prevent adverse effects upon 
historic and prehistoric resources found in the State permit area. Land 
disturbance plans and well-field facility design shall be coordinated with 
NRC, Uranium Recovery Field Office, and the Bureau of Land Management. 

Notwithstanding the May 7, 1991, submittal, in order to assure that no 
disturbance of cultural resources occurs, the licensee shall have an 
archeological and historical artifact survey and evaluation completed 
prior to disturbing any areas not fully addressed in its application dated 
March 31, 1988. The results of the surveys, an evaluation of site 
eligibility for the Nation~l Register of Historic Places, and an analysis 



of the pr-oject's effect, shall be submitted to NRC, Uranium Recovery Field 
Office, for review and approval. No disturbance shall occur until t h e  
licensee has received authorization from NRC to proceed. 

In addition, all work in the immediate vicinity of previously undiscovered 
buri'ed cul tural resources unearthed during the disturbance of land shall 
cease until approval to proceed has been granted by the NRC. 

O The annual throughput shall not exceed an average flow rate of 
6000 gallons per minute, exclusive of restoration flow. Annual yellowcake 
production s h a l l  not exceed 2 million pounds. 

O Anymajorchanges inthe fluid-flowbalanceorprocessingplantcircuit, 
as illustrated and described in Figures 3-2 and 4-3 of the licensee's 
March 31, 1988, application, as amended, shall be reviewed by the RSO and 
shall be submitted to the NRC, Uranium Recovery Field Office, for prior 
approval in the form of a license amendment. 

O The licensee shall maintain effluent control systems as specified in 
Section 4.1 of the license application dated March 31, 1988, with the 
following additions: 

A .  Yellowcake drying operations shall be immediately -uspended if any of 
the emission control equipment for the yellowcake drying or packaging 
areas is not operating within specifications for design performance. 

0. The licensee shall, during all periods of yellowcake drying 
operations, assure that the manufacturer recommended pressure is 
maintained in the heating chamber. This shall be accomplished by 
either (1) performing and documenting checks of air pressure 
differential approximately every 4 hours dgring operation, or (2) 
installing instrumentation which will signal an audible alarm if air 
pressure differential falls below the manufacturer's recommended 
levels. If an audible alarm is used, its operation shall be checked 
and documented daily. 

C. Air pressure differential gauges for other emission control equipment 
sl~all be read and the readings documented at least once per shift 
during operations. 

O The licensee shall perform well integrity tests on each injection and 
production well before the wells are utilized and on wells that have been 
serviced. The integrity test shall pressurize the well to 125 percent of 
the maximum operating pressure and shall maintain 95 percent of this 
pressure for 10 minutes to pass the test. I f  any well casing falling the 
integrity test cannot be repaired, the well shall be plugged and 
abandoned, During we1 1 -  field operations, injection pressures shall not 
exceed the integrity test pressure at the injection well heads. 

O The licensee shall utilize sodium carbonate/bicarbonate as the lixiviant 
with an oxygen or hydrogen peroxide oxidant. Any variation from this 
combination shall require a license amendment. 



0 No evaporation ponds shall be constructed prior to NRC review and approval 
of waste water evaporation pond designs and specifications. Pond design 
shall allow for sufficient reserve capacity in the evaporation pond system 
to enable the transfer of the contents of a pond to the other ponds. A11 
retention ponds shall be designed to meet requirements of NRC Regulatory 
Guide 3.11, Staff Positfon Paper No. WM-8101, and WDEQ. 

O The licensee shall maintain an area within the restricted area boundary 
for storage o f  contaminated materials prior to their disposal. All 
contaminated wastes and evaporation pond residues shall be disposed at a 
licensed radioactive waste disposal site. 

O All liquid effluents from process buildings and other process waste 
streams, with the exception of sanitary wastes, shall be returned to the 
process circuit, or discharged to the solution evaporation ponds. All 
changes to the liquid effluent disposal plan shall be approved by license 
amendment . 

