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FOREWORD - 
The purpose of the  Environmental  E v a l u a t i o n  Group (EEG) i s  t o  conduct  an 

independent  t e c h n i c a l  e v a l u a t i o n  o f  t h e  p o t e n t i a l  r a d i a t i o n  exposure t o  peop le  

f rom t h e  proposed Federal  r a d i o a c t i v e  Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP) near  

C a r l  sbad, i n  o rde r  t n  p r o t e c t  the  pub1 i c  h e a l t h  and s a f e t y  and ensure t h a t  

t h e r e  i s  min imal  environmental  degradat ion.  The EEG i s  p a r t  o f  t he  

Env i ronmenta l  Improvement D i v i s i o n ,  a component of t h e  New Mexico H e a l t h  and 

Env i ronment  Department -- t h e  agency charged w i t h  t h e  p r imary  respons i  b i  1 i t y  

f o r  p r o t e c t i n g  t h e  h e a l t h  o f  the  c i t i z e n s  o f  New Mexico. 

The Group i s  n e i t h e r  a proponent no r  an opponent o f  WIPP. 

Ana lyses a r e  conducted of a v a i l a b l e  d a t a  c o n c e r n i n g  t h e  proposed s i t e ,  t h e  

d e s i g n  o f  t h e  r e p o s i t o r y ,  i t s  p lanned o p e r a t i o n ,  and i t s  l ong - te rm s t a b i  1 i t y .  

These ana lyses  i n c l u d e  assessments o f  r e p o r t s  i ssued  by t h e  U.S. Department o f  

Energy (DOE) and i t s  c o n t r a c t o r s ,  o t h e r  Federa l  agenc ies  and o r g a n i z a t i o n s ,  as 

t h e y  r e l a t e  t o  t h e  p o t e n t i a l  hea l th , .  s a f e t y  and env i ronmenta l  impacts '  f r o m  - WIPP. 

The p r o j e c t  i s  funded e n t i r e l y  by t h e  U.S. Department o f  Energy th rough  

C o n t r a c t  DE-AC04-79AL10752 w i t h  t h e  New Mexico H e a l t h  and Environment 
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INTRODUCTION - 
I n  prov id ing  a techn ica l  eva lua t ion  o f  the p o t e n t i a l  r a d i a t i o n  doses and 

heal th e f fec ts  r e s u l t i n g  from the nuclear waste repos i to ry  (Waste I s o l a t i o n  

P i l o t  P lan t )  being considered for southeastern New Mexico, the Environmental 

Evaluat ion Group attempts t o  consider a l l  c r e d i b l e  pathways o f  exposure o f  the  

popu la t ion  t o  the waste, i n c l u d i n g  those events which might occur long a f t e r  

the repos i to ry  i s  sealed, con t ro l s  over the  s i t e  a re  abandoned and records a r e  

l o s t .  Some of these p o t e n t i a l  long-term breach events were considered by the 

U.S. Department o f  Energy i n  i t s  F ina l  Environmental Impact Statement and i n  

o the r  repo r t s  (Refs. 1. 2, and 3 ) ,  and i t  was po in ted  ou t  t ha t  these events 

might be associated w i t h  exp lo ra t i on  o r  mining o f  the  important  resources 

l oca ted  a t  the s i t e .  EEG evaluates the r a d i o l o g i c a l  hea l th  consequences o f  

these and o ther  scenarios which may reasonably be expected t o  lead t o  re lease 

o f  the waste t o  the biosphere. The DOE has considered the  f o l l o w i n g  long-term 

breach scenarios; a l l  o f  which might a r i s e  as a r e s u l t  o f  exp lo ra t i on  or  

min ing o f  the resources a t  t h e  s i t e ,  o r  from c e r t a i n  na tu ra l  geologic events: 

Scenario 1: A hyd rau l i c  comnunication connects the  Rus t l e r  aqu i fe rs  

above the  repos i to ry ,  the  B e l l  Canyon a q u i f e r  o f  the Delaware Mountain 

Group below t h e  repos i to ry ,  and the  repos i to ry .  

Scenario 2: A hyd rau l i c  comnunication a l lows water t o  f low from the 

Rust ler ,  through the  repos i to ry ,  and back t o t h e  Rust le r .  

Scenario 3: A stagnant pool connects t h e  Rus t l e r  aqu i fe rs  w i th  t h e  

repos i to ry .  I n  con t ras t  t o  scenarios 2 and 3, which i nvo l ve  f l ow ing  

water, t h i s  comnunication permi ts  rad ionuc l i de  m ig ra t i on  t o  the Rus t l e r  

on l y  by molecular  d i f f u s i o n .  

Scenario 4: A h y d r a u l i c  comnunication connects t h e  Rus t l e r  aqu i fe rs  w i th  

the repository.;  a l l  the  Rus t l e r  water normal ly  moving above the reposi -  

t o r y  f lows through the repos i to ry  and back t o  the  Rust ler .  . I n  contrast ,  

scenarios 1 and 2 e s t a b l i s h  on ly  a l i m i t e d  h y d r a u l i c  connection. 



Scenario 5: A d r i l l  s h a f t  penetrates the repos i to ry  and i n t e r c e p t s  a 

r a d i o a c t i v e  waste conta iner ;  the rad ioac t i ve  mater ia l  i s  brought d i r e c t l y  - 
t o  the  sur face.  

