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Table 1.1. Frequency of i n d u s t r i a l  i n j u r i e s  and s t a t i s t i c a l l y  
es t imated  cance r s  i n  uranium mining and m i l l i n g  i n d u s t r y  

(per  nuc lea r  power genera t ion  of 1 GWp-year) - 
a 

F a t a l i t i e s  I n j u r i e s  Lung cancers  

Mines 

Underground 0.04-0.09 3.3-7.7 0.05 
Open p i t  0.002 0.20-0:32 

a 
These a r e  s t a t i s t i c a l  impacts der ived  from c a l c u l a t e d  exposures  

t o  l a r g e  popula t ions  and use  of dose-to-health e f f e c t s  conversion ' 

f a c t o r s .  

The r i s k  of  a c c i d e n t a l  f a t a l i t y  i n  underground mines is approximately 

t h e  s a m e  a s  t h e  r i s k  of lung cancer .  The r i s k  of lung cancer  i s  based on 

ep idemiologica l  s t u d i e s  of miners who were exposed i n  t h e  l a t e  1940s, 

1950s, and e a r l y  1960s, p rcor  t o  r educ t ion  of r a d i a t i o n  exposure s t anda rds  

f o r  miners.  Thus, t h e  e s t ima te s  a r e  probably h igh  f o r  p r o j e c t i n g  impacts 

of c u r r e n t  o r  f u t u r e  mining a c t i v i t i e s .  The frequency of f a t a l i t i e s  is 

based on d a t a  c o l l e c t e d  i n  a  f ive-year  per iod  (1973 through 1977).  

1.1.2 Mi l l i ng  impacts 

Environmental impacts a s soc i a t ed  wi th  uranium m i l l i n g  a r e  somewhat 

a  func t ion  of t h e  o r e  c h a r a c t e r i s t i c s  and t h e  m i l l  p rocess  used. The 

two most common methods of e x t r a c t i n g  uranium from t h e  o r e  a r e  ac id  

leach-solvent  e x t r a c t i o n  and a l k a l i n e  l each .  

Because of i t s  long h a l f - l i f e ,  r e l a t i v e  abundance and t o x i c i t y ,  t h e  

n u c l i d e  of p r i n c i p a l  environmental concern i n  t h e  r a d i o a c t i v e  was tes  from 

uranium m i l l i n g  ope ra t ions  is 2 2 6 ~ a .  Radium-226, i t s  pa ren t  23 O T ~  and 

i t s  daughter  2 2 2 ~ n  present  long-term environmental hazard from low-level 

waste  d i sposa l .  Radon-222, which i s  an i n e r t  gas  cont inuous ly  emi t ted  

from t a i l i n g s ,  i s  more d i f f i c u l t  t o  c o n t r o l  than  t h e  o t h e r  r ad ionuc l ides  

t h a t  occur  a s  p a r t i c u l a t e s  o r  t h a t  a r e  i n  t h e  l i q u i d  was tes .  V- i r tua l ly  

a l l  of t h e  2 2 6 ~ a  ' i n  uranium o r e  appears  i n  m i l l  t a i l i n g s ,  r e g a r d l e s s  of 

. t h e  method used t o  e x t r a c t  uranium. 



Other  r ad ionuc l ides ,  such as 2 3 0 ~ h ,  21 O P O ,  and 21 Opb, a r e  p a r t i c u l a t e s  

t h a t  a r e  r e l e a s e d  t o  t h e  atmosphere during per iods  of a c t i v e  m i l l i n g ,  

e i t h e r  by blowing from dry  t a i l i n g s  p i l e s  o r  a s  products  from 2 2 2 ~ n  decay. 

Re lease  of t h e s e  n u c l i d e s  t o  t h e  atmosphere from m i l l  p rocess  ope ra t ions  

can  be  reduced t o  accep tab le  l e v e l s  by convent ional  dus t - co l l ec t ion  

t echn iques  and by keeping t h e  t a i l i n g s  p i l e s  moist o r  covered.  

T a i l i n g s  ponds a r e  used t o  d ispose  of l i q u i d  and s o l i d  was tes  from 

m i l l i n g  ope ra t ions .  Liquid conta in ing  t h e  leached o r e  is s e n t  t o  l a r g e  

ponds where t h e  l i q u i d  e i t h e r  evapora tes  o r  is  r ecyc led ,  g radua l ly  bui ld-  

i n g  up a semisol id  r e s idue .  Depending on s o i l  type ,  age  of t h e  m i l l ,  and 

e f f o r t s  t o  s e a l  t a i l i n g s  ponds, some seepage may occur i n t o  t h e  underlying 

s o i l  and u l t i m a t e l y  t o  t h e  groundwater. The a r e a  of m i l l  t a i l i n g s  i s  

e s t ima ted  t o  be  0.1 m2 per  me t r i c  t on  (MT) of 0.2% U308-bearing o r e  

processed.  Table 1 .2  summarizes t h e  est imated waste from process ing  a 

nominal 1814 MT/day [2000 s h o r t  t ons  (ST) per  day] of 0.2% 'ore .  A s  

i n d i c a t e d  i n  ' fable  1 . 2 ,  s o l u t f b n  iiiiiiYrlg ef f l i iknrs  and fmpacts have a l so  

been eva lua ted  because (1) s o l u t i o n  mining chemicals a r e  s i m i l a r  t o  

t h o s e  used i n  t h e  m i l l i n g  process ;  (2) t h e  waste e f f l u e n t s  a r e  ponded 

and a r e  chemica l ly  s i m i l a r  t o  m i l l  wastes; and (3) s o l u t i o n  mining 

e l i m i n a t e s  t h e  need f o r  o r e  m i l l i n g .  Thus, where o r e  c h a r a c t e r i s t i c s  

and l o c a t i o n  a r e  favorable ,  s o l u t i o n  mining w i l l  reduce t h e  environmental 

impacts  a s s o c i a t e d  w i t h  t a i l i n g s  d i s p o s a l ,  a l though o t h e r  p o s s i b l e  

chemical  impacts  on t h e  l o c a l  a q u i f e r s  may occur.  

  el ease of 2 2 2 ~ n  from t h e  t a i l i n g s  p i l e  r e s u l t s  i n  both  l o c a l  and 

more d i s t a n t  exposures .  By t h e  end of t h e  assumed 20-year l i f e  of t h e  

m i l l ,  t h e  2 2 2 ~ n  r e l e a s e  from t h e  t a i l i n g s  is  est imated t o  be 3700 Ci lyear .  

Table  1 . 3  shows t h e  dose per  year  of f a c i l i t y  ope ra t ion  t o  an 

i n d i v i d u a l  assumed t o  be  exposed cont inuous ly  over a 50-year per iod a t  

a d i s t a n c e  of 1 .6 km ( 1  mi l e )  from a m i l l , ,  t y p i c a l l y  l oca t ed  i n  a semi- 

a r i d ,  mountainous r eg ion  i n  southwestern.United S t a t e s .  The dose 

commitments shown a r e  be l ieved  t o  be conserva t ive  e s t ima te s  because of 

t h e  assumed cont inuous  occupancy a t  1 .6  km (1  mi l e )  and o t h e r  ca l cu la t ion -  

a1 model assumptions regard ing  va r ious  exposure pathways. 

'The l a r g e s t  dose commitment is  t o  t h e  lung (whole organ)  and i s  

e s t ima ted  t o  be 28 mi l l i r emlyea r ,  wi th  70% of t h e  dose r e s u l t i n g  from 



Table 1.2. Annual uranium mill and solution mining waste residuals 

Ore - U308 Waste quantity Area b Extraction Radium-226 
method (ma (ST) (MT) (ST) (m2 1 (ft2) 

(Ci) 

Acid leach 9 70 1070 500,000 551,268 50,000 538,196 280 
Cn 

Alkaline leach 990 1092 500,000 551,268 50,000 538,196 280, 

Solution mining 227 250 450 496 0.5 

a Assumed 80% annual utilization of the 1814-~T/day (2000-ST/day) production. 
b 

. Mill tailings area estimated 'at 0.1 m2 per MT of 0.2% Ug08-bearing ore processed. 



Table 1.3.  Calcu la ted  annual  50-year dose commitments t o  an  
C7: 

i n d i v i d u a l  1.6 km ( 1  mi l e )  from a uranium m i l l  

Source Dose (mil l i rem) 

Whole body Bone Lung Kidney Spleen 
-- 

Ore c rushe r  and 1.2 5.7 0.9 1 . 5  2.3 
b i n  

Yellowcake p roces s  

T a i l i n g s  pond and 0.4 0.5 19.3 0.7 0.2 
hear.h - - - - 

2.1 8.5 27.9 2.4 2.6 

a 
Assumed m i l l i n g  p l a n t  c h a r a c t e r i s t i c s :  product ion c a p a c i t y  - 

1814 MT/day (2000 ST/day); o r e  grade - 0.2% uranium a s  U3O8;  annual  
u t i l i z e d  c a p a c i t y  - 80%; l o c a l  meteorology - t y p i c a l  of a r i d ,  south- 
wes t e rn  United S t a t e s .  The l i s t e d  doses should be d iv ided  by t h e  
f a c t o r  5.2 t o  vbCain dose per  GW . 

e 

222Rn emanating from t h e  t a i l i n g s .  The remaining doses a r e  con t r ibu ted  

from o t h e r  m i l l  p roces s  r e l e a s e s .  Doses from 222Rn and daughters  t o  t h e  

b r o n c h i a l  ep i the l ium may be an o rde r  of magnitude g r e a t e r  than  doses t o  

whole lung. 

The maximum c a l c u l a t e d  c o l l e c t i v e  dose t o  a popula t ion  of 53,000 

l o c a t e d  w i t h i n  88  km (55 mi l e s )  of a t y p i c a l  southwestern m i l l  i s  6.5 

man-lung rem/year (man-lung rem is  t h e  sum of t h e  dose t o  t h e  lung of 

a s p e c i f i c a l l y  de f ined  .popula t ion) ,  89% of which i s  from 2 2 2 ~ n  emi t ted  

from m i l l  t a i l i n g s .  The 88 km (55 mi l e s )  is  t y p i c a l l y  used t o  d i f f e r -  

e n t i a t e  r e g i o n a l  from n a t i o n a l  exposures,  even though l a r g e r - s c a l e  

exposures  w i l l  occur .  To p l ace  t h e  c o l l e c t i v e  dose commitments i n t o  

pe r spec t ive ,  e s t i m a t e s  a r e  provided of t h e  annual  c o l l e c t i v e  doses  

from exposure t o  o t h e r  sources  of 222Rn f o r  t h e  United S t a t e s  popula t ion .  

From combined mining and m i l l i n g  ope ra t ions ,  t h e  dose t o  t h e  United 

S t a t e s  popula t ion  i s  est imated t o  be 6 x l o 4  man-lung rem. This  may 

b e  compared w i t h  4.4 x l o 7  man-lung r e m  from bu i ld ing  i n t e r i o r s .  

Popula t ion  change should be considered when a s s e s s i n g  socioeconomic 

impacts  of uranium mine development p r o j e c t s .  The amount of immigration 

v a r i e s  d i r e c t l y  wi th  t h e  q u a n t i t y  of impacts.  I n  c o n t r a s t  w i t h  o t h e r  



energy development p r o j e c t s  (coa l - f i red  o r  nuc lea r  power p l a n t  and s y n f u e l s  

p l a n t ) ,  a  t y p i c a l  uranium mine o r  m i l l  employs l e s s  than  o r  equa l  t o  600 

persons. Large power p l a n t s  o r  syn fue l s  p l a n t s  employ up t o  3000 persons 

dur ing  t h e  cons t ruc t ion  phase. Due t o  t h e  more permanent s t a t u s  of t h e  

work fo rce ,  socioeconomic impacts of uranium mining and m i l l i n g  tend t o  

be  l e s s  severe.  General ly ,  most of t h e  socioeconomic impacts of uranium 

mining and m i l l i n g  a r e  s i m i l a r  t o  t hose  of o t h e r  r e sou rce  developmeng 

p r o j e c t s .  Depending upon t h e  l e v e l  of immigration and t h e  degree of 

i n t e rpopu la t ion  d i f f e r e n c e s  and s i m i l a r i t i e s ,  t h e r e  w i l l  be  impacts upon 

t h e  provis ion  of pub l i c  and p r i v a t e  goods and s e r v i c e s .  These impacts 

w i l l  be i n  t h e  n a t u r e  of competi t ion f o r  s ca rce  r e sou rces  o r  demand f o r  

new and d i f f e r e n t  resources .  Since t h e  s c a l e  of employment f o r  uranium 

mining and m i l l i n g  is  so much less than  f o r  o t h e r  energy development 

p r o j e c t s ,  impacts on l o c a l  s e r v i c e s  should be low. The k inds  of impacts 

uranium mining and m i l l i n g  w i l l  have on parameters  of s o c i a l  o r g a n i z a t i o n ,  

a t t i t u d e s  and va lues  should be s i m i l a r l y  l e s s .  

Adverse eco log ica l  impacts of a uranium m i l l  s i t e  are most severe  

dur ing  t h e  cons t ruc t ion  phase. I n  t h e  immediate m i l l  s i t e  a r e a  (250 ha f o r  

o u r  model m i l l ) ,  primary product ion is completely l o s t ,  wh i l e  seed 

product ion and mammal and b i r d  biomass a r e  deple ted  over  90%. The impacts 

a r e  minor o r  nonexis ten t  i n  t h e  e n t i r e  500,000-ha (1.2 x l o 6  a c r e )  a r e a  

p o t e n t i a l l y  a f f e c t e d  by t h e  s i t e .  Other p o s s i b l e  impacts i nc lude  l o s s  

of organic  ma t t e r  from s o i l s ,  s a l i n i z a t i o n  of s o i l s ,  s o i l  e r o s i o n  and 

ground water contamination. There appears  t o  be no r a d i o l o g i c a l  impact on 

rhe uranium m i l l  environment. However, s u b t l e  changes i n  ecosystem 

s t r u c t u r e  may r e s u l t  i n  s i g n i f i c a n t  impacts over t h e  e n t i r e  s i t e .  There- 

f o r e ,  f u r t h e r  i n v e s t i g a t i o n  i n t o  p o t e n t i a l  r a d i o l o g i c a l  and o t h e r  impacts 

t o  ecosystem s t r u c t u r e  and impacts t o  i n d i v i d u a l  spec i e s .  

I n  a d d i t i o n  t o  exposures from rad ionuc l ides ,  o t h e r  p o t e n t i a l l y  harm- 

f u l  exposures may occur due t o  a r s e n i c ,  selenium, vanadium, and molybdenum, 

which a r e  i n  wastes  from uranium m i l l s .  The q u a n t i t i e s  of t h e s e  m a t e r i a l s  

i n  was tes  a r e  s t rong ly  determined by t h e  type  of o r e  processed.  The 

p o t e n t i a l  impact on t h e  environment due t o  t h e s e  m a t e r i a l s  i s  be ing  

investigated. 



Considerable  a t t e n t i o n  is a l s o  being given t o  s t a b i l i z i n g  m i l l  

t a i l i n g s  t o  minimize p o t e n t i a l  exposures a f t e r  m i l l s  a r e  decommissioned. 

P a r t i c u l a r  concern is d i r e c t e d  a t  ensur ing  long-term s t a b i l i z a t i o n  and 

r e t a r d a t i o n  of  2 2 2 ~ n  and 2 2 6 ~ a  r e l e a s e s  t o  t h e  environment. 

Uranium mining and m i l l i n g  processes  l e a d  t o  a v a r i e t y  of exposures,  

t h e  magnitude of which depend on t h e  q u a n t i t y  of t h e  ore .  Both t h e  

uranium and ac t in ium decay cha ins  con ta in  r ad ionuc l ides  which emit b e t a  

and ganima r a d i a t i o n s .  The b e t a  and gamma e m i t t e r s  may pose a h e a l t h  

hazard due t o  e i t h e r  e x t e r n a l  exposure o r . i n t e r n a 1  dose. The g r e a t e s t  

hazard t o  t h e  g e n e r a l  p u b l i c  r e s u l t s  from t h e  i n h a l a t i o n  of 222Rn, 

followed by e x t e r n a l  exposure t o  gamma r a d i a t i o n  o r i g i n a t i n g  i n  radium 

bear ing  s o i l s  and o r e s ,  and by i n t a k e  of contaminated p a r t i c l e s ,  water  o r  

food. Any r a d i o l o g i c a l  survey  of a mining and m i l l i n g  ope ra t ion  should 

account f o r  a l l  modes of exposure. 

Two b a s i c  methods can b e  used t o  determine t h e  amount of radon being 

t r anspor t ed  t o  a g iven  l o c a t i o n .  One involves  d i r e c t  measur&iiient of che 

radon c o n c e n t r a t i o n  a t  t h e  po in t  of i n t e r e s t  and t h e  o the r  r e q u i r e s  t h e  

development of a sou rce  t e r m  followed by t h e  use of t r a n s p o r t  models. 

I n t e r e s t  i n  t h e  dosimetry of  radon has been centered  on t h e  daughters  

of radon r a t h e r  t han  on radon i t s e l f  which has  l e d  t o  t h e  development of 

dev ices  which measure t h e  concen t r a t ion  of radon daughters .  

The u n i t  f o r  t h e  de te rmina t ion  of exposure t o  radon daughters  i s  t h e  

working l e v e l  (WL) which is  "any combination o t  radon daughielfs i n  one 
5 

l i t e r  of a i r  t h a t . w i l 1  r e s u l t  i n  t h e  u l t i m a t e  emission of 1 .3  .x 1 0  Mev 

of p o t e n t i a l  a lpha  energy." The monitor ing of  uranium mines r e q u i r e s  

t h a t  de t e rmina t ion  be  made of t h e  working l e v e l  e x i s t i n g  a t  a p a r t i c u l a r  

p l ace  and t ime as w e l l  a s  t h e  cumulative exposure t o  a worker i n  a 

p a r t i c u l a r  a r e a  . 
Future  needo ohould center on the d ~ v ~ l n p r n e n t  nf  s e n s i t i v e  personnel  

monitors  f o r  t h e  measurement of cumulative exposure t o  radon and i t s  

daughters .  These developments would be supplemented by an  increased  

s o p h i s t i c a t i o n  i n  t h e  a b i l i t y  t o  p r e d i c t  exposure from i n  v ivo  counting 

and bioassay.  



2. URANIUM RESOURCES AND DOMESTIC MILL LOCATIONS 

The uranium resources reported by the Atlantic Council's Nuclear 

Fuels Work.ing Group are given in Table ' 2.1. The environmental, health, 

and safety impacts identified in this assessment are based on an assumed 

uranium mill located in arid.southwestern United States. The environ- 

mental impacts associated with uranium mining and milling will vary 

somewhat with the.location of the facilities; however, as indicated in 

Tables 2.2 and 2.3, the uranium mills in the United States are generally 

located in arid western and southwestern portions of the country. This 

characteristic is expected to continue because the known, richer uranium 

reserves are in these areas. 

According to estimates of uranium reserves and resources, there 

should be no great problem in meeting the expected demand by utilities 

for uranium for nuclear power generation in the United States. As shown 

in Tables 2.4 .knd 2.5, "total reserves" and "probable resources" approxi- 

mately match requirements of the 30-year life of installed capacity (at 

year 2000) of most demand .scenarios, and the addition of "possible 

resources" to.the base figures more than compensates for the requirements 

of higher demand forecasts. 

Although the bulk of these requirements will be supplied by con- 

ventional mining and milling operations, the industry is exploring 

alternative resources and technologies which will supplement these 

conventional sources. As shown in Table 2.6, these sources include by- 

prndvcta from phosphate and coppex mining, in citu miningi and imports. 

Excluding imports, which will be balanced by exports by 1990, the 

contribution of these sources to total requirements will peak in 1980 at 

36.7% and decline gradually until by the year 2000 only 14.1% of' gross 

requirements will be met by unconventional resources (Table 2.6). The 

probable need for and distribution of new conventional uranium mills is 

.presented in Table 2.7. Of the unconventional resources, only those 

which are a by-product of phosphate mining ore seem to make substantial 

contributions to uranium requirements. 'other changes in the'industry, 

such as Kerr-McGee's recent development in slurrying yellowcake from 

mills to its uranium hexafluoride conversion facility at its Sequoyah 

plant, l. make the prediction of future mill characteristics problematic. 



Table 2.1.. Uranium (U30EI) r e s e r v e s  and product ion  
c a p a c i t i e s  of v a r i o u s  c o u n t r i e s  

A t t a i n a b l e  product ion  
Reserves c a p a c i t y  - 1978a 

Country 

~ r g e n t i n a  

A u s t r a l i a  

Canada 

France 

Gabon 

Niger 

(;e m a n y  

I t a l y -  

Japan 

Mexico" 

Po r tuga l  . . 140 12 7 

Spain i6,200 14,693 440 399 

South A f r i c a  298,000 270,286 14 ,  300b 12,97@ 

Sweden 310,000 281,170 120C logC 

United . S t a t e s  1,240,000 1,124,680 24,700 22,403 

" ~ r o d u c t i o n  v a l u e s  f o r  1978 a r e  p r o j e c t e d  from 1975. 
- - 

b ~ o u t h  Af r i can  product ion  t i e d  t o  gold product ion:  low gold prlce, 
low uranium product ion ;  h igh  gold  p r i c e ,  h igh  uranium product ion.  

C Planned c a p a c i t y  i n  1975. 

Source: "Nuclear Fue ls  Po l i cy , "  r e p o r t  of t h e  A t l a n t i c  Counci l ' s  
Nuclear Fue l s  P o l i c y  Working Group, Westview P r e s s ,  1976. 



Table 2 .2 .  Act ive  uranium m i l l s  i n  t h e  United S t a t e s  (1976) 

M i l l  Locat i on  

Anaconda Co. Bluewater,  N.  Mex. 

A t l a s  Corp. Moab, Utah 

Conoco & Pioneer  Nuclear,  Inc .  

C o t t e r  Corp. 

Dawn Mining Co. 

Exxon Co. 

Federa l  American P a r t n e r s  

Kerr-McCee Nuclear Corp. 

Hio A 1  gom Corp. 

Solli o Petrolcum 

Union Carbide Corp. 

Union Carbide Corp. 

United Nuclear-Homestake P a r t n e r s  

Utah I n t e r n a t i o n a l ,  Inc .  

Utah I n t e r n a t i o n a l ,  Inc .  

Western Nuclear,  Inc.  

United Nuclear Corp. 

F a l l s  C i t y ,  Tex. 

Canyon C i t y ,  Colo. 

Ford, Wash. 

Powder River  Basin,  Wyo. 

C a s t t i l l s ,  Wyo. 

Ambrosia Lake, N .  llex. 

La S a l ,  Utah 

L Bar Ranch, N .  Mex. 

Uravan, Colo. 

Natrona County, Wyo. 

Grants ,  N.  Mex. 

Gas H i l l s ,  Wyo. 

S h i r l e y  Basin,  Wyo. 

J e f f r e y  C i t y ,  Wyo. 

Ambrosia Lake, N.  Mex. 



Table 2.3. Inactive uranium mills in the United States (1976) 

Mill Location 

Foote Mineral Co. Durango , Colo . 
Amax Uranium Corp. Grand Junction, Colo. 

Kermac Nuclear Fuels Gunnison, Colo. 

Union Carbide Corp. Maybell, Colo. 

Foote Mineral Co. Naturita, Colo. 

Union Carbide Corp. (old and new) New Rifle, Colo. 

North Continent Mill Slick Rock, Coio. 

Union Carbide Corp. Slick Rock, Colo. 

Foote Mineral Co. Monument Valley, Ariz. 

El Paso Natural Gas Co. Tuba C.ity, Ariz. 

Michigan Chemical Corp. Lowman, Idaho 

United Nuclear Corp. Ambrosia Lake, N. Mex. 

Foote Mineral Co. Shiprock, N. Mex. 

Atlantic Richfield Co. Lakeview, Ore. 

Susquehanna Western, Inc. Falls City, Tex. 

Exxon Cu. Ray Point, Tex. 

Wyoming Mining and Milling Co. 

Union Carbide Corp. 

Atlas Corp. 

Vitro Corporaton of America 

Converse County, Wyo. 

Green River, Utah 

Mexican Hat, Utah 

Salt Lake City, Utah 



Table 2.4. Summary of uranium product ion,  r e se rves ,  and p o t e n t i a l  resources  
by Na t iona l  Uranium Resource Evaluat ion Regionsa 

($14 per  ki logram of uranium forward c o s t s  a s  of January 1, 1977) 

Pas t  P o t e n t i a l  resources  (MT) 
Region product ion Reserves 

( c t i e f  producing s t a t e s )  (m) (MT) Probable Pos s ib l e  Specula t ion  

Coloraco P l a t e a u  (New Mexico, 182,242 342,914 494,413 553,380 81,646 
Colorado, and Utah) 

Wyoming Basins 57,697 190,599 272,154 45,359 27,215 
(Wyoming) 

Coas t a l  P l a i n  8,074 39,825 104,325 54,431 22,680 
(Texas) 

Northern Rookies 18,144 24,494 57,152 44,452 
(Washing ton)  

Colorado and Southern Rockies 8,527 41,730 34,473 18,144 
(Colcrado and Nebraska) 

Great  P l a i n s  (Colorado and 14,968 5,715 20,865 
Nebraska) 

S u b t o t a l  267,981 605,724 957,982 744,795 194,137 

Basin and Range 9,897 26,308 206,837 46,266 

P a c i f i c  Coast and S i e r r a  Nevada 907 1,270 3,629 10,886 7,257 

C e n t r a l  Lowlands 907 0 64,410 

Appalachian Highlands 907 0 70,760 

Columbia P l a t e a u s  90 7 0 19,051 

T o t a l  268,888 616,882 987,919 962,518 401,881 

 his does n o t  inc lude  an a d d i t i o n a l  140,000 tons  of U308 from by-product sources  (phosphate and 
copper mining) which are p ro j ec t ed  t o  be a v a i l a b l e  through t h e  r e s t  of t h e  century.  

Source: Dra f t  of Generic  Dra f t  EIS on Uranium Mil l ing  Operations (Argonne Nat iona l  Laboratory, 
pe r sona l  conmunication, October 11, 1978), pp. 3-12. 



Table 2.5. Uranium requirements under various scenarios, 1976-20COc 

DOE, September 1978~ 

Low fjrecast Mid forecast High forecast 

Ynclear Annual requirements Nuclear ~ $ 0 ~  needed Nuclear U308 needed Nuclear U308 needed 
generating "308 MT generating at tails generati~g at tails generating at tails 
ca?acity capacity of 0.25% ca?acity of 0.25% capacity of 0.25% 

Year (We) lb 2C (GWe) (MT) ( GWe) <MT) (We) (MT) 

1476 4 3 9.350 

1979 57 11,079 19,200 23,400 57 11,794 58 12,701 58 12,701 
1980 61 11,085 25,400 25,800 62 12,701 66 14,515 66 14,515 
1981 7 4 17,435 28,300 30,900 66 14,515 71 17,237 7 1 17,237 
1982 87 18,160 30,100 31,700 7 1 16,330 81 18,144 81 19,958 
1983 100 20,523 31,700 33,200 78 19,958 89 21,773 89 24,494 
1984 112 22,339 36,600 33,300 85 21,773 97 24,494 100 25,402 
1985 Y 27 26,335 36,800 37,100 100 23,587 111 27,216 123 28,123 
1986 141 27,969 38,400 38,000 111 25,402 127 28,123 13k 30,845 
1987 154 30,148 39.300 124 28,123 143 30,845 151 32,659 
1998 167 32,657 39,;OO 135 29,938 153 32,659 163 37,195 
1389 181 35,527 39,700 148 31,752 164 36,2E8 176 39,917 
1390 195 37,993 40,500 158 33,566 172 39,030 193 42,638 
1991 3 0  41,066 169 35,381 188 41,7:1 209 46,267 
1992 225 43,532 180 38,102 204 44,4:3 225 49,896 
1993 140 46.350 190 39,917 219 47,1;4 243 53,525 
1994 260 51,740 200 41,731 235 49,806 262 57,154 
1995 280 54,485 210 43,546 250 522,618 282 61,690 
1996 300 57,936 220 45,360 265 56,2L6 302 66,226 
1997 320 61,331 229 46,267 280 58,968 324 70,762 
1998 340 65,325 238 48,082 295 61,600 347 75,298 
1999 360 68,470 247 49,896 310 64,4i1 371 79,834 
2000 380 71,320 256 51,710 325 67,143 396 83,462 

Total requirements 1,861,000 1,500,000 1,8lj,000 2,071,383 
for 30-year life of 
operating aid plan- 
ned capacity 

a~hese estimates are based on long-term frxed-commitment contracts, with a 0.20% tails assay prior to Oct. 1, 1980, and 
a 0.25% assay thereafter. 

b~ource: Draft of Draft Generic EIS on Uranium Milling Operations (Argonne National Laboratxy, personal communication, 
October 11, 1978). 

'source: Energy Information Admiristration, DOE, Quarterly Report Ene~gy Infmation: 9epuz-t to Congress [DOE/EIA- 
0003/1 (78) July 1978 NTISUB/D/~~~-011. 

d~eorge White, Jr., "Uranium: Prices Steady at High Levels in '77," k g .  Min. J. 179: 130 0978). His figures are 
based on a study by Nuclear Exchange Corporation. 

e " ~ ~ ~  Slashes Estimates of U308 Demand Below Those Made a Few Months Ago," Nucl. Fuel 3(19):. 3 (1978). 



Table 2.6. Effect of unconventional sources of uranium on conventional milling requirements, 1978-2000 

(kll material quantities expressed as thousands of metric tons) 

Net total Amount Amount Net production 
(imports supplied by supplied required from 

In situ Copper minus nonconventional by heap Gross conventional 
Year Phosphate aining dump Total Imports Exports exports) sources leaching requirements mills 

a. Assumes mills currently operating or planned will have sufficient capacity to supply requirements through 1988. 

b~ssumes no net difference (imports and exports are balanced) after 1990. 

Table '3ased on modification of information provided in J. Kleminic, "Analysis and Trends in Uranium Supply," p. 26, 
presented as the Grand Junction Office Uranium Industry Seminar, U.S. Energy Research and Development Administration, 
October 197 5. 

Source: Draft of Draft Gene-ric EIS on Uranium Milling Operations (Argonne National Laboratory, personal communication, 
October 11, 1978). 



Table 2.7. Probable need f o r  and d i s t r i b u t i o n  of new convent ional  uranium m i l l s ,  1977-2000 

Reserves and 
probable Percentage of 

. NU RE^ resources ,  U.S. t o t a l  Number o 
Reg ion  lo3  MT u308 i n  reg ion  new m i l l s  6 S t a t e s  w i th  m i l l s  i n  1977" 

A 690 48 2 1 New Mexico, Colorado, and Utah 
(Arizona) 

B 4 95 34.5 15  Uyming (Montana) 

C 131  9.1 4 Texas (14 o t h e r  s t a t e s )  

T o t a l  1820.4 100 43 

Yashington (Idaho and Nontana) P 
Q\ 

Colorado and New Mexico 

Wyoming and South Dakota (8 
c t h e r  s t a t e s )  

% a t i o n a l  Uranium Resource Evaluat ion Region. 

b~ssumed c a p a c i t i e s  of 1800 MTlday each. 
C S t a t e s  i n  parentheses  a r e  i n  t h e  given NURE region ,  but  had no m i l l s  ope ra t ing  i n  1977. 

Source: D r a f t  of Dra f t  Generic EIS on Uranium Mi l l i ng  Operat ions (Argonne National  Laboratory,  
pe r sona l  communication, October 11, 1978).  



A series of.tables and maps is presented which depict the locations 

and production levels for the uranium mining and milling industry 

Tables 2.8-2.10, Figs. 2.1-2.12).* The.maps indicate current facilities 

as of 1975 and show projections of.locations and.production levels for 

1985, 1990, and 2000. The data presented do not necessarily represent 

firm government or industry commitments since future sociopolitical 

influences cannot be accurately determined. Even so, economic and 

physical limitations inherent to uranium extraction constrain the 

industry to a relatively predictable framework. 

Data for the uranium cycle maps were derived -from the Strategic 

~nvironmental Assessment System (SEAS).+ This model regionalizes infor- 

mation available for supply.technologies, including the uranium fuel 

cycle, at the county level. A working paper documenting the methodology 

behind SEAS provided. the' actual values displayed. Estimates of pro- , 

duction at each stage of the cycle were documented from published records 

of the mining industry and the U.S. Geological Survey available through 

1975. Validity of projections through 1985 are considered reasonable 

given that the uranium industry responds to future demands in an histor- 

ically established manner. Projections beyond 1985 assume various 

locational decisions relative to mining and milling operation proximi- 

ties. National production levels of conversion, enrkchment, and re- 

processing expect to equalize production shares through time. Each of 

the displayed data sets take the form of county shares of a national 

total. Individual mine and mill sites are therefore not aggregated to 

the county level and their production confined to form one county's pro- 

portion of national uranium production. 

-- . * ~  - -  

This information'was displayed through the aid of an improved com- 
puter mapping system developed by .the Resource Analysis .Group at ORNL. 
A wide range of options is available to the user including displaying 
line, point, or regional data, labeling of data, varying map scale, and 
various other. useful tools. 

+Strategic Environmental Assessment System is a computer model 
currently under the auspices of the MITRE Corporation for the u.s.' 
Department of Energy. For the purpose of this study, SEAS provides. 
information on regional production locations of the uranium cycle. 



Table 2.8. Surf ace uranium mininga 

(Coun~y shares of r l a ~ i o ~ l a l  product io~l  t o t a l )  

Year 
S t a t e  County 

1975 1985 1390 2000 

N.  Mex. 

wyo . 

McKinley 
Velencia 
San Juan 

Carbon 
Converse 
Fremont 
Natrona 
Johnson 
Sweetwater 

Utah Emery 
Graud 
San Juan 
Gari-ield 
Wayne 

0.015 0.017 
0.015 0.017 
0.015 0.017 
U. Ulb U.Ul/ 
0 0 

Colo. Gar f i e ld  
J e f f e r s o n  
Mesa 
Mon trose 
San Miguel 
Weld 

0.006 
0.017 
0.006 
0. OOG 
0.012 
0.011 

Tex. Live Oak 
Karnes 
Atascosa 
Duval 
Webb 

Wash. 

Ark. 

S. Dak. 

St  evens 

Garland 

Cus t e r  
F a l l  River 
Harding 

Apache 
Coconino 

Ariz. 

Oreg . 
N. Dak. 

Lake 

B i l l i n g s  
Slope 
Bowman 

a ~ t r a t e g i c  Environmental Assessment System Sector  13.01. 



Fig. 2.1. SURFACE URANIUM MINES IN 1975 
COUNTY SHARES: OF' NATIONAL PRODUCTION TOTAL 

0.010 SHARE 0.050 SHARE 0.150 SHARE. 0.300 SHARE 



ORNLOWG 78-20300 

Pig. 2.2. SURFACE URANIUM MINES IN 1985 
COUNTY SHARES OF NATIONAL PRODUCTION TOTAL 

0.010 SHARE 0.050 SHARE ,a 0.150 SSARE: 0.300 SHARE 



ORNL-DWG 70-20287 

Fig. 2 . 3 -  SURFACE URANIUM MINES IN 1990 
COUNTY SHARES OF NATIONAL PRODUCTION TOTAL 

0.050 SHARE 0.150 SHARE 0.300 SHARE a 0.010 SHARE 



ORNLOWG 78-20271 

0.010 S H A R E  

Fig- 2-4 .  SURFACE URANIUM MINES IN 2C00 
C O U N W  SHARES O F  NATIONAL PRODUCTION TOTAL 

0.050 S:-IARE 0.150 S H A R E  



Table 2.9. Undergfound uranium mininga 

(County shares of national production total) 
- - - - - - - - - 

Year 
State County 

19 75 19 85 1990 2000 

N. Mex. McKinley 
Velencia 
San Juan 

Wyo. Carbon 
Converse 
Fremont 
Nat rona 
Johnson 
Sweetwater 

Utah Emery 0.037 0.030 0.035 0.025 
Grand 0.028 0.030 0.035 0.031 
San Juan 0.045 0.042 0.048 0.031 
Garfield 0.028 0.018 0.022 0.025 
Wayne 0 0 0 0.013 

Colo. Garfield 0.017 0.014 0.016 0.016 
JeEf erson 0.017 0.019 0.016 0.016 
Mesa 0.017 0.015 0.016 0.016 
Montrose 0.017 0; 014 0.016 0.016 
San Miguel 0.017 0.019 0.016 0.016 
Weld 0 0.015 0.027 0.026 

Calif. Kern 0 0.011 0.022 0.027 
Lassen 0 0 0.007 0.014 
Tuolumne 0 0 0 0.013 

S. Dak. Custer 0 0 0 0.008 
Fall River 0 0 0 0.004 
Har ding 0 0 0 0.004 

Ario. Apache 0 (I, 0 0.010 
Coconino 0 0 0 0.003 

Oreg . Lake 0 0 0 0.009 

N. Dak. Billings 0 0 0 0.003 
Slope 0 0 0 0.003' 
Bowman 0 0 0 0.004 

- .  . - 
a~trategic Environmental Assessment System Sector 13.02. 



