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FOREWORD , 

The purpose o f  the Environmental Evaluat ion Group (EEG) i s  t o  conduct an 

independent 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  exposure t o  people 

from the 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 lant  (WIPP) near 

Carlsbad, i n  order  t o  p r o t e c t  the pub l i c  hea l th  and sa fe ty  and ensure t h a t  

there  i s  minimal environmental degradation. The EEG i s  p a r t  o f  the  

Environmental Improvement D iv i s ion ,  a component of the  New Mexico Health and 

Environment Department -- the  agency charged w i t h  the  pr imary responsi b i  1 i t y  

f o r  p r o t e c t i n g  the hea l th  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 nor an opponent o f  WIPP. 

Analyses are conducted o f  a v a i l a b l e  data concerning the  proposed s i t e ,  t h e  

design o f  the  repos i to ry ,  i t s  planned operat ion,  and i t s  l o n g - t e n  s t a b i l i t y .  

These analyses i nc lude  assessments o f  repo r t s  issued by the  U.S. Department o f  

Energy (DOE) and i t s  cont rac tors ,  o ther  Federal agencies and organizat ions,  as 
-. 

they r e l a t e  t o  the  p o t e n t i a l  heal th,  sa fe ty  and environmental impacts from 

WIPP. 

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

Contract DE-AC04-79ALl0752 w i t h  the  New Mexico Heal th and Environment 

Department. 

Robert H. kill 
Di  r e c t o r  



INTRODUCTION 

I f  b r i n e  f i l l e d  the void space i n  the waste storage areas o f  the proposed WIPP 

repos i to ry  sometime a f t e r  c los ing ,  it could i n i t i a t e  leaching and exchange ac- 

t i o n s  between the br ine ,  the waste, and the  s a l t  used f o r  b a c k f i l l i n g .  This 

ac t i on  would r e s u l t  i n  a rad ionuc l ide  contaminated br ine.  A subsequent pene- 

t r a t i o n  o f  the repos i to ry ,  could b r i n g  contaminzted b r i n e  t o  the  sur face i f  

there  was adequate pressure. 

Several pressur ized b r i n e  reservo i rs  have been encountered by d r i l l i n g  i n  t h e  

v i c i n i t y  o f  the  WIPP s i t e  and s i g n i f i c a n t  discharges have occurred a t  the  sur -  

face. A t  the t ime t h i s  repo r t  was w r i t t e n  i n  d r a f t  form a l l  except one o f  the  

known b r i n e  rese rvo i r s  were associated w i t h  the Capitan Reef and i t s  d e f o n a -  

t i o n  f r o n t ,  ra ther  than the  Delaware Basin (where the  proposed WIPP repos i to ry  

i s  located) .  However, t h i s  repo r t  was w r i t t e n  because o f  the  b e l i e f  t h a t  the  

l o c a t i o n  and occurrence o f  these rese rvo i r s  i s  not  wel l  enough understood t o  

completely r u l e  out t h e i r  ex is tence under t h e  s i t e .  

- On November 22, 1981 a pressur ized b r i n e  r e s e r v o i r  was encountered a t  the  

WIPP-12 borehole. The p o i n t  where t h i s  b r i n e  r e s e r v o i r  was i n te rcep ted  was 

on l y  558 f e e t  h o r i z o n t a l l y  and 786 feet v e r t i c a l l y  from t h e  proposed l o c a t i o n  

o f  the northernmost waste storage room. Since more d e f i n i t i v e  i n fo rma t ion  on 

t h i s  b r i n e  rese rvo i r  w i l l  not  be a v a i l a b l e  f o r  several weeks or  months, i t was 

decided t o  proceed w i t h  t h i s  repo r t  us ing the  o r i g i n a l  assumptions and t o  

prepare a new repo r t  i n  the  f u t u r e  i f  the  data from WIPP-12 suggest t h a t  

s i g n i f i c a n t  changes i n  the assumptions are appropriate.* 

- 

*Pre l im inary  informat-ion i n d i c a t e s  t h a t  the  WIPP-12 b r i n e  r e s e r v o i r  w i l l  a f f e c t  

a t  l e a s t  the  f o l l o w i n g  two assumptions: 

(1 )  The p r o b a b i l i t y  per borehole o f  h i t t i n g  a b r i n e  resevo i r  beneath t h e  

s i t e  w i l l  be greater  than the  value o f  0.04 used i n  t h i s  analys is .  

( 2 )  Greater than 75,000 cubic f e e t  o f  b r i n e  may be brought t o  t h e  surface 

dur ing  normal d r i  11 i n g  operat ions. 



This repo r t  descr ibes a  scenario i n  which an exp lo ra to ry  borehole connects an -. under ly ing  b r i n e  r e s e r v o i r  w i t h  the r e p o s i t o r y  and r e s u l t s  i n  sa tu ra t i on  o f  t h e  , 
waste storage area. A subsequent borehole b r i n g s  po r t i ons  o f  t h i s  rad ionuc l ide  

contaminated b r i n e  t o  the  surface. Rad ia t ion  doses are ca lcu la ted  fo r  t ime 

per iods  o f  125, 400, and 1,000 years a f t e r  r e p o s i t o r y  c l o s i n g  f o r  the 

fo l l ow ing :  

(1) e x t e r n a l  r a d i a t i o n  doses f o r  workers a t  the  borehole l o c a t i o n  

( 2 )  i n h a l a t i o n  doses f o r  workers a t  t h e  borehole l o c a t i o n ,  

( 3 )  e x t e r n a l  and i n h a l a t i o n  doses fo r  a  res iden t  located 360 meters down- 

wind, 

( 4 )  i n g e s t i o n  doses f o r  the downwind res iden t  from l o c a l l y  grown produce, 

m i l k ,  and meat, and 

(5 )  Popu la t ion  doses from i n h a l a t i o n  w i t h i n  a  50-mile radius. 

The p r o b a b i l i t y  o f  t h e  var ious  c a l c u l a t e d  doses occu r r i ng  was estimated. 

P r o b a b i l i t y  was inc luded i n  the  r e p o r t  because o f  a  b e l i e f  t h a t  p r o b a b i l i t y  

cons ide ra t i ons  are use fu l  i n  eva lua t i ng  the  a c c e p t a b i l i t y  o f  u n l i k e l y  events 

and t o  encourage o thers  t o  p rov ide  a  more d e t a i l e d  eva lua t ion  us ing more - 
s o p h i s t i c a t e d  methodology. Since the  p r o b a b i l i t i e s  presented i n  t h i s  repor t  

were c a l c u l a t e d  us ing  a  simple methodology, w i t h  some parameter values chosen 

a r b i t r a r i l y ,  they should be considered as approximate examples, not accurate 

numbers. 

The reasonableness o f  t h e  scenar io and t h e  s i g n i f i c a n c e  o f  the  r e s u l t s  are a l s o  

discussed. 



SUMMARY AND CONCLUSlONS 

1 

1. Calculated r a d i a t i o n  doses from radionucl ides brought t o  the surface 

f r a n  a  pos tu la ted  i n t e r a c t i o n  between a  pressur ized b r i ne  rese rvo i r ,  

the  repos i to ry ,  and an exp lo ra to ry  borehole are s u m a r i  zed 3elow. 

Rad ia t ion  Doses From Br ine  Reservoir  Scenario 

(50-year Dose Comnitment from One Year's In take)  

tc+125y* t c t 4  I w.b** I Bone I w.b. 

D r i l l i n g  crew 

i n h a l a t i o n  

ex te rna l  

Downwind Resident 

i n h a l a t i o n  

e x t e r n a l  

produce 

m i l k  

meat 

0.049 

0.045 

0.049 

<.001 

0.47 

0.032 

0.009 

IY 
Bone 

Area popu la t i on  

tc+1000y **' 
w.b. Bone 

Rem 

* t c t I 2 5 y  = I 2 5  years a f t e r  c losu re  of the  repos i to ry  

*w.b. = whole body 

***The tc+1000y doses _are not  considered p l a u s i b l e  

- 
1.3 
- 

1.3 
- 
1.9 

0.13 

0.035 

1.0 

0.30 

0.084 

0.30 

<.001 

0.001 
- 
- 

Person - ren 

24. I 5.9 



2. I n h a l a t i o n  and external  r a d i a t i o n  doses increase w i t h  t ime a f t e r  the 

r e p o s i t o r j  i s  f looded due t o  the cont inued leaching o f  l ong - l i ved  a c t i -  

nides. l n g e s t i a n  doses are dominated by the  29-year h a l f - l i f e  o f  9 0 ~ r  

and become n e g l i g i b l e  i n  less  than 300 years a f t e r  c losure  o f  the re -  

pos i  t o r y  (tc+300y). 

3. P re l im ina ry  est imates were made of the cumulat ive p r o b a b i l i t i e s  o f  

doses equal t o  o r  g rea ter  than the tc+125y doses occur r ing  du r ing  the  

1 i f e t i m e  of the repos i to ry .  The e s t i ~ a t e d  p r o b a b i l i t i e s  were 5 x lo- '  
f o r  the  i n h a l a t i o n  pathway and 5 x lo-' f o r  the i nges t i on  pathway. The 
est imated p r o b a b i l i t y  of some rad ionuc l ides  being brought t o  t h e  

surface and r e s u l t i n g  i n  doses between zero and those sumnarized above 

i s  much greater ,  about one p a r t  i n  4,000. 

4. A p r e l i m i n a r y  est imate i nd i ca ted  a p r o b a b i l i t y  o f  3 x lo- '  t h a t  175 C i  

o f  2 3 9 ~ u  ( o r  equ iva len t )  would be brought t o  the sur face by t h i s  

scenario. Since the d r a f t  EPA HLW standards would be v i o l a t e d  on ly  i f  

the  p r o b a b i l  i t y -  o f  b r i n g i n g  t h i s  q u a n t i t y  o f  rad ionuc l ides  t o  t h e  

sur face i n  10,000 years i s  > 10"--the est imate i n d i c a t e s  the  standard 

would be met. However, s ince the  values are only  a f a c t o r  o f  3 apar t  a 

more r e f i n e d  ana lys i s  vrould be worthwhi le.  - 
5. The i n g e s t i o n  dose est imates are not great enough t o  be o f  p a r t i c u l a r  

concern a f t e r  tc+125y because they: (a )  have a low p r o b a b i l i t y  o f  oc- 

currence; (b)  are below recommended gu ide l i nes  f o r  acc identa l  releases; 

and ( c )  decrease r a p i d l y  (2.4XIy) w i t h  time. 