This repo r t  discusses the  i m p l i c a t i o n s  of the above scenarios which might 

a r i s e  as a r e s u l t  o f  e x p l o r a t i o n  o r  min ing of resources. The f i r s t  four  o f  

the  foregoing scenarios i n v o l v e  a l i q u i d  breach o f  the repos i to ry  and t rans-  

po r t  o f  the d isso lved waste through the  Rust le r  aqui fer ,  above the repos i to ry ,  

t o  the  Pecos R ive r  a t  Malaga Bend. Only Scenario 5 b r ings  a f r a c t i o n  o f  the 

waste t o  the  sur face a t  t h e  WIPP s i t e .  The DOE has concluded tha t  scenario 5 

prov ides a worst-case cons idera t ion  of t ranspor t  o f  t h e  waste t o  the surface, 

and does not  consider  a breach o f  the repos i to ry  from the mining o f  h a l i t e  as 

c red ib le .  

EEG agrees t h a t  (1) the  shortage o f  water and processing f a c i l i t i e s  f o r  s a l t  

i n  the area, (2) i m p u r i t i e s  present i n  the  Sa l t  o f  the Salado, and ( 3 )  vas t  

amounts o f  s a l t  a v a i l a b l e  i n  o the r  areas of the U. S. lead one t o  conclude 

t h a t  t h e  s a l t  a t  the  WIPP s i t e  could not be economical ly ex t rac ted  i n  t h e  

foreseeable fu tu re .  However, EEG be1 i eves  tha t  s i g n i f i c a n t  c l i m a t i c  and 
---. 

soc ia l  changes cou ld  make such min ing more p laus ib le .  Therefore t h i s  r e p o r t  

analyzes the  p o t e n t i a l  r a d i o l o g i c a l  consequences o f  s o l u t i o n  mining of ha1 i t e  

250 years a f t e r  d e c o n i s s i o n i n g .  The repo r t  a lso  discusses the reasons why 

s o l u t i o n  min ing  o f  potash or  d r i l l i n g  f o r  na tura l  gas are be l ieved t o  be 

bounded by o the r  scenar ios considered by DOE i n  the F ina l  Environmental Impact 

Statement (Ref. 2). 



SUMMARY 

Tnis repo r t  has reviewed c e r t a i n  of the na tura l  resources which may be found 

a t  the s i t e  of the nuclear  waste repos i to ry  being considered f o r  southeastern 

New Mexico, and discussed the scenarios which have been used t o  est imate the 

rad io log i ca l  consequences from the mining o f  these resources several hundred 

years a f t e r  the  r a d i o a c t i v e  waste has been emplaced. 

It has been concluded t h a t  the r a d i o l o g i c a l  consequences o f  the mining o f  

potash or  hydrocarbons (mostly na tura l  gas) are probably bounded by the conse- 

quences of hydro log ic  breach scenarios a l ready considered by the U. S. 

Department of Energy, (Ref. Z), and by repo r t s  o f  EEG (Refs. 4, 5). These 

s tud ies  conclude t h a t  the  resu l tan t  doses would not c o n s t i t u t e  a s i g n i f i c a n t  

t h rea t  t o  p u b l i c  hea l th .  

This repor t  also- evaluates the r a d i o l o g i c a l  consequences o f  s o l u t i o n  mining o f  

h a l i t e  a t  the  WIPP s i t e .  Although such min ing i n  the Delaware Basin and par- 

t i c u l a r l y  a t  the  WIPP s i t e ,  i s  not  l i k e l y  a t  the  present time, s i g n i f i c a n t  
-. economic, soc ia l  o r  c l i m a t i c  changes a few hundred years a f t e r  emplacement may 

make these resources more a t t r a c t i v e .  The DOE d i d  not  consider such mining a t  

t h e  s i t e  c r e d i b l e  (Ref. 2, p. 9 - 1 6 ) .  

The f i f t y - y e a r  i n d i v i d u a l  dose comnitment from the i nges t i on  o f  the average 

adu l t  consumption o f  s a l t  (contaminated w i t h  the rad ioac t i ve  waste from t h e  

r e p o s i t o r y )  was 72 m i l l i r e m s  fo r  one year. This might be compared t o  an 

average 1 i f e t i m e  dose from na tu ra l  background r a d i a t i o n  o f  7500 m i l l i  rem. 

Assuming t h a t  0.2% o f  t h e  r a d i o a c t i v e  i nven to ry  was mined and contaminated the 

s a l t  du r i ng  t h e  s o l u t i o n  mining event, and t h a t  about 2.5% o f  the  t o t a l  s a l t  

was consumed i n  food products, the  t o t a l  whole body dose t o  a populat ion a t  

r i s k  o f  300 m i l l i o n  would be 0.9 m i l l i o n  person-rems. This represents about 

0.06% o f  the  50 year  dose comnitment from na tu ra l  background. Although t h i s  

popu la t ion  dose may no t  be considered i n s i g n i f i c a n t ,  the  small p r o b a b i l i t y  of 

such an event, and the  very conservat ive assumptions used would lead one t o  

conclude t h a t  the  r i s k  o f  such an event i s  small. 
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NATURE OF RESOURCES AT WIPP S I T E  