O For each mining unit, baseline water quality data for the constituents 
identified in Table 5.1 of the application dated March 31, 1988, as 
amended, shall be established prior t o  mining at the following points: (1) 
all mining zone perimeter monltor wells; (2) two upper and two lower 
aquifer monitor wells per mining unit; and (3) one production/injection 
we1 1 per acre in each we1 1 field. 

O No well-field Installation shall bo conductcd in the southwostorn part of 
I the State of Wyoming permft area, T35N R74W, until aqulfer characterfstlcs 

have been determined, and reviewed, and approved by NRC, Uranium Recovery 
Field Office. 

O Effective during the preoperational perlod of the Smith Ranch project, the 
licensee's 0-sand pflot facility shall remain in stand-by status, in 
accordanco wlth tho Iicensoo's July 12, 1991, submittal. 

' Flow rates on each Injectlon and recovery wall arrd nra~il f o l d  prqoo6wrtab arr 
the entlre system shall be measured and recorded daily. During well-field 
operations, injection pressures sha l l not exceed the integri ty test 
pressure at the well heads. 

O The licensee shall perform and document daily visual inspections of the 
evaporation pond embankments, fences and liners, as well as measurements 
of pond freeboard and checks of the leak detection system. Any time 
6 inches or more of fluid is in the leak detection system standpipes, it 
shall be analyzed for specific conductance and chloride. If action levels 
for these parameters are exceeded, a pond leak shall be confirmed. The 
por,d level shall be lowered by transferriog its contents into an alternate 
cell , and repairs u~dertaken. 

IJ Each monitor well shall be sampled and tested for chloride, conductivity, 
and alkalinity on a biweekly basis. If two UCLs are exceeded in a well or 
if a single UCL value is exceeded by five standard deviations or more 



above baseline monitoring data, the licensee shall take a confirmation 
water sample within 24 hours and analyze it for the excursion indicators- 
I f  the second sample does not indicate exceedance, a third sample sh; 1 be 
taken within 48 hours. If neither the second or third indicate 
exceedance, the first sample shall be considered in error. 

If the second or third sample indicates an exceedance, the well in 
question shall be placed on excursion status. During excursion status, 
sampling and testing frequency shall be increased to weekly for all 
monitor wells completed in the same monitored zone for the effected mining 
unit. 

O The licensee shall establish an effluent and environmental monitoring 
program in accordance with Table 5.3 of the application dated March 31, 
1988, as amended. 

O During the preoperational period of the Smith Ranch project, environmental 
and in-plant monitoring shall be conducted in accordance with the 
licensee's July 12, 1991, submittal. A11 other monitoring requirements in 
this license shall be suspended where they differ from that submittal. 
Notwithstanding the submittal, the licensee shall implement the following 
additions to its stand-by operations: 

A .  A ground-water bleed rate shall be established in the 0-sand pilot 
well field sufficient to maintain flow into the well field from all 
directions. Ground-water gradients shall be monitored by observing 
water levels monthly in wells OM-1 through OM-5, 01-1, 01-2, 01-10, 
01-3, and OT-1. Monitoring data with a water-table map shall be 
provided in each semiannual environmental monitoring report. 

0.  Environmental gamma monitoring shall continue on a quarterly basis at 
the downwind and background locations. 

C. In-plant gamma surveys shall be completed following completion of 
yellowcake precipitation and filter press use, or semiannually, 
whichever is more frequent. Airborne uranium monitoring of the work 
station and breathing zone shall be conducted on a continuous basis 
during f i 1 ter press operation. 

O The results of the sampling, analyses, surveys, and monitoring, the 
calibration of equipment, reports on audits and inspections, all meetings 
and training courses required by this license, and any subsequent reviews, 
investigations, and corrective actions, shall be documented. Unless 
otherwise specified in the NRC regulations, all such documentation shall 
be maintained for a period of at least 5 years. 