ORNL-DWG 78-20292 

0 . 0 1 0  SHARE 

Fig. 2.5. UNDERGROUND URANIUM MINES IN 1975 
COUNTY SHARES OF NATIONAL PRODUCTION TOTAL 

0 . 1 0 0  SHARE 0 . 2 5 0  SHARE 



0.010 SHARE 

F i g .  2 . 6  UNDERGROUND URANIUM MINES IN 1985 
COUNTY SHARES OF NATIONAL PRODUCTION TOTAL 

0.100 SHARE 0.250 SHARE 

ORNL-DWG 78-20301 



ORNLDWG 78-20299 

F i g .  2 . 7 .  UNDERGROUND URANIUM MINES. IN 1990 
COUNTY SHARES OF NATIONAL PRODUCTION TOTAL . . 

0.010 SHARE 9 0.100 SHARE @ 0.250 SHARE 0.500 SHARE 



- 

ORNLOWG 78-20280 

UNDERGROUND URANIUM MINES IN 2000 Fig. 2-8. COUNTY SHARES OF NATIONAL PRODUCTION TOTAL 

0.010 SHARE 9 0.100 SHARE 0.250 SHARE 0.500 SHARE 



Table 2.10. Uranium mi l l i nga  

(County s h a r e s  of n a t i o n a l  p roduct ion  t o t a l )  

Year 
S t a t e  County 

19 75 1985 1990 2000 

N.  Mex. Velenc ia  0.507 0.400 0.350 0.300 
McKinley 0 0.050 0.056 0.080 

Wyo. Converse 0.075 0.033 0.035 0.032 
Fremont 0.045 0.078 0.095 0.085 
Natrona 0.148 0.045 0.050 0.046 
Carbon 0 0.1.2.5 -0.125 0.117 

Ueah G r a d  0.055 0.055 0.050 0.043 
San Juan  0.019 U. 025 0.040 0.042 

Colo. Fremont 0.017 0.020 0.028 0.026 
Motltrose 0.049 0.052 0.045 0.042 
Weld 0 0 0.010 0.010 

Tex . Karnes 0.066 0.066 0.040 0.047 
Live  Oak 0 .  0 0.010 0.017 

Wash. Stevens U. U l Y  0.025 0.025 0.020 

Ark. Garland 0 0.004 0.004 0.005 

C a l i f .  Kern 0 0.011 0.010 0.015 
Lassen 0 0 0.005 0.008 
Tuolumne 0 0 0 0.007 

S. Dak. Cus t e r  0 0.011 0.010 0.016 
Harding 0 0 0 0.004 

Ar iz .  Apache 
Coconino 

Oreg . Lake 0 0 0.006 0.011 

N.  Dak. Slope 0 0 0 0.011 

a S t r a t e g i c  Environmental Assessment System Sec to r  13.03. 



0.010 SHARE 

ORNLDWG 78-20282 

Fig- 2-9. URANIUM MILLS IN 1975 
COUNTY SHARES OF NATIONAL PRODUCTION TOTAL 

0.100 SHARE 0.250 SHARE 



ORNL-DWG 78-20276 

0.010 SHARE 

Fig. 2.10. URANIUM MILLS IN 1985 
COUNTY SHARES OF NATIONAL PRODUCI'ION TOTAL 

0.100 SHARE 0.250 SHA"-E 



ORNLDWG 78-20277 

Fig- 2.11- URANIUM MILLS IN 1990 
COUNTY SHARES OF NATIONAL PRODUCTION TOTAL 

0.010 SHARE 0.100 SHARE 0.250 SHARE 0.500 SHARE 



0.010 SHARE 

Fig. 2-12. URANIUM MILLS IN 2000 
COUNTY SHARES O F  NATIONAL PRODUCTION TOTAL 

0.100 SHARE 0.250 SHARE 

ORNLOWG 78-20279 



Miscellaneous forms of uranium extraction are  not contained within 

the  SEAS model. .Those uranium sources not included r e l a t e  t o  by-products 

from the processing of phosphates and euxenites. Current s i t e s  f o r  

these forms of uranium production center around Polk and Hillsborough 

counties i n  Florida and S t .  James par ish  i n  Louisiana. 
3 
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3 .1  ~ h a k a c t & i = a t i o n  of Prodesses  

: '. .. 
The process  of uranium e x t r a c t i o n  v a r i e s  among m i l l s  . p a r t l y  due t o  

d i f f  e r e i t e s  i n  t h e  chemical  c o m ~ o s i t i o n  . bf . ore;; S teps  b a s i c  t o  a l l  h i l l $  

a r e .  crushing,  gr inding ,  chemical leaching ,  and rec6v&ri!., of uranium from 

leaching  s o l u t i o n s .  M i l l  p rocesses  f a l l  i n t o  t h r e e  gene ra l  t ypes :  a c i d  

leach-solvent e x t r a c t i o n ,  a c i d  leach-ion exchange, and a l k a l i n e  leach .  
. .  . 

Although process  d e t a i l s  may vary  i n  'any one process ,  t h e  a c i d  leach- 

so lven t  e x t r a c t i o n  and t h e  a l k a l i n e  lgach  processes  a r e  considered ' h e r e  
.. . 

because they gene ra t e  d i f f e r e n t  wasfes. .with regard t o  l i q u i d  volume, bu lk  

chemicals,  'and r ad ionuc l ide  concentratio;. .These processes  a r e  d e i c r i b e d  

f o r  model m i l l s  having a d a i l y  capac i ty  of 1814 MT of o r e  kqntaining 0.2% 

U398. l 

3.1.1 Acid leach-solvent e x t r a c t i o n  

The a c i d  l e a c h  process  u t i l i z i n g  an amine so lven t  e x t r a c t i o n  wi th  a n  

ammonium s u l f a t e  s t r i p  seems t o  be t h e  t r end  of c u r r e n t  m i l l s  because of 

domestic o r e  c h a r a c t e r i s t i c s .  .About 80% of c u r r e n t  annual product ion of 

U308 i s  by t h e  a c i d  l e a c h  process .  I n  t h i s . p r o c e s s  t h e  o r e  i s  dumped f r o m .  

t rucks  and passed through a screen  t o  a primary:cru'shing c i r c u i t .  Here t h e  

o r e  is crushed t o  1 .3  cm (112 in . )  and screenkd, and. t h e  ove r s i ze  m a t e r i a l  

i s  recyc led  t o  t h e  c rusher .  The f i n e  o r e  is  e l eva t ed  t o  s t o r a g e  b i n s  t h a t  

art! vented chrough a d u s t ' c o l l e c t o r  t o  a s h o r t  s t a c k  on t h e  roof .  A i r  

exhaust hoods a r e  l oca t ed  o n . t h e  c rusher ,  a t  t h e  screens ,  and a t  each 

t r a n s f e r  po in t .  

The o r e  i s  then  wet-ground ( l e s s  than  28 mesh) i n  rod m i l l s  t o  a 
1. 

s l u r r y  conta in ing  65% s o l i d s .  S u l f u r i c  a c i d  and an  oxidant  (sodium 

c h l o r a t e )  a r e  added cont inuously.  The s o l u t i o n  conta in ing  t h e  d i s so lved  

u.ranium i s  separa ted  from t h e  s o l i d s  by countercur ren t  washing i n  a 

decan ta t ion  c i r c u i t .  The. s l u r r y  i s  passed through hydroclones t o  s e p a r a t e  

t h e  coa r se  sand f r a c t i o n ,  and t h e  sand i s  washed i n  a s e r i e s  of s i x  

c l a s s i f i e r s .  The overflow from t h e  c l a s s i f i e r  j o i n s  t h e  hydroclone over- 

f l .nw, and t h e  s l imeo a r e  washed i n  a series of s i x  th ickeners .  F loccu lan t s  



a r e  added t o  promote s e t t l i n g .  The s o l i d s  a r e  washed wi th  f r e s h  water  

and recyc led  r a f f i n a t e  from t h e  so lven t  e x t r a c t i o n  c i r c u i t .  The washed 

s l i m e s  and sands a r e  pumped t o  a t a i l i n g s  pond. The sands a r e  70% by 

weight  of t h e  o r e  processed;  t h e  s l imes  a r e  30% by weight.  The t o t a l  

weight of was te  s o l u t i o n  accompanying t h e  sands and s l imes  t o  t h e  

t a i l i n g s  pond i s  150% of t h e  o r e  processed. 

The uranium i s  recovered from t h e  l each  l i q u o r  by countercur ren t  

c o n t a c t  i n  f o u r  e x t r a c t i o n  s t a g e s  wi th  a long-chain amine d isso lved  i n  

kerosene.  The uranium is  s t r i p p e d  from t h e  so lvent  i n  fou r  s t a g e s  wi th  

an aqueous s o l u t i o n  of ammonium s u l f a t e .  The so lven t  i s  then  recyc led  t o  

t h e  e x t r a c t i o n  c i r c u i t .  The uranium i s  p r e c i p i t a t e d  by a d d i t i o n  of 

gaseous ammonia, concent ra ted ,  p a r t i a l l y  washed i n  t h i ckene r s ,  and 

c o l l e c t e d  on f i l t e r s .  The washed p r e c i p i t a t e  is d r i ed  i n  a continuous 

steam-heated d r y e r .  The d r i e d  uranium p r e c i p i t a t e ,  commonly c a l l e d  

yellowcake, i s  packaged i n  208- l i t e r  (55-gal) s t e e l  drums f o r  shipment 

t o  a r e f i n e r y .  Overa l l  recovery of uranium as product i s  about 90% of 

t h a t  contained i n  t h e  o re .  For t h e  purpose of t h i s  assessment,  t h e  

thorium con ten t  of t h e  yellowcake is  assumed t o  be 1 . 4  x 10'~ pCi/per g 

of U3O8 (5% of t h e  t o t a l ) ,  and t h e  radium content  is  assumed a t  

5.5 x loe4  pCi/per g of U3O8 (0.2% of t h e  t o t a l ) .  No o t h e r  s i g n i f i c a n t  

r ad ionuc l ide  i m p u r i t i e s  a r e  p re sen t .  The a i r  s t reams from t h e  d rye r  and 

hoods over  t h e  packaging a r e a  a r e  combined and passed through a d u s t  

c o l l e c t o r .  A smal l ,  l iqu id-b leed  stream from t h e  uranium p r e c i p i t a t i o n  

c i r c u i t  i s  s e n t  t o  t h e  l e a c h  c i r c u i t .  Any l i q u i d  s p i l l a g e  o r  leakage 

throughout t h e  m i l l  is c o l l e c t e d  i n  f l o o r  sumps and re turned  t o  t h e  

a p p r o p r i a t e  c i r c u i t .  The only  l iquid-waste  stream i s  t h a t  l eav ing  wi th  

t h e  sands and slimes t o  t h e  t a i l i n g s  a r e a .  The chemical consumption of 

t h e  model uranium m i l l  i s  g iven  i n  Table 3.1. 

3.1.2 A lka l ine  l e a c h  

The o r e  r ece iv ing ,  c rush ing ,  conveying, and f ine-ore  s t o r a g e  f a c i l i t i e s  

are t h e  same as those  descr ibed  f o r  t h e  a c i d  l each  m i l l .  The wet-grinding 

system c o n s i s t s  of a b a l l  m i l l  opera ted  i n  c losed  c i r c u i t  wi th  a c l a s s i f i e r .  



Table 3.1. Annual chemical consumption f o r  model uranium m i l l  

Acid leach- 
so lven t  e x t r a c t i o n  Alka l ine  l e a c h  

(ST) ( m )  (ST) 

S u l f u r i c  a c i d  

Sodium c h l o r a t e  

Ammonia 

F locculan t  

Amine ( long chain)  

Alcohol 

Kerosene' 

I r o n  ( rods  f o r  gr inding)  

Sodium carbonate  

Sodium hydroxide 

Potassium pernanganate 

F i l t e r  a i d  

Source: M. B. Sears  et  al.,,CorreZation of Radioactive Waste 
Treatment Costs and the Environmental Impact of Waste Effluents in the 
Nuclear Fuel Cycle for Use in Establishing "As Low As Practicable It 
Guides: Part 111 -Milling of Uraniwn Ores, ORNL/TM-4903 (May 1975).  

The g r ind ing  i s  done a t  65% s o l i d s  i n  a sodium carbonate-bicarbonate 

s o l u t i o n .  The o r e  i s  ground f i n e r  than  f o r  a c i d  l each  (i .e. . ,  35% l e s s  

than 200 mesh). The uranium i s  leached wi th  potassium permanganate from 

t h e  o r e  i n  two s t a g e s  c o n s i s t i n g  of a 5-hr l each  a t  65 p s i g  and 93°C 

(200°F), followed by a n  18-hr l each  a t  atmospheric p re s su re  and 

85OC (185OF). The s o l i d s  a r e  s epa ra t ed  and washed f r e e  of uranium by 

t h r e e  s t a g e s  of countercur ren t  f i l t r a t i o n .  The s o l i d s ,  which c o n s i s t  of 

a 50-50 mixture  of sands and s l imes ,  a r e  mixed wi th  f r e s h  water  and 

pumped t o  a t a i l i n g s  pond. The weight of waste  s o l u t i o n  s e n t  t o  t h e  

.pond i s  105% of t h e  o r e  processed. 

The uranium i s  recovered from t h e  l each  s o l u t i o n  by a d d i t i o n  of 

sodium hydroxide, which forms i n s o l u b l e  sodium d i u r a n a t e  (yellowcake).  



The p r e c i p i t a t e  is  f i l t e r e d ,  washed and d r i e d  i n  a steam-heated d rye r .  

The product  i s  packaged i n  208- l i t e r  (55-gal) drums f o r  shipment. 

E f f l u e n t s  from t h e  d r y e r  and packaging a r e a s  a r e  passed through a d u s t  

c o l l e c t o r  b e f o r e  d i scha rge  t o  a roof s t a c k .  Overa l l  recovery of uranium 

is  93% of t h a t  conta ined  i n  t h e  ore .  The radium content  of t h e  yellow- 

cake  is  5 .5  x uCi/per g of U308, r ep re sen t ing  about 1 .8% of t h a t  i n  

t h e  ore .  No o t h e r  s i g n i f i c a n t  r ad ionuc l ide  i m p u r i t i e s  a r e  p re sen t .  

The consumption of chemicals f o r  t h i s  process  is  given i n  Table 3.1. 

3.1.3 So lu t ion  mining of uranium 

Although i t  is t e c h n i c a l l y  a mining pro&ks, i n  s i t u  leaching  of 

uranium, w i t h  s e p a r a t i o n  of uranium from t h e  l each  s o l u t i o n  by a 
s ~ n ~ e n t i o n a l  i on  exchange m i l l i n g  ope ra t ion ,  is  included h e r e  f o r  

comparative purposes.  

So lu t ion  mining appears  t o  r e s u l t  i n , a n  impact on t h e  environment 

t h a t  i s  l e s s  than  t h e  convent ional  minera l  e x t r a c t i o n  methods. Compared 

wi th  t h e  convent iona l  uranium mining and m i l l i n g  ope ra t ions ,  i n  s i t u  

l each ing  w i l l  a l s o  permit  economical recovery of c u r r e n t l y  unrecoverable  

low-grade uranium d e p o s i t s ,  thereby  enhancing uranium re se rves .  

I n  convent iona l  uranium recovery techniques ,  t h e  o r e  i s  mined 

(open p i t  o r  underground) and processed a s  descr ibed  previous ly .  I n  

s o l u t i o n  mining, an  a c i d i c  o r  b a s i c  ox id i z ing  s o l u t i o n  is i n j e c t e d  i n t o  

t h e  n a t u r a l l y  s i t u a t e d  o r e  body v i a  w e l l s  t o  e x t r a c t  t h e  uranium. The 

chemicals a s s o c i a t e d  w i t h  s o l u t i o n  mining and m i l l i n g  a r e  about t h e  

same i n  bo th  cases .  I n  s o l u t i o n  mining, however, no o r e  mining, t r ans -  

p o r t i n g ,  and g r ind ing  ope ra t ions  a r e  needed be fo re  chemical process ing  

t o  recover  t h e  uranium. Moreover, t h e r e  a r e  no m i l l  t a i l i n g s  t h a t  

r e q u i r e  d i s p o s a l ,  a l though was tes  a r e  generated t h a t  would r e q u i r e  

c o n t r o l l e d  d i s p o s a l  because t h e r e  i s  a p o t e n t i a l  f o r  groundwater 

contaminat ion.  

I n  convent iona l  uranium mining, more than  95% [862 kg (1900 l b ) ]  of 

s o l i d  waste  ( t a i l i n g s )  a r e  produced f o r  each s h o r t  t o n  of mined o r e ,  

con ta in ing  e s s e n t i a l l y  a l l  of t h e  a s s o c i a t e d  2 2 6 ~ a  and o t h e r  daughter  

products .  With s o l u t i o n  mining, l e s s  than  5% of t h e  radium from an  o r e  

body would.be brought t o  t h e  su r f ace .  



Bas ica l ly ,  t h e  i n  s i t u  leaching  method involves  (1) i n j e c t i o n  of 

a l each  s o l u t i o n  i n t o  a uranium-bearing o r e  body t o  complex t h e  contained 

uranium, (2) mob i l i za t ion  of t h e  uranium complex formed, and (3 )  s u r f a c e  

recovery of t h e  s o l u t i o n  bear ing  t h e  uranium complex v i a  product ion  

w e l l s .  Uranium is  then  separa ted  from t h e  l e a c h  s o l u t i o n  by convent iona l  

m i l l i n g  u n i t  ope ra t ions  ( ion  exchange). 

This  process  can be used wi th  r o l l - t y p e  uranium d e p o s i t s  t h a t  a r e  

gene ra l ly  a s soc i a t ed  wi th  f l u v i a l  sandstones and conglomerates.  The 

minera l  i n  t h e  o r e  i s  concentrated by a l i q u i d  ox id i z ing  f r o n t  moving 

down t h e  hydrologic  g rad ien t  i n  t h e  reduced h o s t  zone ( sands) .  Uranium 

i s  thereby p r e c i p i t a t e d  along t h e  i n t e r f a c e  of t h e  ox id i z ing  and reducing  

s i d e s  of t h e  f r o n t .  The phys i ca l  shape of a n  o r e  r o l l  i s  dependent on 

t h e  l o c a l  permeabi l i ty  of t h e  mat r ix  m a t e r i a l  and i t s  c o n t i n u i t y  and 

d i s t r i b u t i o n  i n  t h e  geologic  u n i t .  Such o r e  bodies  a r e  p reva len t  i n  

most of t h e  e s t a b l i s h e d  uranium mining d i s t r i c t s  i n  t h e  wes tern  United 

S t a t e s .  I n  s i t u  leaching ,  however, can be conducted only  on those  o r e  

d e p o s i t s  t h a t  meet c e r t a i n  c r i t e r i a .  These c r i t e r i a  g e n e r a l l y  i nc lude  

fou r  condi t ions :  (1) The o r e  depos i t  must be l o c a t e d  i n  a s a t u r a t e d  

zone. (2) The o r e  depos i t  must be confined both  above and below by 

impervious l a y e r s .  (3) The depos i t  must have adequate  pe rmeab i l i t y .  

(4)  The depos i t  must be  amenable t o  chemical leaching .  

Estimated consumptive use of chemicals f o r  a 20-ha (50-acre) w e l l  

f i e l d  producing 227 ~ T / y e a r  (250 ST/year) of U308 i s  given i n  Table 3.2. 

These d a t a  f o r  t h e  Wyoming Mineral Corpora t ion ' s  I r i g a r a y  project 

r ep re sen t  chemir.al feed requirements f o r  a p r o j e c t  of ~ h l s  s i z e .  Solvent 

chemicals vary depending on t h e  chemical n a t u r e  of t h e  ore body i n  other  

s i t u a t i o n s .  

3.2 Radioact ive Wastcs and E f f l u e n t s  

3 .2.1 Uranium m i l l s  

Airborne e f f l u e n t s  from a c t i v e  m i l l s  i nc lude  o r e  d u s t s  from crushing  

and gr inding  ope ra t ions ,  yellowcake dus t ,  t a i l i n g s  d u s t ,  and radon gas from 

both processing ope ra t ions  and t a i l i n g s .  The a i r b o r n e  r e l e a s e s  from a model 

m i l l  processing 1814 MTlday (2000 ST/day) of o r e  a r e  g iven  i n  Table 3.3. 



Table 3.2. Estimated annual  chemical feed  r a t e s  f o r  t h e  
I r i g a r a y  uranium recovery process  

Feed r a t e  rangea 
Compound 

Solvent  chemicals f o r  800 gpm i n j e c t i o n  

Carbon d iox ide  (C02) 

Ammonia (NH 3) 

Ilydrsgen peroxidc  (H202) - 50% 

E l u t i o n  and p r c c i p 2 t a t i o n  reagentc  f o r  '1.5 gpm 
t o t a l  e l u a n t  bleed 

Ammonium b ica rbona te  ( N H I + H C ~ ~ )  

Ammonium c h l o r i d e  (NH4C1) 

Hydrochloric  a c i d  (35% HC1) 

Ammonia (NHS) 

Fuel  

Propane (C 8 2-24 0 

' ~ e e d  r a t e  f o r  product ion  of 227  year (250 S ~ / y e a r )  of U308. 

Source: U.S. Nuclear Regulatory Commission, Draft Environmental 
Statement,  Wyoming Mineral  Corporat ion I r i g a r a y  So lu t ion  Mining P ro jec t ,  
NUREG-0399, A p r i l  1978. 

The concen t r a t ions  of r ad ionuc l ides  i n  t a i l i n g s  ( l i q u i d  and s o l i d  

wastes)  f o r  t h e  model m i l l  a r e  g iven  i n  Table 3.4. Methods f ~ r ~ c o n t r o l -  

l i n g  r e l e a s e s  of d u s t  from t a i l i n g s  during m i l l  ope ra t ion  inc lude  

keeping t h e  t a i l i n g s  p i l e s  wet o r  covering d ry  p o r t i o n s  wi th  chemical 

sp rays  o r  mine wastes .  

Rad ioac t ive -wa~ te  t rea tment  technology f o r  ope ra t ing  m i l l s  c o n s i s t s  

of  systems t h a t  (1) reduce t h e  amounts of a i r b o r n e  r a d i o a c t i v e  d u s t s  

and radon r e l e a s e d  from t h e  m i l l  and t a i l i n g s  a r e a s  and (2) reduce t h e  

amount of r a d i o a c t i v e  l i q u i d  l o s t  as seepage from t a i l i n g s  a r e a s .  



Table 3.3. Annual a i rbo rne  r a d i o a c t i v e  ma te r i a l s  re leased  from the  
ac id  leach-solvent e x t r a c t i o n  uranium m i l l  

-- 

Radionuclide (Ci) , 

Source . 
23'tU 23  5~ ' 23EU 234mpa 226Ra 230l-h . 23473 210pb 210po 2 1 0 ~ i  2 2 2 ~ n  

-- - - 

Ore crusher  1 . 5 ~ - 3 ~  6.9E-5 1.5E-3 1.5E-3 1.5E-3 1.5E-3 1.5E-3 1.5E-3 1.5E-3 1.5E-3 3.7E1 
and b i n s  

Yellowcake 2.2,E-2 1.OE-3 2.2E-2 4.33-5 l . lE-3 l . lE-3 
. process  

CI 
T a i l i n g s  pond 3.7E3 P 

and beachb ---------- 
2.43-2 l . lE-3 2.4E-2 1.5E-3 1.5E-3 2.6E-3 2.6E-3 1.5E-3 1.5E-3 1.5E-3 3.7E3 

G Read a s  1 . 5  x 

%ear t h e  end of a 20-year l i f e  of a m i l l  i n  t he  Southwest, t a i l i n g s  a r e  e i t h e r  under pond water o r  covered 
wi th  a chemical spray o r  mine waste t o  prevent  blowing of dus t s .  

Source: M. B. Sears  e t  ' a l .  , Correlation of Radioactizre Waste Treatment Costs ar,d the Enrjironmental Impact 
of Waste Effluents i n  the Nuc2ea-n Fuel Cycle for Use i n  Establishing "As L a ,  as Practicable" Guides: Part 111 - 
Milling of Uraniwn Ores, ORNL/TM-4903 (May 1975). 



Table  3.4. Concent ra t ions  of r ad ionuc l ides  i n  t a i l i n g s  
from t h e  model uranium m i l l  

Radionucl ide Sand, >200 mesh (pCi/g) .Slime, <200 mesh (pCi/g) 
- 

Acid leach-solvent  e x t r a c t i o n  

Source: M. B. Sea r s  e t  a l . ,  Corre-htion of Radioactive Waste 
Treatment Costs and the Environmental Impact of Waste Effluents i n  
the Nuclear Fuel Cycle for Use i n  Establishing "As Low As Practicable" 
Guides: Part 111 - Milling of Uraniwn Ores, o ~ L / T M - ~ ~ o ~  ( ~ a y '  1975).  

E f f e c t i v e  e f f l u e n t  c o n t r o l  of process  dusts i s  depenrleul uprsa the 

mois ture  content  of o r e ,  a s  w e l l  a s  t h e  type  of d u s t  c o l l e c t o r  used. 

~ a b i e s  3.5 and 3.6 show t h e  annual  d u s t  r e l e a s e  and c o s t  of r ad ioac t ive -  

d u s t  emission t rea tments  f o r  o r e  and yellowcake, r e s p e c t i v e l y ,  i n  t h e  

model m i l l .  

Costs  of t rea tments  t o  reduce seepage of r a d i o a c t i v e  l i q u i d s  from 

t a i l i n g s  a r e a s  dur ing  m i l l  ope ra t ion  a r e  given i n  Table 3.7. Carefu l  

s i t i n g  of t a i l i n g s  a r e a s  w i t h  r e s p e c t  t o  t h e  groundwater t a b l e  and s u r f a c e  



Table 3.5. Ore dus t  r e l e a s e  r a t e s  (annual) and c o s t s  of t rea tments  t o  reduce 
c r e  dus t  emissions from a model uranium m i l l a  

- -- 

Ore dus t  r e l e a s e  r a t e ,  2 3 8 ~ b  ( c i )  
Treatment - type of Treatment c o s t  ($ lo3 )  

dus t  c o l l e c t o r  Moisture Moisture 
i n  o r e  - 6% Zn o r e  - 9-10% Cap i t a l  Annual 

O r i f i c e  o r  b a f f l e  scrubber 4.5~-3' 5.1E-5 91 31  

Wet impingement scrubber  1.5E-3 1.7E-5 109 3 7 

Low-energy v e n t u r i  scrubber  3.53-4 

Reverse-jet  bag f i l t e r  7.1E-5 

Bag f i l t e r .  p l u s  HEPA f i l t e r  3.53-8 4.3E-10 646d 2 1 4 ~  

.Z Model m i l l  i s  a 1814-MT/day (2000-ST/day) uranium m i l l  ( ac id  l each  process) .  i n  t h e  southwestern 
United S t a t e s  opera t ing  a t  802 of capac i ty .  

b ~ n  secu la r  equi l ibr ium s i t h  1 3  r ad ioac t ive  daughters .  

dlncludes c a p i t a l  and annual  c o s t s  f o r  wind breaks around o r e  unloading yard. 

Source: M. 5. Sears  e t .  s l . , ,  Corre la t ion  of Radioactive Waste Trea tnent  Costs  and the  Environ- 
mental Impact of Waste Eff2ue:zts i n  t he  Nuclear Fuel  Cycle f o r  Use i n  Estar j l tshing "As Low A s  
P rac t i cab le"  Guidgs: Part I I I  - Mil l ing  of Uraniwn Ores, ORNL/TM-4903 (May 1975) . 



Table 3 . 6 .  Ore d u s t  r e l e a s e  r a t e s  (annual) and c o s t s  of t rea tments  t o  reduce 
yellowcake d u s t  emissions from a model uranium m i l l a  

Treatment c o s t  ($ lo3)  
Ore dus t  r e l e a s e  r a t e ,  2 3 8 ~  

Treatment 
(Ci) C a p i t a l  Annual 

Wet impingement scrubber  

Ventur i  scrubber  
Low energy 
Medium energy 
High energy 

High-energy v e n t u r i  scrubber  
and HEPA f i l t e r  

%del  m i l l  i s  a 1814-MT/day (2000-ST/day) uranium m i l l  ( ac id  l e a c h  process)  i n  t h e  southwestern 
United S t a t e s  ope ra t ing  a t  80% of capac i ty .  

Source: M. B. Sears  et  al. ,  Correlation of Radioactive Waste Treabnsnt Costs and the Environ- 
mental Impact of Waste Effluents in the Nuclear Fuel Cycle for Use in Establishing "As Low as 
FracticabZeU Guicies: Part 111 - Milling of Uraniwn Ores, ORNL/TM-4903 m y  1975) . 



Table 3.7. Costs of treatments to reduce seepage of radioactive materials 
from tailings area of an operating model uranium milla 

Tailings control procedure 

Treatment cost 
Radionuclides in liquid ($lo3> 
lost by seepageb (%) 

Capital Annual 

Evaporation pond [32 ha (80 acres)] and dry beach [15 ha 
( 3 6  acres)] ; earth dam 

Carefully sited pond [35 ha (87 acres)] and dry beach 112 ha 
(29 acres:~]; earth dam with a clay core 

Asphalt-lined pond [36 ha (89 acres)] and dry beach [ll ha 
(27 acresl]; earth dam with a clay core; lime 
neutralization of acid effluents 0.1 

No conventional tailings impoundment; liquids recycled to 
mill, evaporated, and solids sent to.a landfill 

- 

a~ear the end of mill lifetime when tailings area is largest; mill is a 1814-MT/day (2000-ST/day) 
uranium mill (acid leach process) in the southwestern United States operating at 80% of capacity. 

bThis loss does not necessarily reach surface water and lead to radiation exposure to man. 



s t r eam can  minimize t h e  r a d i o l o g i c a l  hazard of t a i l i n g s  dur ing  m i l l  

o p e r a t i o n  and a f t e r  decommissioning. 

The t a i l i n g s  a r e a  a s s o c i a t e d  wi th  t y p i c a l  m i l l i n g  p r a c t i c e s  is  

abou t  0 .1  m2 (1.1 i t 2 )  per  MT of t a i l i n g s .  This  corresponds t o  about 

7 .7  m2 (82.9 f t 2 )  and 0.31 C i  of a lpha  a c t i v i t y  i n  t a i l i n g s  i n  o rde r  t o  

suppor t  e l e c t r i c  power product ion of one megawatt e l e c t r i c  (MWe) per  

y e a r  w i t h  no f u e l  r ecyc le .  With reprocess ing  and plutonium r e c y c l e ,  t h e  

cor responding  v a l u e s  are 4.3 m2 (46.3 f t 2 )  and 0.17 C i  of a lpha  a c t i v i t y  

p e r  MW p e r  year .  For lower-grade o r e s ,  t h e  waste volume would inc rease  
e 

p r o p o r t i o n a t e l y  t o  t h e  decease i n  o r e  grade. 3 

The a c t u a l  cho ice  of rad ioac t ive-was te  t r ea tmen t s  f o r  a given m i l l  

i s  determined by s i t e - s p e c i f i c  c r i t e r i a .  In  genera l ,  cu r r en t  m i l l s  use  

some combination of t h e  f i r s t  one o r  two t r ea tmen t s  given i n  Tables 3.5 

and 3.6. The u s e  of more advanced t r ea tmen t s  is  expensive and, s i n c e  

human popu la t ions  a r e  r e l a t i v e l y  spa r se  w i th in  80.5 km (50 mi l e s )  of 

most m i l l s ,  t h e  expense is u s u a l l y  considered excess ive  i n  "as low a s  

reasonably  achievable"  de te rmina t ions  f o r  e f f l u e n t  c o n t r o l .  

The c a p i t a l  c o s t s  of a l u i l l  producing 1814 MT/day (2000 ST/day) of 

o r e  is  es t ima ted  t o  b e  $13 mi l l i on .  For c u r r e n t  rad ioac t ive-was te  

t r ea tmen t  p r a c t i c e s ,  a c a p i t a l  c o s t  of $357,000 and an  annual ope ra t ing  

c o s t  of $180,000 a r e  es t imated .  This  is equiva len t  t o  $0.07 per  l b  of 

U308 and 0.003 m i l l s  pe r  ki lowatt-hour  (kWhr) of nuclear-generated 

e l e c t r i c i t y .  l 

3 . 2 . 2  S o l u t i o n  mining 

Liquid and s o l i d  waste  and atmospheric e f f l u e n t s  w i l l  r e s u l t  from 

s o l u t i o n  mining a c t i v i t i e s .  Liquid wastes  from we l l - f i e ld  overpumping 

( i .  e . ,  p roduct ion  f low i n  excess  of i n j e c t i o n  f low) ,  e l u t i o n  and p rec ip i -  

t a t i o n  c i r c u i t  b l eeds ,  and subsequent a q u i f e r  r e s t o r a t i o n  r ep re sen t  t h e  

major was te  s t reams t o  be managed from s o l u t i o n  mining a c t i v i t i e s .  

S ince  t h e  d i s so lved - so l id s  con ten t  of t h e  wastewater prec ludes  any 

uncon t ro l l ed  r e l e a s e s ,  some form of waste management i s  necessary .  

Genera l ly ,  evapora t ion  ponds a r e  u t i l i z e d  f o r  l iquid-waste  management; 

however, deep w e l l  d i s p o s a l  has  been used i n  Texas. The ponds vary  i n  s i z e  



depending on t h e  flow r a t e  of l iquid-waste  s t reams t o  t h e  pond and t h e  

r a t e ( s )  of water  evaporat ion and seepage from t h e  pond. To minimize 

unwanted seepage of t h e  wastewater,  t h e  ponds a r e  l i n e d  during 

cons t ruc t ion  wi th  c l a y ,  a s p h a l t ,  o r  cont inuous p l a s t i c  membranes. The 

s p e c i f i c  method used i s  dependent on t h e  cond i t i ons  a t  each s o l u t i o n  

mining opera t ion .  

Solar  evaporat ion i s  a consumptive use  of water .  This  i s  of p a r t i c -  

u l a r  concern i n  t he  a r i d  southwestern United S t a t e s .  When r e c y c l e  of 

wastewater i s  d e s i r a b l e ,  water reclamation by r e v e r s e  osmosis,  i o n  

exchange, chemical t rea tment ,  o r  m u l t i e f f e c t  d i s t i l l a t i o n  may be used. 

So l id  wastes  generated,  f o r  example, from calcium-control u n i t s  i n  

t h e  so lvent -sorp t ion  c i r c u i t s  and from t h e  contaminant-control u n i t  i n  

t h e  e l u t i o n  and p r e c i p i t a t i o n  c i r c u i t  a l s o  r e q u i r e  c o n t r o l l e d  management. 

During t h e  l i f e  of a s o l u t i o n  mining ope ra t ion ,  s o l i d s  may be impounded 

i n  s p e c i f i c  s t o r a g e  ponds a s  a s l u r r y  and may be maintained and monitored 

under a l i q u i d  s e a l  t o  minimize p a r t i c u l a t e  emissions and radon gas  

evolu t ion .  Permanent d i s p o s a l  techniques,  i n  accord wi th  t h e  Nuclear 

Regulatory Commission (NRC) and/or  r e spons ib l e  S t a t e  agency r e g u l a t i o n s  

under development w i l l  be designed t o  i s o l a t e  t h e  s o l i d s  from t h e  

environment. 

