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FOREWORD 
1 

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

an independent technical  evaluat ion o f  the po ten t i a l  r a d i a t i o n  exposure 

t o  people from the  Haste I s o l a t i o n  P i l o t  P lan t  (WIPP), a Federal radio-  

a c t i v e  waste repos i to ry  proposed f o r  cons t ruc t ion  underground i n  an area 

near Carlsbad, New Mexico. The ob jec t i ve  o f  the EEG eva lua t ion  i s  t o  

p r o t e c t  the p u b l i c  hea l th  and sa fe ty  and ensure t h a t  there i s  no 

environmental degradation. The EEG i s  p a r t  o f  the Environmental Improve- 

ment D iv is ion ,  a component o f  the  New Mexico Heal th and Environment 

Department -- t h e  agency charged w i t h  the pr imary responsi b i  1  i ty f o r  

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

The Group is  n e i t h e r  a proponent nor  an opponent o f  WIPP. Analyses are 

conducted by EEG o f  repor ts  issued by the  U.S. Department o f  Energy 

(DOE) and i t s  contractors,  o the r  Federal agencies, and o ther  organizat ions 

as they r e l a t e  t o  the p o t e n t i a l  heal th,  safety,  and environmental impacts 

o f  WIPP.  These analyses may i nvo l ve  p u b l i c  meetings, s i t e  v i s i t s ,  and 

consu l ta t ions  w i t h  agencies, profess ional  associat ions, and s c i e n t i f i c  

exper ts .  

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-AC-04-79Al.10752 w i t h  t h e  New Mexico Heal th and Environment 

Department. . 

Robert H. ~ e i  11 
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SUMMARY 

This report considers some a s p e c t s  of t h e  radionuclide transport 

modeling presented in documents published by t h e  U .  S. Department 

of Energy ( D O E )  regarding t h e  W a s t e  Isolation Pilot Plant (WIPP) 

nuclear w a s t e  repository proposed for development in Southeastern 

New Mexico. T h e  radionuclide transport modeling is used to predict 

worst possible consequences o f  a WIPP repository breach event in 

which w a s t e  enters groundwater. T h e  aim o f  t h i s  report is to 

determine whether plausible c h a n g e s  in t h e  parameters used by DOE 

to d e s c r i b e  t h e  flow o f  g r o u n d w a t e r  near t h e  W I P P  site could result 

in: a )  significantly f a s t e r  r a d i o n u c l i d e  movement in groundwater; 

and b )  significantly higher concentrations of radionuclides in 

Pecos River water and correspondingly higher radiat,ion doses than 

predicted by DOE. T h e  c o n c l u s i o n  reached is t h a t  while plausible 

changes in hydrologic c o n d i t i o n s  and waste-rock interactions might 

result in a significant r e d u c t i o n  in t h e  t i m e  it takes f o r  radio- 

nuclides t o  reach the Pecos River, the s h o r t e r  travel times do not 

result in significant increases in t h e  estimated concentrations of 

radionuclides in t h e  P e c o s  R i v e r  nor in t h e  radiation doses 

associated with t h e  u s e  o f  s u c h  water. O t h e r  ways in which para- 

m e t e r  c h a n g e s  might a f f e c t  t h e s e  concentrations and doses a r e  

mentioned in t h e  Conclusions s e c t i o n  o f  t h e  report, but a r e  not t h e  

subject o f  tJis analysis. 



- The S i  g ~ i  f i c a n c e  o f  C e r t a i n  R u s t l e r  A q u i f e r  P a r a m e t e r s  

f o r  ~ i e d i c t i n q  Lonq-Term R a d i a t i o n  E x p o s u r e s  f r o m  WIPP 

I. I n t r o d u c t i o n  

To e s t i m a t e  w o r s t  p o s s i b l e  r a d i a t i o n  d o s e s  w h i c h  m i g h t  

r e s u l t  f r om a  h y d r o l o g i c  b r e a c h  o f  t h e  p r o p o s e d  WIPP r e p o s i -  

t o r y ,  t h e  U .  S .  D e p a r t m e n t  o f  Energy  (DOE) has  c o n s i d e r e d  

s i t u a t i o n s  i n  w h i c h :  

1 .  g r o u n d w a t e r  passes  t h r o u g h  t h e  r e p o s i t o r y ,  d i s s o l v e s  

some w a s t e  and  b r i n g s  t h e  d i s s o l v e d  r a d i o n u c l i d e s  i n t o  

t h e -  R u s t l e r  a q u i f e r ;  

2 .  t h e  r a d i o n u c l i d e s  a r e  c a r r i e d  b y  t h e  R u s t l e r  w a t e r  t o  

t h e  Pecos R i v e r  a t  Ma laga  Bend,  f i f t e e n  m i l e s  f r o m  t h e  

WIPP s i t e .  

