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ABSTRACT 

A conceptual ized i n t e r i o r  dra inage  system i s  presented  f o r  reducing 

t h e  environmental impact ' ,on n a t u r a l  groundwater by d i s p o s a l . o f  uranium 

I ,  m i l l  t a i l i n g s  i n  a mined-out open p i t .  The evaporat ion/seepage r a t i o  

1 .  . '  
.. can ,be increased  through t h e  use of i n t e r i o r  d r a i n s ,  long-term monitoring 

I of q u a l i t y  can be e l imina ted , .  and t h e  open p i t  w i l l  n b t '  

. ~ e q u i r e  an ex tens ive  l i n e r .  Other advantages n o t  r e l a t e d  t o  groundwster 

I a r e :  con t ro l  of f u g i t i v e  dus t  and radon emanation dur ing  m i l l  opera t ions  

and t imely  reclamation a f t e r  t he  impoundment i s  f i l l e d  with t a i l i n g s . .  ' 

INTRODUCTION 

During 1977 s u r f a c e  mining accounted'  f o r  46% of t he  U 3 0 8 .  product ion 

I 1 
i n  the  United S t .a tes .  Table 1 l i s t s  t h e  c u r r e n t l y  a c t i v e  m i l l s  a s soc i a t ed  

1 with t h e s e  q ines  a s  wel l  a s  s eve ra l  proposed ' m i l  1s  , wherein app l i ca t ions  

I 
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t o  handle r a d i o a c t i v e  m a t e r i a l s  have been rece ived  by t h e  U. S. Nuclear . . 

Regulatory Commission (NRC). 1 , 2 , 3 , 4 , 5  Most of t h e s e  m i l l s  (both e x i s t i n g  

and planned) a r e  l oca t ed  i n  Wyoming. 

The purpose of  t h i s  paper  i s  t o  prese.nt a  new'design f o r  uranium 

m i l l  t a i l i n g s .  management f e a t u r i n g  an i n t e r i o r  dra inage  system i n  a  

mined-out.open p i t ,  P i t s  could be convenient ly used f o r  d i sposa l  of  

t a i l i n g s  f o r  t h e  major i ty  of  m i l l s  l i s t e d  i n  Table 1. Some of  t h e s e  
. . 

m i l l s  ( a c t i v e  and planned) a r e  l oca t ed  ad jacen t  t o  s u r f a c e  mines, while  

o t h e r  a c t i v e  m i l l s  could have been loca ted  more favorably  with r e s p e c t  

t o  them. While s p e c i f i c  s i t e s  may be unsu i t ab l e ,*  perhaps 60 t o  70% of 

t h e  m i l l s  t h a t  process  o r e  from s u r f a c e  mines could u t i l i z e  mined-out 

p i t s  f o r  t a i l i n g s  d i s p o s a l .  

The.NRC has adopted a  f avo rab le  p o s i t i o n  with r e s p e c t  t o  d i sposa l  

6 
o f  uranium m i l l  t a i l . i n g s  above the  water t a b l e  i n  mined-out o p e n ' p i t s .  

P i t  d i sposa l  of  t a i l i n g s  prevents  any p o t e n t i a l  f o r  c a t a s t r o p h i c  r e l e a s e  

and , reduces  t h e  l i ke l ihood  of  e a r l y  gradual  r e l e a s e  t o  t h e  s u r f a c e  

environment. On t h e  o t h e r  hand, i t  is expected t h a t  t he  impact .on ' 

groundwater from s l u r r i e d  t a i l i n g s  w i l l  be increased  .' 

* I t  i s  r ecogn ized  t h a t  no t  , a i l  open p i t s  a r e  convenient t a i l i n g s  
d i sposa l  s i te ' s .  An operator .may p r e f e r  t o  s i t e  a  m i l l  n ea r  an underground 
mine t o  shor ten  t h e  average haul ing  d i s t a n c e .  Also sand t a i l i n g s  may'be . 
r equ i r ed  t o  back.f i l1  . po r t i ons  of underground mines t o  prevent  suhsj.denc.e 
o r  c o l l a p s e  of haulage ways. .Some open p i t s  w i l l  n o t ' b e  s u i t a b l e  f o r  
t a l l i n g s  d i sposa l  because a  shal low water t a b l e  i s  p r e s e n t .  