Radioact ive emissions occur from uranium recovery process  f a c i l i t i e s  

and from waste s t o r a g e  ponds and tanks.  For t h e  I r i g a r a y  P r o j e c t ,  f o r  

example, i t  is  es t imated  t h a t  annual atmospheric r e l e a s e s  w i l l  amount t o  

450 kg (992 l b )  of U3O8 (0.15 C i  of 2 3 8 ~  wi th  daughters  and 76.0 C i  of 

2 2 2 ~ n ) .  So l id  wastes  w i l l  be  generated from t h r e e  p r i n c i p a l  sources  i n  

t h e  recovery process:  (1) t he  calcium removal u n i t ,  (2)  supplemental 

contaminant c o n t r o l  incorpora ted  i n  t h e  e l u t i o n  and p r e c i p i t a t i o n  c i r c u i t  

of t he  recovery process ,  and ( 3 )  l iquid-waste  concen t r a t ion  by evapora t ion  

during impoundment. Addi t iona l  s o l i d  wastes  w i l l  be  produced i n  conjunc- 

t i o n  wi th  t h e  water t rea tment  methods u t i l i z e d  t o  accomplish a q u i f e r  

r e s t o r a t i o n .  The l a t t e r  would g e n e r a l l y  be s i m i l a r  t o  t h e  s o l i d  wastes  

produced i n  t h e  uranium recovery process .  This  s o l i d  waste ,  p r imar i ly  



calcite, is generated at the rate of 2 kg (4.4 lb) of waste per kg of 

U3O8 recovered and can contain 226~a in concentrations from 5 x to 

1.2 x 10'~ p~i/g. For an operation such as that proposed in the Irigaray 

Project, about 450 MT/year (496.ST/year) of solid waste (mostly calcite) 

containing 0.5 Ci of 226~a is produced. 

3.3 Nonradioactive Wastes and Effluents 

3.3.1 Uranium mills 

The annual releases of chemical and thermal effluents from the 

' model uranium mill are given in Table 3.8. The gaseous chemical effluents 

come from milling processes in which combustion products, acid fumes, and 

vaporized organic reagents are released from mill buildings. The most 

significant chemical effluent is the slurry, which contains waste 

solutions and solid mill tailings. The liquid portion (Table 3.9) 

contains spent chemicals from the leaching process and trace quantities 

of soluble metals and organic solvents. Trace metals may include toxic 

elements such as arsenic, selenium, vanadium, and molybdenum. The 

composition of these trace metals in the effluent is dependent on the 

ore body and the mill process. Ecological impacts from these trace metals 

hsve yet to be fully defined. The thermal effluent released to the 

atmosphere is waste heat from the burning of natural gas used to dry the 

mill product. 

3.3.2 Solution .minin~ 

Depending upon the chemical processes used, various nonradioactive 

materials are released to the atmosphere from solution mining operations. 

Table 3.10 gives estimates of annual releases from the Irigaray ~roject,~ 

and these data serve to indicate the magnitude of releases associated with 

a solution mining facility. 
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Table 3.8. Nonradioactive effluents from the model u.ranium mill 

Effluent' . Annual release 

Gases, MT (ST) 
Sox 

NO 
X 

Hydrocarbons 

Liquids, lo3 MT (lo3 ST) 
Tailings solutions 

Solid tailings, lo3 MT (lo3 ST) 500 (551) 

Thermal, lo9 Btu 390 

Source: Directorate of Licensing, U.S. Atomic Energy Commission, 
EnvironmentaZ Survey of the Uraniwn Fuel Cycle, WASH-1248, April 1974. 

3.4 Stabilization of Tailings 

The tailings area can be a long-term source of release of radionuclides 

to the environment via erosion by wind or water and emanation of radon gas. 

The releases of particulate (windblown), liquid (seepage) or'gaseous 

(diffusion) forms of radionuclides in tailings can be reduced by various 

means of stabilization or treatment of tailings. During mill operation, 

releases of particulates can be controlled by keeping the tailings wet 

and using chemical sprays or earth covers over dry portions of tailings 

areas. Seepage can be controlled by proper siting of tailings with 

respect to elevation and surface waters, properly constructed dams, and 

use of liners in the tailings pond. These methods of reducing transport 

of radioactivity via seepage or\windblown dust do not, however, greatly 

reduce emissions of radon during mill operation,- 

Some stabilization of uranium mill tailings is required,by current 

NRC policy and by Arizona, Colorado, Oregon, Texas, and Washington. 

There are many techniques for stabilization.of tailings, and th-e . 

effectiveness of the treatment is directly correlated with cost (i.e., 

the.methods that most reduce radioactive emissions and that ensure the 

greatest tailings stability are the most expensive). Regulatory criteria 
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Table 3.9. Compositj.on of l i q u i d  waste  from t h e  model uranium m i l l  

Concentrat ion ( g l l i t e r )  

Acid leach- 
so lven t  ex t r ac t iona  Alka l ine  leachh 

Calcium 

I r o n  

Aluminum 

Ammonia 

Sodium 

Arsenic  

F l u o r i d e  

Vanadium 

SulIaLe 

Chlor ide  

Carbur~aLt: 

T o t a l  d i s so lved  s o l i d s  

5. OE-1' 

1. OEO 

2. OEO 

5.OE-1 

2.OE-1 

2.OE-4 

5.OE-3 

1.OE-4 

3.0E+1 

3.OE-1 

5.OE-4 

1. OEO 

3. OEO 

2.OE-4 

2.OE-3 

1.OE-4 

2.OEO 

1. OEO 

6. OEO 

1.2E+1 

' ~ c i d ,  leach-solvent  e x t r a c t i o n  pH = 2.0. 

bAlka l ine  l e a c h  pH = 10. 

Source: M. B. Sea r s  e t  a l . ,  C o r r e l a t i o n  of Radioac t ive  Waste 
Treatment Cos ts  and  t h e  Environmental Impact of Waste Effluents i n  t he  
NucZear F u e l  C2cZe f o r  Use i n  E s t a b l i s h i n g  "As Low A s  P r a c t i c a b l e "  

'1 

Guides : P a r t  111 - ~i Zling of ~ r a n i w n  Ores, QWLITM-4903' (May 19 75) . 

s p e c i f y i n g  t h e  l eng th  of t i m e  t a i l i n g s  must remain s t a b i l i z e d  and t h e  

manner and degree  of s u r v e i l l a n c e  r equ i r ed  t o  ensure  s t a b i l i t y  a r e  

c u r r e n t l y  be ing  developed. 

Some r e l a t i v e l y  s imple landscaping techniques  a r e  a v a i l a b l e  t o  

reduce  wind and water  e ros ion  of t a i l i n g s .  Af t e r  m i l l  operatons have 

ceased and t h e  pond has  evaporated o r  has  been .d ra ined ,  t h e  p i l e  can be 

graded t o  p rov ide  a gradual  s l o p e  and e l i m i n a t e  depress ions  where water  

might c o l l e c t .  S ide  s l o p e s  can be s t a b i l i z e d  wi th  r i p r a p ,  d ikes ,  and 

g rade  reduct ion .  Drainage d i t c h e s  can be provi.ded around t h e  p i l e  edges 

t o  prevent  s u r f a c e  runoff  from neighboring land from reaching t h e  



Table 3.10. Nonradiosct ive emissions t o  t h e  atmosphere from a s o l u t i o n  mining f a c i l i t y  

Source 
Annual emission ranges [FIT (ST)] 

NH3 co2 m4 C 1  H20 

Recovery p r ~ c e s s e s  2.7-4.1 ( 3 . 0 4 . 5 )  680-1400 (750-1545) 14-25 (15.4-27.6) cn 
F' 

Calcium c o n t r o l  u n i t  0.9-1.8 (1.0-2.0) 2 .7-4.1 (3.0-4.5) <0.5 (<0.55) 180-210 (198-232) 

C a l c i t e  s t o r a g e  pond 1.1-1.6 (1.2-1.8) 4.1-4.5 (,4.1-5.0) 0.2-4.8 (0.22-5.3) 3600 (3969) 

Liquid waste ponds 4.1-5.0 (4.5-5.5) 3.2-3.6 (3.5-4.0) 12-14 (13.2-15.4) 420.0 (4631) 

Source: U.S. Nuclear Regulatory Commission, Draft Env5ronmentaZ Stctement, Wyoming Mineral 
Corporation. Ir igmay Solution Mining LProje~t,  NUREG-0399, Apr i l  1978. 



t a i l i n g s .  The t a i l i n g s  then can be covered wi th  15 cm (6 i n . )  o r  more 

of e a r t h  topped by 1 5  cm of e i t h e r  coarse  rock o r  vege ta t ion .  Rock can 

b e  used i n  some a r e a s  where t h e  n a t u r a l  p r e c i p i t a t i o n  [15 t o  20 cm/year 

(6 t o  8 i n . / y e a r ) ]  w i l l  no t  support  a  vege ta t ion  cover. Experience i n  

r e c l a i m h g  two t a i l i n g s  p i l e s  i n  t h e  semiarid western United S t a t e s  

i n d i c a t e s  t h a t  t h e  36-cm (14-in.) annual  p r e c i p i t a t i o n  i s  s u f f i c i e n t  t o  

ma in t a in  v e g e t a t i o n  without  i r r i g a t i o n .  Some maintenance w i l l  probably 

b e  r e q u i r e d ,  such a s  r e p a i r  of storm o r  animal damage, c leaning  out  

d i v e r s i o n ' d i t c h e s ,  r e p l a c i n g  fences, and occas iona l  reseeding.  Access 

can  be  r e s t r i c t e d  by a p p r o p r i a t e  fences  and s igns .  Inspec t fon  ae regular 

i n t e r v a l s  and f o l l o w i n g . f l o o d s ,  avalanches,  ear thquakes ,  o r  o the r  

n a t u r a l  e v e n t s  of s i g n i f i c a n c e ,  i s  necessary  t o  ensure  t h a t  t h e  i n t e g r i t y  

of t h e  cover  is  maintained. 

3 .4.1 Covering t a i l i n g s  

A f t e r  m i l l  c l o s u r e  and when t a i l i n g s  dry ,  radon gas ,  which emanates 

a t  a  r a t e  of 5  x 10-I C i  m-2s-1 from t y p i c a l  t a i l i n g s ,  i s  a  major- radio-  

l o g i c a l  concern. About 90% of t h e  2 2 2 ~ n  emit ted o r i g i n a t e s  i n  t h e  top 

2 m (6.6 f t )  of a  p i l e . 4  Radon-222 gas w i l l  emanate from t h e  t a i l i n g s  

p i l e  u n l e s s  both  the  2 2 6 ~ a  pa ren t  ( h a l f - l i f e  of 1620 y e a r s )  and thorium 

grandparent  ( h a l f - l i f e  of 83,000 yea r s )  a r e  removed o r  a  radon d i f f u s i o n  

b a r r i e r  is  placed over  t he  p i l e  t o  r e t a r d  the  r a t e  of d i f f u s i o n .  While 

r educ t ion  of a i r b o r n e  p a r t i c u 1 a t e s . i ~  r e l a t e d  t o  s i t e - s p e c i f i c  f a c t o r s  

such  a s  l o c a l  meteoro logica l  cond i t i ons  and d i s t r i b u t i o n s  of l o c a l  

popu la t ions ,  t h e  r educ t ion  of 222Rn emissions is of concern because 

popu la t ion  r a d i a t i o n  doses (and presumably h e a l t h  e f f e c t s )  occur  over 

t h e  e n t i r e  country.  

Thick ~ a r t h  m v e r s  of 2.4 t o  6.1 m (8 t o  20 f t )  w i l l  reduce t h e  

radon emanation by 80 . t o  98% and w i l l  a l s o  s t a b i l i z e  t h e  p i l e  from 

s u r f a c e  water and wind eros ion .  The e a r t h  covers  can be topped by e i t h e r  

c o a r s e  rock  o r  vege ta t ion .  I n  source-term c a l c u l a t i o n s  t o  determine t h e  

amounts of 2 2 2 ~ n  r e l e a s e d ,  i t  can be assumed t h a t  t h e  e a r t h  cover has  

a t t e n u a t i o n  p r o p e r t i e s  f o r  r e t a r d i n g  t h e  r e l e a s e  of 222Rn similar t o  



coa r se  bu i ld ing  sand conta in ing  4% m0is ture . l  I n  a r e a s  where t h e  s o i l s  

a r e  l i k e l y  t o  con ta in  more moisture,  t h e  radon a t t e n u a t i o n  f a c t o r  may be 

h igher .  The radon a t t e n u a t i o n  f a c t o r  is  a logar i thmic  func t ion  such t h a t  

t h e  t h i n n e r  e a r t h  covers  !15 t o  61 cm (6 i n .  t o  2 f t ) l ,  wh ich ' e l imina te  t h e  

r e l e a s e  of windblown d u s t s ,  have l i t t l e  e f f e c t  on t h e  radon emanation r a t e .  

Asphalt  i s  an e x c e l l e n t  radon d i f f u s i o n  b a r r i e r .  An 8.41mn (113-in.)- 

t h i c k  a s p h a l t  membrane topped by a 61-cm (2 - i t )  e a r t h  cover i s  equ iva l en t  

t o  6.1 m (20 i t )  of e a r t h  conta in ing  4% moisture;  an 8-mm (5116-in.)-thick 

membrane i s  equ iva l en t  t o  4.9 m (16 i t )  of e a r t h .  A 6.4-mm (114-in.) 

membrane has been s a t i s f a c t o r y  f o r  l i n i n g  a l each  duinp. The 4 mm (114-in.) 

membrane appears  t o  be  about t h e  minimum th i ckness  t h a t  m a t e r i a l l y  reduces 

t h e  radon e m a n a t i ~ n , ~  and i t  a l s o  appears  t o  be about t h e  minimum t h a t  can 

b e  appl ied .  Thicker membranes provide increased  d u r a b i l i t y  and increased  

radon a t t e n u a t i o n .  An e a r t h  cover would p r o t e c t  t h e  a s p h a l t  from 

weathering,  e s p e c i a l l y  from f r e e z i n g  and thawing. The e a r t h  cover  could 

be  topped by coa r se  rock o r  vege ta t ion .  Pe r iod ic  i n spec t ion ,  i nc lud ing  

a i r  sampling f o r  radon o r  radon daughters  and occas iona l  pa tch ing  of 

c r acks ,  would be  necessary.  

3.4.2 Bur i a l  of t a i l i n g s  

Unlike o t h e r  phases of t h e  nuc lea r  f u e l  cyc l e  i n  which s o l i d  rad io-  

a c t i v e  wastes  a r e  packaged and shipped o f f '  s i t e  t o  an approved r e p o s i t o r y ,  

the 'uran ium m i l l i n g  i n d u s t r y  is  concerned wi th  permanent, o n s i t e ,  s o l i d -  

waste d i sposa l .  So l id  r a d i o a c t i v e  w a s t e  could be bur ied  i n  l a n d f i l l s  o r  

mine excavat ions.  However, b u r i a l  could r e s u l t  i n  contaminat ion of ground- 

water  through leaching  by n a t u r a l  waters  of r ad io i so topes ;  t r a c e  me ta l s ,  

and process  chemicals.  The s u r f a c e  could be c o n t o u r e d ' t o  minimize wind and 

water  e ros ion  and topped by vegetat iosi  o r  coa r se  rock. This  r e t u r n s  

t h e  s u r f a c e  ].and t o  l i m i t e d  use, such as grazing.  Bur i a l  would minimize 

t h e  long-term maintenance and in spec t ion  t h a t  a r e  necessary  t o  ensure  

t h e  i n t e g r i t y  of t h e  p i l e  and t o  reduce t h e  l i k e l i h o o d  t h a t  an  i n d i v i d u a l  



would i n a d v e r t e n t l y  d i g  i n t o  a p i l e .  The l o c a t i o n  of t h e  p i l e  and 

r e s t r i c t i o n s  on excavat ion  and cons t ruc t ion  p r o j e c t s  could be noted 

on t h e  deed. Sixty-one cent imeters  (2 f t )  of e a r t h  could be removed 

from t h e  t a i l i n g s  b a s i n  be fo re  m i l l i n g  opera t ions  a r e  s t a r t e d  i n  o r d e r .  

t o  provide  a r e a d i l y  a c c e s s i b l e  supply of e a r t h  f o r  p a r t  of t h e  cover. 

Topso i l  is  saved sepa ra t e ly .  The remaining cover must be hauled from 

mine waste  dumps o r  o t h e r  sources .  

The p o s s i b i l i t y  of r e t u r n i n g  was tes  t o  t h e  mine could a l s o  be 

cons idered ,  Where m i l l s  a r e  l oca t ed  near  t h e  open p i t  mines,  i t  may be 

p o s s i b l e  i n  l a t e r  y e a r s  t o  r e t u r n  some t a i l i n g s  t o  t h e  mine. Af t e r  o re  

has  been mined from t h e  f i r s t  p i t ,  t h e  p i t  could be p a r t i a l l y  b a c k f i l l e d  

w e l l  above t h e  water  t a b l e  and then sea l ed  wi th  t h e  a s p h a l t  membrane 

t o  r e t a r d  l i q u i d  seepage. Underground mines a r e  gene ra l ly  wet and, 

t h e r e f o r e ,  a r e  n o t  u s u a l l y  s u i t a b l e  f o r  b u r i a l  of un t r ea t ed  wastes  

because of t h e  l e a c h i n g  problem. 

3.4.3 A l t e r n a t i v e  d i s p o s a l  technologies  ---=- 

3.4.3.1 Asphal t  f i x a t i o n .  I Incorpora t ion  of a v a r i e t y  of i n d u s t r i a l  

was t e s  i n  a s p h a l t  has  been demonstrated i n  p i l o t - p l a n t  s t u d i e s  and appl ied  

i n  sma l l  p l a n t s .  8 Asphalt  p rovides  an  impervious coa t ing  on t h e  s o l i d  

p a r t i c l e s  s o  t h a t  water  p e n e t r a t i o n  i s  low; consequent ly,  l each  r a t e s  

of water -so luble  s a l t s  a r e  low. Leaching of s l i g h t l y  s o l u b l e  s a l t s  

such a s  radium s u l f a t e  would be extremely low. The a s p h a l t  coa t ing  i s  

a l s o  an e f f e c t i v e  b a r r i e r  t o  t h e  d i f f u s i o n  of radon, thereby  reducing i t s  

r e l e a s e  t o  t h e  environment. A s  app l i ed  t o  t h e  wastes  from uranium m i l l ,  

on ly  t h e  s l i m e s  f r a c t i o n  and s o l u t i o n  wastes  would be incorpora ted  i n  

a s p h a l t .  The sand f r a c t i o n  accounts  f o r  50 t o  70% of t h e  s o l i d  waste  

b u t  con ta ins  only  about  15% of t he  r a d i o a c t i v e  m a t e r i a l s .  

Waste s o l u t i o n s  and s l ime underflow from t h e  m i l l  t h i ckene r s  a r e  

n e u t r a l i z e d  wi th  s l aked  lime, and t h e  s o l i d s  a r e  dewatered i n  a t h i ckene r  

followed by a cont inuous f i l t e r .  The f i l t e r  cake i s  mixed wi th  a s p h a l t  

i n  a cont inuous wiped-film evapora tor  operated a t  160°C (320°F) t o  y i e l d  



a water-free product.  It i s  important t o  minimize t h e  mois ture  content  

of t h e  f i l t e r  cake i n  o rde r  t o  avoid a  l a r g e  evapora t ion  load  on t h e  

evaporator .  Ag i t a to r  paddles  wipe t h e  hea ted  w a l l s  of t h e  evapora tor  

a t  %200 rpm and provide e f f e c t i v e  mixing and s a t i s f a c t o r y  h e a t  t r a n s f e r .  

The product ,  which can con ta in  up t o  60% s l ime s o l i d s ,  i s  f l u i d  a t  t h e  

ope ra t ing  temperature and can be  pumped t o  t h e  f i n a l  d i s p o s a l  s i t e .  

3.4.3.2 Cement f i x a t i o n .  Incorpora t ion  i n  cement could be  appl ied  

t o  m i l l i n g  wastes .  The cemented wastes  could b e  pumped a s  a  grout  below 

ground i n t o  mined-out a r e a s  o n s i t e .  M i l l  t a i l i n g s  s t a b i l i z e d  wi th  

Por t land  cement t o  make a "weak" conc re t e  have been used a s  b a c k f i l l  

i n  Canadian mines t o  support  t h e  mine roof and w a l l s .  P r i o r  exper ience  

wi th  cemented b a c k f i l l  i n  mines has  been confined t o  nonradioac t ive  

t a i l i n g s  and mostly t h e  sand f r a c t i o n ,  a l though one n i c k e l  mine has  

s u c c e s s f u l l y  incorpora ted  50% minus 325 mesh s l imes  i n  cement and used 

t h e  cemented product a s  b a c k f i l l  i n  mines. Appl ica t ion  of t h e  cemented- 

b a c k f i l l  technique t o  uranium m i l l  t a i l i n g s  could s e r v e  t h e  dua l  func t ions  

of mine support  and t a i l i n g s  d i sposa l .  

I n  t h i s  method t h e  was te  slurry is dewatered t o  o b t a i n  a t  l e a s t  60% 

s o l i d s  before  be ing  mixed wi th  Por t land  cement. The r a t i o  of cement t o  

waste  s o l i d  a f f e c t s  s t r e n g t h ,  l each  r a t e  of r a d i o a c t i v e  m a t e r i a l s ,  and 

cos t .  Prel iminary l abo ra to ry  t e s t s  have shown t h a t  t h e  r a t i o  must be  

a t  l e a s t  one p a r t  cement t o  twenty p a r t s  t a i l i n g s  t o  o b t a i n  a  minimum 

s t r e n g t h .  Res is tance  t o  leaching  i s  a l s o  minimum. A 1-to-5 r a t i o  y i e l d s  

b e t t e r  s t r e n g t h  and leach  r e s i s t a n c e  a t  h igher  c o s t .  Cement products  

made wi th  only s l imes  have less s t r e n g t h  and l e s s  pe rmeab i l i t y  than  those  

made wi th  both sand and s l imes .  Leaching d a t a  a r e  no t  a v a i l a b l e  f o r  

cemented products  made from s l imes .  However, d a t a  a r e  a v a i l a b l e  r e l a t i v e  

t o  t h e  leaching  of 9 0 ~ r  from cement products  con ta in ing  Oak Ridge Nat iona l  

Laboratory low-level waste.  Addi t iona l  s tudy  i s  needed t o  e v a l u a t e  t h e  

use  of cement f o r  f i x a t i o n  of uranium m i l l  wastes.  



3 . 4 . 3 . 3  N i t r i c  a c i d  m i l l .  ' N i t r i c  a c i d  t rea tment  d i f f e r s  from t h e  

o t h e r  c a s e s  i n  t h a t  i t  i s  no t  a  t rea tment  of a  m i l l  e f f l u e n t  bu t  a  

replacement f o r  t h e  e n t i r e  s u l f u r i c  a c i d  leach-solvent e x t r a c t i o n  process  

used i n  t h e  m i l l s  f o r  t h e  recovery of uranium.   he' purpose i s  t o  l e a c h  

most of t h e  r ad ionuc l ides  from t h e  o r e  so  t h a t  t h e  bulk  of t h e  s o l i d  

r e s i d u e  is  l e s s  hazardous and, consequently,  r e q u i r e s  l e s s  t rea tment .  

A concent ra ted ,  l i q u i d  r a d i o a c t i v e  w a s t e  t h a t  can be converted t o  a  form 

s u i t a b l e  f o r  permanent s t o r a g e  i s  generated from t h e  l e a c h  s o l u t i o n .  

P i l o t  s t u d i e s  of t h e  process  have n o t  been made. -Consequently,  t h e  

e f f i c i e n c y  and c o s t  f o r  the process  a r e  s u b j e c t  t u . u o r e  unce r t a in ty  

than  a r e  o t h e r  op t ions .  Leaching of radium from s u l f u r i c  acid-leached 

t a i l i n g s  w i t h  a c i d  and s a l t  s o l u t i o n s  has  been s tud ied  but  appears  t o  

be l e s s  a t t r a c t i v e  than  t h e  d i r e c t  n i t r i c  l e a c h  of t h e  o r e ,  which removes 

uranium, radium, and o t h e r  r ad ionuc l ides  t oge the r  i n  one s t e p .  

I n  t h i s  p roces s ,  ground o r e . i s  leached wi th  3 M n i t r i c  a c i d  a t  

85OC (185OF) i n  a s e r i e s  of a g i t a t e d  tanks.  Countercurrent  washing i s  

accomplished i n  t e n  th i ckene r s .  The washing i s  done very  thoroughly 

s o  t h a t  t h e  l o s s e s  of  s o l u b l e  r ad ionuc l ides . and  n i t r a t e  wi th  t h e  d i s -  

carded sands and s l ime  tails are only  0..02% of , t h a t  p re sen t  i n  t h e  l each  

s o l u t i o n .  The leached  and washed sand and s l ime  t a i l i n g s  a r e  depos i ted  

where they  are unobt rus ive  and a r e  covered wi th  61  cm (2  f t )  of e a r t h  

topped by v e g e t a t i o n  o r  coa r se  rock. The uranium-bearing s o l u t i o n  i s  

concent ra ted  by evapora t ion ,  and t h e  uranium i s  e x t r a c t e d  wi th  t r i b u t y l  

phosphate i n  a kerosene d i l u e n t .  The vapor from t h e  evaporator  is 

f r a c t i o n a t e d  i n t o  water  and 1 3  M HNO3, which a r e  recyc led  t o  t h e  wash 

and l e a c h  c i r c u i t s .  Uranium i s  s t r i p p e d  from t h e  organic  phase wi th  water 

and, a f t e r  evapora t ion ,  is  shipped as a concent ra ted ,aqueous  n i t k a t e  

s o l u t i o n .  The waste  r a f f i n a t e  i s  t r e a t e d  i n  a continuous c a l c i n e r  t o  

conver t  t h e  me ta l  n i t f a t e s  ( l a r g e l y  c a l c f ~ ~ ,  i r u n ,  alurulnul, a ~ i d  radiu-  

a c t i v e  elements)  t o  oxides  and t o  recover  t h e  oxides  of n i t rogen  f o r  

r e c y c l e  as n i t r i c  ac id .  Calcined s o l i d s  a r e  f i x e d  i n  a s p h a l t  before  

b u r i a l  by t h e  method p rev ious ly  descr ibed .  Most of t h e  equipment i s  

cons t ruc t ed  of s t a i n l e s s  s t e e l  t o  handle n i t r i c  ac id .  



The expense of t a i l i n g s  f i x a t i o n  i n  a s p h a l t  o r  cement'and, perhaps,  

t h e  added c o s t s  of a  n i t r i c  ac id  m i l l  may be  g r e a t ,  bu t  t h e s e  op t ions  

o f f e r  s o l u t i o n s  t o  t h e  problem of long-term c o n t r o l  of 2 2 2 ~ n  emissions,  

and they should be  weighed aga ins t  o t h e r  d i s p o s a l  a l t e r n a t i v e s .  
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4. OCCUPATIONAL HEALTH 

This  s e c t i o n  addresses  t h e  ques t ion  of occupat iona l  s a f e t y  from t h e  

s t andpo in t  of f a t a l i t i e s  .and d i s a b l i n g  and nondisabl ing  i n j u r i e s .  An 

a t tempt  i s  made t o  put  t h e  d a t a  on i n j u r i e s  and f a t a l i t i e s  i n t o  pe r spec t ive  

by comparing information on uranium mining and m i l l i n g  wi th  informat ion  

from o t h e r  meta l l ic -minera l  i n d u s t r i e s .  The ques t ion  of occupat iona l  

h e a l t h  i s  addressed from t h e  s tandpoin t  of t h e  r i s k  a s soc i a t ed  wi th  

ambient l e v e l s  of radon and radon daughters  i n  underground uranium mines. 

Risks ' assoc ia ted  wi th  o t h e r  r a d i o l o g i c a l  hazards a r e  a l s o  d iscussed .  

Information on t h e  numbers of occupat iona l  i n j u r i e s  and f a t a l i t i e s  

a s soc i a t ed  wi th  t h e  mining and m i l l i n g  of uranium have been presented  

i n  a number of pub l i ca t ions .  Data presented  i n  t h i s  s e c t i o n  

(Tables 4.1 through 4.6) were taken from documents, prepared by t h e  U.S. 

Department of Labor under t h e  p rov i s ions  of t h e  Fede ra l  Metal and Non- 

m e t a l l i c  Mine s a f e t y  Act (Sec t ion  13,  Pub l i c  Law 89-577). 

The number of a c t i v e  uranium mines and m i l l s  i n  t h e  Unites  S t a t e s  f o r  

1973 through 1977 a r e  l i s t e d  i n  Table 4.1. From 1973 t o  1977 t h e r e  w a s  a 

s teady  growth i n  t h e  t o t a l  number of uranium mining and m i l l i n g  a c t i v i t i e s .  

The f a t a l i t i e s  and d i s a b l i n g  and nondisabl ing  i n j u r i e s  r epo r t ed  f o r  t hese  

mining and m i l l i n g  a c t i v i t i e s  f o r  1973 t o  ,1977 a r e  l i s t e d  i n  Table 4.2. 

Table 4.1. Number of a c t i v e  uranium mines and m i l l s .  
i n  t he  United S t a t e s  

Mines Year M i l l s  Mines and m i l l s  
. - 
Underground Open p i t  T o t a l  

1977 231 32 263 
- 

317 87 8.4 8 129 977 

a ~ n c l u d e s  tyFes of s u r f a c e  mining o the r  than  open p i t .  

Source: I n j u r y  Experience i n  t h e  MetaZZic ~ i n i n g  I n d u s t r i e s ,  
1973-1977 ( r e f s .  1-5). 



Table 4.2. I n j u r y  experience f o r  uranium mines and m i l l s  
l oca t ed  i n  t h e  United S t a t e s  

Mining a c t i v i t i e s  
I n j u r i e s  M i l l  Mines and m i l l s  

Underground Open p i t  

F a t a l  (31) 

1973 2 

1974 2 

1975 5 

19 76 a 
1977 8 

Di sab l ing  (1360) 

19 73 9 7 

1974 115 

1975 169 

19'16 230 

1977 348 

Nondisabling (1452) 

1973 15 5 

1974 255 

1975 238 

1976 84 

1977 395 

2111 

a Inc ludes  two i n j u r i e s  a s s o c i a t e d  w i t h  independent yards  and shops. 

Source : Injury Experience in the Metallic Mining Industries, 
1973-1977 ( r e f s .  1-5). 



Table 4.3 lists the fatalities.and injuries for uranium mining and 

%milling activities in terms of frequency rates per million man-hours. 

worked. An examination of Table 4.3 reveals that the frequency of total 

fatal.ities' tends to increase. However, as shown in Table 4.2, the number 

of fatalities was small in.any given.year, and the significance of the 

.frequencies is questionable. Frequencies of total disabling injuries 

were 13 and 32% .higher.in 1976 and 1977, respectively, -than the mean for 

the previous three years. In the case of the frequencyof nondisabling 

injuries, no trend with time is apparent. What is 'clear is that under- 

ground mining hasbeen th.e cause of the majority of injuries and fatalities. 

Over the five-year period, underground mining accounted for 81% of the 

fatalities, 71% of the disabling injuries, and' 78% of the nondisabling 

injuries. The. majority of the, disabling injuries associated with under-. . . 

ground mining activities stems from rock falls within the .mine, material 

hand-ling, haulage, and machinery use. 1-5 In many cases, disabling and 

nondisabling injuries .in open pit mines result from machinery use and 

personal .falls (as .opposed to rock fallsJ, .and mill injuries often 

result from fa1 1s and .material-handling accidents. 

Table 4.4 presents data on.the ratio of injury.,frequency per million 

man-hours for uranium.mines and-mills' to.the injury frequency for the entire 

metallic mining indus.try (including uranium).. The ratio of frequencies for 

fata.lities in the,uranium industry was higher 'from 1975 through 1977. 

However,.part of this was due to.a decrease.in fatalities.in the entire 

metals mining and mil ling industry. The f ive-year average frequency of 

fatalkties per mi.llion.man-hours in the uranium mining and milling industry 

was 37% higher.than.that of the entire industry; considering the small 

number of fatalities in the uranium industry (Table.4.1), it is not known 

whether the increase,is significant. Table 4.4 shows that the frequency 

of disab1,ing injuries was generally greater' in uranium mining and milling 

in compari.son with the mining and milling.of. all .metals. Al.though there 

are small differences, it -appears that the safety,risk to uranium mining. 

.and milling workers is within the same .order .of magnitude as the safety 

risk to workers mining and milling all metals. 



Table 4.3. I n ju ry  experience f o r  uranium mining and mi l l i ng  
( i n j u r y  frequency per  mi l l i on  man-hours worked) 

a 

I n j u r i e s  
Mining a c t i v i t i e s  

Underground Open p i t  

Mi l l ing  a c t i v i t i e s  Mines and m i l l s  

F a t a l  

1973 

1974, 

1975 

1976 

1977 

Disabl ing 

1973 33.54 11.62 

19 74 29.76 6.35 

1975 29.15 8.36 

1976 28.. 47 8.72 

1977 33.98 12.23 

Nondisablirg ' 

1973 53.60 

1974 65.99 

1975 41.06 

1976 10.40 

pp -- 

a T o t a l  frequency based on t o t a l  mi l l i on  man-hours wcorked i n  underground and open p i t  mining 
a c t i v i t i e s  and i n  m i l l i n g  a c t i v i t i e s .  

b ~ n c l u 3 e s  i n j u r i e s  a s soc i a t ed  wi th  independent yards and shops. 

Sourcet Injlury Experience i? the MetaZZic M9:ning Irdustr ies ,  1973-1977 ( r e f s .  1.-5). 



Table 4.4. Ra t io  of i n j u r y  frequency per  m i l l i o n  man-hours 
f o r  uranium mines and m i l l s  t o  t h a t  of t h e  e n t i r e  

mining and m i l l i n g  indus t ry  

I n j u r i e s  
Mining a c t i v i t i e s  Mi l l i ng  Mines and m i l l s "  

Underground Open p i t  

F a t a l  

19 7 3 

19 74 

1975 

1976 

19 7 7 

Disabl ing 

1973 

1974 

1975 

1976 . 

1977 

Nondisabling 

1973 

19 74 

1975 

19 76 

1977 

a T o t a l  frequency based .on  t o t a l  m i l l i o n  man-hours worked i n  under- 
ground and open p i t  mining a c t i v i t i e s  and i n  m i l l i a g  acLlvlLles. 

Source: Injurg Experience in the MetaZlic Mining Industries, 
1973-1977 ( r e f s .  1-5). 



It is p o s s i b l e  t o  convert  d a t a  on f a t a l i t i e s  and i n j u r i e s  t o  

e s t i m a t e s  of  i n j u r y  experience per  GW -year produced. This  process  e 
r e q u i r e s  t h a t  assumptions be made regard ing  t h e  number of mining and 

m i l l i n g  employees r equ i r ed  t o  produce f u e l  t o  support  1 GW of nuc lea r  e 
power genera t ion .  It i s  assumed t h a t  1.40 x l o 5  Ml' (1.54 x 10' ST) of 

o r e  (0.2% U308) are requ i r ed  per   ear^. On t h e  assumption t h a t  

underground mine p r o d u c t i v i t y  is 1.9 x l o 3  MT/man-year (2.1 x l o 3  ST/man- 

y e a r )  and o p e n . p i t  mine p r o d u c t i v i t y  is 5.4 x l o 3  MT/man-year (6.0 y, 

l o 3  ST/man-year), i t  is p o s s i b l e  t o  e s t ima te  t h e  employee man-years 

r e q u i r e d  from mining and m i l l i n g  a c t i v i t i e s  t o  support  nuc lea r  power 

gene ra t ion  o f . 1  GW -year.  I f  60% of t h e  mined o r e  comes from under- e 
ground mines, 44 underground.miners and 10.5 open p i t  miners a r e  

r e q u i r e d  t o  p rov ide  t h e  o r e  necessary  t o  produce 1 GW -year.  Table 4.5 e 
p r e s e n t s  t h e  d a t a  on i n j u r y  exper ience  i n  t h e  uranium mining and m i l l i n g  

i n d u s t r y  expressed -in terms of f a t a l i t i e s  and d i s a b l i n g  and nondisabl ing  

i n j u r i e s  (based on U. S. Department of Labor s t a t i s t i c s ) .  4, ' 
The ques t ion  of h e a l t h  r i s k  a s soc i a t ed  wi th  exposure t o  radon daughter 

p roduc t s  i n  t h e  mine atmosphere can a l s o  be addressed assuming t h e  pre- 

v i o u s l y  supp l i ed  man-year requirements  f o r  mining and m i l l i n g .  The percent  

i n c r e a s e  i n  t h e  expected number of lung cancers  (70) i n  a popula t ion  of 

10' i n d i v i d u a l s  is 1% per  working l e v e l  month (WLM) . 6  The c u r r e n t  s tandard  

f o r  exposure of. occupa t iona l  workers is  4.0 WLM per  year .  ~ s s u m ~ t i o n  of 

t h i s  r e l a t i v e l y  h igh  l e v e l  of exposure, whi le  conse rva t ive ,  p rovides  f o r  an 

upper 1 , i m i t  of occupat iona l  exposure. On . t , he .bas i s  of t h i s  assumption and 

t h e  estimate t h a t  44 underground miners  a r e  r equ i r ed  t o  mine o r e  t o  meet 

t h e  requi rements  of  a 1-GWe-year p l a n t ,  it is  p o s s i b l e  t o  c a l c u l a t e  t h e  

t o t a l  occupa t iona l  exposure of 17.6 WL~ly r .  This  l e v e l  of exposure would 

y i e l d  about 0.047 mine-worker lung cancers  over  a 30-year working period.  