6. Ca lcu la ted  i n h a l a t i o n  doses t o  workers about the s i t e  and t o  r e s i d e n t s  

360111 downwind are undesi rably  h igh a t  tc+400y. The bone dose exceeds 

t h a t  p e r m i t t e d  f o r  the  general popu la t ion  e i t h e r  f o r  r o u t i n e  exposure 

o r  acc iden ta l  condi t ions.  However, t h e  dose from one yea r ' s  i n h a l a t i o n  

i s  we l l  below t h a t  which would r e s u l t  i n  no t i ceab le  h e a l t h  e f f e c t s  t o  

an i n d i v i d u a l  . - 

7. I n h a l a t i o n  doses ca l cu la ted  f o r  tc+1000y years are even h igher  than 

those a t  tc+400y. However, because o f  p r e s s u r i z a t i o n  and s o l u b i l i t y  

l i m i t a t i o n s  these doses would not be expected t o  occur. Consequently, 

t h e  tc+400y ca l cu la ted  doses are considered t o  be the  h ighes t  t h a t  

would occur.  

8. Radia t ion  doses t o  the  popu la t ion  r e s i d i n g  w i t h i n  50 m i les  o f  t h e  WIPP 

s i t e  due t o  i n h a l a t i o n  are law on an annual bas is  but, i n  the  absence - 



o f  remedial measures, would be expected t o  cont inue f o r  hundreds o f  

years as resuspension continues. The t o t a l  cumulat ive dose over 1500 

years  might r e s u l t  i n  1 or  2 cancer f a t a l i t i e s  (compared t o  an 

est imated 500,000 cancer f a t a l i t i e s  from a l l  o ther  causes). 

9. The ca lcu la ted  amounts o f  surface contaminat ion and resuspended rad io -  

nuc l i de  concentrat ions are great enough t o  warrant a more d e t a i l e d  

eva lua t i on  o f  the probabi 1 i t y  o f  t h i s  scenario occurr ing. 

10. The main ta in ing  o f  s u f f i c i e n t  a c t i v e  i n s t i t u t i o n a l  c o n t r o l s  over the  

s i t e  t o  be able t o  detect  surface contaminat ion f o r  up t o  about 600 

years a f t e r  c losure  should be considered unless the p r o b a b i l i t y  of 

occurrence can be shown t o  be less  than est imated here. 



PROCEDURE 

Scenario Desc r ip t i on  

An exp lo ra to ry  borehole i s  d r i l l e d  through the repos i to ry  a t  a fu tu re  t ime 

when i n s t i t u t i o n a l  con t ro l  has been l o s t .  This borehole s t r i k e s  a pres- 

sur ized b r i n e  r e s e r v o i r  i n  the  C a s t i l e  format ion and por t ions  o f  t h i s  b r i n e  

reach the surface. The wel l  i s  capped t o  stop the b r i ne  f low, subsequently 

plugged, and then abandoned. Geopressurized b r i n e  i n f i l t r a t e s  i n t o  the void 

space i n  the  repos i to ry  before the  r e s e r v o i r  i s  plugged because the 

b a c k f i l l e d  ma te r ia l  i s  much more permeable than surrounding formations. The 

b r i n e  remains i n  contact  w i t h  the s a l t  and the waste f o r  an extended per iod  

o f  t ime (25  years or  more). During t h i s  t ime exchange occurs between br ine .  

s a l t  and waste. 

A second exp lo ra to ry  bore ho le  a t  l e a s t  25 years l a t e r ,  penetrates back- 

f i l l e d  po r t i ons  o f  the  repos i to ry .  Some o f  t h i s  br ine, which i s  s t i l l  pres- - sur i zed  from t h e  b r i n e  rese rvo i r ,  from gases ~ n e r a t e d  i n  the repos i to ry ,  or 

from s a l t  creep i s  c a r r i e d  t o  the  sur face before the borehole can be 

capped. Th is  b r i n e  i s  unrecognized o r  ignored as a poss ib le  r a d i o l o g i c a l  

problem and i s  ponded w i t h  subsequent evaporat ion o f  the l i q u i d .  

The res idue o f  t h i s  b r ine ,  which conta ins  rad ionuc l ides  from the repos i to ry .  

remains i n  t h e  pond a f t e r  evaporat ion and i s  ava i l ab le  f o r  resuspension. A 

l a r g e l y  s e l f - s u f f i c i e n t  farm f a m i l y  res ides downwind and p rodu  ?s most o f  

i t s  produce, mi lk ,  and meat from the  surrounding land. Annual r a d i a t i o n  

doses received by an a d u l t  from inha la t i on ,  i nges t i on  and external  r a d i a t i o n  - 
are  ca lcu la ted .  Rad ia t ion  doses rece ived by d r i l l i n g  crew workers i n  the  

b r i n e  pond area from i n h a l a t i o n  and ex te rna l  r a d i a t i o n  are a lso  ca lcu la ted .  

Doses received by the  popu la t i on  w i t h i n  a 50-mile radius from i n h a l a t i o n  of 

resuspended rad ionuc l  i des  w e e  estimated. 



Assumptions 

, 
General 

Several i n s t i t u t i o n a l  assumptions must be made i n  order f o r  the ca l cu la ted  

doses t o  occur:  

There must be a l oss  of i n s t i t u t i o n a l  c o n t r o l  so t h a t  d r i l l i n g  can occur 

w i thou t  any requirements for determining t h e  ex is tence o f  a r a d i o l o g i c a l  

hazard. 

D r i l l i n g  must occur and the d r i l l e r s ,  e i t h e r  through ignorance o f  the 

r e p o s i t o r y  o r  complacency about r a d i a t i o n  dangers, do not  determine i f  a 

r a d i o l o g i c a l  problem e x i s t s  o r  take any p r o t e c t i v e  measures. 

Residence must be occur r ing  on the land. The residence must be i n  t h e  

maximum downwind d i r e c t i o n  f o r  the ca l cu la ted  doses t o  occur. Condi- 

t i o n s  ( e s p e c i a l l y  the  a v a i l a b i l i t y  of adequate water) must e x i s t  where 

subsis tence farming . is poss ib le  i n  order for  ca l cu la ted  i nges t i on  doses 

t o  occur. 

S p e c i f i c  

The key phys i ca l  and techn ica l  assumptions t h a t  must occur are: 

A geopressurized b r i n e  rese rvo i r  must e x i s t  below the  repos i to ry ,  be i n -  

t e rcep ted  by a borehole and enter  the repos i to ry .  Th i s  event occurs 100 

years o r  more a f t e r  repos i to ry  c losure.  

The exchange t h a t  occurs between waste and b r i n e  i n  a 25 year pe r iod  r e -  

s u l t s  i n  a l l  o f  the  gost- going i n t o  so lu t ion .  The f r a c t i o n  going i n t o  

s o l u t i o n  i s  O.Ol%/y f o r  the ac t i n ides  and O.lTX/y f o r  cesium. These 

l each ing  values come f ra data repor ted i n  Reference 2. 

A second boreho le  i n t e r s e c t s  the r e p o s i t o r y  a t  l e a s t  25 years a f t e r  the  

f i r s t  boreho le  b r i n g s  b r i n e  i n t o  the  repos i to ry .  For the  maximum 90~r  

dose t h i s  event is-assumed t o  occur 25 years a f t e r  t h e  f i r s t  event 

(tc+125y). 

Seventy - f i ve  thousand cubic f e e t  o f  b r i n e  escapes t o  t h e  sur face before 

the  we l l  i s  sealed, the  b r i n e  i s  d i v e r t e d  t o  a 20,000 m2 pond and eva- 

porated, l e a v i n g  a res idue o f  s o l i d s  t h a t  i s  =3 cm t h i c k .  This volume 

o f  b r i n e  represents  0 . 9 3  o f  t ha t  i n  the repos i to ry  and c a r r i e s  w i t h  i t 

0.93% o f  t h e  9%. The f r a c t i o n  o f  the a c t i n i d e  i nven to ry  i n  t h e  - 
b r i n e  brought  t o  the  sur face i s  .0023% a f t e r  25 years o f  l each ing  

0.02N a f t e r  300 years. 

7 



5 )  The amount of t h i s  residue t h a t  i s  resuspended and c a r r i e d  downwind t o  

the  residence i s  assumed t o  be O . Z  per year of the t o t a l  residue. Ra- 

d ionuc l ides  are evenly mixed i n  the res idue and are resuspended a t  the 

same rate. This value i s  more conservat ive than the value o f  0.07% 

found a t  Rocky F l a t s  (Ref. 3) but  i s  l ess  than the  0.7% expected t o  be 

l o s t  from the top 3 cm o f  the WIPP s a l t  p i l e  (Ref. 7). 

6 )  The downwind residence and farm i s  located 360m from the  center  

o f  the 2 hectare evaporat ion pond. Since the source term i s  modeled as 

a v i r t u a l  po in t  source it i s  appropr iate t o  use an annual h a l u e  
0 . 

f o r  804m. The value used (from the F ina l  EIS) i s  (5.0 x lo- ' )  S 2 ... 

7 )  Radionucl ide t r a n s i t ,  adu l t  intake, and dose conversion fac to rs  

are taken from Regulatory Guide 1-1 09 and NUREG-0172 (References 4 and 5) .  



FINDINGS 

Source Term. The t o t a l  cu r i es  of each s i g n i f i c a n t  rad ionuc l i de  reaching the  

surface 125, 400 and 1000 years a f t e r  c losure  are shown i n  Table I. 