- 
Mineral resources a t  the s i t e  inc lude potash i n  the form o f  the potassium 

sa l t s ,  s y l v i t e  and l angbe in i t e ;  hydrocarbon resources, which, if present, may 

inc lude crude o i l ,  but  most ly na tura l  gas and d i s t i l l a t e  ( l i q u i d  associated 

w i th  na tura l  gas). The p o t a s s i m  s a l t s  are found i n  s t r a t a  400 t o  700 fee t  

above the  repos i to ry  which i s  1400 t o  1700 feet below the surface; the hydro- 

carbons most 1 i k e l y  would be found 8,000 t o  12,000 fee t  below the repos i to ry  

which i s  10,000 t o  15,000 f e e t  below the  surface. Although other minerals 

such as s a l t ,  ca l i che ,  and gypsum are a lso  i n  t h i s  area i n  quant i ty ,  there are  

enormous q u a n t i t i e s  i n  many other  areas. O f  these only h a l i t e  i s  i n  close 

enough p rox im i t y  t o  the repos i to ry  t o  warrant cons ider t ion  o f  a breach 

scenario. The s i z e  and economic value o f  potash, h a l i t e  and hydrocarbons 

which may e x i s t  a t  the WIPP s i t e  are summarized below: 

(a) Potash . 

Potash resources were est imated by the  U.S. Geological Survey (USGS), the 

U.S. Bureau o f  Mines (USBM), and A g r i c u l t u r a l  and I n d u s t r i a l  Minerals,  Inc .  

- (AIM) (Refs. 7, 8, and 9). I n  reference t o  potash, the t e n s  "resources," and 

" reserves"  as used here are de f ined as fo l l ows :  

Resources are considered minera ls  t h a t  a re  c u r r e n t l y  or p o t e n t i a l l y  o f  

economic value; t h i s  inc ludes seams t h a t  are t h i c k e r  than 4 feet and 

conta in  s y l v i t e  o r  l a n g b e i n i t e  w i t h  a potassium oxide r ichness greater  

than 8% or  4% respec t i ve l y .  

Reserves are the  p o r t i o n  o f  the  resources t h a t  are economically recover- 

ab le  a t  today 's  market p r i c e s  and removable w i t h  e x i s t i n g  t e c h n ~ l o g y ;  

t h i s  inc ludes seams t h a t  are t h i c k e r  than 4 fee t  and conta in s y l v i t e  o r  

l a n g b e i n i t e  w i t h  potassium ox ide  r ichness greater  than 13% o r  9% res- 

p e c t i v e l y .  The c u r r e n t  est imates o f  resources and reserves under the 

f o u r  zones o f  the  WIPP s i t e  are show i n  Table 1. 



Deposi t  Resources Reserves % of Resources X o f  Reserves 
( m i l l i o n  tons)  ( m i l l i o n  tons) recoverable recoverable i n  

i n  Zone I V  Zone I V  

Syl v i t e  133 

Langbeini  t e  351 

Since the sur face value o f  mined potash ore a t  the  present t ime i s  about 

$ l5 / ton ,  t h e  t o t a l  surface value o f  the reserves i s  about $1.14 b i l l i o n .  

The i n -p lace  value of the  ore i s  much less, but  more d i f f i c u l t  t o  est imate.  

The U.S. Department of Energy has estimated in -p lace value o f  the  potash ore  

as 14 cents per  ton  f o r  s y l v i t e  and 5 cents per ton  f o r  l a n g b e i n i t e  (Ref. 2, 

Table 9-16). The DOE has s ta ted  t h a t  mining i n  Zone I V  o f  the  WIPP s i t e  i s  

poss ib le  w i thou t  adverse impact on the proposed repos i to ry  (Ref. 2, p. 9-118), 

and such recovery may be al lowed before decomnissioning. I f  t h i s  i s  the  case, 

then 83% o f  t h e  potash reserves (100% o f  27.4 m i l  l i o n  tons o f  s y l v i t e  and 73% 

o f  48.5 m i  11 i o n  tons o f  l angbe in i t e )  would be author ized f o r  removal. 

The Department o f  Energy has considered the impact o f  several mechanisms o f  

l i q u i d  breach o f  the  r e p o s i t o r y  and t ranspor t  o f  the rad ionuc l ides  t o  the  

Pecos R ive r  a t  Malaga Bend (Refs. 1, 2, 3  and l o ) ,  o r  t o  a we1 1 i n  the  

Rus t l e r ,  l oca ted  about t h ree  m i les  downstream from the  r e p o s i t o r y  (Ref. 10). 

The EEG has independent ly  ca l cu la ted  doses r e s u l t i n g  from the  t ranspor t  of the  

rad ionuc l i des  t o  Malaga Bend o r  t o  a wel l  f o l l o w i n g  a l i q u i d  breach and agrees 

t h a t  t h e  doses would represent  only  a small f r a c t i o n  o f  the n a t u r a l  r a d i a t i o n  

background, even i f  very conservat ive (designed t o  increase s e v e r i t y )  hydro- 

l o g i c  parameters are assumed (Refs. 4, 5). Therefore, i f  the  min ing  of potash 

leads t o  a l i q u i d  breach w i t h  t ranspor t  o f  rad ionuc l ides  t o  t h e  Rus t l e r  a t  t h e  

WIPP s i t e ,  t h e  r e s u l t s  would be bounded by the  l o n g - t e n  scenar ios 

'This t a b l e  i s  adapted from Table 9-19 o f  the  FEIS (Ref. 2). 



already considered. Because the potash ore i s  located a t  l e a s t  400 f e e t  above 

the repos i to ry  horizon, i t  i s  l i k e l y  t ha t  the ore could be removed by conven- 

t i o n a l  techniques without d i s t u r b i n g  the  repos i to ry ;  however EEG has requested 

t h a t  DOE p rov ide  a  de ta i l ed  plan and consequence eva lua t ion  i f  the dec i s ion  i s  

made t o  a1 low such removal. 