. .The h e a l t h  r i s k  a s s o c i a t e d  wi th  m i l l i n g  a c t i v i t i e s  can b e  approximated 

by assuming t h a t  34 man-years a r e  needed t o  process  1.40 x . l o S  MT (1.54 x 
10' ST) of  -ore .  .If each .employee is  assumed t o  r e c e i v e  an e x t e r n a l  dose 

of  5" rem ' ( the  occupat iona l  s t anda rd ) ,  then  t h e  t o t a l  e x t e r n a l  dose i s  170 

man-rem. While th i s .upward  e s t ima te  is  used as a measure of e f f e c t ,  i t  i s  

acknowledged t h a t  on ly  a few employees may a c t u a l l y  r e c e i v e  t h i s  l e v e l  of 

dose.  Use of cancer  r i s k  e s t ima to r s8  imp l i e s  t h a t  2.7 x cancers  



Table 4.5. I n j u r y  ex  e r i e n c e  f o r  uranium mines a n d - m i l l s  S per 1.40 x 10  MT (1.54 x l o 5  ST) of 0.2% 
o r e  min.ed and mil leda 

- - -- 

I n j u r i e s  
Mining 

Underground Open p i t  
Mi l l i ng  

F a t a l  

1973 

19 74 

. 1975 

1976 

i977 

Disabl ing  

1973 

1974 

1975 

1976 

1977 . 

Nondisabling 

1973 

1974 

1975 

19 76 

1977 

a ~ t  i s  assumed t h a t  1.40 x 10' MT (1.54 x 10' ST) of 0.2% U308-bear- 
i n g  o r e  a r e  mined and mi l l ed  t o  suppor t  nuc lea r  power gene ra t ion  of 
1 (;We-year. 



would r e s u l t  from e x t e r n a l  r a d i a t i o n  from b o t h  mining and m i l l i n g  a c t i v i t i e s .  4 
Informat ion  . i n  one r e p o r t 9  s t a t e s  tha t :  m i l l  employees may be exposed t o  

a i r  con ta in ing  5 x m C i  of uranium a c t i v i t y  per  l i t e r  of a i r .  &I 

exposure of  t h i s  magnitude w i l l  produce an annual  dose commitment of 

approximately 11 r e m  t o  t h e  employee's lung. l o  Therefore t h e  34 m i l l  

employees would r e c e i v e  374 man-rem t o  t h e  lung.  Use of t h e  a p p r o p r i a t e  

convers ion  f a c t o r  sugges t s  t h a t  t h i s  dose would r e s u l t  i n  0.014 m i l l -  

worker lung  cancers .  Table 4.6 p re sen t s  t h e  est imated impacts on uranium 

miners  and m i l l e r s  from a c t i v i t i e s  t o  .support nuc lea r  power genera t ion  of 

1-GWe-year . 

Table 4.6. Estimated impacts on uranium mine and m i l l  workers 
from mining and m i l l i n g  a c t i v i t i e s  t o  support  riuclear 

power genera t ion  of 1 GW -year e 

F a c a l i t  ies I n j u r i e s  Lung cancers  

Mines 
Underground 0.04-0.09 3 . 3 7 . 7  0 . 0 4 7 ~  
Open p i t  0.002 0 .204 .32  

M i l l s  0.006 1.21-1.94 0 . 0 1 4 ~  

' ~ a s e d  on (1)  1 WLM = 7.1 rem (radon and daughters ) ,  (2) each miner 
e x p o s e d ' 4 . ~ ~ ~ / y e a r ,  (3) 44 mine workers r equ i r ed  t o  meet 1 GW -year e 
requirement ,  and (4)  1 man-rem = 3.74 x 1 0  lung cancers .  

bR.serl nn (1) 34 m i l l  workers r equ i r ed  t o  meet 1 GWe-year r equ i r e -  
ment, (2) a n  annual  dos,e commitment of 11 rem t o  t h e  lung ,  and 
(3) man-rem = 3.74 x lung  cancers .  
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5. LOCAL HEALTH IMPACTS 

Dose commitments to man resulting from atmospheric releases of 

radionuclides were estimated for a model acid leach-solvent'extraction 

uranium mill. The mill was assumed to be located in southwestern 

United States with an annual-average meteorology and a surrounding 

population distribution repzesentakive of a typical western mill site 

(see Table 5.1, note a). 

Table 5.1. Maximum annual individual 50-year dose commitments to the 
nearest potential resident from the airborne releases of a a 

model acid leach-solvent extraction uranium mill' 

Dose (milllr.em~). 
Source 

Whole body  one Lung Kidney Spleen 

Ore crusher and bin 
b 

1.2 .5.7 0.9 1.5 2.3 
C 

Yellowcake process 0.5 2.3 7.7 0 .'2 0.1 

Tailing2 pond and 
beach 0.4 - 0.5 - 19.3 - 0.7 - 0.2 - 

U 
The dose commitments are for a typical mill site in southwestern 

United States. The nearest potential resident is assumed to live 
1.6 km (1 mile) from the mill; dose commitments are less at greater 
distances. The ingestion component of the dose commitment is based on 
the assumption that all food is grown and'consumed'at the reference 
location. An annual 50-year dose commitment is the dose received by 
an individual over a 50-year period as a result of an exposure of one 
year. 

The doses listed above should'be divided by 5.2 to obtain dose 
per GWe. The use of an assumed linear relationship between dose and 
nuclear generating capacity, however, may be subject to considerable 
uncertainty. 

b 
A release height of 10 m (33 ft) with no plume rise was assumed. 

C -  
A release height of 20 m (66 ft) with no plume rise was assumed. 

dA 1-m ( 3.3-ft ) . release height f rom a 32-ha (80-acre ) tailings pond 
and ta.i.l.i.ngs heach was assumed. 



Calculated release rates of radionuclides to the atmosphere used for 

the dose calculations were based on state-of-the art management of 

radioactive wastes. The assumed annual release rates for each of the 

three main components of the mill are given in Table 3.3. Typical 

release heigligs of 10 and 20 m (33 and 66 ft), with no plume rise, were 

assumed for the ore crusher and bin and .for the yellowcake process, 

respectively. A 1-m (3.3-ft) release height from a 32-ha (80-acre) 

tailings pond and tailings beach was assumed for 222~n. 
1 

The AIRDOS-I1 computer code was used to estimate (1) annual-average 

concentrations of che radionuclides i l l  air iird rates of deposition on 

ground surfaces in the environment surrounding the'mill and (2) consequent 

50-year dose comlfments to man. ~xposure modes included inhalation of 

air, air immersion, water immersion, exposure to contaminated ground 

surf aces, and .ingestion of food produced .on contaminated agricultural 

land. A deposition velocity of 1 cm/sec (0.4 in./sec) was used to 

calculate the rate of dry deposition of the radionuclide particulates, 
- 1 

and a scavenging coefficient of 4.6 x 10-~-sec was used to calculate 

the wet deposition rate resulting from an annual rainfall of 20 cm (8 in.). 

The selection of these deposition parameters was based on the discussion 

and procedures in MeteoroZogy .and Atomic Energy (1968). 
2 

Dose calculation for 222~n poses a special problem because its 

dauqhters (210~o, 214~b, and 214~i) build up in the airborne .plume after 

its release and account for a significant fraction of its dose. The 

problem is complicated because the daughters are produced as particulates 

or ions that can attach to dust particles and that will be deposited on 

ground surfaces through both wet and dry deposition processes. A computer 

code (HARAD) was written to estimate the buildup and decay, as well as 

ground deposition, of 222Fb daughters. This code was used to determine 

appropriate release rates for the daughters to be used in the AIRDOS-I1 

computer runs to account for these simultaneously occurring processes. 

The population dose within an 88-km (55-mile) radius of the mill and 

the individual dose to the nearest potential resident at a distance of 

1.6 km (1 mile) were estimated (a population of 53,000 was assumed). 

Results of.the dose calculations are presented in Sect. 6. 



Table 5.1 lists the maximum individual 50-year dose commitments 

(estimated for the nearest potential resident) resulting from airborne 

releases of radionuclides from the model uranium mill. Population dose 

commitments within a radius of 88 km (55 miles) are listed in 

Table 5.2. Table 5.3 gives the percentage contributions of the major 

exposure pathways and the major dose contributors for the maximum 

individual dose calculation. Table 5.4 gives comparable percentages for 

population dose commitments. 

Table 5.2 Annual 50-year dose commitments from airborne releases to a 
population within an 88-km (55-mile) radius of a model acid leach- a 

solvent extraction uranium mill 

Source 
Dose (man-rem) - 

Whole body Bone Lung Kidney 

Ore crusher and bin 
b 

0.06 0.33 0.12 0.10 
C 

Yellowcake process 0.05 0.21 0.69 0.02 

Tailing pond and 
beach 

2 0.16 0.18 5.73 0,. 27 

0.27 0.72 6.54 0.39 

a The population dose commitments are for a typical mill site in the 
southwestern United States with a total population of 53,000. The 
ingestion components of the dose commitment are based on the assumption 
that all food is grown and cor~sumed within the reference location. 

a~ir~ual 50-year dvse commitment to the population is the dose (man-rem) 
received by the population over a 50-year period as a result of an exposure 
of one year. 

The listed doses should be divided by the factor 5.2 to obtain doses 
for GWe. The use of an assumed linear relationship between dose and 
nuclear generating capacity, however, may be subject to considerable un- 
certainty. 

b 
A release height of 10 m (33 ft) with no plume rise was assumed. 

C 
A release height of 20 m (66 ft) with no plume rise was assumed. 

d A 1-m (3.3-ft) release height from a 32-ha (80-acre) tailings pond 
and Lailir~cjs Leach was dssulrled. 



Table 5.3. Contributions of major pathways and radionuclides to maximum 
individual dose commitments to the nearest potential resident from 

the airborne releases of a model acid leach-solvent 
extraction uranium mill 

Wholebody Bone Lung Kidney Spleen 

Major pathway 
contribution, % 

Ingestion 
Inhalation 

Major contributors, % 

hdium-226 40 26 
IJranil~m isotopes 19 16 28 . 
Radon-222 and short- 19 170 2 9 
lived daughters 

Thorium-230 2 3 
Lead-210 2 3 
Polonium-210 55 85 

Table 5.4. Contributions of major pathways and radionuclides to 
population dose commitments from the airborne releases of 

a model acid leach-solvent extraction uranium mill 

Whole body Bone Lung Kidney 

Major pathway 
contribution, % 

Inhalation 
Ingestion 
Surface exposure 
Air submersion 

Major contributors, % 

Radium-226 13 13 
Uranium isotopes ' 15 17 11 
Radon-222 and short-lived 5 9 2 5 8 8 6 9 
daughters 

Thorium-230 5 21 
Lead-210 4 18 
Polonium-210 2 2 



The critical organ is the lung. The nearest potential resident 

would receive 28 millirem/year to the lung, mostly through inhalation. 

Approximately 70% of the lung dose is contributed by 222Rn released 

from the tailings pond and tailings beach. Uranium isotopes released in 

the yellowcake process account for nearly all of the remainder of the 

lung dose. About 85% of the dose from 222Rn and its short-lived daughters 

results from exposure to 218~o and 214~b, which build up in the airborne 

plume as it is blown downwind from the point of release. The population 

dose commitment to lungs is %6.5 man-rem/year, of which 89% is attributed 

to 222Rn released from the tailings pond and tailings beach. 

The tabulated lung doses are for whole lung. However, the bronchial 

epithelium is the site of daughter buildup and may be considered the 

critical tissue. Dose conversion factors for the bronchial epithelium are 

currently being debated, but doses from 222~n and daughters to the 

bronchial epithelium4 may be an order of magnitude greater than doses 

to whole lung. 
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6. NATIONAL HEALTH IMPACTS 

6.1 Popula t ion  Exposures and Doses From Inha la t ion  of 222Rn  and 
Its Daughters and Inges t ion  of 2 1 0 ~ b  

P o t e n t i a l  exposures and doses were est imated1 f o r  i n h a l a t i o n  of 

222Rn and i t s  daughters  and i n g e s t i o n  of 2 1 0 ~ b ,  which i s  depos i ted  on 

s o i l  and vege ta t ion  a f t e r  formation i n  a i r  by decay of 2 2 2 ~ n  d i spe r sed  

from uranium m i l l  a c t i v i t i e s  i n  t h e  United S t a t e s  i n  1978. Four gene r i c  

m i l l  s i t e i i n  western United S t a t e s  r ep re sen t ing  a r e a s  of a c t i v e  m i l l i n g  

a s  descr ibed  b y . t h e  Nuclear Regulatory Commission (NRC) r ecen t  d r a f t  

environmental impact s ta tement  on uranium m i l l i n g 2  were considered f o r  

t h e  s tudy .  T a i l i n g s  accumulations a t  a c t i v e  m i l l  s i t e s  c o n s t i t u t e  

approximately 314 of t h e  t o t a l  accumulation i n  t h e  United S t a t e s .  

~ s t i m a t e d  222Rn r e l e a s e s  i n  1978 from t a i l i n g s  p i l e s  a t  s i t e s  i n  Wyoming, 

Texas, New Mexico and Washington of 47.6, 18.2, 85.4 and 8.4 k c i l y e a r  

r e s p e c t i v e l y ,  were obta ined  from t h e  NRC' s impact s ta tement2  f o r ,  t h i s  

assessment .  Popula t ion  doses r e s u l t i n g  from 222Rn r e l e a s e s  dur ing  1978, 

fo l lowing  i n h a l a t i o n  exposure t o  222Rn and daughters  , and i n g e s t  i on  

exposure t o  2 1 0 ~ b ,  were est imated f o r  t h e  United S t a t e s .  

A i r  concen t r a t ions  of 2 2 - 2 ~ n  and 2 1 0 ~ b  were i n i t i a l l y  es t imated  by 

t h e  Nat iona l  Oceanic and Atmospheric Administrat ion (NOAA) based on a 

u n i t  r e l e a s e  of 2 2 2 ~ n  f o r  each s i te  of 1 kCiIyear.* The atmospheric 

d i s p e r s i o n  model .used by NOAA (ARL model)3 combined a t r a n s p o r t  model, 

which c a l c u l a t e d  t r a j e c t o r i e s  f o r  222Rn and 2 1 0 ~ b  emissions from a 

uniform, cont inuous po in t  source,  w i th  a Gaussian plume model, depos i t i on  

r a t e s ,  and r a d i o a c t i v e  decay d a t a  t o  compute gtoudd-level a l r  cu l~ceu t r a -  

t i o n s  of t h e s e  nuc l ides .  The t r a j e c t o r i e s ,  which were i n i t i a t e d  every 

6 h r  and followed f o r  t e n  days, were cha rac t e r i zed  by wind d a t a  d e s c r i p t i v e  

of t h e  a r e a s  of i n t e r e s t .  These t r a j e c t o r i e s  were then  o r i e n t e d  on a 

gr idded  map, and concen t r a t ions  of 2 2 2 ~  and 2 1 0 ~ b  were c a l c u l a t e d ,  

accumulated, and averaged over a month f o r  each g r i d  box t ransversed  by 

a t r a j e c t o r y .  

*To c a l c u l a t e  exposure and doses f o r  d i f f e r e n t  r e l e a s e  r a t e s ,  it was 
assumed t h a t  exposure and dose a r e  Xinearly r e l e a t e d  t o  t h e  amount of re- 
l e a s e .  



The d e s p o s i t i o n  model, accounting f o r  wet and d ry  depos i t i on  of 

2 1 . 0 ~ b ,  w a s  used by NOAA, i n  conjunct ion with t h e  t r a n s p o r t  model, t o  

c a l c u l a t e  s o i l  concen t r a t ions  of 21 OPb subj  e c t  t o  resuspension.  Thus, 

t h e  c o n t r i b u t i o n  of resuspension t o  a i r  concen t r a t ions  of 2 1 0 ~ b  and 

2 1 0 ~ o ,  t o  'which t h e  popula t ions  of concern might be exposed, could be 

es t imated .  The resuspension f a c t o r ,  r e l a t i n g  concen t r a t ion  i n  a i r  of 

t h e  resuspended 2 1 0 ~ b  o r  2 1 0 ~ o  t o  t h e  su r f ace  depos i t i on  per  u n i t  land 

a r e a ,  was assumed t o  i n i t i a t e  a t  m-I f o r  f r e s h l y  depos i ted  m a t e r i a l  

and t o  decay w i t h  a  h a l f - l i f e  of 50 days t o  a  va lue  of m-I f o r  t h e  

l i f e  of 2 1 0 ~ b  i n  t h e  s o i l ,  based on l i t . e r a t u r e  reviewed. 1  

R e l a t i o n s h i p s  between 2 1 0 ~ b  concen t r a t ions  i n  a i r  and those  i n  food- 

s t u f f s  consumed by man i n  1978 were est imated by assuming t h a t  2 1 0 ~ b  

found i n  d i e t a r y  i tems  o r i g i n a t e s  from f o l i a r  depos i t ion .  Resu l t s  of 

market-basket survey  of 2 1 0 ~ b  i n  urban d i e t a r y  i tems i n  t h e  United S t a t e s  

and of measurements of average 2 1 0 ~ b  a i r  concen t r a t ions  i n  t h e  United 

S t a t e s  were used t o  develop a i r - to -d i e t  conversion f a c t o r s  and a i r -  

c o n c e n t r a t i o n  d a t a  f o r  2 1 0 ~ b  t o  be used d i r e c t l y  i n  determining d i e t a r y  

concen t r a t ions  of t h e  nuc l ide .  l In t eg ra t ed  popula t ion  exposures dur ing  

1978 t o  d i e t a r y  OPb were es t imated  by coupling t h e s e  conversion f a c t o r s  

w i t h  s tandard  d i e t s ,  based on a v a i l a b l e  l i t e r a t u r e  on consumption i n  t h e  

United S t a t e s ,  c u r r e n t  a g r i c u l t u r a l  product ions of 21 OPb provided by NOAA. 

I n h a l a t i o n  dose e s t i m a t e s  were based on conversion f a c t o r s  d i s -  

t i n g u i s h i n g  dose  from 222Rn and i ts  shor t - l ived  daughters  and dose from 

i t s  long-lived daughter  (21 OPb) and a s soc i a t ed  21 O B ~  and 2 1 0 ~ o  i so topes .  4 

A dose convers ion  f a c t o r  of 1 . 0  mi l l i r em p~i- l  m-3 of 222Rn per  year  was 

used f o r  cont inuous annual exposure t o  222Rn and i t s  shor t - l ived  daughters .  

Th i s  va lue  was based on an assumption of equi l ibr ium cond i t i ons  f o r  2 2 2 ~ n  

progeny such t h a t  0.5 working l e v e l  of shor t - l ived  daughters  i s  a s soc i a t ed  

w i t h  every 100 p C i / l i t e r  of 2 2 2 ~ n .  The f r a c t i o n  of " f ree"  i ons  (daughters  

n o t  a t t ached  t o  a e r o s o l  p a r t i c u l a t e s )  p re sen t  i n  t h e  a e r o s o l  was assumed 

t o  be 0 .1  c o n s i s t e n t  wi th  measurements made i n  uranium-mine atmospheres 

and t y p i c a l  dwel l ings ,  when a ~ a i l a b l e . ~  The f r a c t i o  of pos t -depos i t ion  

r a d i a t i o n  p e n e t r a t i n g  c r i t i c a l  c e l l s  w a s  assumed t o  be un i ty .  



Fifty- year, ingestion and inhalation dose commitments for 21 OPb were 

calculated utilizing the INREM-I1 computer codes recently developed by 

G. G. Killough .et .al. at Oak Ridge National Laboratory. This code 

incorporates current metabolic data for .radionuclides (including 210~b, 

210~i, and 210~o) into recent metabolic models. to determine dose con- 

version.factors for.various organs. Table 6.1 1ists.the 50-year dose 

commitment values for 21 OPb and 21 OPO. 

Table 6.1. Fifty-year dose. commitment factors for 21 OPb 
and 21 OPO inhalation and 21 OPb ingestion 

Whole. body , Bone Kidney Liver Lung 

Ingested, rem/pCi 
Lead-210 3 . 8  5 2 0.49 0.75 

1nhaledYa mil lirem 
pci-l m - 3  per year 

Polonium-210 
Lead- 2 10 

a An inhaled par.ticle size of 0.3 activity median aerodynamic 
diameter (AMAD) was assumed. 

By combining these dose conversion factors .with previously derived 

population exposures, integrated man-.rem and organ-rem doses were obtained 

for inhalation of ?.22~n (Table 6.2), inhalation .of' .210~b (Table .6.3)., 

and ingestion of 21 Opb (Table 6.4). The values. obtained for the inte- 

grated population exposures. and 'do.ses. were derived from ,data outlined 

above. for total estimated' annual 222~n and .21 OPb re.leases. .from each of 

the four generic bill sites. . Resuspended 21 OPb and 21 OPo 'account. for 

approximately '33% of .the total lung dose from 21 Opb,- - but they account for 

less than ,.l6% of the critical. o,rgan (or bone) ..dose .for inhalation. . There 

is a .high.degree. of uncertainity associated.with estimates of total popu- 

lation exposure and dose from ingestion of 2 1 0 ~ b  because the relative 

significance .of atmospheric and soil concentrations of 2 1 0 ~ b  as sourcei 

of the. nuclide .in vegetation have' not .been determined. 



Table  6.2. Est imated popula t ion  exposures and doses  from 
i n h a l a t i o n  of 2 2 2 ~ n  and progeny i n  1978 

T o t a l  
Release  s i t e  r e l e a s e  Popula t ion  exposures Popula t ion  dose - lung 

(kCi/ yea r )  (man-p~i/m3) a (man-lung rem) 

. . 

a 
pui/m3 r e f e r s  t o  2 2 2 ~ n  concen t r a t i ons .  

6.2 A Rad io log ica l  Assessment of Natura l  and Technological ly  
Enhanced Sources of '''Rn 

The purpose of t h i s  assessment i s  (1) t o  e s t i m a t e  annual  r e l e a s e s  

of  2 2 2 ~ n  from t h e  major n a t u r a l  and t echno log ica l ly  enhanced sources ,  

and ( 2 )  t o  u se  t h e s e  e s t i m a t e s  t o  determine t h e  r e s u l t i n g  exposure 

(man-p~i/m3) and average  i n h a l a t i o n  dose (man--rem) t o  t h e  1978 populat ion 

o f  t h e  United S t a t e s  f o r  each source.  A sumnary of r e s u l t s  i s  presen ted  

i n  Table  6.5. The v a r i o u s  n a t u r a l  and t echno log ica l ly  enhanced sources  

a r e  l i s t e d  i n  descending o r d e r  of magnitude according t o  es t imated  

i n h a l a t i o n .  

The most impor tan t  n a t u r a l  source of 2 2 2 ~ n  is emanation from s o i l .  

S ince  e x h a l a t i o n  of radon from s o i l  i s  s t r o n g l y  in f luenced  by l o c a l  s o i l  

and atmospheric  c o n d i t i o n s ,  s o i l  radon f l u x  and r e s u l t i n g  atmospheric  

c o n c e n t r a t i o n s  show cons ide rab l e  v a r i a t i o n  w i th  r e s p e c t  t o  l o c a t i o n  and 

t i m e  of day. S u f f i c i e n t  d a t a  e x i s t ,  however, t o  make r e l i a b l e  average 

e s t i m a t e s .  A i r  c o n c e n t r a t i o n s  from whir.h popula t ion  exposures were 

determined were made on t h e  b a s i s  of a  2 2 2 ~ n  f l u x  of l . 2  x 1-0* C i / ~ e . a r  

de r ived  from s e v e r a l  publ ished f l u x  measurements. ' An average  United 

S t a t e s  a i r  c o n c e n t r a t i o n  was estimated t o  be 120 p ~ i / m 3 ,  which f a l l s  i n  

t h e  range of r e p o r t e d  empi r i ca l  va lues .  ' 
Evapo t r ansp i r a t i on ,  t h e  c o l l e c t i v e  r e l e a s e  of water  vapor from 

s o i l  s u r f a c e s  and v e g e t a t i o n ,  was es t imated  t o  c o n t r i b u t e  no more than  



Table 6.3.  Estimated United States population exposures and doses from inhalation 
of 2 1 0 ~ b  and resuspended 2 1 0 ~ o  in 1978 

Total Population dose Population dose (organ-rem) 
Release site . release Population exposures (man-r em) 

(kCi/year) (man-p~i/m3) Whole body Lung Bone Kidney Liver 

1 

Primary dose 
Resuspended .dose 

Primary dose 
Resuspended dose 

Primary dose 
Resuspended dose 

Primary dose 
Resuspended dose 

All sites 



Table 6.4. Estimated t o t a l  popula t ion  exposures and doses t o  t h e  United S t a t e s  
popula t ion  from i n g e s t i o n  of 21 Opb i n  1978 

- - -  - 

T o t a l  Popula t ion  dose Popula t ion  dose (organ-rem) 
Release s i t e  r e l e a s e  Popula t ion  exposures (man-r em) 

( k ~ i / y e a r )  (man-p~i/m3 ) Whole body . Bone Kidney Liver  

a Read a s  3 . 4  x lo7 .  



Table 6.5 .  Estimated exposures and doses to the population of the United States 
in 1978 from various natural and technologically enhanced sources of 222~na 

Estimated Estimated air Estimated Estimated 
annual release concentration population exposure population dose 

(Ci/year) (pci/m3) (man-p~i/m3) (man-r em) 
Source 

Natural soil 

Building interiors 
Radon flux through floor 
Potable wate: 
Building materials 

Natural gas 
Ranges 
Unvented heasers 

Uranium 
Mining 
Milling 

Nonuranium mining 
Phosphates 
Reclaimed lands 
Mining 
Beneficiation and 

Coal 

Liquified petroleum gas 
Ranges 
Unvented heaters 

Natural gas 
Commercial and 
industrial uses 

Coal-fired power plants 



Table 6.5. (continued).  

Estimated Estimated a i r  Estimated Estimated 
Sourc? annual r e l e a s e  concent ra t ion  populat ion exposure populat ion dose 

(Ci lyear )  (pci/m3) (rnan-p~i/m3) (man-rem) 

Geothermal 
Power f a c i l i t i & s  
Liquid-dominated f i e l d s  

Wells 
Gas and o i l  
Water . 

' F e r t i l i z e r  u se  1.7E3 1.7E-3 3.8E5 3.8E2 

a Popu la t io r  exposures and doses a r e  based on United S t a t e s  pro jec ted  papulat ion f i g u r e s  f o r  1978 
and a dose conversion f a c t o r  f o r  2 2 2 ~ n  i nha l a r ion  of 1 mil l i rem p~i- l  m-3 per  year ,  assuming a 

00 
daughter  equi l ikr ium of 50%. N 

C A i r  concer-:ration i n  bu i ld ing  i n t e r i o r s .  



2.2 x l o 7  C i  of 222Rn annual ly  t o  t h e  atmosphere, based on a n  average 

222Rn groundwater concent ra t ion  of 5 n c i / l i t e r .  l The r e s u l t i n g  United 

S t a t e s  222Rn a i r  concent ra t ion  of 24 p ~ i / m 3  produced t h e  popula t ion  

exposure l i s t e d  i n  Table 6.5. 

The l a r g e s t  t echno log ica l ly  enhanced c o n t r i b u t o r  t o  popula t ion  

exposure and dose was est imated t o  be 2 2 2 ~ n  confined wi th in  b u i l d i n g  

i n t e r i o r s .  Average radon concent ra t ions  wi th in  bu i ld ings  have been 

found t o  be s e v e r a l  t i m e s  t h e  background atmospheric concent ra t ions% 

These e leva ted  concen t r a t ions  can be t r aced  t o  s e v e r a l  independent 

sources:  (1) radon f l u x e s  through t h e  f l o o r  of t h e  bu i ld ing  from s o i l  

emanation, (2 )  t h e  use  of po tab le  water f o r  domestic purposes,  and 

(3) n a t u r a l  r a d i o a c t i v i t y  i n  bu i ld ing  m a t e r i a l s .  The f i r s t  source  i s  

t h e  major c o n t r i b u t o r  of 2 2 2 ~ n  concen t r a t ions  i n  bu i ld ing  i n t e r i o r s ,  

where 222Rn concen t r a t ions  may range from 100 t o  1000 p ~ i / m 3 . 1  

Radon-222 r e l e a s e s  from o t h e r  sources were c a l c u l a t e d  i n  a manner 

s i m i l a r  t o  those  descr ibed  above. Avai lab le  d a t a  on a l l  sources  were 

thoroughly reviewed. Atmospheric concen t r a t ions  of 222Rn from each 

source  were est imated assuming t h e  immediate and uniform d i s t r i b u t i o n  

~f gas  fol lowing r e l e a s e  i n t o  a f i xed  volume of air  over  t h e  United 

S t a t e s .  The n a t u r a l  background 2 2 2 ~ n  a ir  concent ra t ion  was compared 

t o  t h e  n a t u r a l  s o i l  emanation r a t e  t o  d e r i v e  a f a c t o r  desc r ib ing  t h e  

r e l a t i o n s h i p  between a i r  concent ra t ion  and r e l e a s e  rate.  his f a c t o r  

w a s  t hen  appl ied  t o  r e l e a s e  r a t e s  f o r  each source t o  e s t i m a t e  r e s u l t i n g  

a i r  concent ra t ion ,  and r e l a t e d  populat ion doses.  l Except f o r  t h e  domest ic  

u s e  of n a t u r a l  gas, technoLogical ly  enhanced source  a c t i v i t i e s  r e s u l t  

i n  a popula t ion  dose a t  l e a s t  t h r e e  o r d e r s  of magnitude l e s s  than  t h e  

popula t ion  dose r e s u l t i n g  from n a t u r a l ,  s o i l  radon f lux .  

The p o s s i b i l i t y  of p e r s i s t e n t ,  f u t u r e  emanation i s  a unique a s p e c t  

of many t echno log ica l ly  enhanced n a t u r a l  r a d i a t i o n  (TENR) a c t i v i t i e s .  

Even a f t e r  te rmina t ion  of t h e  technology a s soc i a t ed  w i t h  t h e  commence- 

ment of t h e  source,  222Rn may cont inue  t o  be r e l e a s e d  t o  t h e  environment. 

Examples inc lude  (1)  t a i l i n g s  from uranium mining and m i l l i n g  a c t i v i t i e s ,  

(2) a s h  ponds a s soc i a t ed  wi th  t h e  ope ra t ion  of coa l - f i r ed  power p l a n t s ,  

(3) l and  reclamation fol lowing s u r f a c e  mining f o r  phosphates ,  and 

(4) a g r i c u l t u r a l  s o i l s  t o  which phosphate f e r t i l i z e r s  have been app l i ed .  



A number of radon sources are listed in Table 6.5 for which data 

were insufficient to develop an estimate of release. These include 

liquid-dominated geothermal fields, phosphate-fertilizer production, water 

wells, and land disturbance due to.construction and other major 

perturbations. Although the radon contribution of these ill-defined 

sources may be orders of magnitude less than that of natural soil, no 

meaningful estimate of their 222~n release can be calculated without 

further field measurement of 222~n emanation rates. 
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7. POTENTIAL SOCIOECONOMIC IMPACTS OF URANIUM MILLING 
AND MINING AND MITIGATION STRATEGIES 

7.1 Introduction 

The role of the nuclear fuel cycle in the energy future of the 

United States is important, and the role of uranium supply to that fuel 

cycle is fundamental. The national energy plan calls for a tripling of 

uranium production by 1985 to support rising demand for electricity. In 

order to meet this objective, policy makers, facing a host of confounding 

and dynamic social, economic, political, and technical environments, 

must consider a large array of related problems (e.g., rad waste manage- 

ment, siting of nuclear power plants, the timely development of commercial 

reactors, the improvement of enrichment technologies, and the roles of 

fusion and breeder reactors), which will necessarily impact decisions 

concerning uranium production and its various component processes. This 

section describes the contemporary uranium resource and supply industry 

and its institutional settings, assesses the socioeconomic impacts 

likely to emerge from high levels of uranium mining and milling, describes 

how and to what extent these impacts are presently being mitigated, and 

suggests'how and when a socioeconomic impact monitoring program might be 

used to facilitate the amelioration of negative socioeconomic impacts. 

The concentratjon of uranium reserves and resources in the states 

of New Mexico, Colorado, Utah, and Wyoming mean that development impacts 

will be restricted generally to isolated rural communities which cannot 

easily accommodate rapid increases in employme~it and population. Pro- 

cessing mills in this region currently account for 94% of production, 

and it is estimated that of the 43 new mills needed (each rated at 1800 

MT/day or 1985 ' ~ ~ / d a ~ )  through the end of the century, 36 will be sited 

in these four states (see Table 2.7) . Even though the number of employees 

needed to construct a mill and to operate a mine and mill are relatively 

small, as compared to other energy facilities, uranium development tends 

to cluster. Several hundred mines, including many very small operations, 

may operate simultaneously in a single county (e.g., San Juan County in 

Utah has over 200 mines). The colocation of mines with a mill to minimize 



t r a n s p o r t  c o s t s ,  and t h e  f u t u r e  op t ion  of co loca t ing  m i l l s  t o  achieve  some 

g r e a t e r  economy of s c a l e ,  would mean t h a t  t h e  cumulative s o c i a l  impacts of 

uranium development i n  i s o l a t e d  r u r a l  communities could be  a s  g r e a t ,  i f  

n o t  g r e a t e r ,  t han  t h e  impacts due t o  a coa l - f i r ed  gene ra t ing  p l a n t ,  a 

n u c l e a r  gene ra t ing  p l a n t  o r  a c o a l  syn fue l s  p l an t .  

The assessment  of t h e  socioeconomic impacts ,due  t o  a s p e c i f i c  uranium 

mine o r  m i l l  i s  r e l a t i v e l y  easy. However, such an assessment i s  more d i f f i -  

c u l t  when it  must t a k e  i n t o  account o t h e r  energy development p r o j e c t s  i n  t h e  

l o c a l  a r e a .  Although a method f o r  d iv id ing  t h e  r e s p o n s i b i l i t y  f o r  cumula- 

t f v e  impacts  among a series of pr0 jec t . s  has  y e t  t o  be  developed, a s o l u t i o n  

t o  t h i s  problem must be  found i f  t h e  socioeconomic impacts of any given 

development a c t . i v i t y  a r e  t o  be e q u i t a b l y  .mi t iga ted .  

Some of t h e  socioeconomic impacts of t h e  uranium f u e l  i n d u s t r y  on 

wes tern  r e s o u r c e  states and t h e i r  communities are Lndarect, largely unan- 

t i c i p a t e d ,  and probably nonquan t i f i ab l e .  For i n s t a n c e ,  t h e r e  i s  cons ide rab le  

u n c e r t a i n t y  i n  t h e  i n d u s t r y  regard ing  t h e  eventua l  outcome(s) of l i t i g a -  

t i o n  r e l a t i n g  t o  Westinghouse E l e c t r i c  Corporat ion and t o  an  a l l e g e d  p r i c e  

f i x i n g  c a r t e l .  U n t i l  t h e  c o u r t s  make it c l e a r  what West inghouse ' i s  ob l iged  

t o  do i n  terms of meeting i t s  con t r ac t ed  commitments t o  u t i l i t i e s  f o r  nuc lea r  

f u e l ,  and u n t i l  t h e  r o l e  o f .domes t i c  producers  i n  t h e  c a r t e l  i s  s u b s t a n t i -  

a t e d  and r e so lved ,  mining, and m i l l i n g  developmen may be somewhat cons t ra ined .  

I n  any c a s e  u n c e r t a i n t y  over p r i c e s  and p o s s i b l e  re formula t ions  of t h e  

i n d u s t r y  l e a d  t o  u n c e r t a i n t y  i n  planning new ope ra t ions ;  u n c e r t a i n t y  i n  

p lanning  p r e s e n t s  a major o b s t a c l e  t o  p o t e n t i a l  h o s t  communities a s  they  

t r y  t o  p l a n  f o r  and m i t i g a t e  socioeconomic impacts of uranium development. 