( S e e ,  f o r  e x a m p l e ,  t h e  WIPP S a f e t y  A n a l y s i s  R e p o r t ,  R e f .  1  

a n d  t h e  D r a f t  E n v i r o n m e n t a l  I m p a c t  S t a t e m e n t  f o r  WIPP, 

R e f .  2 ) .  F i g u r e  1  i l l u s t r a t e s  t w o  o f  t h e  b r e a c h  e v e n t s  w h i c h  

h a v e  been  a n a l y z e d .  

The a i m  o f  t h  

m o d e l i n g  s t e p  

q u e s t i o n - i s :  

c o n s i d e r e d ?  
- 

i s  r e p o r t  i s  t o  a s s e s s  t h e  a s s u m p t i o n s  made i n  

2 ,  n u c l i d e  t r a n s p o r t  i n  t h e  R u s t l e r .  The 

has  a  w o r s t  ( p l a u s i b l e )  c a s e  r e a l l y  been  

In i t s  r e p o - r t  o f  a  J a n u a r y ,  1980 m e e t i n g  o f  g e o l o g i s t s  and  

h y d r o l o g i s t s  t o  d i s c u s s  c o n d i t i o n s  i n  t h e  v i c i n i t y  o f  t h e  WIPP 

s i t e ,  t h e  E n v i r o n m e n t a l  E v a l u a t i o n  Group has  summar i zed  i n f o r -  

m a t i o n  p r e s e n t e d  c o n c e r n i n g  t h e  s t a t u s  o f  h y d r o l o g i c  t e s t i n g  

a n d  q u e s t i o n s  r a i s e d  c o n c e r n i n g  t h e  adequacy  o f  t h e  a v a i l a b l e  

d a t a  f o r  p r e d i c t i n g  consequences  o f  a  r e p o s i t o r y  b r e a c h ( R e f .  

3 ) .  I t  i s  c l e a r  t h a t  t h e r e  a r e  u n c e r t a i n t i e s  i n  t h e  h y d r o -  

l o g i c  p a r a m e t e r s  used  f o r  m o d e l i n g  f l o w  i n  t h e  R u s t l e r  a q u i f e r ,  



and t h a t  t h e r e  a r e  e v e n  g r e a t e r  u n c e r t a i n t i e s  i n v o l v e d  i n  - 
p r e d i c t i n g  changes i n  h y d r o l o g i c  c o n d i t i o n s  t h a t  m i g h t  o c c u r  

o v e r  t h o u s a n d s  o r  m i l l i o n s  o f  y e a r s .  However ,  i t  i s  n o t  

c l e a r  t h a t  t h e s e  u n c e r t a i n t i e s  i n t r o d u c e  e q u i v a l e n t  u n c e r -  

t a i n t i e s  i n t o  t h e  p r o j e c t e d  consequences  o f  a  w o r s t  c a s e  

W I P P  r e p o s i t o r y  b r e a c h .  T h i s  r e p o r t  w i l l  a d d r e s s  t h e  q u e s t i o n  

o f  w h e t h e r  o r  n o t  a  w o r s t  p l a u s i b l e  c a s e  has  been  c o n s i d e r e d  

i n  t h e  WIPP S a f e t y  A n a l y s i s  R e p o r t  (SAR) n u c l i d e  t r a n s p o r t  

m o d e l i n g  b y  a s k i n g :  

Can p l a u s i b l e  changes  i n  t h e n u c l i d e  t r a n s p o r t  m o d e l i n g  assump- 

t i o n s  and R u s t l e r  a q u i f e r  p a r a m e t e r s  r e s u l t  i n  s i g n i f i c a n t l y  

h i g h e r  e s t i m a t e s  o f  peak  r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  Pecos 