So lu t i on  mining o f  the potash i s  not economical i n  the area because o f  the 

l i m i t a t i o n  of s u i t a b l e  water, absence of processing f a c i l i t i e s  and thinness o f  

t h e  ore beds. However, i f  water and f a c i l i t i e s  d i d  become ava i lab le ,  and so- 

l u t i o n  min ing were attempted, i t i s  l i k e l y  t h a t  the potash could be success- 

f u l l y  solut ion-mined without breach of the repos i to ry  dur'ng the operat ion. 

Nonetheless, such techniques near a  nuclear repos i to ry  might c o n s t i t u t e  a  r i s k  

because the  l i q u i d - f i l l e d  caverns may weaken the formations leading t o  breach 

a f t e r  thousands o f  years, poss ib ly  r e s u l t i n g  i n  t ranspor t  o f  the rad ionuc l ides  

t o  one o f  the underground aqu i fe rs  (Ref. 11). 

To remove t h e  potash ore by s o l u t i o n i n g  o r  b r i n i n g  techniques involves 

d r i l l i n g  two or more large diameter we l ls  t o  the ore zone, e s t a b l i s h i n g  a  c i r -  

c u l a t i o n  betreen the  wel ls through hyd ro f rac tu r i ng  or  hydrocarbon padding and 

recover ing  the d issolved br ine.  Because these ores are found i n  q u a n t i t y  

cons iderab ly  above the repos i to ry  horizon, i t  i s  not p l a u s i b l e  t o  be l i eve  t h a t  

the  h y d r o f r a c t u r i n g  and b r i n i n g  would acc iden t l y  extend 400 fee t  down i n t o  t h e  

r e p o s i t o r y  horizon, unless some pathway a1 ready ex is ted  . The presence of 

h o r i z o n t a l  c l ay  seams i n  the s a l t  would tend t o  move the  hydro f rac tures  up o r  

h o r i z o n t a l l y  along the c lay seams, and cu r ren t  techniques permi t  shaping o f  

the  cavern t o  f o l l o w  c lose l y  the  ore hor izon (Refs. 12, 13, 14, 15). If 

abandoned d r i l l  ho les were present i n  the area and extended down i n t o  the  

repos i to ry ,  the  e f f e c t  o f  such a  comnunication would be r e a d i l y  detected 

because o f  the re ta rd ing  e f f e c t  o f  such undesi rable h y d r a u l i c  comnunication on 

t h e  s o l u t i o n i n g  o f  the  potash ore. (The r e t u r n i n g  s o l u t i o n  genera l l y  i s  

moni tored f o r  potassium content.) For these reasons, a  breach associated w i t h  

potash min ing  r e s u l t i n g  i n  t ranspor t  o f  the rad ioac t i ve  ma te r ia l  t o  t h e  

sur face i s  not  considered c red ib le .  



( b )  Solut ion Mining o f  H a l i t e  and Consequence Analys is  

Dickinson est imates tha t  h a l i t e  i jsdidrn r h l o r i d e )  product ion i n  the U.S. f o r  a 

v a r i e t y  o f  app l i ca t i ons  i s  over 40 m i l l i o n  tons per year, valued a t  $300 

m i l l i o n .  Another 20% o r  more o f  s a l t  i s  being imported from Canada, Mexico, 

and t o  a lesser  extent ,  from other  coun t r i es  (Ref. 16). 

There are extensive deposi ts  o f  bedded h a l i t e  i n  many areas o f  the  Delaware 

Basin. The t h i c k e s t  and purest  s a l t  beds a t  t h e  s i t e  a re  found i n  the 

Cas t i l e ,  al though the Salado conta ins from 80 t o  90", h a l i t e .  The New Mexico 

Bureau of Mines and Mineral Resources has est imated t h a t  t h e r e  are 118 b i l l i o n  

tons o f  s a l t  i n  the  Salado w i t h i n  the  WIPP boundary (Ref. 17). The C a s t i l e  

format ion would add approximately 80 b i l l i o n  tons o f  a d d i t i o n a l  s a l t  

resource. Along w i t h  gypsum and cal iche,  t h e  h a l i t e  depos i t  was no t  

considered by the DOE t o  have any economic ' s ign i f i cance,  because o f  the 

prevalence of s a l t  depos i ts  throughout the  Permian Basin and o ther  areas 

w i t h i n  the Uni ted States (Ref. 18). Because o f  the p u r i t y ,  domed s a l t  usua l ly  

i s  p re fe r red  t o  bedded s a l t .  Approximately 56% o f  the h a l i t e  produced i n  t h e  

Uni ted States i s  der ived from the s a l t  domes o f  Louis iana and Texas (Ref. - 
14). Wi th in the Permian Basin, s a l t  i s  be ing  recovered by mechanical o r  

so lu t ion-min ing  techniques a t  l o c a t i o n s  i n  Kansas, Texas and southwestern 