Table I 

Q u a n t i t y  o f  Radionucl ides Brought t o  Sur face 

(Cur ies)  

- - - - - - - 

Radi onucl i d e  Q u a n t i t i e s  - C i  

Reposi tory 

Radionucl i des  Tota l ,  tc 

1 3 7 ~ s  1.3 + 4 

==pu 3.5 + 4 

2 3 9 ~ ~  3.9 + 5 

2 4 0 ~ ~  9.3 + 4 
241h**  4.5 + 3 

*2.5 + 6 = 2.5 x 106 

**241h ingrows from decay o f  24lpu, i nven to ry  a t  tc+125y = 7.5 + 4 

Concentrat ion i n  A i r .  The assumption i s  made t h a t  0.22 o f  the rad ionuc l ides  

brought t o  the  su r face  a r e  resuspended and c a r r i e d  downwind per year. The 

amount o f  atmospheric d i l u t i o n  occu r r i ng  a t  3 6 h  i n  the maximun downwind 

d i r e c t i o n  i s  assumed t o  have an annual average o f  (5.0 x lo-') 7 
Resu l t i ng  concent ra t ions  ~- are  shown i n  Table 11. 



Table 11 - Atmospheric Concentrations o f  Radionucl ides 

a t  Downwind Residence 

Radionucl i d e  Ci/y I resuspended 
:i /y 
'esuspended 

1 

PG m C ~ / Y  resuspended 

* p ~ i / m 3  = 1.6 (C i /y  resuspended) 

I n h a l a t i o n  Dose. The i n h a l a t i o n  dose tha t  the  maximum i n d i v i d u a l  would receive 
.- f o r  100% occupancy a t  the  nearest residence i s  s h o w  i n  Table 111. An annual 

i n t a k e  o f  8000 m3 o f  a i r  i s  assumed. The c a l c u l a t e d  whole body and bone doses use 

dose conversion f a c t o r s  from Reference 5 and are expressed as the 50 year dose 

commitment i n  rems r e s u l t i n g  from one yea r ' s  i nha la t i on .  Since the  residence t ime 

f o r  a c t i n i d e s  i n  the body i s  very long the  dose a c t u a l l y  de l i ve red  i n  the maximum 

year  from a one-year i n t a k e  i s  on l y  about 2.2% o f  the  dose commitment. 

The i n h a l a t i o n  dose t h a t  would be received by d r i l l  crew operators working i n  t h e  

b r i n e  pond area i s  show i n  Table IV .  This c a l c u l a t i o n  assumes 200 hours per year  

o f  presence on s i t e ,  a b rea th ing  r a t e  o f  1.25 m3/hr, and a resuspension fac to r  of 

6 x l 0 - ~ / m  of the  r a d i i n u c l i d e s  i n  the  t o p  cent imeter  o f  the  b r i n e  pond. 
- 



Radionucl i d e  

Table 111 

50-Year Dose Commitment F r m  One Year's Inha la t ion 

Dose Conversion F. 
mrem/pCi* 

Bone 

a t  Downwind Residence 

Do 
Intake 
- 

pCi/y w.b. 

e - Dose 
In take 

Bone pCi/y w.b. Bone ' 

0.36 4.1+1 - - 
- - - - 

.002 1.3+1 0.001 0.03! 

D.74 2.8+3 0.22 9.0 

0.18 6.9+2 .053 2.2 

0.043 3.6+2 .024 .36 

1.3 0.30 12. 

e - 
Bone 

Intake 

*From Reference 5.  able 8. 



Table IV 

50-Year Dose Commitment From One Year's I n h a l a t i o n  

f o r  Workers a t  the Br ine Pond 

Radionucl ide 

Intake 

~ C i l y  

I_ngestion. Inges t i on  doses are  c a l c u l a t e d  assuming the downwind res ident  

ob ta ins  76% o f  h i s  f r u i t s ,  vegetables, and g ra in ;  lOC% o f  h i s  mi lk ;  and l O O X  o f  h i s  

meat from the  surrounding land which i s  contaminated by depos i t ion  o f  the 

resuspended rad ionuc l  ides. A depos i t i on  r a t e  o f  ( 8 . 0 ~ 1 0 ' ~ )  per meter of plume 

l e n g t h  i s  assumed (Ref. 6). S tab le  element t r a n s f e r  data, annual consumption rates,  

maximun i n d i v i d u a l  i n t a k e  rates,  and o the r  parameters are  taken fran Tables E-1. 

E-3, E-9, and E-15 o f  Reference 4. 

Dose 

I w.b. Bone 

4.3 + 1 1  .0029 

TOTALS 

In take  

pCi fy  

.043(3.5+2 1.023 1 -35 

.049 

3.5+2 1.023 

.78 

Dose 

w.b. Bone 

-35 

32. 12. 1.3 .30 

In take 

pCi fy  

Dose 

w.b. I Bone 



- 

Radi onucl ides 

Table V 

, Radionuclide Intake From One Year's Ingestion 

of Fruits, Vegetables, and Grain 

(Picocuries) 

s pCi Ccrops = .0077- Q - 
kQ s r 

tc+125 years 

Intake (pCi)  

2.5 + 5 
4.3 + 1 
6.6 + 1 

1.8 + 3 

4.4 + 2 

3.4 + 2 

tc+400y 

Q(PL') 
s 

1.1 + 2 
- 
3.2 t 1 

6.8 + 3 

1.8 + 3 

9.0 t 2 

c ( W  
kg 

8.4 - 1 
- 
2.5 - 1 
5.2 + 1 

1.4 + 1 

6.9 t 0 

Intake (pCi) 

3.3 + 2 
- 
1.0 + 2 

2.1 + 4 

5.6 + 3 
2.8 + 3 



Table V I  

50-Year Dose Commitment From One Year's 

I n g e s t i o n  o f  F r u i t s ,  Vegetables, & Grain 

Radi onuc l  i d e  

' O S ~  

137 
cs 

2 3 8 ~ u  

2 3 9 ~ u  

2 4 0 ~ ~  

241h 

T o t a l s ,  mrem 

Rem 

Dose Conversion* 

Fac to rs  (rnrem/pCi ) 

Dose i n  m i l  l i r e rn  

I 

w.b. 

1.9 - 3 

7.1 - 5 

1.7 - 5 

1.9 - 5 

- 1.9 - 5 

5.4 - 5 

'From Reference 5, Table 4. 

Bone 

7.6-3 

8.0-5 

6.8-4 

7.9-4 

7.9-4 

8.2-4 

t,+l25y 

4.7 + 2 

0.47 

w.b. 

4.7 + 2 

3.0 - 3 

1.1 - 3 

3.4 - 2 

8.4 - 3 

1.8 - 2 

1.9+3 

1.9 

t,+400y 

1.3 + 0 

0.001 

Bone 

1.9+3 

3.4-3 

4.5-2 

1.4+0 

3.5-1 

2.8-1 

w.b. 

6.3 - 1 
- 

1.7 - 3 

4.0 - 1 

1.1 - 1 

1.5 - 1 

2.6+1 

0.026 

Bone 

2.5+0 
- 

6.8-2 

1.7+1 

4.4+0 

2.3+0 



Table V I I  

Radionucl ide In take  Fran One Year's 

Inges t ion  o f  M i l k  

(P icocur ies)  

Fm = pCi/a i n  m i l k  per pCi/day ingested by the animal 

Radionucl i d e  

~r 
1 3 7 ~ s  

2 3 e ~ u  

2 3 9 ~ u  - 
~n 2 4 0 ~ u  

24 1 

s P C ~ )  Cpasture = .018 - (Q - 
k 9 s 

Cmi 1 k = 50 Cp Fm 

In take  = 310 a/y 

I 

Fm ( b / e )  

8.0 - 4 

1.2 - 2 

1.5 - 6 

1.5 - 6 

1.5 - 6 

5.0 - 6 

Cpast (E) 
Kg 

1.4 t 3 

2.3 - 1 

3.7 - 1 

1.0 t 1 

2.6 t 0 

2.0 t 0 

 past (e) 
kg 

1.9 t 0 
- 

5.8 - 1 

1.2 t 2 

3.3 t 1 

1 . 6 t 1 ' 4 . 0 - 3  

CmiIk (E) 
a 

5.5 t 1 

1.3 - 1 

2.8 - 5 

7.5 - 4 

1.9 - 4 

5.0 - 4 

Annual 
I n take  (pCi,) 

1.7 t 4 

4.1 t 1 

8.7 .- 3 

2.3 - 1 

5.9 - 2 

1.6 - 1 

p i c m ( L )  a 

7.3 - 2 
- 

4.3 - 5 

9.0 - 3 

2.5 - 3 

2 

Annual 
In take(pCi)  

2.3 t 1 
- 

1.3 - 2 

2.8 t 0 

7.8 - 1 

1 . 2 t O  



Table V I I I  

50-Year Dose Commitment From One Year's 

Radionucl i d e  

To ta l  Doses 

(mrem) 

Inges t ion  o f  Mi lk  

(mi 11 i rem) 

w.b. Bone w.b. 

3.2 + 1 1.3 + 2 4.4 - 2 
3.0 - 3 3.4 - 3 - 
1.5 - 7 5.9 - 6 2.2 - 7 
4.4 - 6 1.8 - 4 5.3 - 5 
1.1 - 6 4.7 - 5 1.5 - 5 
8.6 - 6 1.3 - 4 6.5 - 5 

130. 0.044 

Bone 



Radionucl tde 

Table I X  

Radionucl ide Intake From One Year's 

Ingestion of  Meat 

(Picocurles) 

F f  = pCi/kg i n  meat per pCi/d ingested by the animal 

Cmeat = 50 (Cpast) F f  

lntake = 110 kgly 

l 

Ff ( W g )  
Cmeat (!!!!.) Annual 

kg Intake (pCi/y) 
h a t  (E) 

Kg 
Annual 
Intake (pCi ly )  



Table X 

50-Year Dose Comitment From One Year 's  

Ingest ion o f  Meat 

(mi 11 i rem) 

Radionucl i d e  

~r 8.7 + 0 

13'cs 3.4 - 4 

2 3 8  Pu 1.1 - 7 

2 3 9 ~ u  3.3 - 6 

240 Pu 8.3 - 7 
2 4 1 h  1.8 - 6 

T o t a l s  8.7 

Bone w.b. Bone 



External Rad ia t ion  

External  r a d i a t i o n  can occur a t  two l o c a t i o n s :  ( 1 )  the  b r i n e  pond area 

where the rad ionuc l i de  w i l l  be deposited once the b r i n e  has evaporated; and 

(2) the  residence loca ted 360m downwind. The maximum dose a t  the pond would 

occur du r ing  the  f i r s t  yea r  f o l l o w i n g  t h e  release. The yea r  when the  

maximum concent ra t ion  would appear i n  the  b r i n e  i s  a func t i on  o f  leaching 

r a t e  and ha l f -1  i f e  and w i l l  vary f o r  each nuc l ide .  The maximum s o i l  

concentrat ions a t  the  downwind residence would occur many years l a t e r  s ince 

resuspension from the pond and depos i t ion  downwind i s  an on-going process. 