Table 1. Uranium m i l l s  a s soc i a t ed  with su r f ace  mines i n  t h e  United S t a t e s  

ACTIVE MI'LLS 

Ore Capacity . . 

M i l l s  Location ( h I ~ / d a ~ ~ )  proximity of  mines, o t h e r  c ircumstances 

Anaconda, .Blue Water 

Utah I n t e r n a t i o n a l  
Lucky blc 

Grants ,  NM 

Gas H i l l s ,  IVY 

5400 MT/day su r f ace  mines ( ~ a c k ~ i l e  and 
Paguate),  80 km from m i l l  and 1170 MT/day 
underground mines 

95% of t he  o r e  comes from an o n s i t e  s u r f a c e  
mine (Lucky Mc), t he  remainder from 2 small  
underground mines. Expansion of t h e  m i l l  i s  
underway t o  handle a d d i t i o n a l  , o r e  from a 
r e c e n t l y  opened o f f s i t e  s u r f a c e  mine (Big 
Eagle) 

. . 

Utah I n t e r n a t i o n a l  ,' S h i r l e y  Basin, JVY 164 0 . . Both o n s i t e  and o f f s i t e  s u r f a c e  mines 

Exxon, Highland 

Western Nuclear,  Inc. 
S p l i t  Rock 

Union Carbide Corp.. 
Gas H i l l s  

Federal  American P.artners 

. Rocky Mountain Energy 
  ear Creek 

~ o w d e r  River,  WY . , 

J e f f r e y  c i t y ,  \VY 1550 

Gas H i l l s ,  WY. 1090 

Onsi te  s u r f a c e  mines., a l s o  2 underground 
mines 

Ore i s  evenly d iv ided  between o f f s i t e  s u r f a c  
and underground mines (about 24 km d i s t a n t )  

Ore nearby and .3  o f f s i t e  s u r f a c e  mines 

. . . . 

860 [25801b Gas H i l l s ,  IVY . '  Onsi te  and o f f s i t e  s u r f a c e  mines, one 
underground mine i s  being developed. 

. .. 

Powder ~ i ~ e r  Basin, WY 910 [12601b Onsi te  su r f ace  mine 



Table 1 (Cont.) 

011 Co. and F a l l s  C i t y  2640 
(Deweesvil l e )  , TX . 

Onsi te  s u r f a c e  mine. Other mines 
. dispersed  through Karnes Co. and p a r t s  of  

Live Oak Co. Shallow water  t a b l e  

n i t e d  Nuclear,  
~ a n c h  P r o j e c t  

d i n e r a l s  Explora t ion ,  
'weetwater ' P ro j ec t  ; b .  
i t c h  F r o j e c t  

ennessee Valley Author i ty  

S h i r l e y  Basin, LVY 1360 

Powder River Basin, WY 2270 

Powder River   as in, WY 1800 '  [27201b 

Red Desert ,  WY . . 2720 

Edgemont, SD N A ~  

Surface mine' (Midnite) 35 km d i s t a n t .  
Precambrian metamorphic rock 1 

Renovated m i l l  scheduled t o . b e  r e s t a r t e d .  
Onsi te  s u r f a c e  mine. 