Oklahoma. No min ing o f  h a l i t e  has occurred i n  the Delaware Basin, and 

commercial min ing i s  not  considered economical i n  the  NIPP area i n  the near 

fu tu re ,  because o f  the shortage o f  water, t h e  remote l o c a t i o n  o f  the  s i t e  f r o a  

processing f a c i  1  i t i e s  and the  presence o f  anhyd r i t e  and pol yha l  i t e  beds 

in te rming led  w i t h  the  bedded ha1 i t e  format ions.  It i s  conceivable, however, 

t h a t  i n  the  long-term, c l i m a t i c  and soc ia l  changes may render these deposits 

Inore a t t r a c t i v e .  For example, i n  the  Un i ted  States du r ing  t h e  Ple is tocene 

epoch, 1 t o  2 m i l l i o n  years ago, several lakes  were formed o r  expanded dur ing  

per iods o f  increased p r e c i p i t a t i o n ,  e s p e c i a l l y  i n  the  western Un i ted  States i n  

areas t h a t  are now deser ts  (Ref. 10, Sec. 2.3.4.1).The c l i m a t e  o f  New Mexico 

dur ing  such per iods  was charac ter ized by more p r e c i p i t a t i o n  (about 6a more 

than a t  p resent ) ,  l ess  evaporat ion (on l y  about 70% o f  p resen t )  and a mean June 

- September temperature about lB°F lower than a t  present. F looding was 

probably more f requent .  Given g rea te r  access t o  water, t h e r e  would be 

increased p r o b a b i l i t y  t h a t  i n d u s t r y  suppor t i ve  o f  s o l u t i o n i n g  techniques would - 



be ava i l ab le  t o  the area. Therefore, al though min ing o f  ha1 i t e  a t  the WIPP 

s i t e  i s  considered h i g h l y  u n l i k e l y ,  i t  i s  s u f f i c i e n t l y  p laus ib le  t o  warrant - 
evaluat ion  o f  the p o t e n t i a l  r a d i o l o g i c a l  consequences of a breach r e s u l t i n g  

from t h i s  a c t i v i t y .  

This i s  considered i n  the fo l low ing way. It i s  assumed tha t  a commercial 

h r i n i n g  operat ion i s  i n i t i a t e d  250 years a f t e r  decommissioning, d i r e c t l y  over 

the 100 acres which house the abandoned repos i to ry .  I n i t i a l  exp lora tory  and 

d r i l l i n g  operat ions f a i l  t o  detect  t h e  repos i to ry ,  and two or  more wel ls  are 

d r i l l e d  t o  produce hydrau l ic  f r a c t u r i n g  and t o  e s t a b l i s h  so lu t i on ing  o f  s a l t .  

A cavern i n  t h e  Salado i s  produced of approximately one m i l l  i on  cubic feet ,  

and the d issolved b r i n e  i s  routed t o  a nearby chemical processing p lan t  f o r  

removal o f  the s a l t  and recyc l i ng  o f  the  r e c o n s t i t u t e d  unsaturated water. It 

i s  assumed t h a t  the radionucl ides d i sso l ve  a t  the  same r a t e  as the s a l t ,  and 

t h a t  0.2% o f  the 100 acre column o f  the Salado s a l t  i s  removed by b r i n ing .  

Any more than t h i s  f r a c t i o n  might lead t o  some co l l apse  o f  the ove r l y i ng  f o r -  

mations. It a lso  would be reasonable t o  assume t h a t  de tec t ion  of rad ioac t i ve  

i m p u r i t i e s  occurred a f t e r  1 year. The scenario i s  i l l u s t r a t e d  by a t y p i c a l  

cavern as shown i n  F igure 1. The radionucl  i d e  inventory  a t  250 years a f t e r  - 
storage i s  shown i n  Table 3.+ Table 4 prov ides the  r e s u l t a n t  whole body dose 

from i n g e s t i o n  o f  the  contaminated s a l t  f o r  a pe r iod  o f  1 year (1800 gns). 

The 50-year i n d i v i d u a l  dose comnitment prov ided i n  Table 4 i s  considered con- 

s e r v a t i v e  f o r  a t  l e a s t  two reasons: ( 1 )  It assumes the i nges t i on  o f  1800 gms 

o f  the unre f ined s a l t  ex t rac ted  e n t i r e l y  from the s o l u t i o n  mining breach event 

described. I n  o ther  words, the  s a l t  i s  u n d i l u t e d  w i t h  other  s a l t  obtained 

from uncontaminated s i t es .  (2)  It neglects the  p o t e n t i a l  reduc t ion  of 

p lutonium contaminat ion which i s  l i k e l y  t o  occur as a r e s u l t  o f  adsorpt ion t o  

t h e  c lay  cons t i t uen ts  o f  the  Salado, as fo l lows:  

*This inventory  i s  ca l cu la ted  from the  i n i t i a l  i n v e n t o r i e s  o f  TRU waste 

prov ided i n  Tables 3.1-2, and 3.1-4 o f  the SAR (Ref. 10). 