I n  t h i s  case the  h a l f - l i f e  o f  the n u c l i d e  i s  a fac to r ,  w i t n  t:he maximum 

concentrat ion occu r r i ng  when the decay of t h e  deposited rad ionuc l ides  equals 

t h e  r a t e  o f  deposi t ion.  Key assumptions are: (1) t h e  O.a/y resuspension 

and t ranspor t  r a t e  w i l l  cont inue i n d e f i n i t l y ;  (2) 209: o f  t h e  amount 

deposi ted each year w i l l  a t t ach  t o  f o l i a g e  and be removed from the  s i t e ;  (3) 

the remaining rad ionuc l ides  a t  the  residence w i l l  be evenly mixed i n  the  top  

15 cm o f  soi 1 and app rop r ia te  s o i l  a t t e n u a t i o n  fac to rs  w i l l  he used f o r  the 

var ious e n e r w  gamna r a d i a t i o n s ;  and (4) occupancy f a c t o r s  a re  .023 for  t h e  . 
-, 

pond area (based or 200 hours per  year  f o r  an occupat ional  worker) and 0.7 

f o r  the residence area. 

Table X I  

Maximum External  Rad ia t i on  Doses 

1 B r i n e  Pond Area I Downwind Residence 

Nucl i d e  

~ r / "  Y 

13'cs 

lS4Eu 
241h 

19 

t 
Max dose 
mrem/y 

0.014 

0.005 
- 

0.70 

Max dose 
-- mrem/y 

26. 

6.6 

.056 

97. 

Time o f  
Occurrence 

tc+165y 

tc+180y 
- 

tc+llOOY 

Time of 
ocurrence 

tc+125y 

tc+140y 

tc+125y 

tc+700y 



Populat ion Dose 

- The populat ion about the WIPP s i t e  would receive s o m  rad ia t i on  dose i f  the 
scenario described i n  t h i s  repo r t  were t o  occur. The i nha la t i on  dose i s  ex- 

pected t o  be much greater  than the other  pathways because: 

(1)  It i s  the dominant pathway near the s i t e  where the inges t ion  and 

ex terna l  pathways are assumed t o  be p l a u s i b l e ;  

( 2 )  The mechanism ( i  .e. winds and atmospheric d i s p e r s ~ o n )  e x i s t s  f o r  

the i n h a l a t i o n  pathway whereas an i nges t i on  pathway i s  not expect- 

ed t o  impact the  popu la t ion  as a  whole s ince food crops are not 

ex tens i ve l y  grown i n  the  area. Also a  l o g i c a l  water supply 

pathway does not e x i s t  for  the populat ion.  

Table X I 1  shows an est imated popu la t ion  dose (50-year dose commitment from 

one yea r ' s  i n h a l a t i o n )  w i t h i n  a  50-mile radius o f  the  s i t e  fo r  the tc+400y 

release. Annual x / Q  values are taken from Table H-49 o f  Reference 7. Plume 

dep le t i on  was taken from F igure  3 i n  Reference 6. The pro jec ted  2010 popula- 

t i o n  values from Table M-6 i n  Reference 7 are assumed t o  be app l icab le  a t  

tcc400y. Populat ion doses f o r  tc+ lZ5y  and tc+1000y can be obtained by r a t i o  

- o f  a c t i n i d e  a c t i v i t i e s  brought t o  t h e  sur face (Table 1). 

Although Table X I 1  shows the  dose comnitment f o r  on ly  one year  and uses the 

q u a n t i t i e s  ca l cu la ted  f o r  a  tc+400y breach it should be recognized tha t  the  

re lease could occur anytime a f t e r  about tc+125y. This  p ro jec ted  tc+400y 

dose i s  expected t o  be the maximun t h a t  cou ld  occur (because o f  repos i to ry  

p r e s s u r i z a t i o n  and rad ionuc l i de  s o l u b i l i t y  cons idera t ions)  al though the 

assumption used i n  the c a l c u l a t i o n  suggest g rea ter  doses f o r  several thou- 

sand years. Resuspension and t r a n s p o r t  o f  the contaminated ma te r ia l  would 

cont inue f o r  many years. If the  dep le t i on  r a t e  o f  0.002 per year continued 

i n d e f i n i t e l y  t h i s  m o l d  even tua l l y  lead t o  an i n t e g r a t e d  dose commitment t o  

a  s tab le  popu la t i on  .at about 500 t imes the  annual ca l cu la ted  dose. About 

95% o f  t h i s  dose would be d e l i v e r e d  i n  the  f i r s t  1500 years. However. i t  i s  

more l i k e l y  t h a t  the  dep le t i on  r a t e  would decrease w i t h  t ime and tha t  s i g n i -  

f i c a n t  amounts o f  the  rad ionuc l i des  would never be resuspended because of 

f i x a t i o n  or  m ig ra t i on  i n t o  the  s o i l .  



Locat ion* 

C a r l  shad 

Loving 

Artesia 

Hobbs 

N Lovi ngton '- 
Other Locations 

* includes pop 
more than on 

  able XI1 

Population Doses wi th in  a 50-mile Radius o f  the WIPP Si te  

from Inhalat ion o f  Resuspended Contaminat ion 

(50-year Dose  omm mi tment Frm One Year's Inhalat ion) 

! section. 

x / Q  s/m3 
I , 

(1 -7-8) 

(3.5-8) 

(3.2-8) 

(8.6-10) 

(2.0-8) 

** projected 2010 population from Appendix M of Reference 7. 

*** population dose assumed t o  be 0.95 (adul t  dose) (population) from Reference 4 population mix and 
inhalat ion ra te  assumptions. 

l la t ions i n  the v i c i n i t y .  I n  some cases x / Q  values are averages of 

Fraction 
Remaining 
i n  Plume 

.57 

.66 

.48 

.48 

.48 

.53 

Max Adult 
whole body 
dose (mrem) 

0.056 

0.14 

0.088 

0.0024 

0.055 
- 

Totals 

Projected** 
2010 
Population 

49,465 

2.645 

15,770 

52,850 

21,800 

11,825 

154.355 

Population Dose(person-rem)*** 

w.b. 

2.7 

.35 

1.4 

.I2 

1.2 

.16 

5.9 

, 

Bone 

100. 

13. 

53. 

4.8 

46. 

6.4 

220. 



There are a  chain of events tha t  must occur before the doses ca lcu la ted  above 

would be incur red .  Each of these events has a  p r o b a b i l i t y  o f  occur r ing  t h a t  

may be near zero or  approach one. The p r o b a b i l i t y  of a1 1 the  necessary events 

occu r r i ng  i s :  

P  t o t a l  = (PI (P2 (P3 (Pn-1) Pn 
The f o l l o w i n g  events are the  key m e s  tha t  must a l l  occur f o r  the  doses t o  

m a t e r i a l i z e :  

(1) I n s t i t u t i o n a l  con t ro l  o f  the repos i to ry  i s  l o s t  100 years a f t e r  

closure. 

( 2 )  A geopressurized b r i n e  r e s e r v o i r  of s u f f i c i e n t  s i ze  m s t  e x i s t  under 

the S i te .  

( 3 )  The b r i n e  r e s e r v o i r  and the repos i to ry  must both be i n te rsec ted  by an 

exp lo ra to ry  borehole which i s  capped s h o r t l y  a f t e r  discovery. 

(4 )  This b r i n e  r e s e r v o i r  must sa tura te  the  pore space i n  the  ropos i t3 ry  

where it i s  i n  i n t ima te  contact  w i t h  s a l t  and waste. 

(5 )  The assumed amount o f  leaching and exchange between the  waste and s a l t  

occurs. 

(6 )  A second borehole must i n t e r c e p t  the reposi tory.  

( 7 )  There must be s u f f i c i e n t  pressure i n  the r e s e r v o i r  t o  d r i v e  75,000 

cub ic  f e e t  o f  b r i n e  t o  the surface. 

(8) The d r i l l i n g  crew must requ i re  approximately 16 hours before capping 

t h e  we l l  i n  order  f o r  75,000 cubic fee t  t o  f l o w  t o  the  surface 

(assuming a  f l ow  r a t e  o f  20,000 b a r r e l  s/d). 

(9)  The p o s s i b i l i t y  o f  a  r a d i o l o g i c a l  hazard i s  not  recognized by the  

d r i l l e r s  and no r a d i o l o g i c a l  analyses are made o f  the  brine. (Th i s  

requ i res  eiJher l oss  o f  knowledge o f  the repos i to ry  o r  a  complacency 

about p o t e n t i a l  hazards). 

(10)There i s  a  h&e l oca ted  3 6 b  i n  t h e  maximum downwind d i r e c t i o n  from 

the center  o f  the evaporat ion pond. 

(11)This home i s  i nhab i ted  by a  l a r g e l y  s e l f - s u f f i c i e n t  f a n  fami ly .  