M i l l  may be cons t ruc ted  n e a r  underground 
'mines; surface'  mines approximately 9 km 
d i s t a n t  

Onsi te  s u r f a c e  mine and o f f s i t e  underground 
mine 

Surface mine 3 t o  6 km away 

Surface mine 1 mile  away. Shallow. water ' 

t a b l e ,  s.urface .d ra inage ,  rugged t e r r a i n  

Present  abandoned m i l l  t o  be decoinmissioned; 
, m i l l s i t e  t o  be moved. I 

b 
. . [ I  . = proposed expansion ' 

C 
app l i ed  t o  NRC o r  S t a t e  of Colorado f o r ' a  l i c e m e  t o  hand1e ' radioact i .ve ma te r i a l s  

d~~ = n o t  a v a i l a b l e  



Various methods have been, proposed f o r  reducing the  impact on 

groundwater caused by dispos'al  o f  ' t , a i l i ngs  i n  mined-out open p i t s .  

While some of thes'e methods may be environmentally e f f e c t i v e ,  t h e i r  

I economic v i a b i l i t y  ranges from unce r t a in  t o  p r o h i b i t i v e .  Among ' t he  

suggested methods a r e  f i x a t i o n  of  t a i l i n g s  by a spha l r  o r  ~ e m e n t . ~ '  I t  
. . 

has a l s o  been suggested tha t '  unconsol idated t a i l i n g s  could be. contained 

by con'struction of t h i ck  n a t u r a l  c l a y  l i n e r s  o r  by a p p l i c a t i o n  of 

chemical s e a l a n t s  a long the  highwalls  i n  combination with compacted 

7,8 '- . 
n a t u r a l  c l a y  or s y n t h e t i c  1 i n e r s . o n  t h e  f l o o r  of t h e  p i t .  

Typica l ly ,  u r a n i u ~ l ~  mills' i n  t he  United S t a t e s  produce s l u r r i e d  

t a i l i n g s ' t h a t  a r e  ove r sa tu ra t ed  with water .  Nearly a l l  t h e  ope ra t ing  

m i l l s  l i s t e d  i n  Table 1 use  an a c i d  leach process  and pregnant  (uranium 

bearing)  1 i q u i d . i ~  sepa ra t ed  from pulp  by countercur ren t  decanta t ion  

(CCD) i n .   thickener^.^ The bar ren  pulp  i s  then d iscarded  by r e s l u r r y i n g  

it  and t r a n s p o r t i n g  i t . v i a  pipe1in.e t o  a  t a i . l i ngs  impoundment. Water i s  

dec'anted from t h e  t a i l i n g s  pond and recyc led  f o r  use i n  t h e  p i p e l i n e .  

s l u r r y .  Ta i l i ngs  discharged i n  t h i s  manner con ta in  about 55% by weight 

9 
(76% by volume) water.  

Impounded t a i l i n g s '  remain ove r sa tu ra t ed  during m i l l  ope ra t ions  

d e s p i t e  l o s s e s  by evaporat ion and seepage and t h e  r ecyc l ing  of  water , 

from t h e  t a i l i n g s  pond. Table 2 l i s t s  The est imated percentage o f  water 

i npu t  t o  t he  t a i l i n g s  t h a t  i s  e i t h e r  recyc led  t o  t h e  mill o r  l o s t  
-. 

. . 



a 
Table  2 .  Water budget  f o r  m i l l  t o  t a i l i n g s  c i r c u i t : .  , 

% t o t a l  i n p u t  
i n p u t  o u t p u t  s t o r e d  

Wash w a t e r  ( 1 s t  t ime  th rough)  

Recycle w a t e r  

Water removed by e v a p o r a t i o n  1 0 . 1  

Water removed by seepage 8 . 1  

Water r e t a i n e d  i n  impoundment 45 .9  

T o t a l  100.0 5 4 . 1  45.9 

. , 
a 

maximum e v a p o r a t i o n  r a t e  and maximum seepage  r a t e  through a l i n e d  
impoundment, Morton Ranch M i l l ,  Powder River  Basin ,  Wyoming 



I through evaporat ion and seepage from a l i n e d  and completely f i l l e d  

impoundment (maximum evaporat ion and seepage r a t e s ) .  Probably s u b s t a n t i a l l y  

more than h a l f  t he  inpu t  water i s  sto.red i n  t h e  t a ' i l i n g s  a s  . the p i t  i s  

being f i l l e d  because evaporat ion and seepage l o s s e s  a r e  lower dur ing  the  

. e a r l i e r  s t a g e  of opera t ion .  Eventual ly a  major i ty  of  t h e  s t o r e d  water 
. . 