To a rough approximation, the d i s t r i b u t i o n  of r a d i o a c t i v i t y  between b r i n e  and 

suspended s o l i d s  i s  given by 

Cs = Kd Ce (1 
C s  = co f icent ra t ion  per u n i t  mass o f  a given nuc l ide  sorbed on sol i d s ,  Cifgrn 

C, = concent ra t ion  per u n i t  volume i n  the l i q u i d  phase, Ci/me 

Kd = d i s t r i b u t i o n  c o e f f i c i e n t ,  m/gm 

As the  water d isso lves  the repos i to ry ,  conservat ion o f  a c t i v i t y  a l so  i s  

maintained. This i s  expressed by the fol  low ing equation 

m s C s + %  = A  ( 2 )  

rn, = mass o f  s o l i d  i n  volume o f  repos i to ry  suspended by a u n i t  volume o f  

HZ 0 (gmlml) 
A = a c t i v i t y  i n  volume o f  r e p o s i t o r y  d issolved or  suspended by a u n i t  volume 

o f  +0. Cs and CL are as prev ious ly  def ined. Combining equat ions 

( 1 )  and (2)  one obta ins  

Equation (3) can be i n t e r p r e t e d  as fo l lows:  

O f  the  a c t i v i t y ,  A, leached by a u n i t  volume o f  water (assuming the  sa tu ra ted  

b r i n e  conta ins  t o t a l  d isso lved sol i d s  o f  0.4 gm/ml), a f r a c t i o n  

1 
ms Kd + 

remains i n  the water and a f r a c t i o n  

i s  resorbed on t h e  suspended c lay  f reed by the  b r i n i n g  o f  the water. I f  5% of 

t h e  b l a d o  i s  ma te r i a l  o the r  than s a l t ,  and 1% o f  t h i s  m t e r i a l  i s  c l a y  f o r  

which Kd f o r  Plutonium can range from 40,000 t o  180,000 m/gm (Ref. 10, 

Table 2.5-12); then MS i s  2 x lo-' gm/me and between 90 t o  97 percent  of the  

Plutonium i s  resorbed on t h e  clay. The c l a y  i n  the Salado i s  thus an 

e f f e c t i v e  b a r r i e r  aga ins t  b r i n g i n g  p l u t o n i u n  t o  the biosphere. 



An important  quest ion tha t  must be resolved i s  what f r a c t i o n  of the i nso lub le  

- mater ia l  i s  brought t o  the surface as suspended p a r t i c u l a t e s  and what f r a c t i o n  

remains i n  the subsurface cav i ty .  

I n  summary, t he re fo re ,  the 72 m i l  1 i rem i n d i v i d u a l  f i f t y - y e a r  dose commitment 

might be compared w i t h  normal background r a d i a t i o n  o f  about 100 m i l l i r e m  each 

year ,  o r  a l i f e t i m e  dose o f  about 7,500 m i l l i r e m .  The t o t a l  popu la t ion  dose 

may be conserva t ive ly  estimated by assuming t h a t  each member o f  a popu la t ion  

o f  300 m i l l i o n  consumes 1800 gms of s a l t  per year. It a lso  i s  assumed t h a t  

1/24 o f  t h i s  s a l t  f o r  food i s  der ived from t h i s  s o l u t i o n  mining event. ( I f  

t h e  annual product ion i n  the na t ion  i s  48 m i l l i o n  tons, only about 1/50 o f  a 

y e a r ' s  product ion i s  consumed as food.) 

Based on one yea r ' s  product ion o f  the contaminated s a l t ,  the t o t a l  popu la t ion  

50-year dose commitment would be 0.9 m i l l i o n  person-rems. This n i g h t  be com- 

pared t o  a background -50-year dose commitment o f  about 1.5 b i l l i o n  

person-rems. Therefore, there would r e s u l t  from t h i s  breach event a 0.06% 

increase over background. 

- 
It might be o f  i n t e r e s t  t o  compare these r e s u l t s  t o  those obtained from a 

h a l i t e  s o l u t i o n  min ing  scenario i n v o l v i n g  a s a l t  dome (Ref. 19). That 

scenar io assumed a breach 1000 years a f t e r  emplacement and a t o t a l  o f  2.6 

m i l l i o n  tons mined from nine we l l s  over a per iod  o f  one year. I t was assumed 

t h a t  t h ree  percent o f  t h i s  s a l t  was consumed as food (1800 gms/ indiv idual ) .  

The r e s u l t i n g  70-year whole-body dose comnitment, f o r  spent f ue l  nuclear  

waste, was 390 m i l l i r e m s ,  and f o r  reprocessed h igh- leve l  waste the  dose was 

100 m i l l i r e m s .  Th is  was converted i n t o  a 70-year t o t a l  popu la t ion  dose c m -  

tnitment o f  16 m i l l i o n  person-rems from spent f ue l ,  o r  f o u r  m i l l i o n  person-rems 

from reprocessed waste. 

It i s  u n r e a l i s t i c  t o  assume a product ion r a t e  a t  the WIPP s i t e  i n  excess of 

one m i l l i o n  tons/year ,  because o f  the  water l i m i t a t i o n s  i n  the  area - even if 

much more favorab le  c l i m a t i c  cond i t ions  occurred. Assuming an average f low Of 

the Pecos o f  2000. l i te rs /second,  the f resh  water requ i red  f o r  mining o f  one 
m i l l i o n  tons/year  i s  about equal t o  four  percent o f  the  t o t a l  annual Pecos 

- flow. 



I f  so lu t i on  mining of h a l i t e  should occur i n  the W I P P  s i t e  area a t  some time 

a f t e r  te rminat ion  of con t ro l s ,  i t  i s  l i k e l y  t h a t  the  scenario considered i n  

t h i s  repor t  provides the upper l i m i t  o f  dose consequences from s o l u t i o n  n i n i n g  

a t  WIPP f o r  the f o l l o w i n g  reasons: 

1. Most o f  the t ransuran ic  nuc l ides  would probably be bound t o  the c lay  

i m p u r i t i e s  i n  the s a l t  .formation and would not  be contained i n  the 

processed and p u r i f i e d  s a l t .  