The absence o f  some o f  these assumptions (e.g. 1, 2, 3, 4, 6. and 7) would 

prevent any r a d i a t i o n  dose from occurr ing.  The other  cond i t i ons  could be l e s s  - 
c r i t i c a l  than est imated here and s t i l l  lead t o  some r a d i a t i o n  exposure ( less  

than ca l cu la ted  above). 
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The values assigned to  each event are given below with an explanation of why 

they were chosen. , 

1.0 DOE assumes th i s  may occur i n  t h e i r  evaluations. Also, EPA's - 
draf t  HLW standard would require that  c red i t  cannot be taken for 

longer periods o f  control.  

0.04 per d r i l l  hole. This value was chosen from the map on page 146 - 
of Reference 8 which shows that  1 out o f  27 holes d r i l l e d  i n t o  the 

Cast i le  formation i n  the Delaware Basin (not including those on the 

reef or deformation b e l t )  struck a br ine reservoir .  

0.049 bore holes penetrate the back f i l l ed  area of the reposi tory i n  - 
each century. This estimate i s  taken from an EPA suggested value o f  

2.0 boreholes per century for an 8 km2 area (Ref. 9). The e f f ec t i ve  

cross-sectional area of the reposi tory i s  the sum of the back f i l l ed  

rooms, -subentries, and main entry areas i n  the waste storage por t ion 

of the reposi tory and i s  about 0.19 km2. Because of pressur izat ion 

and closure phenomena i n  the reposi tory the time period when t h i s  

borehole would be e f f ec t i ve  i s  I00 t o  500 years a f t e r  closure (see -. 
Appendix A). 

0.5 There i s  a p o s s i b i l i t y  the br ine would go i n t o  other permeable - 
zones. 

0.5 The 25 year period may be too-short a time f o r  a l l  o f  the 9 0 ~ r  - 
t o  go i n t o  the b r ine  solut ion. Longer time periods would reduce the 

p robab i l i t y  and dose but not el iminate the pathway. Also, the assum- 

ed degree o f  equ i l i b ra t i on  may be less. The value o f  t h i s  event i s  

taken as 1.0 f o r  the transuranic elements since an annual leach ra te  - 
i s  used i n  that  calculat ion.  

Same assumptions as i n  (3) except tha t  the e f f e c t i v e  per iod i s  
125-600 years a f t e r  closure of the repository. 

0.5 There i s  a p o s s i b i l i t y  t ha t  much o f  the pressure would be l o s t  - 
during the f i r s t  borehole penetration and movement o f  b r ine  t o  the 

repository. However, t h i s  could be o f f se t  by pressure from gases 

generated w i th in  the reposi tory from organic decomposition or by the 

pressure generated from sa l t  creep (see Appendix A). 

0.4 It should be possible t o  cap the borehole i n  a per iod shorter - - 
than 16 hours. A shorter capping time would reduce the consequences, 

but not e l iminate the scenario. 
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(9) 0.5 E i t h e r  lack  of knowledge o f  the repos i to ry  o r  a lack  of appreci-  - a t i o n  f o r  poss ib le  r a d i o l o g i c a l  problems could cause the contamina- 
t i o n  t o  go unrecognized. However, i t  i s  poss ib le  tha t  the unusual 

occurrence w i l l  r e s u l t  i n  recogn i t i on  of the problem. Recognit ion o f  

the  problem would d r a s t i c a l l y  reduce, but not e l i m i n a t e  rad ia t i on  

doses. 

(10) 0.01 There i s  only a 6% p r o b a b i l i t y  t h a t  a nearby house would be - 
located i n  the maximun downwind d i r e c t i o n .  The p r o b a b i l i t y  tha t  any 

housing w i l l  occur w i t h i n  one-half m i l e  o f  the repos i to ry  i s  

c e r t a i n l y  l ess  than one. Lesser doses would occur t o  res idents  

loca ted i n  any d i r e c t i o n  and greater  distances away. Also, 

a g r i c u l t u r a l  use o f  the land, wi thout  residency, would lead t o  lesser  

doses. 

(11) 0.2 The area i s  more conducive t o  ranching and not  s e l f - s u f f i c i e n t  - 
farming. This  f a c t o r  would e f f e c t  the i nges t i on  aose only. 

P r o b a b i l i t y  Ca lcu la t i on  Examples 

The o v e r a l l  p r o b a b i l i t y  can be determined by combining t h e  ahove 

- p r o b a b i l i t i e s .  The c a l c u l a t i o n  o f  events (2),  ( 3 ) ,  and (6) (which gives the 
p r o b a b i l i t y  t h a t  a borehole w i l l  h i t  a  b r i n e  r e s e r v o i r  and the repos i to ry  

fol lowed by a second borehoie h i t t i n g  t h e  r e p o s i t o r y  l a t e r )  var ies  depending on 

the t ime frame chosen f o r  the f i r s t  h i t  and t h a t  chosen f o r  the second h i t .  

For example, t o  c a l c u l a t e  the  cumulat ive p r o b a b i l i t y  t h a t  a dose equal t o  o r  

g rea ter  than the tc+ l25y  i n h a l a t i o n  dose would occur d u r i n g  the l i f e t i m e  o f  t h e  

repos i to ry ,  i t i s  necessary t o  determine t h e  sumnation o f :  

-04  ( P j / ~ ) t i  P2/y [600-( t i+25) ]  
f o r  each year i between tc+100y and tc+500y. This cumulat ive p r o b a b i l i t y  i s  ahout 

0.001. 
- 

The o v e r a l l  p r o b a b i l - i t y  of t h i s  minimun tc+125y i n h a l a t i o n  dose occur r ing  

a f t e r  c losure  i s  then: 

P(tc+12sy dose) = (1.0) [0.001I (0.5) (1.0) (0.5) (0.4) (0.5) (0.01) 
= 5x10-' f o r  i n h a l a t i o n  

The p r o b a b i l i t y  t h a t  bo th  the  i n h a l a t i o n  and i nges t i on  dose would occur i n  

5 x 1 0 - ~  . The probabi 1 i ty t h a t  t he re  w i  11 be some dose del  i vered i s  somewhat 



greater  than t h i s  because several of the events [ (S), (8), (9). (10). and (ll)] - 
are ones tha t  are n o n - c r i t i c a l ,  i.e. they a f f e c t  the magnitude o f  the doses 

assumed, not the  ex is tence o f  any dose. The p o s s i b i l i t y  there  w i l l  be some 

dose t o  e i t h e r  d r i l l e r s ,  clean-up personnel, or t o  nearby res idents  o r  

a g r i c u l t u r a l  users can be est imated by s e t t i n g  the n o n - c r i t i c a l  event 

p r o b a b i l i t i e s  t o  1.0. 

P some dose = (1.0) [0.001] (0.5) (0.5) = 0.00025 

An example o f  a dose t h a t  may be p l a u s i b l e  i s  f o r  an i n d i v i d u a l  t o  res ide  1 /2  

t im a t  a d is tance o f  800n i n  any d i r e c t i o n  from the b r i n e  pond. This would 

r a i s e  assumption (10) by a fac tor  of 16 bu t  the  value would s t i l l  be only  0.16 

ra the r  than 1.0. This would g i ve  a p r o b a b i l i t y  o f  8x10-~ t h a t  an i n h a l a t i o n  

dose - > 0.07 o r  t h e  maximum dose would occur. 

D r a f t  High Level -Waste Standard 

Another use o f  the  p r o b a b i l i s t i c  approach i s  t o  determine whether t h e  re lease 

would m e t  t h e  D r a f t  EPA High Level Waste Standard f o r  q u a n t i t i e s  o f  rad io -  

nuc l i des  re leased t o  t h e  environment i n  a 10,000 year period. The d r a f t  - 
standards would pe rm i t  100 C i  o f  2 3 9 ~ ~ .  10 C i  o f  241Am, and 80 C i  o f  ' O S ~  t o  be 

released per 3 m i l l i o n  c u r i e s  o f  alpha e m i t t i n g  TRU wastes i n i t i a l l y  i n  t h e  

r e p o s i t o r y  f o r  a "reasonably foreseeable re lease* (p - > .O1 dur ing  10,000 year 

pe r iod )  and 10 t imes these amounts f o r  a "very u n l i k e l y  releasen (.01 > p > 
.0001). 

Since t h e  WIPP r e p o s i t o r y  i s  p r o j e c t e d  t o  have an i n i t i a l  i nven to ry  o f  0.52 

m i l l i o n  c u r i e s  o f  a lpha e m i t t i n g  TRU waste, a t o t a l  o f  175 Ci o f  2 3 9 t 2 4 0 ~ ~ ,  

17.5 C i  o f  24'&n, o r  140 C i  o f  ' O S ~  would be permi t ted  f o r  a 'very u n l i k e l y  

release". Combinations o f  these nuc l i des  must meet the f o l l o w i n g  r e l a t i o n s h i p :  



When the assumed leach ing  r a t e  o f  10-'ly fo r  the ac t i n ides  i s  fac tored i n t o  t h i s  

expression i t  is,found t h a t  the minimum leaching time necessary t o  exceed the 

standard i s  about 225 years. The p r o b a b i l i t y  tha t  a  second borehole would h i t  

the repos i to ry  225 or  more years a f t e r  the f i r s t  h i t  i s  about .0003. When t h i s  

p r o b a b i l i t y  i s  combined w i t h  those parameters necessary t o  b r i n g  waste t o  the 

surface one gets. 

This ca l cu la ted  p r o b a b i l i t y  i s  one- th i rd  o f  t h a t  al lowed i n  the  d r a f t  standards 

and (cons ider ing  the crudeness o f  the approximation) suggests tha t  a  more 

r e f i n e d  ana lys is .  would be worthwhi le.  

Discussion 

This p r o b a b i l i s t i c  approach i s  a  s i m p l i f i e d  one and the  values chosen f o r  some 

of the  parametsrs a re -  a r b i t r a r y  (a1 though they are considered p laus ib le ) .  

Consequently, undue value should not be placed on the  p r o b a b i l i t i e s  ca l cu la ted  

i n  the  above examples. 