I w i l l . b e  removed by.seepage i n  t h e  long term un le s s  t h e  t a i l i n g s  a r e  

I dewatered. Table 3 l is ts  es t imated  w'eight.and volume percentages  of  

I water i n  sands .and  s i imes  a f t e r  impoundment. Est imates  f o r  t h e  h.orizonta1. 

b e l t  f i l t r a t i o n  method of l i q u i d - s o l i d s  separation1'  with "dry" t a i l i n g s  I ?  
impoundment a r e  provided f o r  comparison. I f  s a t u r a t e d  sand r e t a i n s  a  

, maximum'of 30% water by volume t h e  d a t a  from Tables 2 and 3 ' c l e a r l y  

i n d i c a t e  t h a t  seepage from and se t t l emen t  of  ove r sa tu ra t ed  t a i l i n g s  w i l l .  

con t inue  a f t e r  m i l l  ope ra t ions  cease.  While ''dry" t a i l i n g s  would r e t a i n  

s u b s t a n t i a l l y  l e s s  water t h a n .  s l u r r i e d  t a i l i n g s ,  seepage and se t t l emen t  . . . . 

of  t h e  segregated s l ime po r t ion  can be expected t o  occur  over t h e  long 

term. 

I t  i s  c l e a r  from t h e  above d i scuss ion  t h a t  t he  dewatering 'of 

. s l u r r i e d  t a i l i n g s  by cu r ren t  ' p r a c t i c e  .(decantation from t h e  top  o f  t h e  

pond) i s  inadequate .  More e f f e c t i v e  dewatering can be achieved e i t h e r  

by t h e  ho r i zon ta l  b e l t  f i l t r a t i o n  method of l i q u i d - s o l i d s  s epa ra t ion  o r  

by i n s t a l l i n g  an i n t e r i o r  dra inage  system i n  t h e  p i t  used f o r  convent ional  

s l u r r i e d  t a i l i n g s .  The former method '%s the  s u b j e c t  of another  paper  

presented  a t  t h i . s  seminar.  lo, A conceptual ized i n t e r i o r  dra inage  system 
I 

f o r ' d i s p o s a l  of s l u r r i e d  t a i l i n g s  i n  a  mined-out open p i t  i.s p resented  he re .  ~ 



a  
' Table  3. Es t imated  w a t e r  c o n t e n t s  f o r  s l u r r i e d  and d r i e d  uranium m i l l  t a i l i n g s .  

. . 
S l u r r i e d  t a i l i n g s  ' , "Dry1' t a i l i n g s  

. . c o n v e n t i o n a l  CCD l i q u i d -  h o r i z o n t a l  b , e l t  f i l t r a t i o n  
s o l i d s  s e p a r a t i o n  l i q u i d - s o l i d s  s e p a r a t i o n  

M i  1 l in 'g  p r o c e s s  Sand . Slimes . T o t a l  Sand Sl imes b  b .  T o t a l  

1 .  . . 3  1 60 ' 36 ' . . 16 4  7 
. . 2  0  Weight % w a t e r  

volume % w a t e r  5 5 80 . 6  0  33 70 40 

a Assumed s o l i d s  were 90% sand and 10% c l a y  by volume, '80% o f  t h e  bu lk  wet volume was s a n d  and 20% was 
c l a y ,  w a t e r  hav ing  a  tendency t o  s e p a r a t e  o u t  w i t h  c l a y  t o  form s l i m e  i n  ponded a r e a s ;  

b ~ n c l u d e s  ponded w a t e r  



DESCRIPTION AND OPERATION OF AN INTERIOR DRA1NAGE:SYSTEM 

A pl'an view of  t h e  i n t e r i o r  dra inage  system i s  i l l u s t r a t e d  i n  