2. The 1 i m i t a t i o n  o f  f resh  water i n  the  area, even under cond i t i ons  o f  - favorab le  c l i m a t i c  change, i s  l i k e l y  t o  discourage s o l u t i o n  mining o f  

s a l t  because of the l a r g e  reserves i n  o ther  areas more access ib le  t o  

water. 

3. Because the s a l t  i s  loca ted  a t  considerable depth, s o l u t i o n  min ing 

would requ i re  high technology t o  achieve economic re tu rn ,  and such 

technology would be expected t o  i nc lude  t h e  a b i l i t y  t o  recognize and 

remove rad ioac t i ve  i m p u r i t i e s ,  i f  present. 

Hea l th  E f f e c t s  o f  Rad ia t ion  Consequences 

It i s  u n l i k e l y  t h a t  any adverse hea l th  e f f e c t s  would occur from small doses 

r e s u l t i n g  from the  present scenario. I f  the 900,000 person-rems are assumed - 
t o  be un i fo rm ly  spread over the popu la t ion  o f  300 m i l l i o n .  The average 50 

year  dose would be only  3 m i l l i r e m s .  Such doses are  f a r  too  low t o  produce 

detec tab le  e f f e c t s .  Using the data prov ided i n  the  most recent r e p o r t  o f  t h e  

Nat ional  Academy o f  Sciences BIER Comnittee (Ref. 6, Table V-3) and us ing a 

1 i nea r  e x t r a p o l a t i o n  from dose-ef fect  curves prov ided by h igh doses, t he re  

would be about 96 f a t a l  cancers r e s u l t i n g  from t h i s  popu la t ion  dose over the  

50 years, o r  0.32 per m i l l i o n  populat ion.  These values should be compared t o  

t h e  cu r ren t  cancer r i s k  o f  167,000 per m i l l i o n  popu la t i on  per year,  o r  8.35 

m i l l i o n  cancers over 50 years. 
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Figure 1. Breach o f  repository from solut ion mining o f  h a l i t e .  
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TABLE 2 

PARAMETERS FOR SOLUTION M I N I N G  (BRINING) 

OF HALITE SCENARIO 

Area o f  Xepository S i t e :  100 acres 

Thickness o f  Salado S a l t  a t  S i te :  2000 ft. (600 rn) 

Volume o f  S a l t  ore under 100 acres o f  the  Salado a t  s i t e :  8.7 x 10' 

f t3 (2 .5~10"  e )  

Volume o f  CH waste: 1.7 x l o8  l i t e r s  

Volume o f  RH waste: 7.1 x l o 6  l i t e r s  

Volume o f  r e p o s i t o r y :  5.2 x 10' ft3 (1.5 x lo9 e )  

F rac t i on  o f  s a l t  which i s  repos i to ry :  6  x 10 -3 

F rac t i on  o f  r e p o s i t o r y  which i s  CH waste: . I13 

F rac t i on  o f  r e p o s i t o r y  which i s  RH waste: .0047 

Product ion r a t e :  o r  1  x l o6  m e t r i c  tons o f  s o l i d  s a l t l y e a r  (1.6 x 10' f t 3 )  

F rac t i on  o f  t o t a l  Salado a t  WIPP s i t e  removed by b r i n i n g  i n  1 year: 

0.002 

Volume o f  s a l t  i n  t h e  Salado under e n t i r e  area o f  WIPP s i t e  (Zones 1, - 
2, 3, 4): 4.6 x 1o13e (1.6 x 1o12 f t 3 )  

Dens i ty  o f  recovered and d r i e d  s a l t :  2.2 grnfrnl 

Annual Adu l t  Consumption o f  s a l t :  1800 gms 

15. Tota l  popu la t i on  a t  r i s k :  300 m i l l i o n  



TABLE 3 

NUCLIDE INVENTORIES OF TRU WASTE AT 250 YEARS 

CH AH 
CH TRU RH TRU F i  na 1 
TRU T o t a l  TRU T o t a l  T o t a l  

N u c l i d e  (Gila) (Ci  c i  / e  (C i  ( C i  
A B* C* D* E* F* 

Pu-238 2.9 - 5"' 4.9 + 3 1 . 2  - 5 8.5 + 1 5.0 + 3 

Pu-239 2.2 - 3 3.7 + 5 1.1 - 3 7.8 + 3 3.8 + 5 

Pu-240 5.2 - 4 8.5 + 4 2.4 - 4 1.7  + 3 9.0 + 4 

Am-241 3.3 - 4 5.6 + 4 2.0 - 4 1 . 4 +  3 5.7 + 4 

srgO + d 1.4 - 3 1.0 + 4 1.0 + 4 

c,13' + d 1.1 - 5 80. SO. 