This  approach i s  presented here f o r  several reasons: 

( 1 )  A p r o b a b i l i s t i c  approach i s  considered p re fe rab le  t o  a  consequence 

ana lys i s  because it gives some basis  f o r  es t imat ing  whether a  

scenario i s  reasonable or  i nc red ib le .  

(2 )  It i s  t ime t o  begin apply ing t h i s  approach t o  analyses o f  long-term 

releases f rwn  repos i to r i es .  Hopeful ly,  reac t i on  t o  t h i s  approach w i l l  

l ead  t o  a  more soph is t i ca ted  methodology and a  sounder basis  fo r  

values chosen. 

(3 )  The approach can be usefu l  i n  p o i n t i n g  out  key parameters t h a t  

need t o  be b e t t e r  q u a n t i f i e d  i n  order  t o  assess the  p r o b a b i l i t y .  For  

example, i n  t h i s  case a  greater  understanding o f  b r i n e  r e s e r v o i r  

occurrence - might  change the value chosen f o r  t h i s  p r o b a b i l i t y  by an 

o rde r -o fmagn i tude  o r  more. Or ,  the implementation o f  a  p o s i t i v e  

i n s t i t u t i o n a l  c o n t r o l  program could reduce t h a t  p r o b a b i l i t y  by 1 t o  2 

orders-of-magnitude. 



DISCUSSION 

Reasonableness of Assumptions 

The ex is tence o f  a b r i n e  r e s e r v o i r  beneath the s i t e  i s  considered u n l i k e l y  

bu t  possib le.  Fur ther  i n v e s t i g a t i o n s  o f  the b r i n e  rese rvo i r  phenomena and 

the s t r u c t u r e  beneath the  s i t e  may s i g n i f i c a n t l y  change the est imated 

p r o b a b i l i t y  of 4% per borehole used i n  t h i s  repor t .  

I n  t h e  ahsence of i n s t i t u t i o n a l  con t ro l  over d r i l l i n g  a f t e r  t ime o f  c l o s i n g  

p lus  100 years, i t must be assumed some exp lora tory  d r i l l i n g  w i l l  occur. 

The values chosen f o r  the frequency o f  d r i l l i n g  were taken from Reference 

9. 

The p r o b a b i l i t y  t h a t  a plugged borehole connect ing repos i to ry  and b r i n e  

r e s e r v o i r  would r e s u l t  i n  f l o o d i n g  of the more permeable void space i n  waste 

 tora age rooms throughout t h e  r e p o s i t o r y  was assumed t o  be 0.5. This  - phenomena i s  reasonable, unless the repos i to ry  i s  b a c k f i l l e d  so t h a t  the  

waste storage rooms are h y d r a u l i c a l l y  i s o l a t e d  from each other. Also, o the r  

h i g h l y  permeable zones along t h e  borehole could receive the  b r i n e  before it 

entered the  repos i to ry .  

The presence o f  s u f f i c i e n t  pressure t o  b r i n g  repos i to ry  b r i n e  t o  the sur face 

i s  another u n c e r t a i n t y  because much pressure may be l o s t  due t o  the vent ing  

o f  the  f i r s t  borehole. However, another poss ib le  source o f  pressure i s  t h e  

generat ion o f  gases i n  t h e  r e p o s i t o r y  frocn decomposition o f  the organic 

wastes. The poss i  b j  1  i t y  o f  near 1 i t h o s t a t i c  gas pressures developing w i t h i n  

a few hundred years has been est imated (Ref. 10). Also, s a l t  creep o f  the  

b a c k f i l l e d  area over'a p e r i o d  o f  perhaps 200 years w i l l  cause p r e s s u r i z a t i o n  

o f  any b r i n e  present. Th is  p r o b a b i l i t y  was taken as 0.5. 

It should be noted tha t ,  i f  r e p o s i t o r y  generated gas pressures develop, - t h i s  

scenar io  c o u l d  occur  w i t h o u t  t h e  presence o f  a pressur ized b r i n e  rese rvo i r .  

A l l  t h a t  would be needed would be f o r  water t o  enter  the  repos i to ry  ( from - 
whatever sources) t o  be f o l l owed  s o m  y e a n  l a t e r  by a s i n g l e  borehole i n t o  



t h e  repos i to ry .  The p r o b a b i l i t y  of a scenar io developing i n  t h i s  manner was 
h 

not  estimated. ,: 

Leaching rates of the ac t i n ides  and cesium were taken from experimental work 

c a r r i e d  out  on fue l  fragments and b o r o s i l i c a t e  glass i n  var ious waters, i n -  

c l u d i n g  WIPP "B" b r i n e  (Ref. 2 and 11). It was assumed t h a t  CH-TRU wastes 

would leach a t  the same r a t e  as these mater ia ls ,  which may or  may not be 

conservat ive.  S o l u b i l i t y  cons idera t ions  would probably l i m i t  t h e  

ccncent ra t ions  o f  ac t i n ides  i n  b r i n e  t o  less  than the  tc+400y values. 

(Experimental so lu t i ons  were t y p i c a l l y  <0.02 mg/e which would have been 

reached i n  less  than ten years a t  the  assumed leach ing  s i t e .  However, these 

experiments were not c a r r i e d  t o  sa tu ra t i on ) .  

The assumption tha t  a l l  s t r o n t i u n  would go i n t o  s o l u t i o n  was taken from 

Reference 12. The choice of a 25-year pe r iod  f o r  the  reac t i on  t o  occur was 

a r b i t r a r y .  

There i s  a p o s s i b i l i t y  t h a t  some of the leached rad ionuc l i des  would become - 
sorbed onto the  1-21: o f  c l a y  present i n  t h e  s a l t  b a c k f i l l ,  s e t t l e  out o f  

s o l u t i o n ,  and not  be brought t o  t h e  sur face along w i t h  the  br ine.  The 

percentage o f  rad ionuc l ides  t h a t  might be removed from s o l u t i o n  by t h i s  

mechanism was not  estimated. 

The presence o f  a d m i n i s t r a t i v e  c o n t r o l  over the  s i t e  longer  than 100 years 

a f t e r  c l o s i n g  has no t  been assumed by DOE f o r  the  WIPP s i t e .  Also, bo th  the 

NRC and t h e  EPA p o l i c i e s  are c u r r e n t l y  us ing  t h e  phi losophy t h a t  c o n t r o l s  

a f t e r  100 years should not  be r e l i e d  upon. 
- 

It seems probable t h a t  knowledge o f  the  r e p o s i t o r y  would no t  be l o s t .  Plans - 
t o  have an ex tens ive  marker system and maintenance o f  records should g i ve  a 
h i g h  p r o b a b i l i t y  t h a t  d r i l l e r s  would know t h e r e  i s  a r e p o s i t o r y  i n  t h e  

v i c i n i t y .  However, knowledge o f  the  r e p o s i t o r y  does not  assure t h a t  

d r i l l e r s  w i l l  forego the  d r i l l i n g  o r  take  t h e  necessary precaut ions  t o  m in i -  

mize r a d i a t i o n  exposure. Recent h i s t o r y  shows numerous cases where persons 

who should have had knowledge o f  the  presence and dangers o f  r a d i a t i o n  acted - 
f o o l i s h l y .  For example: (1) use o f  uranium m i l l  t a i l i n g s  f o r  household 



cons t ruc t i on  purposes ; (2) d ivers ion  of rad ioac t i ve  mater ia l  from a - 
low-level  waste disposal s i t e ;  and ( 3 )  careless use of i n d u s t r i a l  , 
radiography sources. 

The q u a n t i t y  o f  b r i n e  (and rad ionuc l ides)  reaching t h e  sur face i s  dependent 

on how long it takes t o  con t ro l  the b r i n e  flow. A t  a f low r a t e  o f  20,000 

b a r r e l s  per  day (which has been observed i n  nearby b r i n e  r e s e r v o i r s )  the  

assumed volume o f  b r i n e  would be released i n  16 hours. The p r o b a b i l i t y  t h a t  

i t  would take  longer than 16 hours t o  stop the f low was taken as 0.4. This 

i s  probably conservat ive but i s  c e r t a i n l y  not an upper l i m i t .  

No separate p r o b a b i l i t y  was ca lcu la ted  fo r  the presence o f  occupat ional  

workers about the b r i n e  pond. However, i f  a wel l  i s  developed, there w i l l  

be some occupancy a t  the s i t e ,  perhaps f o r  several years. Also reuse o f  t h e  

s i t e  many y e a r s  l a t e r - c o u l d  s t i l l  r e s u l t  i n  a s i g n i f i c a n t  dose due t o  the  

presence o f  long-1 i ved radionucl ides and r e l a t i v e l y  slow removal by wind 

erosion. 

- 
The presence o f  a residence 3 7 h  away i n  the  maximum downwind sector  i s  o f  

low p r o b a b i l i t y .  The low p r o b a b i l i t y  i s  p a r t i a l l y  because the re  i s  only  a 1 

i n  16 p r o b a b i l i t y  t h a t  the  residence would be loca ted i n  the maximum 

downwind sector .  However, the presence o f  a residence i n  some d i r e c t i o n  

w i t h i n  about 1 m i l e  o f  the b r i n e  pond i s  not considered u n l i k e l y .  

I n h a l a t i o n  doses a t  1 m i l e  would vary from 0.02 - 0.19 times those 

c a l c u l a t e d  here. 

The ex is tence o f  a fu l l -p ledged fam i l y  farm a t  thPs l o c a t i o n  i s  considered 

u n l i k e l y  because o f - the  absence o f  economical ly recoverable water o f  good 

q u a l i t y .  However, the  meat pathway e x i s t s  a t  the  s i t e  now and cou ld  be - 
expected t o  cont inue. 



Sign i f i cance  of Ca lcu la ted  Rad ia t ion  Doses - 
General Backgroung' 

A t  present the consensus i n  the hea l th  physics p ro fess ion  i s  t h a t  any 

r a d i a t i o n  dose received probably has the p o t e n t i a l  t o  h a m  an i n d i v i d u a l .  The 

p o s s i b i l i t y  of harm, however, becomes very small as the  annual dose received 

becomes less  than the dose t h a t  man has always received from na tu ra l  

background rad ia t i on .  