7.2 Relevant I n s t i t u t i o n a l  Environments 

Under t h e  Atomic Energy Act of 1954, t h e  Atomic Energy Commission 

(ABc) w a s  given r e s p o n s i b i l i t y  f o r  l i c e n s i n g  uranium m i l l s .  Sec t ion  274 

o f  t h e  A c t ,  an  amendment which passed i n  1959, provided a mechanism by 

which s t a t e s  can e n t e r  i n t o  formal agreements w i th  t h e  AEC !now w i t h  t h e  

Nuclear Regulatory Commission (NRC)l and can assume r e s p o n s i b i l i t y  f o r  

r e g u l a t i n g  uranium m i l l  development and o t h e r  source,  by-product and 

s m a l l  q u a n t i t i e s  of s p e c i a l  nuc lea r  ma te r i a l . *  Of t h e  25 s t a t e s  which 

have en te red  i n t o  formal agreements w i th  t h e  NRC (Table 7 .1) ,  a s  of 

1978, t h e  primary uranium producing s t a t e s  of Texas, Colorado, and New 



Table 7.1. L i s t  of agreement s t a t e s  

Agreement 
s t a t e  

E f f e c t i v e  
agreement d a t e  

Kentucky 

C a l i f o r n i a  

M i s s i s s i p p i  

New York 

Texas 

Arkansas 

F l o r i d a  

North Caro l ina  

Kansas 

Oregon 

Tennessee' 

New Hampshire 

Alabama 

Nebraska 

Washington 

Arizona 

Louisiana 

Colorado 

Idaho 

North Dakota 

South Caro l ina  

Georgia ' 

Maryland 

Nevada 

New Mexico 



Mexico and t h e  secondary uranium producing s t a t e s  of Washington, Arizona, 

and Idaho have l i c e n s i n g  programs, f o r  uranium m i l l i n g  a c t i v i t i e s .  The 
C 

nonagreement s t a t e s  i nc lude  t h r e e  uranium producing states: South 

Dakota, Utah, and Wyoming, and both Utah and Wyoming a r e  cons ider ing  

becoming agreement s t a t e s . 3  I n  t h e  nonagreement s t a t e s ,  t h e  NRC r e t a i n s  

t h e  a u t h o r i t y  t o  r e g u l a t e  uranium m i l l s  and prepares  environmental impact 

s t a t e m e n t s  s i n c e  l i c e n s i n g  of such f a c i l i t i e s  c o n s t i t u t e s  a major f e d e r a l  

a c t i o n  t h a t  f a l l s  under Sec t ion  102 of t h e  National  Environment Po l i cy  

Act (NEPA) . An environmental impact s ta tement  (EIS) may a l s o  be  r equ i r ed ,  

i n  agreement and nonagreement s t a t e s ,  i f  t h e  mine and/or  m i l l  i s  loca t ed  

on  f e d e r a l  l a n d s  o r  i s  managed by a f e d e r a l  agency. Under t h e s e  cond i t i ons  

t h e  l e a d  agency i s  t h e  lands-administer ing agency. Of t h e  1 8  c u r r e n t l y  

a c t i v e  m i l l s  i n  t h e  United S t a t e s ,  9 a r e  i n  agreement s t a t e s  and were 

l i c e n s e d  d i r e c t l y  by t h e  s t a t e s ,  and 9 a r e  i n  nonagreement s t a t e s  and 

were l i c e n s e d  by t h e  NRC. To d a t e ,  t h e  NRC has  never r equ i r ed  t h e  app l i -  

c a n t  f o r  a m i l l  l i c e n s e  t o  m i t i g a t e  socioeconomic impacts.  

Under t h e  r e c e n t l y  passed Uranium M i l l  T a i l i n g s  Radia t ion  Control  Act 

(UMTRCA) o f  1978, r e g u l a t o r y  a u t h o r i t y  has  increased  over  t h e  ope ra t ion  of 

uranium m i l l s .  For 20 i n a c t i v e  m i l l s  t h e  Department of Energy h a s  primary 

r e s p o n s i b i l i t y  f o r  a s s e s s i n g  and recommending appropr i a t e  remedial  a c t i o n  

t o  a s s u r e  t h e  s t a b i l i t y  and c o n t r o l  of uranium t a i l i n g s  i n  a s a f e  and en- 

v i ronmen ta l ly  sound manner, and t h e  NRC has primary r e s p o n s i b i l i t y  t o  imple- 

ment a program t o  r e g u l a t e  m i l l  t a i l i n g s  a t  a c t i v e  m i l l  ope ra t ions .  Fur ther ,  

UMTRCA c o n f e r s  NEPA-like r e s p o n s i b i l i t i e s  on t h e  agreement s t a t e s  (Sec t ion  204). 

For  bo th  a c t i v e  and i n a c t i v e  m i l l s ,  s t a t e s  may e n t e r  i n t o  coopera t ive  agree-  

ments which must be  approved by t h e  NRC under Sec t ion  274 of t h e  Atomic Energy 

Act.  

Uranium mines are not  p r e s e n t l y  l i censed  by any f e d e r a l  agency, 

a l t hough  t h e  Mining Sa fe ty  and Heal th Administrat ion of t h e  Department of 

Labor sets and en fo rces  t h e  s a f e t y  s t anda rds  and i n s p e c t s  mine f a c i l i t i e s .  

The NRC c u r r e n t l y  h a s  no j u r i s d i c t i o n  over  uranium mines, bu t  it does inc lude  

mine o p e r a t i o n s  i n  t h e i r  EIS 's  on m i l l s  i f  they  a r e  co loca ted .  I f  a mine is 

t o  b e  l o c a t e d  on f e d e r a l  l a n d s  o r  owned by a f e d e r a l  agency, e.g. TVA, t h e  

f e d e r a l  agency w i t h  r e s p o n s i b i l i t y  f o r  t h a t  p a r t i c u l a r  p i ece  of land  may be 

r e q u i r e d  t o  p repa re  a n  EIS and o b t a i n  a l i c e n s e  f o r  t h e  mine. I f  t h e  mine 

i s  not  l o c a t e d  on f e d e r a l  l and ,  no f e d e r a l  r e g u l a t i o n  i s  r equ i r ed .  4 



7.2.1 Regulation of  m i l l s  by agreement s t a t e s  

In general ,  t h e  m i l l  l i cens ing  requirements of t h e  agreement s t a t e s  

a r e  f a r  l e s s  s t r i n g e n t  i n  many respec t s  than those of the  N R C . ~  Neither  

o f  t h e  major uranium producing agreement s t a t e s ,  New Mexico and Colorado, 

r equ i re  the  preparat ion of EIS1s,  but  they do have f a i r l y  extensive 

regu la to ry  au thor i ty  regarding po l lu t ion  abatement and consider  environ- 

mental impacts i n  m i l l  l i cens ing.  New Mexico and Wyoming (a  nonagreement 

s t a t e )  do have s t a t e  s i t i n g  laws which p resen t ly  do not apply t o  the  

cons t ruct ion  and operat ion of uranium m i l l s .  There i s  t h e  p o s s i b l i t y ,  

however, t h a t  t h e  s i t i n g  of f u t u r e  m i l l s  may come under the  purview of 

s t a t e  r egu la t ion  i n  both agreement and nonagreement s t a t e s .  Most of the  

agreement s t a t e s  do consider environmental e f f e c t s  i n  the  l i cens ing  

process and informally i n v i t e  publ ic  par t . ic ipa t ion ,  bu t  some have no 

formal procedures o r  r egu la t ions  t o  enforce such considera t ion .  Unlike 

t h e  NRC, none of t h e  agreement s t a t e s  p r o h i b i t  p re l i cens ing  const ruct ion  

a c t i v i t i e s ,  and l i k e  the  NRC, they  have not  requi red  the  mi t iga t ion  of 

socioeconomic impacts a s  a  condit ion of l i cens ing .  Further  d iscuss ion 

o f  uranium resource s t a t e s 1  approaches t o  s i t i n g  and mi t iga t ion  can be 

found i n  Sect .  7.3. 

Even though t h e  agreement s t a t e s  rece ive  no fede ra l  funds f o r  t h e i r  

m i l l  l i cens ing  a c t i v i t i e s ,  a l l  of these  s t a t e s  wish t o  r e t a i n  t h e i r  

l i cens ing  au thor i ty .  Further ,  they want t o  expand t h e i r  environmental 

assessment processes t o  include uranium m i , l l s ,  bu t  they do no t  d e s i r e  t o  

be required o r  encouraged t o  prepare e l abora te  o r  extensive assessment 

s t u d i e s .  A l l  agreement s t a t e s  except New Mexico i n d i c a t e  t h a t  a t  t h e i r  

present  l e v e l  of a c t i v i t y  and r e s p o n s i b i l i t y  add i t iona l  resources a r e  

no t  required.  UMTRCA, Section 204, amends t h e  Atomic Energy Act by 

requ i r ing  agreement s t a t e s  t o  demand a  w r i t t e n  ana lys i s  of impacts t o  

pub l i c  hea l th ,  water ways and groundwaters, and considera t ion  of long- 

term impacts and a l t e r n a t i v e s  t o  t h e  proposed ac t ion  before  any major 

cons t ruct ion  can t ake  p lace  f o r  each m i l l  l i cense  which has a  s i g n i f i c a n t  

impact on t h e  human environment. 

The f u t u r e  l i cens ing  r o l e  of  agreement s t a t e s  i s  somewhat i n  doubt 

due t o  a  current  s u i t  f i l e d  by the  Natural Resources Defense Council 

(NRDC) aga ins t  the  s t a t e  of New Mexico and t h e  Nuclear Regulatory Com- 



mission. The NRDC i s  seeking t o  require  an EIS as  p a r t  of the .1icense  

app l ica t ion  f o r  a uranium m i l . 1  t o  be operated by United Nuclear Corpora- 

t i o n  i n  Church Rock, New Mexico. A broader object ive  of the s u i t  i s  t o  

e s t a b l i s h  t h a t ,  under NEPA, the  federa l  delegation of au thor i ty  t o  the  

s t a t e s  f o r  regu la t ing  uranium m i l l s  (Section 274 of the  Atomic Energy 

Act] i s  i l l e g a l .  I f  NRDC wins the  s u i t ,  a f u l l  EIS process sponsored by 

t h e  NRC w i l l  be required f o r  fu tu re  m i l l  l icenses .  T.he Tenth U.S. 

C i r cu i t  Court of Appeals, . i n  ru l ing  t h a t  Kerr-McGee and the  American 

Mining Congress be allowed t o  intervene i n  the  l i t i g a t i o n ,  intimated 

t h a t  a decis ion i n  favor of NKDC "is not  unlikely."  
h 

7.2.2 Uranium development on Indian lands 

The Couxicil o f .  Energy .Resource Tribes (CERT) and DOE have estimated 

t h a t  Indians own 20-50% of U.S. uranium  resource^.^ Given t h i s  degree 

o f  resource con t ro l ,  it i s  important t o  take i n t o  account those i n s t i t u -  

t i o n a l  arrangements cur ren t ly  undergoing change, which may se r ious ly  

a f f e c t  t h e  development of uranium resources. 

The leas ing of Indian lands f o r  uranium explorat ion and development, 

whether on reservat ion lands o r  individual  a l l o t t e d  lands, must be 

approved by t he  Bureau of Indian Affa i r s  (BIA) and the  Secretary of 

I n t e r i o r .  I f  t h e  lands a re  on an Indian reservat ion,  the  l ease  agreement 

may be s tudied by t r i b a l  advisory boards (e.g., Navajo Environmental 

Protection.Commission) and must be approved by the  t r i b a l  policy-making 

body (e.g., Navajo Tr iba l  Council). I f  the  lands were a l l o t t e d  t o  

individual  t r i b a l  members, approval of the  lease  by the  policy-making 

body i s  no t  required.  Unti l  recent ly ,  the  roya l ty  leases  provided the  

only  way i n  which Indian t r i b e s  could pa r t i c i pa t e  i n  resource develop- 

ment, but attempts a r e  being ma.de t o  r ev i s e  regula t ions  t o  allow a 

va r i e t y  of a l t e r n a t i v e  mechanisms t o  t r i b e s  i n  contracting f o r  uranium 

leases ,  including j o i n t  ventures and development,under service  o r  oper- 

a t i n g  con t rac t s .  These new leas ing arrangements w i l l  not on1.y increase  

t h e  r a t e  of r e t u rn  t o  the  Indian t r i b e s  and t h e i r  members, but  w i l l  a l so  

r e s u l t  i n  increased par t i c ipa t ion  of individual  t r i b e s  and co l l e c t i v i -  

t i e s  of t r i b e s  . in energy resource management, planning, 'and development. 



Since approval by the  BIA and the  Secretary of I n t e r i o r ,  a s  re-  

quired on leas ing of Indian lands, cons t i tu tes  a major federa l  ac t ion,  

an EIS must be prepared under NEPA. The s t a t e  government has no j u r i s -  

d ic t ion  on Indian lands, so whether the  s t a t e  i s  agreement o r  nonagree- 

ment under Section 274 of the  Atomic Energy Act, a s  amended, i s  i r r e l evan t .  

An EIS must be prepared by the  BIA f o r  any uranium development.on 

Indian lands. 

The concentration of.uranium resource development on Indian lands 

i s  l i k e l y  t o  increase i n  the  .next two decades, and t h i s  colocation is  

l i k e l y  t o  spawn cumulative socioeconomic impacts which can only be 

estimated imprecisely. The BIA has recent ly  predicted t h a t  more than 

100 new mines and 7 t o  10 new mills a r e  l i k e l y  t o  be developed i n  t h e  

San Juan Basin i n  northwestern New Mexico on t he  Navajo Indian Reserva- 

t i o n  by the  year 2 0 0 0 . ~  Although i n  appel la te  court  has recen t ly  ruled 

t h a t  t he  adequacy of an EIS i n  predic t ing cumulative impacts of uranium 

development i s  not t o  be judged s t r ingen t ly ,  s ince  t h a t  would requ i re  

"prophecy beyond the  capab i l i t i e s  of both s c i e n t i s t s  and cour ts  , l t 9  

i d en t i f i c a t i on  of cumulative impacts and t h e i r  separa te  causes must be 

made i f  the  socioeconomic impacts of uranium mining and mil l ing a r e  t o  

be mitigated. 

7 . 3  The Socioeconomic Impacts of  Uranium Mining and Mill ing 

A comprehensive assessment of the  socioeconomic impacts of uranium 

mining and mil l ing is  beyond the  scope of t h i s  r epor t .  Even within t he  

f a i r l y  narrowly defined resource areas  of the  United S t a t e s  (New Mexico, 

Wyoming, Colorado, Utah, and Texas) the re  a r e  enormous amounts of 

va r i a t i on  among the  po ten t ia l  host communities and t h e i r  s a l i e n t  char- 

a c t e r i s t i c s .    or p ro jec t s  which may involve the  development of new 

towns, such as  the  Shootering Canyon pro jec t  i n  Utah, the  project ion of 

socioeconomic impacts is  pa r t i cu l a r l y  d i f f i c u l t .  There i s ,  a s  wel l ,  

subs tan t ia l  va r ia t ion  i n  the  sca le  of uranium development, a l l  the  way 

from individual  miners who s e l l  t h e i r  small output t o  ore  buying s t a t i o n s ,  

t o  ones much la rger ,  such as  the  Kerr-McGee pro jec t  i n  Converse County, 

Wyoming, which includes several  s t r i p  and underground mines 'and a large  



uranium mill. The scale of future uranium development facilities expands 

this range of variation even more. The staff at Argonne National Labora- 
4 

tory is projecting socioeconomic impacts of 12 colocated mills and 

ancillary development activities.' There is the further difficulty, in 

many of the uranium resource areas, of disaggregating the impacts of 

uranium development projects from those of other energy development 

facilities. 

Given these constraints, this section outlines in only a very brief 

way the potential socioeconomic impacts of uranium mining and milling. 

It does not address the subject 111aLter w i L h  a~~ywllere Isear the yartieu- 

larity that would be required in assessing impacts for an individual 

project for an EIS. For that kind of analysis one should refer to other 

sourccs. lo Rather, probable characteristics of mine and mil 1 construction 

and operating work forces are addressed along with (1) characteristics 

of likely host communities, tribes, regions, and states; (2) an analysis 

of what development conditions are likely to cause conventional adverse 

and beneficial socioeconomic impacts; and (3) an identification of those 

impacts which are peculiar to uranium development projects as contrasted 

with other energy development projects. 

Characteristics of uranium development labor force 

One of the most important variables to be considered in assessing 

socioeconomic impacts of development projects is that of population 

change. Specifically, the amount of immigration varies directly with 

the quantity of impacts. In contrast with other energy development 

projects (coal-fired or nuclear power plant and synfuels plant), a 

typical uranium mine or mill employs relatively small numbers of people. 

As shown in Table 7.2, the peak construction labor force for large mines 

and mills is less than or equal to 600. In contrast, large power plants 

or synfuels plants employ upwards of 3000 at peak during the construc- 

tion phase. The total operating work force of mines and mills varies 

according to output and is sometimes larger than the operating force of 

power plants and synfuels plants; but due'to the more permanent status 

of an operating work force, socioeconomic impacts tend to be less severe 



Table 7.2. Work fo rce  c h a r a c t e r i s t i c s  of s e l e c t e d  uranium mines and m i l l s  
- -- 

Normal Peak To ta l  
Star t -up capaci ty  Construct ion cons t ruc t ion  opera t ing  Union/ 

P r o j e c t  d a t e  ( tons  pe r  day) time f o r c e  forcea  Nonunion 
- - 

Mines 

Surf ace  mid 1970's 1,700 7 months 

2 yea r s  

141 141 Nonunion 

455 Union Surf ace  mid 1950's v a r i e s  
according 
t o  grade. 

Sur face  e a r l y  2,000 
1970's 

2 112 yea r s  
( i n i t i a l l y  

scrapper  
ope ra t ion)  

220 Nonunion 

p ro jec ted  4,500 
e a r l y  
1980' s 

10 yea r s  . for  a l l  
const.ruction t o  
be complete 

Underground 

164 Mixed 

180 Union 

Underground e a r l y  1,100 
1970's 

2 112 yea r s  

4 112 yea r s  f o r .  
a l l  cons t ruc t ion  
t o  be  complete 

Underground e a r l y  600 
1970's 

M i l l s  

M i l l  (ac id-  
l each)  

mid 1950's 3,000 11 months f o r  600 
.expanding expanding t o  expansion 
l a t e .  6,000 
1970's 

421 Union 

M i l l  e a r l y  750 
(carbonate- 19 70 's  

leach)  

20 months 60 83 Mi'xed 
( a l l  s u r f a c e  

bu i ld ings )  

M i l l  (acid- mid 1950's 1,200 
l each  and con-lerted 
akal ine-  mid 1970's 
leach)  

4 yea r s  f o r  120 185 Nonunion 
e n t i r e  (conversion) 
conversion 

M i l l  (acid- mid 1970's . 1.000 1 year  inc ludes  2. 70 5 1 Nonunion 
l each)  month delay f o r  

NRC sta tement)  

a Includes  o f f i c e  i a d  maintenance personnel.  

Source: Stone and Webster Engineering Corp., Uranium Mining and Milling (prepared f o r  Western. 
I n t e r s t a t e  Energy Board under EPA Contract  1168-01-4490, May 1978). 



than during the construction phase. Also, in some cases, the development 4 
company attempts to maximize local employment which lessens the adverse 

socioeconomic impacts of the mine-mill project. 11 

7.3.2 Characteristics of host communities 

A second parameter of immigration impacts is found by assessing 

qualitative differences and similarities between host and immigrating 

populations. .Although the causal relationships between interpopulation 

differences and impacts is not well defined, it is generally thought 

that.homogeneity 'and heterogeneity between host and immigrating populations 

both lead to socioeconomic impacts which may require mitigation. To the 

extent that populations are comparable there will be competition for 

scarce resources; to the extent that they differ, there may be a demand 

for new and different resources. The disribution of public and private 

resources to the two.populations is likely to lead to some conflict in 

either case. 

As shown in Tables 7.3-7.5, there are some parameters along which 

local and nonlocal populations 'differ which may have some serious conse- 

quences in terms of socioeconomic impacts. In general, the immigrating 

construction work force tends to be younger, better paid, less tied to 

familial responsibility, and less permanent. The operating work force 

tends to be younger and better educated and to have more children in 

school than the host population. 

Referring to Table 7.6, orie sees the range of impacts which may 

result from differences and similarities between the two populations. 

In general, socioeconomic impacts may be divided into three separate 

problem areas: the provision of local services (public and private), 

problems of social organization, and attitudes and values. To date, the 

bulk of relevant social science research and assessment has dealt with 

the first of these areas, and, conventionally, with but a subset of 

potential impacts. Most concern has been with the timely provision.of 

sufficient educational, law enforcement, housing, utilities, and health 

and medi.cal services to impacted populations. The general findings have , 

been that, varying directly with the amount of population growth,.the 



Table 7.3. Profile of operational workersa 

Parameter Value 

Education 
High school ' 

Marital Status 
Married 
~ingle/widowed/divorced 

Average family size 

Children school age (5-18) 

Type of dwelling unit 
Permanent, single-family home 
Mobile home 

Residency in area 
Expect to leave the area when 
work is unavailable 

3.4 people 

In state Out of state 
Job tenure and previous residence (but different 
Length of time employed (months) location) 
0-12 87% 104% 
More than 60 21%. 20% 

a ~ h e  data used is primarily from the Wyoming area; however, the staff 
believes that other areas can be expected to be roughly similar. Except 
as noted, the information has been derived principally from "The Residents 
of sweetwater County, Wyoming: A Needs Assiessment Survey, " by Bickert , 
Browne, Coddington, & Associates, Inc., October 1974. 

Source: Draft of Generic Drift EIS on Uranium Milling Operations 
(Argonne National Laboratory, personal communication, October 11,. 1978)'. 



Table 7.4. Profile of construction workers a 

~.alu& 

Nonlocalc Local Parameter 

. Source of workers 

Educa t i nn 
High school 

Salary (construction/operational) 
$10,000-$14,999 
$i5,ooo-$24,999 

Marital status 
Married w/family'present 
Married w/o family present 

(nonlocal only) 
Single/widowed/divorced 

Age of household heads 
25-34 
35-44 

Average family size 3.6 people 3.8 people 

Children school age (5-18) 
(nonlocal only) 

Residency in area 
Take-up residency 
Stay as long. as work is available 

a~onstruction Worker Profile, . - Final Report," Mountain West 
Research, Ii-ic. , ~ecember ' 1975. . 

bSome percentages do not totai 100 because only certain classifica- 
tions were used to give pertinent information on workers. 

'~enotes elsewhere in state and out of state. 

d''~ocial Tmpact Assessment of the Proposed Caramie River Station," 
Dept. of Sociology, University of Wyoming, December 1975. 

Source: Draft of Generic Draft EIS on Uranium.Milling Operations 
(Argonne National Laboratory, personal communication, October 11, 1978). 



Table 7.5. Selected characteristics of host counties/communities in uranium resource states I 
1, 

Debt 
1 

Age, 1970 Ethnicity, 1970 Education Income and employment % of $ millions $ 
Population Sex, 1970 population 

% under % over Median % foreign % % % Median % Median family Per capita 
CountyICity 

receiving General debt General 
1970 1960 % female % male 18 years 65 years age stock Hispanic Indians Black years unemployed income median income supporta outstanding debtlcapita 

Fremont County, 
Colo . 21942 . 20204 49.0 51.0 6.6 .17.6 35.9 11.5 8.5 0.3 1.2 11.9 4.4 

Canon City, Colo. 9206 8973 46.7 53.3 22.2 23.0 40.9 1.7 0.3 2.8 11.6 6.0 

Valencia County, 
N .M. 40539 39054 50.1 49.9 38.1 5.6 21.7 5.0 55.8 15 0.4 11.3 3.8 7609 19 70 i5,0 3.7 

Grants, N.M. 8768 10274 50.2 49.8 47.5 2.6 19.6 2.8 1.6 0.7 11.9 1.7 9178 1 2310 

Karnes County, 
Tex. 13462 I4990 51.6 48.4 8.6 12.8 . 

Falls City, Tex. 

San Juan County, 
Utah 9606 9037 49.6 50.4 43.9 ,4.5 18.0 5.2 <5 

Blanding, Utah 2250 50.4 49.6 50.2 5.5 18.7 0.2 I i 

Converse County, '1 
Wyo . 4281 4588 50.0 50.0 34.7 12.8 31.4 9.4 < 10 0.4 0 12.2 4.3 8947 1: 2709 26.. 2 1.4 

Douglas, Wyo. 2677 2822 52.5 47.5 32.7 1-6.1 35 ,i 

Average county 17966 16975 50.1 49.9 26.4 10.7 27.2 8.2 24.1 3.93 0 11.0 3.9 8100 2079 27.7 2.7 193.4 

a 
Age Supplemental Disability Health Insurance recipients + old age assistance + Aid to Familes with Dependent Children. 
Source: City and County' Data Book, 1972, Census of the Population 1970. 



Table  7.6. S o c i o c u l t u r a l  problem i d e n t i f i c a t i o n  ma t r ix  

Sociodemographic 
d i f f e r e n c e s  i n  Problem a r e a s  

r e s i d e n t  and 
i m d g r a n t  pop 'u l a t fms  Local  s e r v i c e s  S o c i a l  o rgan iza t ion  A t t i t u d e s  and va lues  

Age . Recrea t ion  Socia l  p a r t i c i p a t i o n  S o c i a l  d i so rgan iza t ion  
Education Uependency S o c i a l  c o n t t o l  
Law enforcement Spending p a t  t e r n s  
Heal th and medical Family l i f e  
171.11 1 s  ; lit: 

Sex 

Race 

1 

; Recrea t ion  
1 Housing 

Law enforcement 

, Law enforcement 
Heal th and medical 

Soc ia l  p a r t i c i p a t i o n  S o c i a l  d i so rgan iza t ion  
Income S o c i a l  c o n t r o l  
Job o p p o r t u n i t i e s  Spending p a t t e r n s  

Family l i f e  

Educat ional  Oppor tuni t ies  S o c i a l  c o n t r o l  
Job o p p o r t u n i t i e s  S o c i a l  d i so rgan iza t ion  
Income Rel ig ious  needs 
Soc ia l  p a r t i c i p a t i o n  Family l i f e  
P o l i t i c a l  p a r t i c i p a t i o n  Spending h a b i t s  

Education Recrea t ion  Educat ional  o p p o r t u n i t i e s  Family l i f e  
Education Job o p p o r t u n i t i e s  'Spending p a t t e r n s  
Heal th and medical Income Rel ig ious  needs 
L ib ra ry  P o l i t i c a l  p a r t i c i p a t i o n  

Occupation Recrea t ion  Job o p p o r t u n i t i e s  S o c i a l  c o n t r o l  
Education Income Spending p a t t e r n s  
Support i n s t i t u t i o n s  Family l i f e  
(occupat iona l  i n s t i t u t i o n s )  Rel ig ious  needs 

Income Recrea t ion  Educat ional  o p p o r t u n i t i e s  S o c i a l  d i so rgan iza t ion  
Housing Job o p p o r t u n i t i e s  S o c i a l  c o n t r o l  
Other s o c i a l  s e r v i c e s  Soc ia l  p a r t i c i p a t i o n  Spending p a t t e r n s  
Heal th and medLcal P o l i t i c a l  p a r t i c i p a t i o n  Family l i f e  

Dependency Rel ig ious  needs 



l e v e l  of each of t h e s e  s e r v i c e s  must be s u b s t a n t i a l l y  upgraded t o  meet 

demand. Less  o f t e n  we have a t tended  t o  t h e  p o t e n t i a l  impacts on r e c r e a t i o n ,  

c u l t u r a l ,  and o t h e r  s o c i a l  s e rv i ces .  Given t h e  smal le r  s c a l e  of employ- 

ment and, thus ,  of immigration f o r  uranium development p r o j e c t s  t han  f o r  

o t h e r  energy development p r o j e c t s ,  and given t h e  s h o r t e r  t ime frame of 

cons t ruc t ion ,  t h e  expected impacts of uranium development on l o c a l  

s e r v i c e s  should n o t  be a s  g r e a t  a s  o t h e r  p r o j e c t s .  This  i s  not  t o  say 

t h a t  t h e r e  w i l l  be no impact bu t  simply t h a t  t h e  impacts w i l l  b e  l e s s  

and should be more e a s i l y  amenable t o  mi t iga t ion .  

The second o rde r  of socioeconomic impacts,  s o c i a l  o rgan iza t ion ,  is 

composed of a  wide v a r i e t y  of p o t e n t i a l  problems t h a t  a r e  dependent upon 

bo th  t h e  s c a l e  of development and in t e rpopu la t ion  d i f f e r e n c e s  and may 

a l s o  be a  func t ion  of t h e  r e s o l u t i o n  of problems regard ing  t h e  p rov i s ion  

of adequate  l o c a l  s e rv i ces .  For i n s t ance ,  i f  t h e  immigrant popula t ion  

i s  b e t t e r  paid than  t h e  hos t  popula t ion  ( a s  is  l i k e l y  t o  be  t h e  case )  

t hey  a r e  l i k e l y  t o  make demands f o r  h igh  l e v e l s  of o p p o r t u n i t i e s  f o r  

themselves and t h e i r  ch i ld ren ,  p a r t i c i p a t e  a t  a h igher  r a t e  than  t h e  

l o c a l  populace i n  s o c i a l  and p o l i t i c a l  a c t i v i t i e s ,  and be l e s s  dependent 

upon pub l i c  welfare .  Fur ther ,  through t h e i r  s o c i a l  and p o l i t i c a l  p a r t i -  

c i p a t i o n ,  t h e  immigrant populat ion ( p a r t i c u l a r l y  t h e  ope ra t ing  work 

f o r c e )  i s  l i k e l y  t o  make t h e i r  demands known and ac ted  upon. 

F i n a l l y ,  according t o  t h e  Soc iocu l tu ra l  I d e n t i f i c a t i o n  Matr ix  

(Table 7.6), core a t t i t u d e s  and va lues  may be s i g n i f i c a n t l y  impacted by 

energy development a c t i v i t i e s  and by t h e  primary impacts of t h e s e  

p r o j e c t s .  It i s  i n  t h i s  realm t h a t  t h e  s o c i a l  pa tho log ie s  a s s o c i a t e d  

w i t h  t h e  " G i l l e t t e  syndromeM* may occur.  A t t i t u d e s  toward s o c i a l  

c o n t r o l ,  family l i f e ,  and r e l i g i o n  may d i f f e r  among t h e  two popu la t ions ,  

and some of t h e s e  d i f f e r e n c e s  may be r e f l e c t e d  by d i f f e r e n t  spending 

p a t t e r n s .  

* " G i l l e t t e  spdrome" r e f e r s  t o  many of t h e  changes caused by energy 
development observed i n  Gillette, Wyoming. See I n s t i t u t e  f o r  S o c i a l  
Science Research (19740, "A Comparative Case Study of t h e  Impact of Coal 
Development on t h e  Way of L i f e  of People i n  t h e  Coal Areas of Eas te rn  
Montana and Northeastern Wyoming, " Univers i ty  of Montana, Missoula . 



In some p a r t s  of  uranium resource areas there  a r e  already qu i te  

d iverse  cu l t u r a l  and e thnic  groups, and the  imposition of yet  another 

group may upset  t h e  balance of re la t ionsh ips  which previously exis ted .  

Spec i f i ca l ly ,  Mormons ( in  Utah), na t ive  Americans (chief ly  Navajos i n  

New Mexico, Utah, and Arizona) and Hispanic Americans (mainly i n  New 

Mexico) l i v e  i n  these  areas,  and uranium development could ser iously  

a l t e r  t h e  soc i a l  cl imate and cu l t u r a l  her i tage  prevalent  i n  many regions. 

In add i t ion  t o  changing po t en t i a l l y  the  r a c i a l  and re l ig ious  com- 

pos i t i on  of impacted communities, population growth due t o  uranium 

development may a l s o  r e s u l t  i n  tension between host  and immigrant popu- 

l a t i ons .  Long-time res iden t s  may f e e l  a  loss  of intimacy and community, 

and c o n f l i c t s  may a r i s e  between those who favor a more urbane l i f e s t y l e  
12 

and those who wish t o  preserve a small-town atmosphere. However, 

due t o  t h e  shor t  construction time, value con f l i c t s  w i l l  normally occur 

during t h e  operat ing s tage  of the mine and/or m i l l  when immigrants a r e  

more l i k e l y  t o  s e t t l e  "permanently." I t  i s  expected t ha t  the re  w i l l  

be  a mutual adapta t ion between divergent values. This adaptat ion may, 

of  course, be conf l i c tua l  r a t he r  than cooperative. 

A spec i a l  case i s  presented when uranium development occurs on 

Indian lands. This i s  due not  only t o  the  specia l  s t a t u s  of nat ive  

Americans i n  t h e  American p o l i t i c a l  system and t o  t h e i r  u l t imate  control 

over a v a s t  amount .of uranium resources, but a l so  t o  very r e a l  d i f -  

ferences between na t ive  Americans and Anglos i n  terms of educational, 

economic, and occupational achievement. Although the  socioeconomic 

s t a t u s  of  na t i ve  Americans is c l ea r l y  improving, due i n  large  p a r t  t o  

t h e i r  own e f f o r t s ,  t h e  r e l a t i v e  di f ferences  between these two population 

subgroups a r e  s t i l l  great .  I t  can be expected t h a t  these di f ferences  

have se r ious  consequences i n  terms of the  socioeconomic impacts of 

uranium development . in  d i rec t ions  other  than those already menti0ne.d. 

In most cases l oca l  ( t r i b a l )  services  w i l l  not  be severely impacted by 

t h e  immigrant population s ince  they w i l l ,  general ly,  be segregated 

from the  rese rva t ion  i t s e l f .  Rather, the  impacts on local  services  w i l l  

r e s u l t  from demands made by t r i b a l  members a t  large ,  who wish t o  receive 

t h e  benef i t s  of t he  leas ing arrangement, and especia l ly  by those t r i b a l  

members who a r e  employed by the  developer a t  much higher r a t e s  of pay ( 



than they were previously paid. Developers and tribal leaders alike 

are attempting to improve occupational opportunit'ies for Indians on 

uranium development projects, l3 and, thus, to increase the beneficial 

impacts of development. There are several potential -unanticipated 

consequences of this approach. If employees are chosen from among 

those who are already employed there may be no net gain in employment. 

Further, differences between income levels for project employees and 

all others may be so great as to create jealousies and competition among 

peoples who are not culturally attuned to such attitudes and behavior. 

Finally, previous Indian employment programs related to energy develop- 

ment projects have not been wholly successful due to cultural differences 

in interpretation of what constitutes an appropriate role model for 

employment. The PINTO program, sponsored by Westmoreland Resources for 

Crow Indians, attempted to change Indian perspectives on employment to 

correspond to a western European model (40-hr week and permanent 

employment) rather than modifying the employer's expectations to meet 

a culturally dominant model which accounts for absenteeism for religious 

holidays and family obligations. 

An additional impact of uranium development on Indian tribes has 

been increasing professionalization of tribal capacity for resource 

management and planning. Although this can be seen as a salutary impact, 

the process of professionalization is encumbered by previously low , 

education levels among native Americans. .The conjunction of professional 

and rational approaches to economic development with religious and 

cul.tura1 attitudes which value harmonious relationships between man and 

his environment may also create conflict within the various tribes. 

7 . 3 . 3  Socioeconomic impacts upon regions and states 

The primary uranium resource regions in the United States correspond 

roughly.to those regions in the western states which have abundant 

resources of other fuels (oii, oil shale, and coal). It is difficult 

to separate the impacts of uranium development in southeastern Utah, 

northwestern New Mexico and the Powder River Basin in Wyoming from the 

impacts of massive coal development. At the regional level one is 



likely to see the economic benefits of uranium and coal development 

and less likely to see the adverse impacts which are more clearly 

visible at the community level. 

At the state level the impacts of uranium development are chiefly 

governmental and administrative. As in the case of New Mexjco there may 

be inadequate resources to be able to assess environmental impacts of 

development and, thus, a diminution of ability to plan for development 

intelligently. At least in Utah, potential tax revenues seem significant: 

sales, mine occupation, corporate franchise, and personal income taxes are 

all collected by the state. During construction of White Mesa Mill, sales 

taxes alone are projected to be approximately $450,000. All of the resource 

states have initiated, relatively recently, administrative mechanisms to 

facilitate energy resource planning for development, but capabilities are 

uneven. Each resource stare f i r l l l s  iLself in a dilemma in terms o f  opti- 

mizing the impacts of development for the state and the impacted communities 

It is quite difficult for governments tu devise optimizing dovslopment 

formulae with respect to severance taxes, environmental protection (within 

a federal framework), and interstate competition. These solutions are all 

sought within environments which are essentially political, and, thus, not 

necessarily rational. 