Fig. 1 .  In  a t y p i c a l  elongate-shaped pitg (400:m x 200 m) two ca i s sons  

with f i n g e r  d r a i n s  r a d i a t i n g  outward.would be r equ i r ed .  A 40 m deep p i t  

would s t o r e  between 1 . and 3 yea r s  supply of t a i l i n g s  (depending on t h e  

depth t o  t h e  water t a b l e )  from an 1800 me t r i c  t o n .  (2000 T) pe r  day 

9 .  
m i l l .  

A more d e t a i l e d  d e s c r i p t i o n  of  t h e  i n t e r i o r  drainage system i s '  

i l l u s t r a t e d  by the.  block diagram i n  Fig. 2 .  I f  t he  p i t  extends below 

t h e  water t a b l e ,  cons t ruc t ion  of  t h i s  system would r e q u i r e  an underdrain 

below the  c l a y  l i n e r .  Water would be pumped from the  u n d e r d r a i n ' t o  

p e v e n t  rup tu re  of t he  l i n e r  by a r t e s i a n  p re s su re .  The ' f i nge r  d r a i n s  

would be l a i d  i n  pea-sized grave l  and surrounded by a sand-sized f i l t e r  

medium. Construct ion of  t h e  l i n e r  and sand d r a i n  along t h e  highwall 

would be accomplished a s  overburden i s  b a c k f j l l e d  and r o l l  compacted t o  

a he igh t  .of about 3 m above the  n a t u r a l  water t a b l e .  As a cons t ruc t ion  

opti'on an a d d i t i o n a l  2 t o  3 meters of  highwall could be coated with a 

spray  s e a l a n t .  

The i n t e r i o r  dra inage  system becomes ope ra t iona l  a s  t a i l i n g s  ' 

impoundment beg.ins. Water would be pumped f rom ' the  bottom of t he  

ca issons  t o  be sprayed on the  t a i l i n g s  sand beach, re turned  t o  t h e  m i l l ,  

o r  removed t o  an evaporat ion pond. As water  i s  withdrawn from t h e  

ca issons  t h e  h y d r o s t a t i c  head i s  lowered and se t t l emen t  of th; t a i l i n g s  

i s  ' acce lera ted .  Well p o i n t s  would be used t o  monitor f o r  seepage and, 

' i f  necessary ,  t o  withdraw contaminated water f o r  d i sposa l  i n  t h e ' e v a p o r a t i o n  
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P l a n  View of t h e  Caissons , F i n g e r  D r a i n s ,  
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. . .  

. - 
pumped from the caissons until drainage-is v'irtually eliminated (the 

elevation of the water table inside and outside the, pit is'.approximately- 

equalized). When the caisson pumps'are'removed groundwater mon'itoring 

, . would be discontinued and the tailings cap would be install'ed. Waste . . ' 

. . residue? from the dried out evaporation pond would be transferred to the' 

last, tailings pit awaiting reclamation. 

ADVANTAGES OF AN INTERIOR DRAINAGE SYSTEM 

An interior drainage system possesses sever:al environmental, 

economic, and operational advantages. Anong the environmental advantages 
P 

are: 

(1) the evaporation to seepage ratio is increased, 

(2) short term seepage is reduced ' through lowering the h~d~ostatic 

head, . . 

(3) ' long .term seepage is. virtually eliminated, 

(4) , fugitive dust and radon 'emanation can easily be .reduced 'during mill 

operations, and 

. ( 5 )  postereclamation failure of the tailings cap by settlement is 

unlikely to occur. 

Economic and operational advantages are: 
. . 

(1) an elaborate 1ine.r wil.1 not 'be required, 
. . 

( 2 ) .  the t'ailings surface can easily be kept wet. 

(3) internal dikes will be more stable, 

(4) timely reclamation can take place, and 

(5) long term groundwater monitoring can be eliminated. 
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