The r e l a t i o n  between h e a l t h  e f f e c t s  (H.E.) and dose received (D) can be 

expressed by: 

H.E. = CDn 

where C i s  a constant. I f  the value o f  n = l ,  the  r e l a t i o n s h i p  i s  l i n e a r ;  if 

n < l  the  r e s u l t i n g  hea l th  e f f e c t s  are greater  than f o r  the  l i n e a r  c o n d i t i o n  

(super l i n e a r ) ;  i f  n > l  t h e  h e a l t h  e f f e c t s  a re  sub- l inear .  Most mandatory or  

advisory standards assume the  r e l a t i o n  i s  l i n e a r  a l though many pro fess iona ls  

be1 i e v e  t h e  r e l a t i o n s h i p  i s  a c t u a l l y  sub-1 i n e a r  and t h a t  the  l i n e a r  assumption 

i s  conservat ive.  

Regardless o f  the ac tua l  shape of the  response curves a t  low r a d i a t i o n  doses, 

t h e  f o l l o w i n g  ph i losoph ies  are  p e r t i n e n t :  

(1) Rad ia t ion  doses should be mainta ined as low as reasonably achievable 

because the p o s s i b i l i t y  o f  damage even a t  very low l e v e l s  cannot be 

r u l e d  out. 

( 2 )  Annual doses rece ived by non- rad ia t ion  workers from r o u t i n e  (or 

expected) re leases should be a f r a c t i o n  o f  t h a t  rece ived from 

n a t u r a l  background r a d i a t i o n .  Thus EPA1s Uranium Fuel Cycle (40 

CFR 190) and D r i n k i n g  Water (40 CFR 141) Standards a l l o w  maximums 

o f  25 a n d 4  mremly ( t o  t h e  h o l e  body o r  any organ except the  

t h y r o i d )  t o  - t h e  popu la t i on  (compared t o  a n a t u r a l  background 

average o f  about 100 mrem/y. 



Allowable doses t o  nonradiat ion workers from accidents can be set much 

h igher  than t h i s  because an i n d i v i d u a l  i s  not expected t o  receive such a 

dose more than once i n  a l i f e t i m e .  Typ i ca l l y ,  guidance l i m i t s  the dose t o  

l ess  than the l i f e t i m e  dose a person would receive from natura l  background 

(e.g. 1 t o  5 rem might be permit ted, compared t o  l i f e t i m e  na tu ra l  back- 

ground doses o f  5-10 rein). 

Contamination o f  the accessib le environment w j t h  long- l i ved  rad ionuc l ides  

i s  i n  i t s e l f  undesirable because there  are many ways these nuc l ides  can 

e v e n t u a l l y  get back t o  man. Also, contaminat ion from m u l t i p l e  sources 

;auld r e s u l t  i n  a rad ionuc l ide  bui ldup i n  the environment. This i s  the  

reason t h a t  l i m i t s  are set on.the q u a n t i t i e s  o f  l ong - l i ved  rad ionuc l ides  

re leased i n  both EPA's Uranium Fuel Cycle Standard and i n  t h e i r  d r a f t  H igh  

Level Waste Disposal Standard (40 CFR 191). 

The r a d i a t i o n  doses ca l cu la ted  i n  t h i s  repor t  are more app rop r ia te l y  considered t o  

be acc identa l  doses because the events are not expected t o  happen. However, i f  t h e  

event were t o  occur and these l ong - l i ved  rad ionuc l ides  were brought t o  the surface, 

they cou ld  be a p o t e n t i a l  source o f  r a d i a t i o n  exposure f o r  decades or  centur ies.  
,- 

Consequently, t h e  p o t e n t i a l  e x i s t s  f o r  a few i n d i v i d u a l s  o r  a l a r g e r  popu la t ion  t o  

rece ive  r a d i a t i o n  doses over a number o f  years. For t h i s  reason, i t  should be 

recognized t h a t  these doses may not r e a l l y  be a one-shot event and t o  t r e a t  thern as 

such i s  non-conservative. 



Inges t ion  Doses -* 

The 50-year dose commitments from one y e a r ' s  i n take  t o t a l  on ly  0.51 rem t o  the whole 

body and 2.0 rem t o  the bone at 125 years a f t e r  c losure.  While the whole body doses 

r e  h igh  compared t o  those permi t ted  from cont inuous exposure t o  r o u t i n e  planned 

eleases (25 mrem/y) they are  an order-of-magni tude below the  suggested g u i d e l i n e s  

f o r  a once- in -a- l i fe t ime accident.  Furthermore, s ince t h e  c a l c u l a t e d  doses uould 

decrease w i t h  the  29-year h a l f - l i f e  of ' O S ~  a whole body dose greater  than 25 mrem/y 

would not occur a f t e r  tc+250y. The ca l cu la ted  p r o b a b i l i t y  o f  t h i s  event occu r r i ng  

before tc+250y would be about ( 4 x 1 0 - ~ ) .  Note t h a t  w i t h  sho r te r  t ime before  breach 

t h e  cou ld  become more o f  a problem, e.9. a t  tc+75y t h e  h o l e  body 50-year dose 

commitment would be 1.7 rem, and f o r  tc+50y i t  would be 3.1 rem. 

The ca l cu la ted  bone dose i s  about 4 t imes t h e  whole body dose and would not  f a l l  

below the  25 mremjy l i m i t  u n t i l  about tc+310y. Also, t h e  dose a t  tc+125y i s  w i t h i n  

the  1-5 rm range suggested by €PA as a p r o t e c t i v e  a c t i o n  guide f o r  a c c i d e n t i a l  

releases. However, i t i s  not  reasonable t o  equate bone dose t o  whole body doses 

s ince  the r e l a t i v e  h e a l t h  e f f e c t  r a t i o  (H.E. whole body/H.E. bone) has been - 
est imated t o  be as h igh as 20 (Ref. 13). 

Because o f  t h e  above cons idera t ions  o f  a r e l a t i v e l y  low dose commitment and u n l i k e l y  

occurrence i t  i s  concluded t h a t  a f t e r  tc+100y p l a u s i b l e  doses v i a  t h e  i n g e s t i o n  

pathway are not  s i g n i f i c a n t  enough t o  r e q u i r e  p r o t e c t i v e  measures. 



I nha la t i on  Doses 
.-. 

I n h a l a t i o n  dosed are somewhat greater  than i nges t i on  doses and have a higher 

p r o b a b i l i t y  o f  occurrence. Consequently, they are o f  g rea ter  concern than i nges t i on  

doses. 

The dose t o  occupat ional workers about the  b r i n e  pond a t  tct4OOy i s  s i g n i f i c a n t  (a 

50-year dose commitment o f  0.30 rem t o  the  whole body and 12 ran  t o  the bone from 

one year 's  exposure). Since approximately 2.2% of the 50-year dose commitment from 

these rad ionuc l ides  would be de l i ve red  i n  the maximum year, the  naximum annual dose 

r e s u l t i n g  from a tc+400y breach would be .0066 rem t o  the whole body and 0.26 rem t o  

the bone. The bone dose i s  below permiss ib le  standards f o r  r a d i a t i o n  workers ( 5  

rem/y) but  i s  above the  lower dose l i m i t s  a p p l i c a b l e  t o  the  general populat ion and 

t o  non- rad ia t ion  workers (which the  d r i l l e r s  would be). Even though these 

c a l c u l a t e d  doses are undesi rably  high they should not be considered as hazardous, 

s ince  they represent only an est imated one i n  6.000 p r o b a b i l i t y  o f  inducing a f a t a l  

cancer (compared t o  a na tu ra l  inc idence o f  about one i n  6 from a l l  causes). Also, 

i t i s  u n l i k e l y  t h a t  one i n d i v i d u a l  would spend more than 200 hours about the s i t e .  

The downwind 50-year dose commitment f r a n  one years i n h a l a t i o n  a t  tc+400y i s  0.3 rem 

whole body and 12 rem t o  t h e  bone. I f  the  res iden t  was exposed f o r  only one year  

the  maximum annual dose de l i ve red  would be 7 mrem t o  the  whole body and 260 mren t o  

t h e  bone. The annual bone dose would remain we l l  above any permiss ib le  standard o r  

g u i d e l i n e  f o r  non- rad ia t ion  workers as long as the  r e c i p i e n t  l i ves .  C lea r l y  t h i s  i s  

an undesi rable s i t u a t i o n .  However, the  probabi 1 i t y  t h a t  t h e  dose comni tment from 

one yea r ' s  i n h a l a t i o n  would r e s u l t  i n  a f a t a l  cancer t o  an j n d i v i d u a l  i s  s l i g h t ,  

o n l y  about one i n  6,000. 

- 
Popu la t ion  dose est imates f o r  t h e  popu la t ion  w i t h i n  a 50-mile radius t o t a l  5.9 and 

220 person-ran t o  t h e  whole body and the bone a t  tc+400y. These doses represent a 

n e g l i g i b l e  hazard t o  any o f  the 154.000 i n d i v i d u a l s  (p ro jec ted  2010 populat ion)  i n  

the  a f f e c t e d  populat ion.  However, i f  t h i s  resuspension r a t e  cont inued f o r  a p e r i o d  

o f  1500 years it would d e l i v e r  a cumulat ive dose t o  a s t a b l e  popu la t ion  about 480 

t imes the f i r s t  year  dose. This would r e s u l t  i n  cumulat ive doses o f  about 110.000 

person-rem t o  t h e  bone and 2,800 t o  t h e  whole body and might  r e s u l t  i n  1 or 2 f a t a l  
-. 



cancers. However, i t  i s  u n l i k e l y  t h a t  a l l  o f  the ma te r ia l  would be resuspended; 

most s tud ies  show t h a t  s i g n i f i c a n t  amounts of mater ia l  become f i x e d  or migra te  in?-' , 
t h e  soi  1 . 
These consequences are small when one considers the l a r g e  number o f  persons invo lved 

and the number o f  generat ions over which any hea l th  e f f e c t  would occur. For 

example, a s tab le  popu la t i on  o f  154,000 persons would be expected t o  i n c u r  over 

500,000 cancer deaths i n  1500 years i f  present cancer m o r t a l i t y  ra tes  cont inue. 