7.3.4 Impacts peculiar to uranium development 

Generally, most of the socioeconomic impacts of uranium mining and 

milling are quite similar to those of other resource development pro- 

jects. Depending upon the level of immigration and the degree of 

interpopulation differences and similarities, there will be impacts upon 

the provision of public and private goods and services, and thesc impacts 

will be in the nature of cornpetition for scarce resources or demand for 

new and different resources. Even though the scale of emp1o)ment for a 

given uranium mine or mill is likely to be much less than for other 

energy development projects, impacts on local services may be significant 

given the considerable colocation of mines and mills. l4 The kinds of 

impacts mining and milling will have on parameters of social organiza- 

tion and attitudes and values will be affected by the extent of co- 

location. 



There may be some impacts which could be g r e a t e r  f o r  uranium mining 

and m i l l i n g  than  f o r  o t h e r  forms of development, and t h e s e  d e r i v e ,  i n  

p a r t ,  from t h e  n a t u r e  of t h e  indus t ry .  F i r s t  is  t h e  impact of i n i t i a l  

development promoting a n c i l l a r y  development. M i l l  s i t e s  a r e  o f t e n  

chosen i n  a r e a s  wi th  l a r g e  o r e  concen t r a t ions  t h a t  have n o t  y e t  been 

mined. M i l l s  a r e  intended t o  s t i m u l a t e  mining, and mining and m i l l i n g  

development a r e  o f t e n  planned s imultaneously.  For example, Kerr-McGee 

p l a n s  t o  open a 2500 ~ l ' / d a y  m i l l ,  n i n e  underground mines and f o u r  

sur£ace  mines i n  Converse County, Wyoming. The co loca t ion  of mines and 

m i l l s ,  due p r imar i ly  t o  h igh  t r a n s p o r t a t i o n  c o s t s ,  is  s i g n i f i c a n t l y  d i f -  

f  ekent  than  many o t h e r  energy f a c i l i t y  developments and l e a d s  t o  cumulat ive 

socioeconomic impacts which a r e  d i f f i c u l t  t o  d i s saggrega te  i n  a  q u a n t i f i -  

a b l e  fash ion .  

A second indus t ry- re la ted  impact i s  t h a t  t h e r e  may be  s i g n i f i c a n t  

i n c r e a s e s  i n  l o c a l  t r a f f i c . .  This  is not  due so much t o  i n c r e a s e s  i n  

automobile t r a f f i c  a s  t o  i n c r e a s e s  i n  heavy t r u c k  t r a f f i c .  Transport  of 

l a r g e  volumes of o r e  by t ruck  p l aces  cons iderable  s t r e s s  upon l o c a l  road 

networks t h a t  may no t  be adequate t o . t h e  t a s k .  Not only  might t h e r e  be  

t r a f f i c  problems, a s soc i a t ed  acc iden t s ,  and increased  needs f o r  t r a f f i c  

c o n t r o l ,  bu t  t h e r e  may be acce l e ra t ed  road degradat ion.  

A major impact of uranium mining and m i l l i n g  is withdrawal of 

groundwater resources  and p o t e n t i a l  degradat ion of water  r e sou rces .  It 

i s  es t imated  t h a t ,  i n  New Mexico a lone ,  between 1.35 and 6.28 m i l l i o n  

a c r e - f e e t  w i l l  be  used by t h e  uranium indus t ry  between 1978 and 2000. 15  

Such h igh  r c q u i r c m e n t ~  muct compctc aga ina t  o the r  poten tLal  u s e r s  of 

groundwater (e.g., a g r i c u l t u r a l ,  municipal) .  Depending upon t h e  outcome 

of  t h i s  c o n f l i c t ,  development of t h e  uranium i n d u s t r y  may be  cons t r a ined  

o r  o t h e r  uses  may be c u r t a i l e d .  

F i n a l l y ,  t h e r e  may be increased  percept ion  of r i s k  among bo th  

employees of t h e  development and t h e  proximate popula t ion .  Although 

uranium mines and m i l l s  a r e  requi red  t o  ope ra t e  i n  a manner which does 

n o t  i n c r e a s e  t h r e a t s  t o  publ ic  h e a l t h  and s a f e t y  and must i n c o r p o r a t e  

procedures  t o  minimize exposure t o  radon daughters ,  some employees and 

some of t h e  pub l i c  have y e t  t o  be convinced t h a t  such measures a r e  
16  

s u f f i c i e n t  t o  minimize these threats. Whether nr n o t  s a f e t y  prccaut iono 



are actually adequate may be less important an impact than the perception 

of those persons in an impact region that they are at risk. This per- 

( 

ception may well lead to local opposition and demands for compensation. 

7.3.5 Summary 

The socioeconomic impacts of uranium mining and milling are in 

most qualitative parameters comparable to those of other types of energy 

facilities in resource areas of western United States. For other than 

thosc impacts just noted (colocating development, transportation/ traffic, 

and local risk perception), impacts from mining and milling are likely 

to be less noticeable than for other energy resource developments. 

Given the quantity of resources on Indian lands and relatively great 

differences between tribal populations and immigrant populations on 

sociodemographic characteristics, special attention should be paid to 

impact assessment and mitigation strategies in these situations. It is 

clearly the responsibility of the federal government, of the developefs, 

and of the tribes themselves to monitor development and its impacts in 

order to be able to minimize adverse socioeconomic impacts. 

7.4 State Monitoring and Mitigation Policies 

Adequate governmental programs for mitigating the socioeconomic 

impacts of uranium development do not operate at present at either the 

federal or state level. Efforts are being made by social science 

analysts to require monitoring of developmentY1' but, to date, there is 

no federal effort being made to require mitigation. 

In the uranium resource states of New Mexico, Wyoming, Utah, and 

Colorado no state requirements have been imposed either. Except for 

Colorado, however, m c h  of these states has developed some mechanisms 

for dealing with the socioeconomic impacts of other kinds of energy 

development. .The type and degree of state regulation of these other 

types of energy development is reviewed to suggest some likely state 

responses to uranium development in the future. 

Of the four states that are most likely to experience socioe~onomic 

impacts from mill and mine development, two (Colorado and New Mexico) 4 



are agreement states, and two (Utah and Wyoming) are nonagreement states. 

While no state has yet required mitigation of the socioeconomic impacts 

of uranium mill or mine development, Wyoming has required extensive 

mitigation of coal development impacts, and is currently requiring Kerr- 

McGee to prepare a socioeconomic impact study of a uranium mine/mill 

complex it is constructing. New Mexico has a taxation system which 

helps to mitigate the socioeconomic impacts of energy developments, and 

its legislature has given serious consideration to establishing other 

mechanisms for handling such impacts. In Utah an Interagency Task Force 

on Power Plant Siting, composed of representatives of local governments 

as well as other parties at interest, utilizes site reports to advise 

the governor of the acceptability of power plant sites. Colorado's 

legislature has not yet passed a severance tax on minerals or any bills 

requiring energy industries to provide funds to impacted localities. 

Thus, of the'four states, Wyoming has the most developed system for 

impact mitigation, colorado, the ,least, and Utah and New Mexico some- 

where in between. Some information on the mitigation mechanisms each. 

state has used, or is considering using, is given below. 

7.4.1 Colorado 

Unlike most western states, Colorado has no severance tax on 

minerals. Governor Richard Lamm has co~~sistently supported a severance 

tax, but the legislature has repeatedly voted against it. Recently, 

agreement on the need for such a tax has been reached, but conflict over 

the level of taxation has prevented legislative action. 

Colorado has established a state Socio-Economic Impact Office which 

monitors energy activities in the state. This office has conducted 

research, encouraged the development of local boards and impact assess- 

ment teams, and monitored the impacts of energy development, The Socio- 

Economic Impact Office cannot, however, require energy industries to 

provide funds to mitigate impacts. In fact, Colorado has no legislation 

enabling any state agency to require industries to provide mitigation 

funds, nor to provide such funds from state revenue sources. Since 

local jurisdictions have little political leverage in dealing with 



energy companies, they also have been unable to require any sort of 

mitigation payments. 

A number of bills designed to provide for the mitigation of energy 

impacts were introduced in Colorado's 1975, 1976, and 1977 legislative 

sessions. None of these bills were passed. .Colorado's legislature has 

also made the management of energy impacts more difficult by exempting 

power plants owned by municipalities from ad valorem taxes, and by 

refusing to raise tax rates on mobile homes. A constitutional provision 

that prohibits the state from incurring a debt on behalf of a locality 

adds a further constraint on the expansion of the state's role in impact 

mitigation. Because of the legislalure's opposition to impact manage- 

ment programs, it seems unlikely that Colorado will have any mechanisms 

for dealing with uranium mine and mill impacts in the near future. 

7.4.2 New Mexico 

Half of the uranium produced in the United States over the last 20 

years has come from the northwest quadrant of New Mexico. An increased 

pace of development is expected in this area in the next few years. 

Many of the new mines (probably 70 or more) will be on Indian lands 

where the state has no jurisdiction. Much of northwest New Mexico has a 

mixture of land ownership patterns including federal, state, private, 

Indian, and railroad lands. Responsibility for regulation of develop- 

ment is often unclear with such mixed ownership patterns. In the Crown 

Point, New Mexico, area five uranium companies are expected to begin 

operation before 1980 and to eventually be producing about 8% of U.S. 

uranium supplies. Major socioeconomic impacts are expected since very 

few people live in the area now. The state's main concern is with water 

use problems. Uranium mine dewatering results in dumping tremendous 

volumes of water from aquifiers u ~ ~ . t o  the surfacc. Excessive water use 

might lead to state restrictions on mine openings. 

The state legislature of New Mexico generally has a prodevelopment, 

proindustry bias, but it has authorized some funding for energy-development 

impact assistance. In 1977, ten million dollars were used for water and 

sewer expenses in communities with oil, gas, coal, and uranium develop- 

ments. In 1978 a maintenance level of funding was authorized, but no 4 



new p r o j e c t s  were undertaken. There i s  about a 5% severance t a x  on 

minerals .  Revenues from t h i s  t a x  a r e  put  i n t o  a permanent bonding fund. 

Community Impact Ass is tant  loans a r e  made from t h i s  fund t o  communities 

a f fec ted  by energy development. These funds have been used mainly f o r  

highway and road bui ld ing and r e p a i r .  The establishment of a s i t i n g  

au thor i ty  s imi la r  t o  t h e  one i n  Wyoming was discussed by t h e  l e g i s l a t u r e ,  

bu t  no ac t ion  was taken. There was a l s o  considerat ion of t h e  need f o r  

s t a t e  programs t h a t  provided f o r  (1) e a r l y  planning thro'ugh indust ry-  

community cooperation, (2)  s t a t e  a s s i s t ance  i n  planning and impact 

assessment , . (3)  f l e x i b l e  f inancing arrangements, (4) monitoring systems 

and follow-up s tud ies ,  and (5) a s s i s t ance  t o  communities i n  achieving 

economic d i v e r s i f i c a t i o n .  Even though the  s t a t e  l e g i s l a t u r e  i s  aware of 

t h e  need f o r  such programs l i t t l e  ac t ion  has been taken t o  da te .  One 

reason f o r  s t a t e  inac t ion  i s  a b e l i e f  t h a t  s ince  energy development 

impacts r e s u l t  from federa l  p o l i c i e s  the  f ede ra l  government should pay 

mi t iga t ion  c o s t s .  S t a t e  government i s  a l s o  r e l u c t a n t  t o  pay mi t iga t ion  

c o s t s ,  because nea r ly  a l l  of t h e  uranium and much of the  o i l ,  gas,  and 

coal  produced i n  the  s t a t e  i s  exported. 

7.4.3 Utah 

Utah allows f o r  mi t iga t ing  t h e  adverje pub l i c  se rv ice  impacts 

caused by na tu ra l  resource development through prepayment of s a l e s  a n d ,  

' u s e  taxes;  however, t h i s  1975 l e g i s l a t i o n  has been used inf requent ly .  

Addit ionally,  the  s t a t e  provides some f l e x i b i l i t y  f o r  intergovernmental 

agreements, whereby severa l  munic ipa l i t i e s  and counties can band together  

t o  form spec ia l  d i s t r i c t s .  However, t h e  regula t ions  merely allow f o r  

t h e  p o s s i b i l i t y  of t h e  ac t ion  which must s t i l l  be voluntary on t h e  p a r t  

o f  a l l  p a r t i e s .  The regu la t ions  do not  apply t o  sharing of t a x  revenues. 

The s t a t e ' s  1nteragency.Task Force on Power Plant  S i t i n g  may serve 

a s  a model f o r  ~ t a h '  i f  it decides t o  ,pursue mining and mi l l ing  quest ions 

and, more p a r t i c u l a r l y ,  . i f  Utah decides t o  become an agreement s t a t e .  

Although t h e  task  fo rce  a t  present  has no regula tory  au thor i ty  and 

s e r v e s  only i n  an advisory capacity,  i ts  broad-based composition of 

f ede ra l ,  s t a t e ,  and loca l  o f f i c i a l s  and environmental; consumer, and 

indus t ry  groups, and i ts  operat ing p o l i c i e s  of reviewing s i t e  r e p o r t s ,  



ana lyz ing  a c c e p t a b i l i t y  through a d e t a i l e d  s i t i n g  ma t r ix ,  and reaching  

consensus d e c i s i o n s ,  make it a mechanism which has  much p o t e n t i a l  f o r  
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addres s ing  ques t ions  of socioeconomic impacts of energy development. 

7.4.4 Wyoming 

The s t a t e  of Wyoming has  taken an  a c t i v e  r o l e  i n  t h e  management of 

t h e  impacts  of energy developments. The p r i n c i p a l  t o o l  f o r  c o n t r o l l i n g  

energy  development is p r e s e n t l y  t h e  Wyoming I n d u s t r i a l  Development 

Informat ion  and S i t i n g  Act passed by t h e  1975 s e s s i o n  of t h e  s t a t e  

l e g i s l a t u r e .  Th i s  a c t  

" . . .created a n  I n d u s t r i a l  S i t i n g  Council and t h e  Of f i ce  of In- 

d u s t r i a l  S i t i n g  Adminis t ra t ion  wi th in  t h e  Of f i ce  of t h e  Governor, 

t o  s e r v e  as s t a f f  t o  t h e  Council. The S i t i n g  Act r e q u i r e s  a l l  

i n d u s t r i a l  a c t i v i t i e s  w i t h  a proposed cons t ruc t ion  c o s t  i n  excess  

of f i f t y  m i l l i o n  d o l l a r s  and a l l  energy conversion f a c i l i t i e s  i n  

exces s  of c e r t a i n  c a p a c i t i e s  t o  apply f o r  a permit from t h e  Council 

p r i o r  t o  t h e  commencement of cons t ruc t ion .  It r e q u i r e s  t h e  payment 

of s u b s t a n t i a l  f e e s  used by t h e  Of f i ce  of I n d u s t r i a l  S i t i n g  Admin- --  
i s t r a t i o n  t o  review t h e  impacts of t h e  proposed p r o j e c t  ... The 

Council  h a s  t h e  power t o  r e f u s e  a permit .... and may a l s o  p l ace  

c o n d i t i o n s  on t h e  permi ts  which it does 'g ran t .  ,116 

To d a t e  on ly  two permi ts  ( n e i t h e r  r e l a t e d  t o  uranium development) have 

been granted by t h e  S i t i n g  Council .  One was t h e  permit f o r  t h e  f o u r t h  

u n i t  of t h e  J i m  Br idger  P l an t .  This  permit w a s  granted wi thout  re -  

q u i r i n g  any m i t i g a t i o n  of socioeconomic impacts. The second permit  

a p p l i c a t i o n ,  submit ted i n  1976, was f o r  t h e  development of t h e  Basin 

E l e c t r i c  Power Co-operative's Laramie River S t a t i o n  coa l - f i r ed  gener- 

a t i n g  complex n e a r  Wheatland, Wyoming. The permit f o r  t h e  development 

a t  Wheatland r equ i r ed  Basin E l e c t r i c  t o  f i nance  a number of public 

s e r v i c e s  i f  adequate  pub l i c  funds were not  a v a i l a b l e .  The exac t  t ype  

and l e v e l  of s e r v i c e s  t o  be provided was no t  s p e c i f i e d  i n  advance. 

In s t ead  a monitor ing board t o  review impacts and t o  implement cont in-  

gency p l a n s  as needed was es tab l i shed .18  By 1978,  Basin E l e c t r i c  had 

spen t  6 m i l l i o n  d o l l a r s  f o r  housing and mobile home parks .  The company 



expected t o  recover  about 4 m i l l i o n  d o l l a r s  by r e s e l l i n g  and r e n t i n g  

t h i s  housing. 1 9  

Basin E l e c t r i c  a l s o  ac t ed  as guarantor  of a 3 . 4  m i l l i o n  d o l l a r  l oan  

granted  t o  Wheatland by t h e  Wyoming Farm Loan Board. The Farm Loan 

Board, which c o n s i s t s  of f i v e  e l e c t e d  s t a t e  o f f i c i a l s  (Governor, 

Sec re t a ry  of S t a t e ,  Auditor ,  Treasurer ,  and Superintendent  of In s t ruc -  

t i o n )  h a s , g r a n t e d  l o a n s  t o  a number of energy impacted communities. 

Most of t h e s e  loans  were used f o r  water and sewer improvements. Some 

were used f o r  o t h e r  purposes such as h o s p i t a l ,  nurs ing  home, highway, 

and a i r p o r t  expansions. 

The Farm Loan Board (FLB) i s  author ized  t o  d i s b u r s e  funds t o  l o c a l  

a r e a s  from two sources.  F i r s t ,  under t h e  J o i n t  Powers Act of 1974, 

t h e  FLB can g ran t  l o a n s  (from a.permanent 40 m i l l i o n  d o l l a r  s t a t e  fund) 

t o  l o c a l l y  formed J o i n t  Powers ~ o a r d s  which enable  l o c a l  governments 

t o  undertake p r o j e c t s  t h a t  they  could no t  a f f o r d  t o  undertake i n d i v i d u a l l y .  

These J o i n t  Powers l oans  a r e  not  l e g a l l y  r e s t r i c t e d  t o  communities 

.impacted by eriergy developments, a l though most of t h e  loans  have been 

granted  t o  such communities. The second source of l oan  funds t h e  FT.,B 

a u t h o r i z e s  i s  from c o a l  severance taxes .  These funds must go t o  a r e a s  

a f f e c t e d  by coal .development  and must be used f o r  highway, road o r  

s t r e e t  improvements, o r  f o r  water and s e w e r . p r o j e c t s .  
1 8  

The s t a t e  of Wyoming has  no t  ye t  ac t ed  t o  m i t i g a t e  t h e  socioeconomic 

impacts of any uranium developments. But s t a t e  o f f i c i a l s  are aware of 

t h e  p o s s i b i l i t y  of a uranium development boom.in Wyoming. The Indus- 

t r i a l P S i t i n g  Council is  c u r r e n t l y  r e q u i r i n g  Kerr-McGee t o  f i l e  f o r  a 

permit  f o r  a proposed 600 m i l l i o n  d o l l a r  uranium mining and m l i i i n g  com- 

p l e x  i n  Converse County. A s  p a r t  of t h e  permit a p p l i c a t i o n  Kerr-McGee 

must prepare  a socioeconomic impact s tudy,  and m i t i g a t i o n  funds may b e  - - 

r equ i r ed  i f  t h e  counci l  dec ides  they  a r e  needed. 20 Loans au tho r i zed  under 

t h e  J o i n t  Powers Act a l s o  could be granted t o  communities impacted by 

%uranium development. 

.If t h e  s t a t e  of Wyoming cont inues  t o  support  t h e  p r i n c i p l e  of socio-  

economic impact m i t i g a t i o n  as f i rmly  a s  i t  has  i n  t h e  p a s t ,  i t  w i l l  

probably develop programs f o r  t h e  management of t h e  e f f e c t s  of uranium 

development. A major d i f f i c u l t y  a t  p re sen t  i s  t h e  requirement  t h a t  



development costs exceed 50 millTon dollars before a project is required 

to apply for a state permit. Since many, if 11oe most, uranium mines 
( 

will not exceed this limit, they would not be regulated under current 

legislation. The legislature could lower the cost limit for permits, 

but the problem of handling cumulative impacts would still remain. 

Typically, a single mine or mill will have relatively minor impacts. 

But when the cumulative impact of all the mining and milling activity is 

considered there may be major impacts. As was suggested in the intro- 

duction to this section, a resolution of the issue of cumulative impacts 

is crucial to successful management of the impacts of uranium develop- 

ment. 

Since uranium mines are not liccnsed by any particular federal 

agency but are subject to the regulations of the federal agency on whose 

land the mine is located, if they are located on federal land at all, 

social impact mitigation programs will probably be of two kinds: 

regulation by the state and/or voluntary mitigation by industry. 

The four states which will probably receive the most uranium exploi- 

tation in the future have a range of systems for impact mitigation, 

varying between very well developed (Wyoming) to virtually undeveloped 

(Colorado). There are, however, several examples of voluntary impact 

mitigation whereby industry has recognized the need to deal with social 

impacts as related to quality of life and worker productivity and stability. 

Examples of voluntary action include (1) Colstrip, Montana; (2) Atlantic- 

Richfield's development south of Gillette, Wyoming; and (3) the Ticaboo 

and Blanding developments in Utah. In the absence of consistent federal 

or state regulations, the encouragement of voluntary activities seems 

to provide the most promise for mitigating adverse socioeconomic impacts 

of uranium development. 



7.5. A Monitoring Program for the Socioeconomic Impacts 
of Uranium Mining and Milling 

Efforts to mitigate the adverse socioeconomic impacts of uranium 

mining and milling must be based upon a better understanding of the 

dynamics of rural community change than we presently have. In part we 

can enhance our understanding by reviewing the considerable literature 

which has recently developed on socioeconomic impact assessment and 

impact mitigation. 'l This literature, however, is not consistent in 

its findings regarding either the identification of impacts or the best 

way of mitigating them. With this degree of uncertainty in the relevant 

literatures, and with the uncertainty endemic to the nature of uranium 

development, it is preferable, to describe those circumstances under 

which impacts may be severe enough to require mitigation. Following 

this, an outline of a monitoring plan is suggested which could provide 

information essential. to the mitigation of those impacts. 

7.5.1 Problems in impact mitigation 

There are a number of basic questions which must be addressed 

regarding the mitigation of socioeconomic impacts of planned social 

change. Who is to benefit from mitigation? Who- is to pay for mitiga- 

tion? How shall mitigative responsibility be assessed when there are 

multiple causes of impacts? Once these questions have been resolved, 

how can mitigation best be instituted in a diverse and pluralist economy 

and polity? 

Recent reports from the Denver Research Institute (DRI) and the 

Department of Urban Studies and Planning at MIT point out a basic con- 

tention regarding the nature of socioeconomic impacts and consequent 

mitigation strategies." Due largely to differences in how the two 

groups of studies approach the phenomenon and the assumptions they make 

regarding the dynamics of rural community change, DRI fav0rs.a mitigation 

plan which will benefit the entire impacted community .(immigrants and 

long-time residents), while MIT favors mitigation strategies which would 

benefit only those persons who were long-time residents of the impacted 

community. Gilmore and his associates at DRI believe that many of the 



worst impacts derive from a diminution in the "quality of life" of a 

community which, in turn, is dependent not only on the prin~ary impacts 

of an intervention (e.g., uranium mill, coal-fired power plant, or a 

synfuels plant), but also on "the dynamic interplay of a variety of 

intervention characteristics. Their scenario is composed of a sequence 

of events and conditions which lead to a vicious circle whereby initial 

impacts lead to inadequate public services, which lead to diminution of 

quality of life, which leads to labor transience, which leads to a 

further lessening of the quality of life. More simply, from the notation 

in Table 7.6, problems in local services lead to high rates of libor 

turnover which leads to problems of social organization and attitudes 

and values. Based on their analysis and on their analytical framework, 

Gilmore and his colleagues naturally prescribe a mitigation strategy 

whereby compensation is made to public groups (i.e., local governments) 

so that they can improve the quality of life for all affected citizens. 

The MIT studies base their analysis and their suggestions upon a 

more strict definition of who should benefit from mitigation. Since 

immigrants have the option of whether or not they will participate in 

the project, they should not be the beneficiaries of mitigation. Long- 

time residents of the impacted community have.no such option and should, 

thus, be compensated for their loss through direct payments to the 

individuals. 

The question of who is to pay for mitigation is equally contentious. 

In the case of uranium mining, and milling, the viable options range from 

total federal government. responsibility to total industry responsibility. 
2 2 

Since the National Energy Plan, a federal policy, calls for a tripling 

of production of uranium, some feel that the federal government should 

assume total financial responsibility for mitigation. 23 On the other 

hand, some feel that industry' and its consumers should underwrite 

mitigation costs. 

As noted in the previous section some of the most promising mitiga- 

tion efforts are those in which industry plays an active role. Given 

NRCVs present position not to require the mitigation of socioeconomic 



impacts of uranium mills, the most likely strategy for. financial 

responsibility for mitigation seems to be one in which industry and 

state alld local governments, acting together, assume such responsi- 

bility. The degree of participation by each of these parties is ultim- 

ately a decision which rests with the respective state governments. 

One of the most pressing problems. in providing mitigation is 

institutional in nature. Even if monies can be appropriated for mitiga- 

tion, the identification of mechanisms for dispensing the money to the 

appropriate governmental jurisdiction is often problematic. The problem 

is generally one of a temporal and/or a spatial mismatch. Monies are 

not delivered in a timely fashion so that mitigating solutions are 

applied at the . time . ,  of greatest impact, or they are not delivered to the 

impacted jurisdiction but to the one which collects the project's 

property tax revenues. 

Another.problem which is particularly acute for uraniwn development 

is that of being able to disaggregate the impacts of several causal 

agents. If mines and mills are sited in areas wh.ich already have or 

are soon to have other energy development projects, it is not presently 

possible to assign differential responsibility for impacts or the costs 

of mitigating them. . A  corollary to this is .that .if other projects are 

in place and have not previously been required to mitigate impacts, the 

imposition of responsibility to a new project in the same location . . brings 

questions of equity into the situation. ~esolution of these problems. 

is essential if a rational approach to mitigation is to be found. 

The basic structure of mitigation, as implied in the studies at DRI 

and MIT, is whether to segregate immigrants from or integrate immigrants 

with the preexisting community. .In the case of energy development it may 

be wise to consider construction and operational phases separately. If 

construction causes a temporary immigration of more than 10 to 15% 

of the base population to occur, segregation of the two populations may 

be more appropriate than integration. In this way impacts to the.pre- 

existing community and its population may be minimized. For the opera- 

tional phase of the project, where the labor force is generally not so 

great and where the work force is more permanent, integration of the two 



populations is more advisable. In the case of uranium development some 

of these considerations may be largely foreclosed due to the small size 

of the labor force. 

7.5.2 Conditions requiring monitoring and mitigation 

Under some conditions of uranium development it may be necessary to 

develop and implement comprehensive monitoririg and mitigation mechanisms. 

These conditions may additionally require that the mechanisms be implemented 

differentially (i.e., integrate the populations for some but segregate 

them for others). Specifically, we feel that there may be severe impacts 

when any of the following conditions exist: (1) colocation of uranium 

mills; (2) colocation of a mine and/or a mill with other energy develop- 

ment projects; (3) location of mines or a mill on Indian lands; (4) if 

road conditions are likely to be severely impacted; and (5) if the 

immigrant and/or the native populations feel they are at some health 

risk due to the presence of a uranium mine or mill. 

7.5.3 Monitoring plan development considerations 

Monitoring of conditions may be deemed necessary in the above 

situations for a number of.reasons. First, monitoring impacts may 

facilitate the uranium development project itself. If the host population 

knows that conditions in their community are being monitored for adverse 
impacts they.may be more likely to accept the development. Secondly, we 

have no way of knowing, with any certainty, what all of the impacts 

might be for a wide range of development scenarios cast against a wide 

and diverse range of host communities. Whi'le we do have some idea of 

the directionality of many of the impacts and may have some idea of the 

magnitude of the impacts, our knowledge is still imprecise and is likely 

to remain so. Finally,.there may be a moral, if not legal, obligatiur! 

to monitor impacts. The unequal distribution of costs and benefits 

of any given project to spatially separated communities does require 

attention and mitigation. 



Once a decis ion  t o  monitor socioeconomic condi t ions  has been made, 

one must s e l e c t  which c o n d i t i o n s ' t o  monitor. I t  i s  not  f e a s i b l e  t o  

monitor every condit ion i n  every impacted community, bu t  some informa- 

t i o n  i s  v i t a l l y  important and should be monitored i f  we a r e  t o  mi t iga te  

. the most s i g n i f i c a n t  . impacts.  

In terms of p o t e n t i a l  impacts on l o c a l  se rv ices  t h e  most important 

information i s  population and demograpliic change. Immigration should 

be monitored i n . g r o s s  terms and by age, sex, education,  income, r ace ,  

and occupation. I f  we can determine n e t  populat ion change and t h e  

na tu re  of  t h a t  change, policy-makers would be b e t t e r  ab le  t o  p r e d i c t  

and mi t iga te  t h e  adverse impacts of t h a t  change. There should'  addi- 

t i o n a l l y  be a check on changes i n  the  use of pub l i c  se rv ices .  

An e f f e c t i v e  way o f .des ign ing  a monitoring program would be t o  

inc lude  l o c a l  populat ions a s  e a r l y  a s  poss ib le  i n  t h e  development 

planning process. Ask the  l o c a l  population what they th ink w i l l  be 

impacted and what t h e i r  needs a r e  and might be i n  the  f u t u r e .  I,n those  

communities where a cons t ruct ion  o r  opera t ing  force  i s  a l ready p resen t ,  

ask them a s  well.  I t  is impossible f o r  ana lys t s  t o  p resc r ibe  a moni- 

t o r i n g  o r  mi t iga t ion  program without s i g n i f i c a n t  input  from the  many 

p a r t i e s  a t  i n t e r e s t .  
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8. ECOLOGICAL IMPACTS 

8.1 She Mill Environment 

Most uranium mill sites are located in western United States.' The 

characteristic topography is flat with moderate relief (Q1200-1300 m). 

The climate is semiarid with mild summers and cold winters. Precipitation 

in this area is low, averaging %30 cm (12 in.) annually. Strong winds 

(4-6 m/sec, average) are predominant, and dust devils are frequent. 

Human population density in these lands is low, but small urban centers 

of higher population density may be present along flood plains of rivers 

and streams. Air quality is generally good because of the low population 

density (%6 persons/km2), lack of industrial pollution sources, and the 

dispersive characteristics of the region. However, high background 

concentrations of suspended particulates ( ~ 3 5  pg/m3) are characteristic 

because of the high winds and sparse vegetation. 

Agricultural use in western United States is limited by the available 

moisture. These lands are extensively grazed by livestock and may 

contain some croplands and orchards where moisture is available. Some 

of the land (%lo%) along surface waters may be irrigated. Surface 

waters may be ephemeral streams, reservoirs, rivers, or small ranch 

impoundments. Groundwater is used principally for livestock. 

Flora in the mountainous regions usually consists of ponderosa pine 

and Douglas fir, with pinyon-juniper communities at lower elevations. 

Vegetation aharaoteriotico of high plateaus consist- uf desert shrub and 

bunch grass communities. C O ~ ~ O ~ \ I O O ~ S ,  willows, and vegetable crops 

predominate at stream banks and around reservoirs. Mill sites, usually 

in short-grass prairie communities, are dominated by blue grama, buffalo 

grass, sagebrush, and rabbit brush. Mammals and birds which inhabit 

potential mill sites and surrounding areas include rodents, badgers, 

coyotes, pronghorn, mulc deer, eottantail ralrlits, jack rabbits, blue 

grouse, sage grouse, and a variety of raptors. Cattle and sheep may 

also be present. 



8.2 Land Use 

The land area used in the uranium milling industry is small compared 

to the combined area committed to other facets of the nuclear fuel cycle 

(i.e., mining and power reactors). For each metric ton of ore processed 

by a uranium mill, the tailings disposal area typically increases by 

about 0.1 m2 (see Ref. 2). On this basis a 1814-KC/day (2000-ST/day) 

mill will utilize approximately 121 ha (300 acres) of land during the 

life of the plant for tailings disposal alone. Upon termination of 

milling, nearly 85% of the land originally dedicated to milling activities 

will have been committed to the retention of mill tailings. upon 

cessation of the milling activities, the tailings areas may be stabilized 

by conventional reclamation practices to retard erosion and transport of 

tailings to the environs by wind and water. Current practice is to 

withhold such land from future unrestricted use in order to minimize 

potential exposures to An. Use of the uranium mill tailings I s  prese~lLly 

under legal control of the Nuclear Regulatory Commission, Agreement 

States or U. S. Department of Energy. 

8.3 Nonradiological Air and Water Quality 

Uranium milling activities release nonradioactive airborne contam- 

inants in the form of dust to the environment. Dust is generated by 

weathering (wind erosion) of ore stockpiles and exposed dry tailings and 

from vehicle traffic along unpaved.roads. Process dust is derived from 

ore crushing and grinding activities and from the yellowcake an& calcining 

steps. Particulate emissions are generally controlled by wet scrubbers 

or bag filters. contributions of dll-associated dust to ambient dust 

concentrations are generally negl.igible with regard to total.mass since 

sources other than milling activities (natural weathering) are largely 

responsible for the ambient dust concentrations. However, there is an 

increase in suspended particulates during heavy equipment use, dry 

periods, and high winds. 

Natural gas is used as a source of process and building heat in 

the milling industry. Products of combustion include nitrogen oxides, 



carbon dioxide, and water vapor. Sulfur dioxide, sulfuric acid fumes, 

and ammonia may be released during leaching. During the solvent 

extraction step, kerosene is vaporized to the environment. Compliance 

with State or Federal air quality regulations necessitates control of 

some gaseous effluents. 

The liquid effluent from a nominal 1814-MT/day (2000-ST/day) ore 

process consists of 4898 MT/day (5405 ST/day) of slurried waste solutions 

which contain both soluble-ore constituents and chemicals from leaching, 

strippi,ng, and precipitation .jtep~.~ The waste milling solutions are 

discharged along with the solids into a tailings pond that is designed 

and constructed to prevent contamination of aquifers or seepage to 

surface waters. Effectiveness of past tailings-pond design has not 

been adequate to prevent.seepage or periodic dam or dike failures. Con- 

tamination of surface waters by mill effluents can be prevented by 

careful construction and adequate maintenance of tailings ponds. However, 

contamination of groundwater is more difficult to control. Of major 

environmental concern for seepage are toxic elements, such as arsenic, 

vanadium, selenium, and molybdenum, which occur in trace quantities 

in the ore and may concentrate in mill waste solutions. Salinization 

of the soil via evaporation of the liquid effluent is also a major con- 

cern. Maintenance and monitoring of tailings ponds should be adequately 

controlled to.insure long-term retention of mill effluents. 

The solid wastes slurried in the liquid effluent consist of greater 
4 

than 95% of the ore mill feed and are composed mostly of sandstone and 

clay particles. As with the liquid portion of the mill effluents, toxic 

trace elements are of concern. 

8.4 Soils 

During the operation of a uranium mill, the main impact on soils 

reoults from chronic seepage of tailings pond impoundments and from 

deposition of windblown tailings.5 Soils are expected to be affected 

by loss of organic matter, leaching of nutritive ions, and eventual 

salinization of the soil. Salinization destroys soil structure and 

increases erosion. Reclamation of salinized soils is difficult because 



of the low precipitation characteristics of potential mill site regions. 

Windblown tailings can lower soil pH and increase salt, SO4, N, Na, and 

As concentrations in surrounding soils. 

8.5 Biota 

The availability of moisture is the single most significant factor 

limiting plant and animal life around uranium mills. It is not likely 

'hat mill activities will have as significant an effect on sensitive 

habitats nn a regional basis as rainfall because of the great land area 

and low mill density involved. However, contaminatiori ul: and intrusion 

upon local habitats may result in significant effects on biota. Increased 

road-kills and hunting pressure may be the most significant direct 

impacts of uranium mine constructfon and ~pe~clliu~i on mammalo and birds. 

Removal or destruction of animal and plant communities from the mill 

environs occurs during construction and active operclliull of the facility 

and would probably result in unavoidable loss of individuals of some 

species. This impact has been assessed within an ecosystem framework 

(Table 8.1). The data presented in Table 8.1 indicate that there are 

significant unavoidable impacts on the biota at a 250-ha (618-acre) 

model uranium mill site due to construction arid site operation. A 

description of the model uranium mill used in this assessment can be 

found in Ref. 6. Primary production 1s completely lust, wP~ile seed 

production and mammal and bird biomass are depleted over 90%. Secondary 

production, reduced by 40%, is the least impacted ecosystem characteristic. 