O At least 2 months prior to lixiviant injection i n  each mining unit, 
baseline water quality data shall be submitted to the NRC, Uranium 
Recovery Field Office, established at the following points: (1) all mining 
zone perimeter monitor wells; (2) two upper and two lower aquifer monitor 
wells per mining unit; and (3) one production/injection well per acre in 



each w e l l  f i e l d .  Basel ine data,  UCLs, and r e s t o r a t i o n  c r i t e r i a  s h a l l  be 
gathered and c a l c u l a t e d  i n  ~ c c o r d a n c e  w i t h  the  l i c e n s e e ' s  a p p l i c a t i o n  
dated March 31, 1988, as amended. 

A .  The subm i t t a l  s h a l l  propose, i n  t he  form o f  a  l i c e n s e  amendment, 
upper c o n t r o l  l i m i t s  (UCLs) f o r  c h l o r i d e ,  c o n d u c t i v i t y ,  and 
a l k a l i n i t y  i n  a l l  mon i t o r i ng  w e l l s  f o r  each m in i ng  u n i t .  

8 .  The subm i t t a l  s h a l l  propose, i n  t h e  form o f  a  l i c e n s e  amendment, 
ground-water r e s t o r a t i o n  c r i t e r i a  f o r  each m in i ng  u n i t .  

* The r e s u l t s  o f  e f f l u e n t  and environmental  m o n i t o r i n g  descr ibed  i n  
Table 5.3 o f  t h e  l i c e n s e  a p p l i c a t i o n  s h a l l  be r epo r t ed  i n  accordance w i t h  
10 CFR 40 ,  Par t  40.65, t o  t h e  NRC, Uranium Recovery F i e l d  O f f i c e .  The 
r e p o r t  s h a l l  a l s o  i nc l ude  i n j e c t i o n  r a tes ,  recovery  r a t e s  and i n j e c t i o n  
man i f o l d  pressures.  

O I n  the event  a  l i x i v i a n t  excurs ion  is conf i rmed by ground-water 
mon i t o r i ng ,  NRC s h a l l  be n o t i f i e d  b y  te lephone w i t h i n  24 hours  and by 
l e t t e r  w i t h i n  7 days from the  t ime t h e  excurs ion  i s  conf i rmed. Upon 
con f i rma t i on  o f  an excursion, t h e  l i censee  s h a l l  implement c o r r e c t i v e  
ac t ion .  An excurs ion  i s  cons idered concluded when t h e  concen t ra t i ons  o f  
excurs ion i n d i c a t o r s  are below the  concen t ra t i on  l e v e l s  d e f i n i n g  an 
excurs ion  f o r  t h ree  consecut ive weekly samples. 

A w r i t t e n  r e p o r t  s h a l l  be submi t ted t o  t he  N 9 C ,  Uranium Recovery F i e l d  
O f f i c e ,  w i t h i n  2 months o f  excurs ion  con f i rma t i on .  The r e p o r t  s h a l l  
desc r ibe  t h e  excurs ion  event, c o r r e c t i v e  a c t i o n s  taken  and r e s u l t s  
obtained. I f  w e l l s  a re  s t i l l  on excu rs i on  a t  t h e  t ime the  r e p o r t  i s  
submit ted,  i n j e c t i o n  of l i x i v i a n t  w i t h i n  t he  w e l l  f i e l d  on excu rs i on  s h a l l  
be te rm ina ted  u n t i l  such t ime t h a t  a q u i f e r  c leanup i s  complete. 

O In the event  t h a t  evaporat ion pond s tandpipe water  analyses i n d i c a t e  t h a t  
a  pond i s  leak ing ,  t h e  NRC, Uranium Recovery F i e l d  O f f i c e ,  s h a l l  be 
n o t i f i e d  b y  te lephone w i t h i n  48 hours o f  v e r i f i c a t i o n .  Standpipe water  
q u a l i t y  samples s h a l l  be analyzed f o r  the  above parameters once every  
7 days d u r i n g  t h e  l e a k  pe r i od  and once every 7 days f o r  a t  l e a s t  2  weeks 
f o l l o w i n g  complet ion o f  r epa i r s .  