Obviously,  any h e a l t h  e f f e c t  t h a t  a c t u a l l y  d i d  occur would not be v i s i b l e  among the  

much more preve lan t  e f f e c t s  from o ther  causes. 

Nonetheless, the  presence o f  s i g n i f i c a n t  undetected contaminat ion remaining on t h e  

sur face f o r  long per iods  o f  t ime must be considered as undesi rable and precaut ions 

should be taken t o  min imize i t s  occurrence. This concern comes from the r e a l i z a t i o n  

t h a t  over a pe r iod  o f  several hundred years l a r g e  numbers o f  persons cou ld  come and 

go about t h e  sit; and w i t h i n  the  50-mile radius. P r e d i c t i o n  o f  a l l  the human 

a c t i v i t y  t h a t  might be impacted by t h e  contaminat ion would be very speculat ive.  For 

these reasons steps should be taken t o  avoid s i t u a t i o n s  where s i g n i f i c a n t  sur face 

contaminat ion  cou ld  e x i s t  f o r  decades w i thout  de tec t i on  and remedial act ion.  



FIG,  1, SMEKATIC OF SCENARIO 
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APPENDIX A 

, ' REPOSITORY PRESSURIZATION CONSIDERATIONS 

Key assumptions i n  t h i s  scenar io are tha t  b r i ne  would be able t o  f low i n t o  the  

repos i to ry  and would be under s u f f i c i e n t  pressure t o  enable it t o  f l ow  t o  the 

sur face i n  t h e  event a borehole penetrated the b a c k f i l l e d  area. This appendix 

examines several mechanisms t h a t  a f fec t  t h i s  assumption. 

I n i t i a l  B r i ne  Reservoi r  Pressure 

I f  the i n i t i a l  borehole through the repos i to ry  s t ruck a br ine  rese rvo i r  t h a t  

was under n e a r - l i t h o s t a t i c  pressure (which have been observed i n  nearby b r i n e  

r e s e r v o i r s )  t he re  would be s u f f i c i e n t  pressure t o  i n f i  1 t r a t e  the  repos i to ry  

( a f t e r  the  we l l  was capped) i f  t h e  pore space were not under greater  pressure 

a t  the  time. Since it i s  presumed the borehole w i l l  be sealed dow t o  the  . 
b r i n e  r e s e r v o i r - l e v e l  .w i th in  a few weeks, any i n f i l t r a t i o n  would have t o  occur-. 

du r ing  t h i s  i n t e r v a l .  

-- The b r i n e  would not  occupy a l l  pore space even i f  the i n f l o w  from the b r i n e  

r e s e r v o i r  were completed before sea l i ng  t h e  wel l .  This i s  t r u e  f o r  sever31 

reasons: 

(1) The i n i t i a l  gas i n  t h e  repos i to ry ,  even i f  a t  atmospheric pressure, 

would become pressur ized as i t  was being reduced i n  volume and would 

e v e n t u a l l y  equal the  pressure o f  the i n f l o w i n g  br ine. 

(2 )  A p o r t i o n  o f  the  i n f l o w  would be dissolved gases ra the r  than b r i ne .  

( 3 )  The pressure i n  t h e  b r i n e  r e s e r v o i r  would drop s i g n i f i c a n t l y  as the  

r e s e r v o i r  expands i n t o  the repos i to ry .  Also, the s i z e  of the  b r i n e  

r e s e r v o i r  my be l i m i t i n g .  

( 4 )  P r i o r  p r e s s u r i z a t i o n  may e x i s t  i n  po r t i ons  o f  the repos i to ry  e i t h e r  

frm s a l t  creep o r  from organic decomposition o f  the wastes (see 

d iscuss ion  below). 

From t h e  above cons idera t ions  i t i s  concluded t h a t  wh i le  s a  b r i n e  i n f l w  t o  

t h e  r e p o s i t o r y  i s  reasonable, it w i l l  not  be s u f f i c i e n t  t o  f i l l  the  e n t i r e  

pore space o f  the  repos i to ry .  However, i t i s  d i f f i c u l t  t o  r e l a t e  t h i s  

- conc lus ion  t o  the degree o f  conservat ism i n  the scenario since none o f  the 

dose assumptions d i r e c t l y  address the e f f e c t  o f  br ine-to-waste r a t i o s ,  
f r a c t i o n  of r e p o s i t o r y  saturated,  etc. 
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Pressu r i za t i on  by Sa l t  Creep 

Ar thur  D. L i t t l e ,  Inc. estimated tha t  i n  a s i t e  w i t h  favorable s a l t  creep -, 

c h a r a c t e r i s t i c s  tGe pore space of b a c k f i l l e d  ma te r ia l  would decrease l i n e a r l y  

w i t h  t ime t o  approximately zero i n  about 200 years. A s i t e  w i t h  un favorab le  

s a l t  creep c h a r a c t e r i s t i c s  might requ i re  1000 years t o  decrease t o  zero (Ref. 

9). 

Assume t h a t :  (1) s a l t  creep i s  the only p ressu r i za t i on  mechanism; (2) t h e  

t ime f o r  c losu re  i s  200 years and the r a t e  i s  l i n e a r ;  (3 )  i n i t i a l  gas pressure 

i n  the  pore space i s  1.0 atmospheres; (4) p ressu r i za t i on  o f  the gas i s  

i n v e r s e l y  p ropo r t i ona l  t o  o r i g i n a l  volume; and (5 )  the b r i n e  r e s e r v o i r  i n f l o w  

pressure i s  80% o f  l i t h o s t a t i c  (.8 x 140 = 112 atmospheres). B r i ne  i n f l o w  t o  

t h e  r e p o s i t o r y  would cont inue u n t i l  the f i n a l  pore volume was 1/112 (0.0089) 

of the  o r i g i n a l .  This i n f l o w  would have t o  occur before about tc+l90y i n  

o rder  f o r  a s i g n i f i c a n t  p o r t i o n  o f  the voids t o  be f i l l e d  w i t h  br ine.  

Therefore i f  s a l t  creep i s  the dominant p r e s s u r i z a t i o n  mechanism, the  f i r s t  

borehole must s t r i k e  the  b r i n e  r e s e r v o i r  and b r i n g  b r i n e  i n t o  the r e p o s i t o r y  

d u r i n g  t h e  pe r iod  100-190 years a f t e r  r e p o s i t o r y  closure. P r e s s u r i z a t i o n  

above t h e  0.5 ( l i t h o s t a t i c  pressure) l e v e l  (which i s  requ i red  t o  b r i n g  - 
satura ted  b r i n e  t o  the  surface) might p e r s i s t  f o r  100-200 years, depending on- 

t h e  gas pe rmeab i l i t y  o f  the  surrounding s a l t .  

P r e s s u r i z a t i o n  From Organic Decomposition 

The p o s s i b i l i t y  o f  s i g n i f i c a n t  gas bu i ldup i n  t h e  WIPP r e p o s i t o r y  due t o  

decomposit ion o f  organic ma te r i a l s  i n  the  waste has been p red i c ted  (Ref. 10). 

Assumptions were made t h a t  gas generat ion would occur f o r  400 years, then 

cease ab rup t l y .  The generat ion of gas w i l l  slow down o r  stop t h e  c losu re  of 

t h e  r e p o s i t o r y  due t o  - s a l t  creep du r ing  the  t ime o f  operat ion.  The pressure 

i n  t h e  r e p o s i t o r y  a t  e q u i l i b r i u m  depends on t h e  pe rmeab i l i t y  o f  t h e  s a l t  

formations. I n  the m h  f e a s i b l e  ranges o f  0.5 - 5.0 udarcy ( t h e  on l y  2 

measured values being 11 and 21 ~ d a r c y )  t h e  pressure du r ing  t h e  p e r i o d  from 

about 100 t o  400 years va r ied  fran about 213 t o  114 l i t h o s t a t i c  pressure. 

A f t e r  400 years the pressure drops o f f  exponen t ia l l y  w i t h  a h a l f - l i f e  of about 

100 years (see Figure A-1). 

4 

If gas genera t ion  i s  the  dominant mechanism, it appears t h a t  t h e  pressure i n  

t h e  r e p o s i t o r y  dur ing  t h e  pe r iod  frm 100 t o  about 500 years cou ld  be both  low 



enough t o  permit b r i ne  t o  f low i n t o  the repos i to ry  and high enough t o  b r i n g  
-. 

b r i n e  t o  the su rpce .  Sa l t  creep between tc+500 years and tc+600 years would 

probably mainta in s u f f i c i e n t  pressure t o  b r i n g  b r i n e  t o  the  surface. 

Conclusions About Reposi tory Pressures 

1. It i s  reasonable t o  assume tha t  void space i n  ?he repos i to ry  could be 

present dur ing  the  per iod  o f  100 t o  500 years d t h  low enough gas pressure 

t o  permit  a t  l e a s t  p a r t i a l  f l ood ing  by a b r i n e  reservo i r .  

2. It i s  reasonable t o  assume t h a t  s u f f i c i e n t  gas pressure may e x i s t  i n  the 

repos i to ry  from the per iod  100 t o  600 years t o  b r i n g  some b r i n e  t o  the 

sur face i n  the  event the f looded repos i to ry  i s  s t ruck  by a second 

borehole. 

3. The p r o b a b i l i t y  t ha t  b r i n e  under s u f f i c i e n t  pressure t o  reach the sur face 

w i l l  e x i s t  i n  the repos i to ry  becomes less  l i k e l y  as post-c losure t imes 

increase past 600 .years. . , 
4. The l i m i t e d  " t ime window" i n  which t h e  necessary pressures might e x i s t ,  

decreases the p r o b a b i l i t y  o f  such an event occu r r i ng  a t  a l l  and makes the 

occurrence o f  t h i s  scenario a t  1000 years a f t e r  c losu re  h i g h l y  improbable. 
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