The loss of primary seed, secondary production, and animal biomass in 

the environment within a 40-km (25-mile) radius of the mill site is less 

than 1%. The unavoidable adverse environmental impacts of a uranium 

mill site appear to be significant within the 250-ha (618-acre) mill 
6 

site but minor or nonexistent in the entire 500,000-ha (1.2 x 10 - 
acre) area potentially affected by the site. However, subtle changes in 

ecosystem structure may result in significant impacts over the entire 

site area. Therefore, further investigation should be made of impacts 

to ecosystem structure and impacts to individual species. 

Significant uptake and accumulation by plants of trace elements 

contained in mill tailings is not likely if future stabilization of the 

tailings precludes the availability of suspect contaminants. However, 



Table 8.1. Biotic loss at a model uranium mill site 

Ecosystem Ecosystem characteristics Total loss from 
characteristics for uranium mill sitesa mill site 

Primary .pr duction B 1.3E12 J 1.3312 J 
(5.339 J /ha) 

Seed production 
(1.2E10 J/ha) 

Secondary production 1.5E10 J 
(5.937 J/ha) 

Snlall rnanlmal biomass 
(35-96 g/ha) 

Bird biomass 
(161-174 g/ha) 

Livestock 5 cows or 25 sheep 
displaced 

Large mammals 3-5 pronghorn 
displaced 

a 
Area = 250 ha (618 acres). 

joule (J) = 4.18433 kCal. 

Sources: J. A. Wiens, "Pattern and processes in Grassland Bird 
Communities," EcoZ. Monogr. 43: 237-70 (.1973); N. R. French et al., 
"Small Mammal Energetics in Grassland Ecosystems," EcGZ. fionogr. 
46: 201-20 (1976); and, George Montet, Draft Generic Impact Statement 
on Uraniwn Milling Operations (Argonne ~ational ~aboratory,.personal 
communication November 27, 1978). 

salinization of local soils is a major concern and'may .result in 

permanent alteration or destruction of the plant community if extensive 

corrective intervention is not done. radiation exposures to 

plant life imparts a chronic, low-level dose which is generally con- 

sidered insufficient to cause measurable effects. 

The effects of toxic trace elements originating from uranium milling 

activities on the terrestrial and aquatic biota have received little 

attention in the past. However, in grazing and browsing animals (deer, 

pronghorn, cattle, and sheep), the ingestion of plant materials and soil 

contaminated by airborne deposits containing translocated contaminants, 

or ingestion of contaminated storage or irragation water may be a significant 

exposure pathway. Animals that drink tailings pond effluents could 

suffer from chronic or acute selenium, arsenic or molybdenum poisoning. 



Radiological impacts to grazing wildlife has not received sufficient 

emphasis. Estimated doses to grazing wildlife received from ingestion 

are not considered excessive and are not expected to cause measurable 

effects. It has been suggested that transmission lines may provide perch 

sites for raptors and may cause them to limit their range to mill sites 

and thus prey predominantly on rodents which may have elevated body- 

burden levels of toxic contaminants.6 This m y  prove to be a significant 

pathway; however, there is no supportive evidence for this type of 

impact. The transfer of radionuclides and trace elements through the 

food chain. from plants to beef is an important concern to man and should 

receive detailed analysis. However, there is a general lack of data 

on transfer of natural radionuclides from grass in the mill environs to 

meat. 

Impacts of urarlium mill wastes are expected to be minimal on surface 

waters because proper tailings pond construction should minimize seepage 

and overflow. In worst-case situations, radiation doses to aquatic 

organisms have been estimated assuming direct seepage from a tailings 

retention pond into surface streams.'l Estimated total internal doses 

from the natural uranium, radium, and thorium effluents are well below 

the doses known to cause significant effects. However, effects from 

toxic contaminants such as selenium are yet to be assessed fully. Mill 

effluents are not intentionally discharged to surface waters, but 

seepage from tailings may result in contamination of surface waters with 

subsequent impact on aquatic biota. Exposures'(radiologica1 and toxic 

metals) may also result from tailings pond seepage to ground, thence to. 

wells used for sources of irrigation or drinking water. 
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9. RADIOLOGICAL MONITORING AT URANIUM MINES AND MILLS 

9.1 Introduction 

Previous sections have 'dealt primarily with the determination of 

health effects through the employment of various theoretical constructs 

such as computer modeling. While such models are certainly a desirable 

endpoint to any scientific endeavor, it should be recognized that they 

require as input a variety of parameters which may be obtained only 

through direct measurements. In addition, empirical verification of 

these models is a necessary step in their development as acceptable 

theoretical constructs. It should also be noted that in certain 

pragmatic activities, such as routine radiological monitoring at existing 

and/or inactive mining and milling facilities, there remains a need for 

techniques useful in the direct measurement of radionuclides. For this 

reason, it was £elf that a discussion should be made of available techniques, 

their limitations, and.areas where more research is called for. The 

techniques remain the same whether one is interested in model verification, 

development of input parameters, or the determination of standards 

compliance. In general, the following discussion will center on the 

determination of exposuxe fields resulting from the presence of those radio- 

nuclides which are .present in any of the three naturally occurring decay 

chains. These exposure levels vary from site to site and must be accounted 

for in assessing the possible hazard resulting from mining and milling 

operations. 

Any determination of the types of measurements to be made at a site 

must include an assessment of the pathways by which radionuclides may travel 

to the critical receptor (in this case, the human body). These exposure 

pathways have been described in earlier sections of this document, but. 

it will be useful to briefly review them. The first pathway with which 

the discussion will deal centers around the alpha, beta, and gamma external 

exposure fields produced by the decay of radionuclides located in soil, on 

building surfaces, or in the local air (due to particle suspension). The 

radionuclides of primary interest in this respect are 234~h,. 23?mpa I .  214pb, 
214Bi , 210~br and 210~i, with the majority of the gamma emissions resulting 
from the radioactive daughters of 226~a. Since most of the g-a radiation 



from uranium ore  r e s u l t s  from the  decay of radionuclides located below 

226Ra i n  t he  decay chain, the  eventual extract ion of 2 3 8 ~  and 2 3 5 ~  causes 

very l i t t l e  decrease i n  the beta and gamma in tens i ty  per un i t  source 

material .  

In te rna l  exposures w i l l  be considered t o  r e s u l t  from the intake of a 

radionuclide through ingestion,  inhalat ion,  o r  absorption through body 

wounds (normally considered t o  be an inconsequential pathway). Alphas 

emitt ing nuc1ides;as well a s  low energy beta-emitters, pose a heal th  

hazard only when there.  i s  some probabi l i ty  of i n t e rna l  exposure. Inhalation 

hazards r e s u l t  from t h e  intake of airborne radioactive pa r t i c l e s  and gases, 

with primary concern being focused on 222Fm and i t s  radioactive daughters. 

In  addi t ion,  suspension of 2 3 0 ~ h ,  
226 

Ra, 2 2 7 ~ c ,  and 228Ra through the  

abrasion of contaminated surfaces o r  the  grinding of ores  must be considered 

a s  a po t en t i a l  exposure.pathway. These radionuclides are . included i n  the 

"very highly hazardous group"' and. a re  subject  t o  the  most s t r ingent  

controls.  Their concentration (as  well  a s  t h a t  of 210Pb, 238U, and other 

radionuclides i n  t he  u r ~ i u m ,  actinium, and thorium decay chains) must 

a l so  'be ascer ta ined i n  loca l  va te r  supplies.  

Contamination from mining and mil l ing operations may sn t e r  the  ground- 

water supply through leaching and/or ion exchange with s o i l s  containing 

those radionuclides. Primary concern here is  placed on the  t ransfe r  of 

226Ra and 2 3 8 ~ ,  although some authors have sugg3r:ted t h a t  2 2 6 R a  remains 

f a i r l y  loca l ized  i n  t a i l i n g s  p i l e s .  2 '3 '4  A t  t t c  present,  it i s  d i f f i c u l t  

t o  determine the  magnitude of contamination Liy uranium i n  groundwater when- 

ever large quan t i t i e s  of uranium bearing ore a r e  proximal, although 
238u 

has been shown t o  undergo Additional research i s  needed t o  

allow accurate est imates of the  leaching of radionuclides from these 

t a i l i n g s  p i l e s .  The f i n a l  exposure pathway consis ts  of the  ingestion of 

foods which contain radionuclides..  This incorporation i s  governed by 

t h e  biological  uptake fac tors  which r e l a t e  s o i l  concentration t o  p lan t  

concentration and airborne' concentration t o  deposition on p lan t  surfaces. 

AS a ' r e s u l t ,  it i s  necessary t o  determine the  concentration of a l l  radio- 

nuclides i n  l oca l  s o i l  and a i r .  



b - 
9.2 Measurement of Radon 

It i s  general ly agreed t h a t  the  g r e a t e s t  hea l th  hazard associa ted  

wi th  t h e  mining and mi l l ing  of uranium ores  a r i s e s  from t h e  emanation 

of 222Rn and t h e  subsequent inhala t ion of radon and i ts  daughters. 
7-12 

Epidemiological evidence of a p o t e n t i a l  f o r  increased r i s k  of lung cancer 

and other  . i l l n e s s e s  f i r s t  became evident from s t u d i e s  of t h e  lung cancer 

incidence among var ious  groups of uranium and non-uranium miners, 
13-20 

although competing e f f e c t s  lgp21 make t h e  problem d i f f i c u l t  t o  resolve.  A. 

major p a r t . o f  any monitoring program a t .  f a c i l i t i e s  contaminated with 
222R, 

2 2 6 ~ a  must focus on a i rborne  

Two bas ic  methods may be used t o  determine t h e  amount of radon being 

transported t o  a given loca t ion .  The f i r s t  involves d i r e c t  measurement 

of t h e  radon concentrat ion a t  t h e  place of i n t e r e s t ,  and the  second 

requ i res  t h e  development of a source term followed by t h e  use of var ious  

t r anspor t  models. S tudies  have shown t h a t ,  a t  a given loca t ion ,  radon 

concentrat ion may vary by more than an order of magnitude over a period 

of a year. 22 ,24 This v a r i a t i o n  a r i s e s  from a number of inf luences  which 

e f f e c t  t h e  emanation of radon from the  ground and the  d ispers ion i n t o  

t h e  atmosphere.. In  addi t ion ,  t h e  radon concentrat ion has been shown t o  

vary widely within a given day.' A s  a r e s u l t ,  radon measurements (Table 

9.1) must be taken a t  many .times of t h e  year and averaged. For example, 

rhe  Grand Junction Remedial Act ion ~ r i t e r  i a  , 24 requ i res  t h a t  measurements 

be taken i n  s i x  periods, each of a t  l e a s t  100-hr dura t ion,  and spaced a t  

l e a s t  four weeks apar t .  Single measurements may lead t o  gross  d i s t o r t i o n s  

i n  the predicted yearly average. 

A number of accura te  techniques have been developed f o r  t h e  d i r e c t  

radon measurement.and a r e  reviewed i n  Table 9.1. Techniques involving grab 

samples w i l l  r equ i re  t h a t  many measurements be taken a t  var ious  times of 

t h e  day throughout the.  year. For t h i s  reason, a t t e n t i o n  has  r e c e n t l y  

focused on continuous devices which y ie ld  e i t h e r  a time-averaged concen- 

t r a t i o n  o r  a continuous output of concentrat ion a s  a funct ion of t i m e .  

The most prevalent grab sample technique appears t o  be t h e  Lucas 

Chamber, 25926 which is coated with a z inc  s u l f i d e  s c i n t i l l a t o r  t h a t  

responds t o  t h e  alpha p a r t i c l e s  emitted b y . t h e  radon and daughter atoms. 

A f i l t e r  placed across  t h e  i n l e t  removes any radon daughters present  



Table 9.1. Instruments fo r  measuring radon 

Instrument 
type 

Application Pr inc ip le  of 
operat  ion 

Sens i t iv i ty  Ava i l ab i l i ty  References 

Lucas c e l l  Grab o r  S c i n t i l l a t i o n s  
continuous 

1nexper.si;re; easy t o  25,26 
const rucr ;  easy t o  
i n t e r p r e t  

Two f i l t e r  Grab o r  Decay of radon i n  a 
continuous known volume of a i r  

followed by daughter 
co l l ec t ion  

Same as L-lcas c e l l  29,30 

George, 
George and 
Bres l in  

Continuous Two fi l ter-monitored 
by thermoluminescent- 
dosimeter (TLD) chip 

0.05 p C i / l i t e r  
when sampled 
f o r  one week 

<0.1 p C i / l i t e r  

Same as L.~cas c e l l -  
r equ i res  a TLD reader 

HASL pulse  Grab o r  A i r  admitted t o  sensi-  
continuous t i v e  volume of ion 

chamber 

Same as L-~cas c e l l  102 

Activated 
charcoal 

Continuous 3r Absorption on charcoal- 
long t erm count using Lucas c e l l  

0.01 pCi/ l i t e r  Requilrs equipment f o r  25,36 
de-emanation of radon 
plus  c o l  Lect ion 

Act iva  t ed 
charcoal 

Bedrosian 

Continuous or Absorption followed by 
long term counting on NaI 

Requ ins  multichannel 36;37 
analyzer 

Continuous ZnS over Polaroid f i lm Cheapest of radon '38 
methods 

Geiger 

S i l l  

Continuous Alpha t rack etch f i lm 

Long term Col lect ion of a i r  
followed by counting 

Continuous Passive-TLD chip 

Very chea? 39 

Same a s  Lucas 
c e l l  

Easy t c  const ruct  34 

George and 
Bres l in  

0.03 p C i / l i t e r  
over one week 

Cost approximately 33 
$50 

Wrenn and 
Spi t2  

Continuous Passive-ZnS 
s c i n t i l l a t o r  

Moderate cost* 35a,35b 

In vivo Used t o  es t imate  Detection. o f . e i the r  
body burden 2 1 0 ~ b  o r  2 1 0 ~ o  

Within a f ac to r  
of 4 a t  95% 
cor'f idence 

Expensive 40-44 

*This u n i t  has been conputerized by ORNL, thereby reducing operating coats .  



i n  t h e  a i r .  The Lucas Chamber has  been incorpora ted  i n t o  t h e  des ign  of 

cont inuous monitors  such a s  t hose  r epo r t ed  by Harris e t  a1.27 and Glaude. 
2 8 

Another short-term radon device  is based upon t h e  two f i l t e r  method r epor t ed  

by  ont tan" and Thomas and LeClare.30 S tud ie s  of t h i s  method by B r e s l i n  
31  

i n d i c a t e  t h a t  r e p l i c a t i o n  e r r o r s  may approach 20%, p r i m a r i l y  a r i s i n g  

from t h e  e f f e c t s  of humidity and of t h e  small  amount of a c t i v i t y  normally 

r e t a i n e d  on t h e  f i l t e r s .  ~ e o r ~ e ~ ~  and George and ~ r e s l i n ~ ~  have adapted 

t h i s  technique t o  a cont inuous monitor through t h e  use  of a l i t h i u m  f l u o r i d e  

TLD chip .  

h a s  descr ibed  an i n t e g r a t i n g  monitor which c o n s i s t s  of a 

smal l  d e f l a t a b l e  bag i n t o  which a i r  is  pumped a t  a f low of less than  

125 ml i te r lmin .  The radon content  of t h e  c o l l e c t e d  a i r  is then  determined 

by any of a number of techniques.  A pass ive  radon monitor c o n s i s t i n g  of 

a f l a s k  i n t o  which radon atoms d i f f u s e ,  has  been developed by George and 

~ r e s l i n ~ ~  a t  HASL. A TLD ch ip  m ~ n i t o r s  t h e  radon emissions.  A dev ice  . 

which has  found wide use has  been developed by Wrenn and S p i t z .  35a,35b . 

Radon d i f f u s e s  through a foam cover i n t o  an - inner  chamber where t h e  a l p h a  

decay of t h e  daughter  products  i s  de t ec t ed .  Th i s  cont inuous dev ice  has  

r e c e n t l y  been incorpora ted  by t h e  Off-Si te  P o l l u t a n t  Monitoring Group 

a t  t h e  Oak Ridge National  Laboratory i n t o  a system c o n t r o l l e d  by a 

mini-computer, a l lowing measurements t o  be obta ined  over  long pe r iods  

wi thout  t h e  need f o r  human a t t e n t i o n .  Other techniques  f o r  t h e  d i r e c t  

measurement of radon inc lude  c o l l e c t i o n  on a c t i v a t e d  cha rcoa l ,  36,37 

exposure of ~ o l a r o i d  f i l m  covered by a z i n c  phosphor', and t h e  u s e  of f i l m  

badges t o  he worn by mine personnel  (followed by a de termina t ion  of 

t h e  number of a lpha  t r a c k s ) .  
3 9 

A number of a l t e r n a t i v e  methods have been developed f o r  t h e  measure- 

ment of radon exposure t o  miners. These methods involve  measurements of 

t h e  amount of r a d i o a c t i v i t y  r e s i d i n g  i n  t h e  miners  themselves r a t h e r  than 

measurements of t h e  mine atmosphere and, t h e r e f o r e ,  f a l l  under t h e  ca tegory  
4 0 

of  personnel  monitor ing,  Eisenbud e t  aZ. have descr ibed  a method of 
i n  v ivo  measurement of t h e  body burden of lead-210 a s  an i n d i c a t o r  of 

cumulat ive exposure t o  radon and its daughters .  The method invo lves  t h e  

u s e  of twin Cesium iod ide  and Sodium iod ide  c r y s t a l s  opera ted  i n  a n t i -  

co inc idence  ~ 5 t h  a s i n g l e  pho tomul t ip l i e r  tube.  It w a s  d i f f i c u l t  t o  

e s t i m a t e  t h e  t r u e  exposure of h i s  sample popula t ion ,  b u t  b e s t  e s t ima te s  



i n d i c a t e  t h a t  t h e  method may be accura te  t o  within a f a c t o r  of two. 

 ish her^' g ives  a good review of the  model which may be used t o  est imate 

2 2 2 ~ n  and daughter exposure from the  210~b body burden and suggests the  

u s e  of an e i g h t  compartment model. H e  r epor t s  the  accuracy t o  be 

wi th in  a f a c t o r  of 2 a t  the  68% confidence l e v e l  and t o  within a f a c t o r  

of 4 a t  t h e  95% confidence l e v e l .  

The excre t ion  of var ious  radionuclides has a l s o  been used t o  measure 

cumulative exposure t o  radon. Bell  and ~ i l l i l a n d ~ ~  have studied t h e  use 

of t h e  210~b content  i n  the  u r ine  of beagle dogs exposed t o  atmospheres 

conta in ing radon and i t s  daughters and t h e i r  r e s u l t s  have lead them t o  

begin s t u d i e s  on miners. The l e v e l s  of polonium i n  t h e  ur ine  of miners 

has  been s tudied by Inouye e t  and Djuric e t  ~ 2 2 . ~ ~  who conclude 

t h a t  t h e  method may be appl icable  under s u f f i c i e n t l y  high exposure 

condit ions.  

9.3 Measurement of Radon Daughters 

I n t e r e s t  i n  t h e  dosimetry of radon has been centered on t h e  daughters 

of radon r a t h e r  than on the  radon i t s e l f .  This has led  t o  the  development 

of devices  which measure the  concentrat ion of radon daughters (Table 9.2). 

These daughters e x i s t  i n  a i r  e i t h e r  a s  f r e e  atoms o r  at tached t o  t h e  

su r face  of aerosols .  Studies of t h e  attachment of radon daughters t o  

t h e  atmospheric ae roso l  45-47 and of t h e  rad ioac t iv i ty  on dust  i n  t y p i c a l  

mining and mi l l ing  atmospheres 17s48949 ind ica te  t h a t  'most of t h e  daughters 

a r e  a t tached t o  ae roso l s  of l e s s  than 0.5 pm, with a l a r g e  f r a c t i o n  

a t tached t o  p a r t i c l e s  of l e s s  than 0.1 pm diam. In support of t h i s  

hypothesis ,  measurements taken i n  mines showed t h a t  more than 60% of t h e  

daughters w e r e  a t tached t o  p a r t i c l e s  of l e s s  than 0.1 pm diam. 50,51 The 

unattached f r a c t i o n  tends t o  be l e s s  than 10%. 52953 Since the  MPC recom- 

mendation of t h e  ICRP incorporates an est imation of t h e  f r a c t i o n  of 

218~o atoms which remain unattached, i t  may be i n s u f f i c i e n t  t o  simply 

monitor radon daughter concentrat ions without obtaining some es t imate  of 

t h e  unattached f rac t ion .  Several  methods a r e  ava i l ab le  f o r  such a 

determination. 



Table 9.2. Instruments f o r  measuring radon daughters 

Instrument Application 
type 

Pr inc ip le  of 
operation Sens i t iv i ty  Avai lab i l i ty  References 

Kusnetz and Grab A i r  drawn through 0.0005 + 35% Easy t o  use; 58 
Tsivoglou f i l t e r  working l eve l  inexpensive 

(WL) 

Thomas Grab 

Pkrtz  and Grab 
Others 

Pangaraj an Grab 

Lockhart Grab 

Shreve, Grab 
Groer, and 
o thers  

Modified Kusnetz - 0.0005 WL . 
uses integrat ion 

Requires in tegra t ion  103 
device 

Modif led Kusnetz - 0.0005 WL Requires alpha spec- 104 
alpha spectroscopy . troscapy i n  a t  

l e a s t  t h r ee  channels 

Modif led Kusnetz - 
monitors gamma 

Modified Kusnetz - 
monitors beta 

Kusnetz -monitors 0.0i  WL Inexpensive, por tab le  67.68 
alpha and beta 

USL Dosimeter Pump - TLD 

M.I.T. Dosimeter Pump - alpha t rack  
e tch  f i lm 

Colorado Dosimeter Pump - TLD 
S t a t e  
University 

3 working-level 
, hours (WLH) 

1 WLH 

0.025 WLH 

Dosimeter Pump - alpha t rack  1 WLH 
e tch  f i lm 

Franz Dosimeter Pump - alpha track 1 WLH 
e tch  f i lm 

Eberline Dosimeter Pump - alpha t rack  4 WLH 
e tch  f i lm 

h v e t t  , Dosimeter Passive - alpha t rack  Several WLH Very inexpensive 
Becker etch f i lm 

General .Dosimeter Passive -a lpha  t rack 5 WLH 
E l ec t r i c  (Radon znd etch f i lm 

daughters) 

Inexpensive 

Hew York Dosimeter Passive - s c i n t i l l a t o r  Inexpensive 
University plus f i lm 



There i s  no cur ren t  requirement f o r  the  measurement of the  unattached 

fract ion.  There i s  a l so  no requirement t h a t  the  s i ze  d i s t r ibu t ion  of 

attached p a r t i c l e s  be determined a t  each s i t e .  However, most recent 

s tud ies  i n  lung dosimetry show t h a t  the  s i ze  d i s t r i bu t ion  may have a 

l a rge  e f f e c t  on lung doses. Therefore, it appears t h a t  some a t ten t ion  

should be .d i rec ted  e i t h e r  towards an easy method fo r  determining the  

unattached f r ac t i on  o r  towards the  development of a "standard f ract ion" 

t o  be used i n  calculat ions .  E l ec t ro s t a t i c  p rec ip i ta to rs ,  wire screens,  

and dif fusion b a t t e r i e s  have been used i n  the  pas t  t o  measure t h i s  
52,54-56 

fraction. 

The present  u n i t  f o r  the  determination of exposure t o  radon 

daughters i s  t he  working leve l  ( W L ) .  This i s  defined t o  be "any com- 

bination of radon daughters i n  one l i t e r  of a i r  t h a t  w i l l  r e s u l t  i n  the  
5 

ult imate emission of 1.3 x 10 MeV of po ten t ia l  alpha energy. "57 Table 

9.3 shows the  growth of working levels  i n  an i n i t i a l l y  pure sample of 

radon. The monitoring of uranium mines requires t h a t  determinations be 

made of t h e  working l eve l  ex i s t ing  a t  a pa r t i cu l a r  place and time a s  

well  a s  t he  cumulative exposure t o  a worker i n  a pa r t i cu l a r  area. 

Cumulative exposure i s  generally expressed i n  working l eve l  hours (WLH) 

o r  working l eve l  months (WLM). One WLM i s  defined a s  exposure t o  one 

worker f o r  a period of 170 working hours. 

Table 9.3. Growth of working l eve l s  i n  an i n i t i a l l y  
pure sample of 100 pCi / l i t e r  of 2 2 2 ~ n  

Time 
(min) 

Number of working 
l eve l s  



Most of t h e  techniques i n  Table 9.2 a r e  based on t h e  c o l l e c t i o n  of 

radon daughters  wi th  a f i l t e r ,  followed by a  de te rmina t ion  of t h e  a lpha  

and/or  b e t a  decay r a t e .  This  method was developed by ~ u s n e t z ~ ~  and i s  

now considered t o  be t h e  s tandard  method f o r  d i r e c t  measurement of t h e  

working l e v e l .  Summaries of t h e  inhe ren t  e r r o r s  have been publ ished by 

B r e s l i n  e t  ~ 2 . ~ '  and by ~ o ~ s e n , ~ '  w i th  f i l t e r  e f f i c i e n c y  having been 

explored by Holmgren e t  a t .  and Inouye et az., 62 who conclude t h a t  

h igh  e f f i c i e n c y  membrane, po lys tyrene ,  o r  g l a s s  f i b e r  f i l t e r s  perform 

b e s t .  A wide v a r i e t y  of counting schemes have been developed, w i th  t h e  

most s e n s i t i v e  c o n s i s t i n g  of t h r e e  counting i n t e r v a l s  w i th  t h e  employment 

of an a lpha  spectroscopy system. A technique has  been developed by Perdue, 

Legget t ,  and ~ a ~ w o o d ~ ~  which u t i l i z e s  t h e  counts  i n  four  s e p a r a t e  energy 

r e g i o n s  t o  s e p a r a t e  t h e  c o n t r i b u t i o n  of t h e  daughters  of '19Rn and 2 2 0 ~ n .  

Other modi f ica t ions  of t h e  count methods have been developed by Rangargjan 

et at.  ,64 who used gamma measurements, and by L ~ c k h a r t , ~ ~  who used a  

method based on g ros s  b e t a  counting dur ing  two t i m e  i n t e r v a l s .  However; 

t h e s e  methods a r e  no t  as s e n s i t i v e  as t h e  preceding methods and r e q u i r e  

c e r t a i n  assumptions about t h e  degree of equi l ibr ium.  There i s  some 

evidence66 t h a t  t h e  working l e v e l  may be approximated by a de termina t ion  

of t h e  sum of t h e  a lpha  and be t a  a c t i v i t y  depos i ted  on a f i l t e r  and l e d  

t o  t h e  development uf p o r t a b l e  luonitors Ly Slireve et 6 2 .  67 and Groer 

et ~ 2 . ~ '  For a  d i scuss ion  of t h e  genera l  ' cons ide ra t ions  i n  t h e  develop- 

ment of an i n s t a n t  working l e v e l  monitor,  t h e  r eade r  i s  r e f e r r e d  t o  

a r t i c l e s  by Harley and pasternack6' and Rolle .  70 To d a t e ,  t h e  most 

a c c u r a t e  method of working l e v e l  e s t ima t ion  i s  t h e  modified Kusnetz 

technique  wi th  t h r e e  counting i n t e r v a l s .  

9.4 Measurement of Cumulative Exposure 

To determine t h e  cumulative working l e v e l  exposure, t h e  preceding 

methods could be used t o  g ive  an average working l e v e l  concen t r a t ion  i n  

a n  a r e a  followed by a  de te rmina t ion  of occupancy. Some work i s  c u r r e n t l y  

be ing  d i r e c t e d  toward t h e  development of a  personnel  dosimeter  which 

would a l low d i r e c t  de te rmina t ion  of cumulative exposure. 

A number of e x c e l l e n t  methods e x i s t  f o r  t h e  de te rmina t ion  of working 

l e v e l s  us ing  a  v a r i e t y  of measurement schemes. A t  t h e  p re sen t ,  t h e r e  i s  



a great need for an accurate, portable, and rugged personnel monitoring 

device.which will yield cumulative exposure to radon.daughters. The 

most promising methods use thermolurninescent dosimeter (TLD) chips, 

alpha-track etching, and photographic film coated with a fluorescent 

material . 

9.5 Development of Source Terms 

It is often possible to estimate radon concentrations by the develop- 

ment of a suicabfe source Ceiui followed by the use of existing computer 

models. Estimates of the rate of exhalaefoa of radon from the grou~id luay 

be obtained by a number of methods. Direct measurements.may be. obtained 

through the accumulator method, 71973 which consists of collection of 

radon in a box followed by the use of a relation between the flux and the 
concentration as a function of time. This method is accurate and - - 

reproducible to within - +lo%. 71 A n  alternate technique relies on the 

affinity of radon for activated charcoal. The simplest method74 involves 

the spreading of. a Layer of the charcoal on the ground, followed by 

retrieval and' counting of the 0.609 MeV X-rays of 'l4Iii. A similar method 

uses activated charcoal in Army.Ml1 canisters. 75-77 Calibration is 

performed by direct .comparison with the accumulator method77 or by placing 

a predetermined'amount of radon in the test canister. 76 The canister 

technique, although subjec.t to effects from humidity, temperature, flow 

rate, and surface area of the.charcoa1, 76y77 has the advantage that it is 

easy to use and economical. It should be noted that the rate of emanation 

depends on a variety of meteorological and soil parameters. As a result, 

it is necessary to make measurements at various times of.the day and 

year as well as at many points on the site. A modified version of students 

'It" test has. determined that the number of spatially-distinct measurements 
. . 

should not be less than 3 0 ~ ~  for typical. railings piles and contaminated 

areas. 

It is .also possible to estimate average radon emanation by a deter- 

mination of subsurface 226~a contamination. This method involves a 
, .. 

measurement at the contamination profile at a site followed by the use of 

graphs..which relate soil contamination to emanation rate. Several such 



graphs have been developed. 
8 

8' 79'80 Date developed by Goldsmith appear 

t o  be t h e  most complete (Fig. 1 and Table 9.4) .  ~ c h i a g e r ~ l  has  given 

an empir ica l  re la t ion ,between t h e  average r a t e  .of exhala t ion  from a 
2 

t a i l i n g s  p i l e  of i n f i n i t e  depth i n  which t h e  f l u x  ( i n  pCi/m /sec) i s  

equal  t o  1.6 t imes t h e  226Ra concentra t ion  ( i n  pCi/g).  H e i n c l u d e s  a 

graph which r e l a t e s  t h e  f l u  from a t a i l i n g s  p i l e  of depth X t o  one with 

an i n f i n i t e  depth. Deposits a t  depths of  g r e a t e r  than 0.28 m con t r ibu te  

very l i t t l e  t o  t h e  f l u x  a t  t h e  surface.  

Table 9.4. Relat ive i n t e r n a l  hazard of t a i l i n g s  p i l e  
radionuclidesa 

Relat ive inha la t ion  Relat ive inges t ion  
Radionuclide hazard normalized hazard normalized 

t o  2 3 0 ~ h  t o  226Ra 

2 3 8" 2 X .  10-3 1 x 10-3 

a Chain e q u i l i b r i a  assumed; 10% of o r i g i n a l  uranium 
assumed t o  be i n  p i l e .  

Source: W. A. Goldsmith, F. F. Haywood, and D. G. 
Jacobs, "Guidelines f o r  Cleanup of Uranium Ta i l ings  from 
Inac t ive  Mil l s ,"  i n  Proceedings: Nineth Midyear Topical 
Symposium of the  Health Physics Society, February 1976, 
pp. 735-41. 
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Fig.  1. Flux  a t  s u r f a c e  f r o m  t a i l i n g s  p i l e s  of various depths .  
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The e f f e c t  of uncontaminated ground cover may be est imated by t h e  

use  of a  s e r i e s  of c o r r e c t i o n  f a c t o r s  developed by Culot et az.79 and 

shown i n  Table 9.5. These methods were u s e d  by Haywood et a ~ .  82 i n  

e s t ima t ing  t h e  radon concen t r a t ion  a t  p o i n t s  near  t h e  S a l t  Lake C i ty ,  

Utah, t a i l i n g s  p i l e ,  and r e s u l t s  show t h e  methods t o  be a c c u r a t e  t o  

w i t h i n  a  f a c t o r  of 2. 

Table  9.5. F rac t ion  of t h e  bare  p i l e  radon-222 f l u x  
t r ansmi t t ed  by s t a b i l i z a t i o n  m a t e r i a l s  

Mater ia l  

rn ? i t )  
Sand Loam o r  c l a y  Concrete 

Source: M.V.J. Culot,  H. G. Olson, and 
K. J . Schiager  , Radon Progeny ControZ i n  Bui Zdings, 
COO-2273-1, Colorado S t a t e  Univers i ty ,  NTIS, 1973. 

These methods r e q u i r e  t h a t  an e s t ima te  be made of subsur face  contam- 
226& i n a t  i on  by . This  r e q u i r e s  t h e  d r i l l i n g  of auger  ho le s  on t h e  s i t e  

fol lowed by t h e  removal of s o i l  samples a t  v a r i o u s  depths.  The samples 

a r e  then  ground, d r i e d ,  and counted us ing  a  h igh- reso lu t ion  germanium- 

l i t h i u m  [ G e ( ~ i ) ]  d e t e c t o r .  ~ a t a  a n a l y s i s  is  f a c i l i t a t e d  by t h e  use of 

a v a i l a b l e  computer r o u t i n e s .  This  same method i s  used t o  determine t h e  

coficentrat ion of Other r ad ionuc l ides  i n  l v c a l  s o i l  ( 2 3 8 ~  is t y p i c a l l y  

counted by neut ron  a c t i v a t i o n  a n a l y s i s )  and r e s u l t s  a r e  a c c u r a t e  t o  

w i t h i n  - +20%. An a l t e r n a t e  technique involves  t h e  s tandard  p r a c t i c e  of  

gamma logging wi th  a sh ie lded  s c i n t i l l a t o r .  A computer program e x i s t s  
83  . 

which unfo lds  t h e  e I I r c t  of s c a t t e r e d  r a d i a t i o n  (dc convolut ion)  and 



226& 
determines t h e  t r u e  p r o f i l e  of . Impl ic i t  i n  such a method is t h e  

assumption t h a t  most of t h e  r a d i a t i o n  r e s u l t s  from t h e  daughters of 
226- . The technique t y p i c a l l y  y i e l d s  r e s u l t s  which a r e  accura te  t o  

wi th in  a f a c t o r  of two. Emanation f r a c t i o n s  of 20-30% a r e  t y p i c a l l y  

used i n  these  ca lcu la t ions ,  79' 80' 84 although values ranging from 14 t o  

50% (see Ref. 80) have been reported.  

9.6 Radionuclides i n  Water 

Descr ip t ions  of radiochemical methods f o r  d iscerning t h e  concen- 

t r a t i o n  of a v a r i e t y  of radionuclides i n  l i q u i d  mining and mi l l ing  wastes 

have been published. 85-87 The nuclides a r e  separated by chemical means 

and counted using be ta  and gamma de tec t ion  systems. With samples of 

more than a gram, gamma spectrometric techniques a r e  b e t t e r .  
7,88,89,90 

Standard radiochemical procedures may be used t o  analyze t h e  con- 

c e n t r a t i o n  of radionucl ides  i n  ground- and surface-water samples. Such 

samples a r e  genera l ly  taken both a t  the  s i t e  and a t  o f f s i t e  loca t ions  t o  

determine t h e  p o s s i b i l i t y  of uranium and radium leaching.  

Radium and radon concentrat ions a r e  genera l ly  measured by the  de- 

Pretreatment of t h e  water sample with emanat ion technique. . 

d i l u t e  n i t r i c  a c i d  prevents p la teout  of radon and daughters on the  s ides  

of t h e  conta iner .  The sample i s  then f i l t e r e d  t o  remove the  insoluble  

f r a c t i o n  i n  t h e  water sample. This f i l t e r  i s  analyzed by standard 

radiochemical means o r  by gross  counting. . The water .sample i s  then 

a t tached t o  a de-emanation assembly and t h e  radon emanation r a t e  determined. 
94 

There i s  a v a r i a t i o n  of t h i s  method based on gannna.counting, but 

de tec t ion  limits a r e  approximately 100 p C i / l i t e r .  