A w r i t t e n  r e p o r t  s h a l l  be f i l e d  with t h e  NRC, Uranium Recovery F i e l d  
O f f i c e ,  w i t h i n  30 days o f  f i r s t  n o t i f y i n g  t he  NRC t h a t  a  l e a k  e x i s t s .  
Th is  r e p o r t  s h a l l  i n c l ude  a n a l y t i c a l  da ta  and descr ibe  the m i t i g a t i v e  
a c t i o n  and the  r e s u l t s  o f  t h a t  ac t i on .  

O The l i censee  s h a l l  ma in ta in  a  l o g  o f  a l l  s i g n i f i c a n t  s o l u t i o n  s p i l l s  and 
n o t i f y  t he  NRC,  Uranium Recovery F i e l d  O f f i c e ,  by te lephone w i t h i n  
48 hours o f  any f a i l u r e  which may have a  r a d i o l o g i c a l  impact on t h e  
environment. Such n o t i f i c a t i o n  s h a l l  be fo l lowed,  w i t h i n  7 days, by 
subm i t t a l  o f  a  w r i t t e n  r e p o r t  d e t a i l i n g  the  c o n d i t i o n s  l e a d i n g  t o  the  
f a i l u r e  o r  p o t e n t i a l  f a i l u r e ,  c o r r e c t i v e  ac t i ons  taken and r e s u l t s  



achieved. This requirement is in addition to the requirements o f  
10 CFR Part 20. 

At least three months prior to commencing ground-water restoration in each 
well field, the licensee shall submit a restoration plan. The restoration 
plan shall have a goal of returning all affected grouna-water constituents 
to baseline levels. The licensee shall be required to demonstrate 
baseline conditions are not achievable in order to apply any alternate 
standard of per.formance. 

The licensee shall submit a detailed decommissioning plan to the NRC, 
Uranium Recovery Field Office, for review and approval at least 12 months 
prior to planned final shutdown of mining operations. 
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APPENDIX I 

LEGAL LAND D E S C R I P T I O N S  
FOR THE SMITH RANCH PERMIT  AREA 

Compiled by the U.S. Bureau o f  Land Management 



APPENDIX 1 

BLM C o m p i l a t i o n  o f  F e d e r a l  Land, M i n e r a l  
i n  t h e  R i o  Algom S t a t e  Per 
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S e c t i o n  19 ,  

SE%NE$ 
SW+, %SE~NE$SE$ 

S e c t i o n  20,  
E 4 W ,  S 4 S % M  
S* 

S e c t i o n  29,  
w 
s4 

S e c t i o n  30,  
E+, W, &SIJsl, 
S E& S* 

S e c t i o n  31 ,  
N% 

P r i v a t e  
P r i v a t e  

P r i v a t e  
P r i v a t e  

40 a c r e s  
280 a c r e s  

100  a c r e s  
160  a c r e s  

P r i v a t e  
P r i v a t e  

USA 
P r i v a t e  

160  a c r e s  
320 a c r e s  

P r i v a t e  
P r i v a t e  

P r i v a t e  
USA 

600 a c r e s  P r i v a t e  P r i v a t e  

160 a c r e s  P r i v a t e  USA 

T o  35 N. ,  R.  74 W .  
S e c t i o n  2 ,  

N?iN'5 160  a c r e s  USA P r i v a t e  S m i t h  Sh 
Co. 