T o t a l  5.4 + 5 

* E x p l a n a t i o n  o f  columns: - 
B = Average. i n v e n t o r i  es  f rom SAR a t  250 years  

C = ( 0 )  (1.7 x 10' l i t e r s )  

D = Average i n v e n t o r i e s  f rom SAR a t  250 years  

E = ( D )  (7.1 x l o 6  l i t e r s )  

F = C + E  

**2.9 - 5 = 2.9 x lo-' 



TABLE 4 

FIFTY-YEAR DOSE COMMITMENT FROM ONE Y E A R ' S  INGESTION OF SALT 

Dose (50 y r . )  Whole Body 
Concentrat ion Commitment Dose/ 

Nuc l ide  PCi/gm o f  s a l t  (mrem per  Pc i )  (mrem) 
G H* I* J* 

Tota l  : 7 2 

*Explanat ion o f  columns-: 

H = (F) ( 1 d 2 ) p c i / c i  l i t e r  
2.5 x 1 0 "  l i t e r s  x 2200 g i  

I = NUREG 0172 dose conversion f a c t o r s  (Ref. 20) 

J = (H) (I) (1800) 

**7.0 + 2 = 7.0 x 102 

***d = i n c l u d i n g  daughters 



( c )  Hydrocarbons 

The New Mexico Bureau of Mines and M inera l  Resources (BMMR) e v a l u a t e d  t h e  

hydrocarbon resources  a t  t h e  e a r l i e r  WIPP s i t e ,  about f i v e  m i l e s  n o r t h e a s t  o f  

t h e  c u r r e n t  s i t e  (Ref. 17).  T h i s  e v a l u a t i o n  was based upon known rese rves  o f  

c rude o i l  and n a t u r a l  gas, and on t h e  p r o b a b i l i t y  o f  d i s c o v e r i n g  new 

r e s e r v o i r s .  The e s t i m a t e  of n a t u r a l  gas was 16.5 b i l l i o n  c l l b i c  f e e t  p e r  640 

acres,  which amounts t o  a  t o t a l  of 490 b i l l i o n  c u b i c  fee t  f o r  t h e  p r e s e n t  

s i t e .  S ince  t h e  hydrocarbon e s t i m a t e  r e l i e s  on s t a t i s t i c a l  p r o b a b i l i t i e s ,  

t h i s  v a l u e  would n o t  be as a c c u r a t e  as t h e  potash values.  Th is  volume a l s o  

assumes t h a t  t h e  q u a n t i t y  o f  hydrocarbon resources a t  t h e  c u r r e n t  WIPP s i t e  

a r e  about  t h e  same as a t  t h e  o l d  s i t e ,  f i v e  m i l e s  away. A ' l a t e r  e v a l u a t i o n  o f  

hydrocarbon resources  o f  t h e  p r e s e n t  s i t e  was m d e  by Sipes,  Wi l l i amson  and 

Aycock, Inc.  (Ref. 2 1 ) ,  i n  wh ich  they  r e l i e d  on i n f o r m a t i o n  ga ined f r o m  nearby 

e x p l o r a t i o n .  To p r o t e c t  t h e  s i t e  no hydrocarbon d r i l l i n g  hds occur red  i n  

Zones I, 11, and 111 of WIPP. The area e v a l u a t e d  was 400 square m i l e s  

c e n t e r e d  on t h e  p r e s e n t  s i t e .  They conc luded t h a t  a  s i n g l e  zone, between 

14,000 and 15,000 f e e t  be low t h e  s u r f a c e  i s  wor thy  o f  e x p l o r a t o r y  r i s k ,  based 

,- 
on c u r r e n t  economic c o n s i d e r a t i o n s .  Only n a t u r a l  gas i s  e s t i m a t e d  t o  be 

p r e s e n t  i n  q u a n t i t i e s  t h a t  a r e  economical .  The p o t e n t i a l  resources  and 

r e s e r v e s  o f  n a t u r a l  gas a r e  summarized i n  Tab le  5. 



TABLE 5 

POTENTIAL NATURAL GAS WITHIN WIPP S I T E  

Total  I n  Zones I, I 1  I 1 1  In  Zone I V  
BCF* BCF* BCF* 

Resources 490 (1 00%) 211 (43%) 279 (57%) 
100% 

Reserves 44.6 21 (47%) 23.6 (53%) 

*BCF = b i l l i o n  cubic feet  

A t  a value o f  $4.40/1000 cubic fee t ,  the  t o t a l  sur face value of the  n a t u r a l  

gas reserves i s  about $200 m i l l i o n .  

Sipes, Wil l iamson, and Aycock, Inc. have a lso  evaluated the e x t r a  cos t  o f  

e x t r a c t i n g  t h e  na tura l  gas through d i r e c t i o n a l  d r i l l  ing.  I f  d r i l l i n g  i s  

al lowed i n  Zone I V ,  23 d i r e c t i o n a l  boreholes from the boundary o f  Zone 111 

would be necessary- to e x t r a c t  the na tu ra l  gas from Zone I, 11, and 111 

(Ref. 22). 

The DOE has considered t h e  r a d i o l o g i c a l  consequences o f  d r i l l i n g  f o r  hydro- -, 

carbons and d r i l l i n g  d i r e c t l y  through a c a n i s t e r  con ta in ing  e i t h e r  con tac t -  

handled o r  remote-handled TRU waste (Ref. 2, p.9-143). Since t h e  hydrocarbons, 

i f  present ,  are loca ted 8,000 t o  12,000 f e e t  below the repos i to ry ,  a breach o f  

the  r e p o s i t o r y  as a r e s u l t  o f  e x t r a c t i o n  o f  these resources would be bounded by 

e i t h e r  t h e  l i q u i d  breach o r  d i r e c t  d r i l l i n g  scenar ios a l ready considered i n  the  

FEIS. 
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