An a l t e r n a t i v e  method f o r  determining t h e  concentrat ion of "'Rn 

i s  based on t h e  high s o l u b i l i t y  of radon i n .  toluene,  which i s  commonly 

used i n  l i q u i d  s c i n t i l l a t i o n  counting.95 The method i s  reported t o  be 

f a s t e r  than t h e  emanation method and less cos t ly .  Uncer ta in t ies  a r i s e  

i n  t h e  degree of t r a n s f e r  from the  water t o  toluene. 

The var ious  procedures described f o r  measuring contamination i n  

water and s o i l  samples .are  appl icable  t o  b io log ica l  samples. Any evalua- 

t i o n  of poss ib le  h e a l t h  hazards from a s i t e  must recognize t h e  p o t e n t i a l  



f o r  contamination of t h e  food chain. Appropriate b io log ica l  samples 

w i l l  depend on t h e  loca t ion  of t h e  s i t e  but ,  i n  genera l ,  both water  and 

land p l a n t s  and animals should be monitored. These b io log ica l  samples 

may then be ground and counted e i t h e r  by radiochemical ana lys i s  o r  by 

gross  gamma counting. 

9.7 Radioactive Dusts 

Dry t a i l i n g s  p i l e s ,  o r e  grinding s t a t i o n s ,  and a c t i v e  mine s h a f t s  

o f f e r  t h e  g rea tes t  p o t e n t i a l  fo r  exposure t o  a i rborne  radionucl ides .  

Radionuclides of p r inc ipa l  concern i n  t h e  measurement of. a i rborne  a c t i v i t y ,  
238U 235u 234Th, 226Ra, and 

a s i d e  f rom. the  daughters of radon, a r e  9 9 

210~b. It is necessary t o  measure t h e  t o t a l  a c t i v i t y  of each ,  of t h e s e  

radionuclides i n  representa t ives  a i r  samples ( i . e . ,  samples which might 

be  inhaled by a t y p i c a l  worker). The standard method f o r  t h i s  a n a l y s i s  

i s  . to  draw high-volume a i r  samples through mi l l ipore  f i l t e r s .  Such 

methods have been used 899 97 t o  deiermine t h e  rad ioac t ive  dus t  

content  i n  both mining and mil l ing  atmbspheres. The f i l t e r  i s  then 

analyzed by standard radiochemical procedures s ince  t h e  a c t i v i t y  i s  

genera l ly  too low f o r  d i r e c t  spectrometric counting. I n  add i t ion ,  

f i l t e r s  used i n  vented grinding hoods .and other  opera t ions  should be 

removed per iod ica l ly  and analyzed. These measurements may then be used 

t o  es t imate  the  body burden of workers f o r  each of t h e  radionucl ides  

analyzed o r  i n  vivo measurements such a s  those reported by Helgesor 9 8 

and ~ o l f i e l d . ~ ~  s ince  radium produces radon, it is poss ib le  t o  d e t e c t  

t h e  presence of radium i n  t h e  body by t h e  exhalat ion of radon i n  t h e  

breath.  This method a l s o  app l i es  t o  t h e  de tec t ion  of thoron parents .  

The method i s  recognized by the  NRC'OO a s  being a v a l i d  method f o r  t h e  

-b ioassay  of uranium workers. 

9 . 8  Measurement of the External Radiation F ie ld  

External  r ad ia t ion  exposure r e s u l t  from radionucl ides  suspended i n  

t h e  a i r  and located i n  o r e  and t a i l i n g s .  The contr ibut ion from ai rborne  

radionuclides i s  neg l ig ib le  and w i l l  not  be considered. Typical measure- 

ments of i n t e r e s t  i n  dealing with contamination by t h e  .uranium s e r i e s  



a r e  e x t e r n a l  gamma exposure a t  1 m (3.3 f t )  above t h e  ground, t o t a l  

beta-gamma dose r a t e s  a t  1 cm (0.4 i n . )  from contaminated su r faces ,  and 

d i r e c t  readings  of t h e  alpha decay r a t e s  on surfaces .  

Radiation de tec t ion  instruments must s a t i s f y  severa l  general  require-  

ments. For e x t e r n a l  gamma readings,  t h e  b e s t  choice would be t h e  f r ee -  

a i r  i o n i z a t i o n  chamber. However, t h e  s i z e  and f r a g i l i t y  of such devices 

l i m i t  t h e i r  use t o  t h e  labora tory .  It i s  common p r a c t i c e  t o  use Geiger 

counters  o r  NaI s c i n t i l l a t i o n  meters a s  a replacement. The only requi re-  

ment i s  t h a t  they be s e n s i t i v e  t o  below 1.0 pR/hr and t h a t  t h e  response 

be r e l a t i v e l y  i n s e n s i t i v e  t o  energy. Ca l ib ra t ion  i s  usua l ly  performed 

wi th  a s e a l e d  radium source and compared aga ins t  a s tandard ion iza t ion  

chamber. 

Due t o  t h e  l a r g e  a reas  a s soc ia ted  wi th  mining and mi l l ing  s i t e s ,  it 

i s  necessary  t o  develop a predetermined scheme f o r  taking t h e  necessary 

measurements. The b e s t  method i s  t o  d iv ide  t h e  a r e a  by a s e r i e s  of  g r i d  

l i n e s  spaced 1 5  t o  30 m (50 t o  100 f t ) .  For small a reas ,  t h e  g r i d  

must be f i n e r ,  pe rmi t t ing  a t  l e a s t  30 measurements. Th i r ty  measurements 

genera l ly  s u f f i c e  t o  p r e d i c t  t h e  average with 25% e r r o r  a t  t h e  90% 

confidence l e v e l .  Measurements of e x t e r n a l  gamma exposure r a t e s  a t  

1 m a r e  taken a t  each g r i d  p o i n t ,  which is  located  a t  t h e  i n t e r s e c t i o n  

of  g r i d  l i n e s .  This  permi ts  t h e  t ak ing  of  an unbiased and represen ta t ive  

sample of  measurements, which may then be used t o  es t imate  t h e  average 

condit ion.  A quick scan w i l l  then r e v e a l  t h e  loca t lon  of hny "hot" 

s p o t s  and a l low a determination of maximum exposure r a t e s .  I t  i s  no t  a 

good p r a c t i c e  t o  a t tempt  t o  determine average condi t ions  by scanning. 
78 

  his scheme i s  a l s o  used t o r  estimating average beta-gamma exposure 

r a t e s  a t  1 cm (0.4 in . )  above t h e  ground. I t  is  usua l ly  assumed t h a t  the  

loca t ion  o f  maximum beta-gamma readings w i l l  be i d e n t i c a l  t o  t h e  maximum 

gamma exposure r a t e  ' a t  1 m (0.3 f t ) .  Therefore, beta-gamma readings a t  

1 c m  above t h e  s u r f a c e  a r e  taken a t  each loca t ion  of  a maxima i n  t h e  

gamma exposure r a t e  a t  1 m. 

Since only  t h e  exposure r a t e s  r e s u l t i n g  from t h e  operat ion of t h e  

f a c i l i t y . a r e  des i red ,  it i s  necessary t o  s u b t r a c t  background readings 

from the  g ross  readings.  Background samples should be taken a t  numerous 

p o i n t s  loca ted  a t  l e a s t  0.8 km (0.5 m i )  from t h e  s i t e .  Average values 



may be determined either through the use of normal or log-normal 

statistics. 

Whiie alpha emitters generally pose little threat from external , 

exposure, existing criteria for the decommissioning of contaminated sites 

require determinations of average and maximum alpha decay rates on all 

accessible surfaces. These standards generally specify maximum decay 
2 

rates in any area of 100 crn2 (15.5 in. ) and average rates over areas 
2 

not larger than 1 m2 (10.8 ft ) . Since the highest alpha decay rates 

are usually accompanied by high beta decay rates, it is.sufficient (in 

general) to measure the maximum alpha rates at the locations of the 

highest beta measurements. Average values may be determined by taking 

at least five alpha measurements within a 1 m2 block located at the 

center of each grid block. In this case, grid lines should not be 

separated by more than 2 or 3 m. 

A review of standards for the decommissioning of contaminated 

siteslol cites the existence of standards governing the allowed quantity 

of transferrable contamination. This will necessitate the taking of 

smear samples followed by appropriate counting for alpha and beta emitters. 

Since a large fraction of the surface contamination may result from the 

deposition of radon daughters, it may be necessary to count the sampies 

.twice, with the second reading separated from the first by 4 or 5 hr to 

allow for the decay of all daughters. However, in most active sites 

the primary' cause of.surface contamination will be deposition of airborne 

uranium or thorium. 

9.9 Conclusions 

There is a need for more studies concerning the leaching of mate- 

rials into water supplies to determine the stability of the wastes 

being generated by uranium operations. 

While instrumentation for the measurement of radon and radon 

daughters allows .for accurate determinations at low concentrations, 

there is a need for small, reliable personnel dosimeters. The use of 

such devices would certainly be desirable in mine shafts, where radon 

concentration may be high. In addition to being useful for daily 



monitoring, such devices could provide valuable information for 

the determination of dose-effect relationships. Recent work (see 

Table 9.4) indicates that monitoring requirements in this area are radidly 

being satisfied. It is currently impossible to predict accurately the 

effects of low concentrations of radon and daughters on the general 

public. The methods described in this paper are generic and will apply 

to any uranium operation. 

Current monitoring programs associated with uranium mining and 

milling activities measure radon in air; radon daughters in air; long- 

lived radionuclides in air; contamination in soil, water and biota; and 

external gamma exposure rates. 

While it is not presently required that an estimate be made of the 

characteristics of local aerosols, it should be recognized that present 

concepts of lung dosimetry place great impor5arice on particle size and 

the fraction of radon daughters which attach to them. Since the maximum 

permissible concentration in air as set forth by the ICRP includes a 

determination of this fraction, aerosol sampling, which includes estimation 

of the unattached fraction of radon daughters, may be necessary in the 

future. Alternatively, it may be desirable to determine a standard attached 

fraction to be used in lung dosimetry calculations. 



REFERENCES FOR SECTION 9 

1. K. 2. Morgan, W. S. Snyder, and M. R. Ford, "Relative Hazard of 

the Various Radioactive Material," Health Phys. lo: 151-69 (1964). 

2. R. N. Snelling, "Environmental Survey of Uranium Mill Tailings 

pile, Mexican Hat, Utah,'' Radiol. Health -Data Rep. 12 : 17-28 (1971) . 
3. R. N. Snelling, "Environmental Survey of Uranium Mill Tailings Pile, 

Monument Valley, Arizona," RadioZ, ,Health Data Rep. 11: 511-17 

(i970). 

4. R. N. Snelling and S. D. shearer, Jr., "Environmental Survey.of 

Uranium Mill Tailings Pile, Tube City, Arizona," Radiol. Health Data 

Rep. 10: 475-87 (1969) . 
5. D. M. Levins, R. K. Ryan, and K. P. Strong, "Leaching of Radium from 

Uranium Tailings," to be published. 

6. R. N. Snelling, "Environmental S U ~ V ~ Y  of Uranium Mill Tailings Pile, 

Mexican Hat, Utah," Radiol. Health Data Rep. 12: 17-28 (1971) . 
7. R. W. Leggett e t  al. ,  Radiological Survey o f  the Former Vitro Rare 

Metals Plant, Canonsburg, Pennsylvania, DOE/EV-0005/3, Oak Ridge 

National Laboratory (April 1978). 

8. W. A. Goldsmith, F. F. Haywood, and R. W. Leggett, "Transport of 

-don which Diffuses from Uranium Mill Tailings," to be published 

in Proceedings Natural Radiation Environment 111, Houston, 1978. 

9. u.S. Eilvironmental Froteation Agency, Envi.rownentaZ Analysis of 

'the Uraniwn Fuel Cycle: Part I - - h e 2  Supply, EPA 520/9-73-003-B, 

Office of Radiation Programs, Washington, D.C., October 1973. 

lo. A. W. Uement, Jr., e t  a l . ,  Estimates o f  Ionizing Radiation Doses 

i n  the United States 1960-2000, ORP/CSD 72-1, U.S. Environmental 

protection Agency, August 1972. 

11. D. D. Comey, "The Legacy of Uranium Tailings," Bull. A t .  Sci.  

31: 43-45 (1975) . 



J.  W. Swif t ,  J. M. Hardin, and H. W. Cal ley,  Potential Radio- 

logical Impact of Airborne Releases and Direct Gannna Radiation t o  

Individuuls Living Near Inactive Urmiwn M i l l  Tailings Piles, 

EPA-52011-76-001, U.S. Environmental P ro tec t ion  Agency, January 

1976. 

D. A. Holaday, "History of t h e  Exposure of Miners t o  Radon," 

Health Phys. 16: 547-52 (1969). 

P. J. Walsh, "Radiation Dose t o  t h e  Respiratory Trac t  of Uranium 

Miners - A Review of t h e  L i t e r a t u r e , "  Environ. Res. 3: 14-36 

(1970). 

V. E. Archer and J. K.. Wagoner, "Lung Cancer Among Uranium Miners 

i n  t h e  United S t a t e s , "  Health Phys. 25: 351-71 (1973). 
h 

J. Sevc, E. Kunz, and V. Placek,  "Lung Cancer i n  Uranium Miners 

and Long Term Exposure t o  Radon Daughter Products ,"  Health Phys. 

30: 433-37 (1976). 

J. K. Wagoner e t  al.,  "Mortal i ty  P a t t e r n s  Among United S t a t e s  

Uranium Miners and M i l l e r s ,  1950 ' through 1962: Prel iminary 

Report," Radiological Health and Safety i n  Mining and Milling of 

Nuclear Materiah, Vol. 1, IAEA, 1964, pp. 37-48. 

A. W. Donaldson, "The Epidemiology of Lung Cancer Among Uranium 

Miners, " Health Phys. 16: ,563-69 (1969). 

V. E. Archer e t  a l . ,  "Epidemiological S tudies  of Some Non-Fatal . 

E f f e c t s  of Uranium ~ i n i n g , "  Radiological Health and Safety in-  Mining 

and Milling of Nuclear Materials, Vol. 1, IAEA, 1964, pp. 21-36. 

L. M. S c o t t  e t  al.,  "Morta l i ty  Experience of Uranium and Non- 

uranium.Workers," Health Phys. 23: 555-57 (1972). 

D. A. Holaday and H. N. Doyle, "Envfronmental S tud ie s  i n  t h e  

Uranium ~ i n e s , "  Radiological Health and Safety i n  Mining and 

.Milling of Nuclear Materials, Vol. 1, IAEA, 1964, pp. 9-20. 

S. D. Shearer ,  Jr. and C. W. S i l l ,  "Evaluation of  Atmospheric 

Radon i n  t h e  V i c i n i t y  of Uranium M i l l  Ta i l i ngs , "  ~ c a l t h  Phys. 

17: 77-88 (1969). 



23. J. T. Tappan, "Grab Sampling: Methods and Interpretation," 

Workshop on Methods for Measuring Radiation i n  and Around Uraniwn 

Mills, 3 (9) : 157-74 (1977). 

24. Code of Federal Regulations, Title 10, Part 712, Grand Junbt$on 

Remedial Action Criteria. 

25. H. F. Lucas, Jr., "Alpha ~cintillat=on Radon Counting," Workshop 

on Methods fok. Measuring Radiation i n  and Around Uraniwn MiZZs, 

3 (9) : 69-95 (1977) . 
26. H. F. Lucas, Jr., "~mproved LOW-~evel Alpha Scintillation Counters 

for Radon," Rev. Sci. Instrum. 28: 680 (1957). 

27. W. B. Harris, H. D. LeVine, S. I. Watnick, "Portable Radon Deteztor 

for Continuous Air Monitoring," Archives of Industrial HeaZtii, 

Vol. 16, 1957, p. 493. 

28. M.M.V. Glaude, D. Boclet, U.S. Patent No. 3, 056, 886 (October 1962). 

29. J. Fontan, "The Quantitative Determination of Gaseous Radioelements 

which Yield Radioactive Daughter Products," University of Toulouse, 

Ph.D. thesis, Translated by R. R. Inston, Argonne National 

Laboratory, ANL-TRANS-45 (1964). 

30. J. W. Thomas and P. C. LeClare, "A study of the Two-Pilter Method 

for   ad on-222," HeaZth Phys. 18: 113-22 (1970). 

31. A. J. Breslin, "Monitoring ~nstrumentation in the Uranium Mining 

Industry," 1972, unpublished report. 

32. A. C. George e t  aZ., "A Cumulative Environmental Radon Monitor," 

Proceedings o f t h e  Ninth Midyear HeaZth Physics Syrnposiwn, Denver, 

Colorado (1976), pp. 116-20. 

33. A. C. George and A. J. Breslin, "Measurements of Environmental Radon 

with Integrating Instruments," Workshop on Methods for Measuring 

Radiation i n  and Around UrmCwn M$ZZs, 3 ( a )  .: 105-15 (1977) . 
34. C .  W. Sill, "An ~ntegriting Air Sampler for Determination of 222Rn," 

Health Phys. 16: 371-77 (1969) . 



35a. M. E. Wrenn e t  az., "Design of a Continuous Digital-Output-Environ- 4 
mental  Radon Monitor," IEEE !l"rans. NucZ. Sci.  22: 645-48 (1975). 

35b. M. E. Wrenn and H. B. S p i t z ,   he Design and Applicat ion of a 

Continuous, D i g i t a l  Readout, Radon Measuring Instrument , " Workshop 

on Methods for Measuring Radiation i n  and Around Uraniwn Mills, 

3(9)  : 119-30 (1977). 

36. I n t e r s o c i e t y  'Committee f o r  a Manual of Methods f o r  Ambient A i r  

Sampling and Analysis ,  Methods of A i r  Sap l ing  and Analysis, 

American P u b l i c  Heal th  Assoc ia t ion ,  Washington'(1972).  

37. G.  E. Jones  and L. M. Kleppe, A Simple and lnexpens i~e  System for 
Measuring Concentrations of Atmospheric Radon-222, UCRL-16952, 

Lawrence Berkeley Laboratory (1966). 

38. P. H. Bedroslan, "Photographic Technique f o r  Monitoring Radon-222 

and Daughter Products ,"  Health Phys. 16: 800-802 (1969). 

39. E. L. Geiger,  "Radon Fi lm Badge," Health Phys. 13:  407-11 (1967). 

40. M. Eisenbud e t  aZ., "In Vivo Measurement of Lead-210 i n  an I n d i c a t o r  

of Cumulative Radon Daughter Exposure i n  Uranium Miners," Health 

Phys. 16: 637-46 (1969). 

41. H. L. F i s h e r ,  Jr., "A Model f o r  Est imating t h e  I n h a l a t i o n  Exposure 

t o  Radon-222 and Daughter Products  from t h e  Accumulated Lead-210 

Body Burden," Health Phys.16: 597-616 (1969). 

42. R.  F. B e l l  and J. C. G i l l i l a n d ,  "Urinary Lead-210 A s  Index of Mine 

Radon Exposure, l1 Radio logical Health and Safety i n  Mining and 

Milling of Nuclear Materials, Vol. 2,  IAEA, 1964, pp. 411-22. 

4 3 .  T. Inouye e t  al . ,  "The Level of Polonium i t1 Urine of Japanese 

Uranium Miners, " Radio logical Health and Safety i n  Mining and 

Milling of Nuclear Materials, Vol. 2 ,  IAEA, 1964, pp. 425-29. 

44. D.  D ju r i c  e t  al.,  "Polonium i n  t h e  Urine of Miners as a Measure 

of Exposure t o  Radon," RadioZogicaZ Health and Safety i n  Mining 

and MiZZing.of Nuclear Mat~r ia ls ;  Vol. 2,  IAEA, 1964, pp. 431-40. 

45. 0 .  G. b a b e ,  '?he Absorption o f  Radon Daughters t o  Some Poly- 

: d i s p e r s e  Submicron Polys tyrene  Aerosols ,"  Health Phys. 14: 397-416 
. . 

(1968). 



0. G. Raabe, "Concerning the Interactions that Occur Between 

Radon Decay Products and ~erosols," Health Phys. 17: 177-85 (1969). 

V. Mohnen, "Investigation of the Attachment of Neutral and 

Electrically Charged Emanation Decay Products to Aerosols," 

AERE Trans. p. 1106 (1967). 

A. C. George, L. Hinchliffe, and R. Sladowski, "Size Distribution 

of Radon Daughter Particles in Uranium Mine Atmospheres," Am. 

Ind. Hyg. Assoc. J. pp. 484-90 (June 1975). 

P. G. Bergamini et al., "~nalysis of Particle Size and Radioactivity 

of Atmospheric ~ust," Health Phys. 24: 655-63 (1973). 

J. Pradel et al., "Characteristics of Aerosols in French Uranium 

Mines," Radioprotection 5: 263 (1970). 

F. Billard, G. Madelaine, and A. Chapuis, "Contribution to the 

Study of Atmospheric Pollution in Uranium Mines," Radioprotection 

6: 45 (1971) . 
M. Raghavayya.and J. H. Jones; "A Wire Screen-Filter Paper Combina- 

tion for the Measurement, of Fractions of Unattached Radon Daughters 

in Uranium Mines," Health Phys. 26: 417-29 (1974). 

T. T. Mercer and W. A. Stowe, "~adioactive Aerosols Produced by 

Radon in Room Air," Inhaled Particles 111, Unwin Brothers, LTD 

(1971) pp. 839-51. 

A. C. Chamberlain, E. D. Dyson, British JounraZ of Radiology, 

Vol. 29, 1956, p. 317. 

R. F. Craft, J. L. Oser, and F. W. Norris, American Industrial 

Hygiene Association Journal, . Vol . .27, 1966, p. 154. 
A. Chapuis et al., "Sw Les Characterisques des Aerosols Radio- 

actifs. Presents dans les Mines Francaises d8Uranium," Second 

Interi~ational Congress of the IRPA, Brighton (1970) . 
R. L.. ~ock et al., Controlling Employee Exposure to Alpha Radiation , . 

in. Underground Uranium Mines, U. S . Bureau of Mines Handbook (1970) . 
H. L. Kusnetz, Am. Ind. Hyg. Assoc. Q. 17: 85 (1956). 



59. A. J. Bres l in ,  A. C. George, and M. S. Weinstein, HASL-220, 

U.S. Atomic Energy Commission Health and Safe ty  Laboratory (now 

Environmental Measurements Laboratory) .  

60. P. Loysen, "Errors  i n  t h e  Measurement of Working Level," Health Phys. 

16: 629-35 (1969) . 
61. R. M. Holmgren e t  al . ,  "Relat ive F i l t e r  E f f i c i e n c i e s  f o r  Sampling 

Radon Daughters i n  A i r , "  Health Phys. 32: 297-300 (1977). 

62. T. Inouye, Y. Yamada, and S, Watanabe. "Evaluating Method f o r  

Airborno Padon Daughters ; " Radio ZogicaZ HaaZth und Safaty i n  

Mining and Milling of Nuclear Materials, Vol. 1, IAEA, 1964, 

pp. 459-70. 

63. P. T. Perdue, R. W. Leqgett ,  and F. F. Haywood, "A Technique f o r  

Evaluat ing Airborne Concentrations of Daughters of  Radon Isotopes ,"  

t o  be published i n  Proceedings Natural Radiation Environment 111, 

Houston, 1978. 

64. C. Rangarajan and S. Gopalakrishnan, "The Estimation o f  t h e  Relat ive 

Concentrat ions of  Short-Lived Radon Daughters by Gamma Measurements," 

Health Phys.. 24: 433-36 (1973) .' 
65. L. B. Lockhart, R. L. ~ a t . t e r k o n ,  and C. R. Hosler,  ~etenninat ion  o f  

Radon Concentration i n  A i r  Through Measurement of i t s  Solid Decay 

&'od~Cts, U.S.N.R.L. Report 6229 (1965) . 
66. A. H i l l ,  "Rapid Measurement o f  Radon, Decay ~ r o d u c t s ,  Unattached 

Frac t ions ,  and Working Level Values of  Mine Atmospheres," Health 

Phys. 28: 472-74 (1975) . 
67. J. D. Shreve, Jr., R. W. Miller, and J. F. Cleveland, "A New 

Instrument f o r  Quick Determination of  Radon and Radon-Daughter 

Concentrations i n  A i r , "  presented a t  t h e  IRPA IVth In te rna t iona l  

Congress, Apr i l  1977, Pa r i s .  

68. P. G. Groer, R. D. Evans, and D. A. Gordon, "An I n s t a n t  Working 

Level Meter f o r  uranium Mines," Health Phys. 24: 387-95 (1973). 

69. N. H. Harley, B. S. Pasternack., "The Rapid Estimation of Radon 

Daughter Working Levels When Daughter Equilibrium i s  Unknown," 

Health Phys. 17 : 109-14 (1969) . 



70. R. Rollel "Rapid Working Level ~onitoring, " Health Phys. Vol. 22 : 

233-38 (1972). 

71. D. E. Bernhardt, F. B. Johns, and R. F. Kaufmann, "Radon Exhala- 

tion from Uranium Mill Tailings Piles," U.S. Environmental 

Protection Agency document ORP/LV-75-7A (November 1975). 

72. M. Wilkening, "Measurement of Radon Flux by'the Accumulator Method," 

Workshop on Methods for. Measuring Radiation i n  and Around Uranium 

Mills, 3 (9) : 131-38 (1977) . 
73. A. H. Khan and M. Raghavayya, "Radon Emanation Jaduguda Uranium 

Mine," Proceedings: Third International Congress of the Inter- 

national Radiation Protection Association, ~0~~--730907-~2, 1974. 

74. K. Megumi and T. Mamuro, "A.Method for Measuring Radon and Thoron 

Exhalation. from the Ground, " J. Geophys. Res. 77 : 3052 (1972) . 
75. A. L. West, "Respiratory Protection Equipment Developments by the 

U.S. Army Chemical Corps, " Am. Ind. Hyg. J .  19 : 140 (1958) . 
76. J. W. Thomas, EvaZuation of ~ c t i v a t e d  Carbon Canisters for Radon 

Pro'tection i n  Uraniwn Mines, HASL-280, Environmental Measurements 

Laboratory (January 1974) . 
77. R. J. Countess, "Measurement of 2221?n Flux with Charcoal Canisters,," 

Workshop on Methods for Measuring Radiation i n  and Around Uranium 

Mills, 3 (9) : 139-56 (1977) . . 
78. R. W. Leggett, H. W. Dickson, and F. F. Haywood, "A Statistical 

Methodology for. Radiological Surveying," presented at the Symposium 

on Advances in Radiation Protection Monitoring, Stockholm, June 

1978. 

79. M.v.J. Culot, H. G. Olson, and K. J. Schiager, Radon progeny 

Controz i n  Buildings, COO-2273-1, Colorado State University, NTIS, 

1973. 

80. T. I. Sisigina, "Assessment of Radon Emanation from the Surface of 

Extensive ~erritories, " Nuclear MeteoroZogy, Gidrometioiz , Moscow, 
1972, pp. 239-44. 



81. K. J. Schiager, "Analysis of Radiation Exposures On or Near 

Uranium Mill Tailings Piles," Radiat. Data Rep. 15 (7) : 411-25 

(1974) . 
82. F. F. Haywood et aZ., Assbssment of RadioZogicaZ Impact of the 

Inactive Uranium-MiZZ Tailings Pile at SaZt Lake City, Utah," 

ORNL/TM-5251 (November 1977). 

83. R. W. Leggett, L. Williams, and D. J. Crawford, "A Method for 

Determining the Level of 226~a Contamination in Subsurface Soil ,If 

(in preparation). 

84. K. Megumi and T. Mamuro, "Emanation and Exhalation of Radon and 

Thoron Gases from Soil Particles," J. Geophys. Res. 79: 3357-60 

(1 974) . 
238u 234u 230Th, 85. C. W'. Sill, "Simultaneous Determination of , , 

226~a, and 210~h in Uranium Ores, Dusts, and Mill Tailings," 

Workshop on Methods for Measuring Radiation in and Around Uranium 

MiZZs, 3(9): 225-45 (1977). 

86. D. R. Percival and D. B. Martin, "Sequential Determination of 

Radium-226, Radium-228, Actinium-227, and Thorium Isotopes in 

Environmental and Process Waste Samples," Workshop.on Methods for 

Measuring Radiation in and Around Uranium Mills, 3 (9) : 247-54 

(1977) . 
87. J. A. Terning, "Radiochemical Analysis of Radium, Thorium, and 

Protactinium in Uranium Milling Process Samples," Int. J. Appl. 

Radiat. Isot. 21: 507-12 (1970). 

88. R. W. Perkains and C. W. Thomas, "Direct Measurement of Radio- 

nuclides in Uranium ~ailin~s ,' Ores and Dusts ," workshop on Methods 

for Measuring Radiation in y d  Around Uranium MiZZs, 3 (9) : 25 5- 74 

(1977). 

89. U.S. Department of Energy, RadioZogicaZ Survey of the Linh Uranium 

Refinery, Toonawanda, New York, DOE/EV-0005/5, (May 1978) . 



90. u.S. Department of Energy, ~adiological Survey of the Seaway 

Industrial Park, Tonawanda, New York, DOE/EV-0005/6 (May 1978). 

91. E. Pohl and J. ~ o h l - ~ h i n ~ ,  "Determination of Environmental or 

Occupational 222Rn in Air and Water and 226Ra in Water with 

Feasible and Rapid Methods of Sampling and Measurement," Health 

P~ZJS. 31 : 343-48 (1976) . 
J..B. Hursh, "Radium-226 in Water Supplies of the U.S.," J. Am. 

Water Works Assoc. (JAWWA) 46: 43 (1954) . 
D. E. Rushing, W. J. Garcia, and D. A. Clark, "The Analysis of 

Effluents and Environmental Samples from Uranium Mills and' of 

Biological Samples for Radium, Polonium, and Uranium," Radio- 

logical Health and Safety in Mining and Milling of Nuclear 

Materials, Vol. 2, IAEA, 1964, pp. 187-231. 

H. F. Lucas, Jr., "A Fast and Accurate Survey Technique for Both 

Radon-222 and Radium-226," The Natural Radiation Environment, 

Chicago, 1964, p. 315. 

H. M. Prichard and T. F. Gesell, "Rapid ~easurements of 
222m 

Concentrations in Water With a Commercial Liquid Scintillation 

Counter," Health Phys. 33: 577-81 (1977) . 
N. Fusamura, "Measurements of Radioactive Gas and Dust as Well as 

Their Prevention in Japanese Uranium Mines," Radiological Health and 

Safety in Mining and Milling of Nuclear Materials, Vol. 2, IAEA, 

1961, pp. 391-410. 

N. Fusamura, R. Kurosawa, and H. Misawa, "The Measurement of Radio- 

active Gas and Dust in Uranium Mines in Japan," Health Phys. 

10: 909-15 (1964) . 
G. L. Helgesor, "In-Vivo Counting of Uranium Mill Workers," Work- 

shop on Methods for Measuring Radiation In and Around Uraniwn 

Mills, 3(9) : 301-11 (1977). 

R. E. Colfield, "In-Vivo Counting As A Measurement of Uraniuni in 

the Human Lung," Health Phys. 2: 269-87 (1960). 



R. E . Alexander, "NRC Rat ionale for Bioassay Requirements , " 
Workshop on Methods for Measuring Radiation i n  and Around Uraniwn 

Mills,  3(9) : 293-99 (1977). 

H. W. Dickson, Standards and Guidelines Pertinent t o  the Development 

of Decommissioning Criteria for S i t e s  Contaminated with Radiouct.ive 

Materials, ORNL/OEPA-4 (August 1978). 

J. Harley, ed., HASL Procedures Manual, HASL-300, U.S. Atomic Energy 

Commission Health and Safety Laboratory (1972). 

J. W. Thomas, "Measurement of Radon Daughters in Air," Health Phys. 

23: 1972 (1972). 

D. E. Martz e t  al . ,  "Analysis of Atmospheric Concentrations of RaA, 

RaB, and RaC by Alpha Spectroscopy," Health Phys. 17 : 131 (1969). 

P. White, Jr., HASL TM 71-17, Environmental Measurements Laboratory 

(1971). 

D. E. McCurdy,. K. J. Schiager, and E. D. Flack, "Thermoluminescent 
Dosimetry for Personnel Monitoring of Uranium Miners, " Health Phys. 

17: 415-23 (1969). 

J. A. Auxier e t  al.,"A New Radon Progeny Personnel Dosimeter," 

HeaZth Phys. 21: 126-28 (1971). 

G. A. Franz, "Integrated Working Level Samplers Using Thermo- 

luminescent Dosimeters: Operation and Interpretation," Workshop 

on Methods for Measuring Radiation i n  and Around Uranium Mills, 

3 (9) : 175-80 (1977). 

D. B. Lovett, "Track Etch.Detectors for Alpha Exposure Estimation," 

HeaZth Phys. 16: 623-28 (1969). 

I<. Deckerj "Alpha Particle Registration in P l a s t i c s  and 5 ts 

Applications for. Radon and Neutron Personnel Dosimetry," Health 

Phys. 16:.113-23 (1969). 

0. White, Jr., HASL TM 69-23A, U.S. Atomic Energy Commission 

Health and .Safety Laboratory (1969). 



INTERNAL DISTRIBUTION 

1. S. I. Auerbach 
2. C .  F. Baes I11 
3. L. Berry 
4. S. Carnes 
5. R.  0.  Chester  
6. S. J. Co t t e r  
7. W . . B .  C o t t r e l l  
8. D. J. Crawford 
9. R.  M. Davis 

10. J. E. Dobson 
11. W .  Fulkerson 
12.  W.  R. Grimes 
13. D. K. Halford 
14. K. Hake 
15. W.  F. H a r r i s  
16.  H. C. Hoy 
17 .  D.  G. Jacobs 
'18. S. V. Kaye 
19.  C .  A.  L i t t l e  
20. L. M. McDowell-Boyer 

EXTERNAL DISTRIBUTION 

R. E. Moore 
B. D. Murphy 
D. C .  Parzyck 
H. Postnla 
M. L. Randolph 
D. E . ,  Reichle  
C.  R. Richmond 
P. S.  Rohwer 
M. W. Rosenthal 
M. B. Sea r s  
F. G.  Taylor 
C. C.  T rav i s  
P. J. Walsh 
A. P. Watson 
J. P.  Witherspoon 
Cen t r a l  Research L ib ra ry  
Document Reference Sec t ion  
Laboratory Records 
Laboratory Records - RC 
ORNL Pa ten t  Of f i ce  

N. F. Barr, O f f i c e  of Technology Impacts, Department of Energy, 
Washington; DC 20545 
R .  D. Buchanan, Department of I n t e r i o r ,  P. 0 .  Box 1590, Albuquerque, 
NM 87103 
W. W. Burr, Jr., Of f i ce  of Heal th and Environmental Research, 
Department-of Energy, Washington, DC 20545 
C. E. C ~ t t e t ,  -Off i c e  of ~ e a l ' t h  and Environmental Research, 
Department of Energy, Washington, DC 20545 
R. C. Clusen, A s s i s t a n t  Sec re t a ry  f o r  Environment, Department of 
Energy, Washington, DC 20545 
C.  W. Edington, Of f i ce  of Heal th and Environmental Research, 
Department of Energy, Washington, DC 20545 
F. Gi f ford ,  Atmospheric Turbulence and Dif fus ion  Laboratory, 
Oak Ridge, TN 3783fl 
T.  E. Hakonson, Box 1663, Los Alamos S c i e n t i f i c  Laboratory, Los 
Alamos, NM 87545 
J. Hoch, O f f i c e  of Technology Impacts, Department of Energy, 
Washington, DC 20545 
I?. W. House, O f f i c e  of Technology Impacts, Department of Energy, 
Washington, DC 20545 
J. R. Maher, Of f i ce  of Technology Impacts, Department of  Energy, 
Washington, DC 20545 



W. A. Mills, Environmental Protection Agency, 401 M Street, S.W., 
Washington, DC 20460 
D. Monti, Office of Technology-Impacts, Department of Energy, 
Washington, DC 20545 
Office .of Assistant Manager, Energy Research and Development, 
Department of Energy, Oak Ridge Operations Office, Oak Ridge, 
TN 37830 
R. D. Shull, Office of Technology Impacts, Department of Energy, 
Washington, .DC 20545 
J. Swinebroad ,. Off ice of Health and Environmental Research, 
Department.of .Energy, Washington, DC 20545 
Technical Information Center, Oak Ridge, TN 37830 
N, Thomasson, Office of Te.c.hnology Impacts, Departme.nt of 
Energy, Washington, DC 20545 
R. W. Wood,. 0f.f ice of Health and Environmental Research, 
Department of Energy, Washington, DC 20545 

*US. GOVERNMENT~PRINTING OFFICE: 1979840-079:101 