%H4 
&S%, %SE+ 

S e c t i o n  3 ,  
N+ 
yi 

S e c t i o n  4 ,  
N E!i 
v3 
S  EL, 

S e c t i o n  5, 
E n t i  r e  

S e c t i o n  8, 
€4,  N 4 M ,  SlrP;SV% 

1 6 0  a c r e s  
160  a c r e s  

P r i v a t e  
P r i v a t e  

P r i v a t e  
P r i v a t e  

320 a c r e s  
320 a c r e s  

S t a t e  
P r i v a t e  

S t a t e  
USA 

1 6 0  a c r e s  
320 a c r e s  
160  a c r e s  

S t a t e  
P r i v a t e  
P r i v a t e  

S t a t e  
P r i v a t e  
USA 

P r i v a t e  640 a c r e s  USA 

P r i v a t e  USA 440 a c r e s  
S+W, N%SV< 
SEiSV< 

S e c t i o n  9 ,  
E  '5 
w4 

S e c t i o n  10 ,  
NE%, %, N+SE& 
S'5SEb 

200 a c r e s  P r i v a t e  P r i v a t e  

P r i v a t e  
P r i v a t e  

P r i v a t e  
USA 

320 a c r e s  
320 a c r e s  

560  a c r e s  
8 0  a c r e s  

P r i v a t e  
P r i v a t e  

USA 
P r i v a t e  



T 35 N.  , R .  74 W .  
S e c t i o n  11, 

SEkNE4, N+NE 
bk, NEJrSElr 

S e c t i o n  16,  
E n t i  r e  

S e c t i o n  17,  
E n t i  r e  

S e c t i o n  18,  
E n t i r e  

S e c t i o n  19,  
*w 

S e c t i o n  21, 
rr  q 

( c o n t i n u e d )  

480 ac res  

640 acres  

640 ac res  

640 acres  

80 ac res  

320 acres  

P r i v a t e  

S t a t e  

P r i v a t e  

P r i v a t e  

P r i v a t e  

P r i v a t e  

P r i v a t e  

S t a t e  

USA 

USA 

USA 

P r i v a t e  

T. 36 t i . ,  R.  74 W. 
S e c t i o n  13,  

s+ 
S e c t i o n  14,  

5'5 
S e c t i o n  22, 

E+ 

320 ac res  P r i v a t e  P r i v a t e  

P r i v a t e  USA 320 ac res  

Smi th  Sheep 
Co. 

320 ac res  USA USA 

% 
S e c t i o n  23, 

N+ 
s+ 

S e c t i o n  2 4 ,  
E4 
'f& 

S e c t i o n  25, 
E 4  
w 
S  W'r 

S e c t i o n  26, 
E n t i r e  

320 ac res  P r i v a t e  USA 

320 ac res  
320 ac res  

P r i v a t e  
P r i v a t . e  

P r i v a t e  
USA 

320 ac res  
320 ac res  

P r i v a t e  
P r i v a t e  

P r i v a t e  
USA 

320 ac res  
160 a c r e s  
160 ac res  

P r i v a t e  
USA 
USA 

P r i v a t e  
USA 
P r i v a t e  

640 ac res  USA P r i v a t e  S m i t h  Sheep 
Co. 

S e c t i o n  27, 
E'5 s m i t h  Sheep 

Co. 
320 ac res  USA USA 

320 ac res  P r i v a t e  USA \4r 
S e c t i o n  33, 

Smi th  Sheep 
Co. 

320 ac res  USA USA 

NGSG, S E k S E k  
S+SWk, SWkSE4 

S e c t i o n  34, 
Er, 
E$&, SMjSW! 

, NW% S ' k  

200 ac res  
120 ac res  

P r i v a t e  
P r i v a t e  

USA 
P r i v a t e  

P r i v a t e  
USA 
USA 

320 ac res  
200 ac res  
120 ac res  

P r i v a t e  
P r i v a t e  
USA Smi th  Sheep 

Co. 



T .  35 N., R .  74 W. ( c o n t i n u e d )  
S e c t i o n  35, 

E n t i r e  640 ac res  USA P r i v a t e  Smi th  Sheep 
Co.  

S e c t i o n  36, 
E n t i r e  640 ac res  S t a t e  S t a t e  

T .  35 N . ,  R .  75 W. 
S e c t i o n  13,  SFb 160 ac res  P r i v a t e  USA 
S e c t i o n  24, N4NE% 80 ac res  P r i v a t e  USA 

16,220 acres - T o t a l  Acreage 
1,240 acres - USA Sur face  and M i n e r a l  Ownership 
6,780 acres - P r i v a t e  Sur face  Ownership and USA M i n e r a l s  
5,000 acres - P r i v a t e  S u r f ~ c e  and P r i v a t e  M i n e r a l s  
1,440 acres - USA Sur face  and P r i v a t e  M i n e r a l s  
1,760 acres - S t a t e  Sur face and S t a t e  M i n e r a l s  