R i v e r  w a t e r ?  ( B y  " p e a k  c o n c e n t r a t i o n "  i s  mean t  t h e  r a d i o n u c l i d e  

c o n c e n t r a t i o n  i n  Pecos  R i v e r  w a t e r  a t  M a l a g a  Bend, m e a s u r e d  i n  

p i c o c u r i e s  p e r  l i t e r ,  a t  t h e  t i m e  when t h a t  c o n c e n t r a t i o n  i s  

h i g h e s t . )  

I n  o r d e r  t o  l i m i t  a t t e n t i o n  t o  s t e p  2  o f  t h e  b r e a c h  e v e n t  

m o d e l i n g ,  n u c l i d e  t r a n s p o r t  i n  t h e  R u s t l e r  a q u i f e r ,  i t  i s  

assumed t h a t  r a d i o n u c l i d e s  e n t e r  t h e  R u s t l e r  a t  a  g i v e n  r a t e  

and move a l o n g  a  f l o w  p a t h  t o  M a l a g a  Bend.  Then t h e  c a l c u l a t e d  

r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  Pecos R i v e r  w a t e r  and  t h e  r e -  

s u l t i n g  r a d i a t i o n  d o s e s  depend  p r i m a r i l y  o n  t h e  t r a n s i t  t i m e s  

o f  t h e  r a d i o n u c l i d e s  i n  t h e  R u s t l e r ,  b e t w e e n  t h e  WIPP s i t e  

and t h e  Pekos R i v e r .  F o r  r a d i o n u c l i d e s  i n  t h e  i n i t i a l  r e p o s i -  

t o r y  i n v e n t o r y ,  t h e  l o n g e r  i t  t a k e s  t h e  n u c l i d e  t o  r e a c h  t h e  

Pecos R iver ;  t h e  s m a l l e r  i t s  c o n c e n t r a t i o n  w i l l  be  i n  t h e  r i v e r ,  

b e c a u s e  o f  r a - d i o a c t i v e  d e c a y  o f  t h e  n u c l i d e .  F o r  r a d i o a c t i v e  

d e c a y  p r o d u c t s ,  t h e  s i t u a t i o n  i s  more c o m p l e x ,  b e c a u s e  i n g r o w t h  

causes  an i n c r e a s e  i n  a c t i v i t y  o v e r  a  p e r i o d  o f  t i m e ,  f o l l o w e d  

b y  a  d e c r e a s e .  

T h i s  p a p e r  i s  o r g a n i z e d  as  f o l l o w s :  

S e c t i o n  I 1  o u t 1  i n e s  t h e  m o d e l s  u s e d  i n  t h e  WIPP SAR ( R e f .  1 )  
- 

and i n  t h i s  r e p o r t  t o  d e s c r i b e  r a d i o n u c l i d e  t r a n s p o r t  i n  t h e  

R u s t l e r  ~ q u i f e r .  The n e x t  t w o  s e c t i o n s  e x p l o r e  t h e  r e l a t i o n  

- 2 -  



be tween  peak  r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  t h e  Pecos R i v e r  

and k e y - h y d r o l o g i c  p a r a m e t e r s .  F i r s t ,  S e c t i o n  111 c o n s i d e r s  

t h e  r e l a t i o n  b e t w e e n  t h e  h y d r o l o g i c  p a r a m e t e r s  and t h e  r a d i o -  

n u c l i d e  t r a v e l  t i m e s .  Then, S e c t i o n  I V  c o n s i d e r s  t h e  r e l a t i o n  

be tween  r a d i o n u c l i d e  t r a v e l  t i m e s  and peak  r a d i o n u c l i d e  con -  

c e n t r a t i o n s  i n  t h e  Pecos R i v e r .  S e c t i o n s  V and  V I  examine  t h e  

p l a u s i b i l i t y  o f  v a r i o u s  changes i n  p a r a m e t e r  v a l u e s  and 

m o d e l i n g  a s s u m p t i o n s  u s e d  t o  a s s e s s  consequences  o f  a  WIPP 

r e p o s i t o r y  b r e a c h .  I n  S e c t i o n  V I I ,  r a d i a t i o n  d o s e - c o m m i t m e n t s  

w h i c h  c o u l d  r e s u l t  f r o m  d r i n k i n g  Pecos R i v e r  w a t e r  a r e  c a l c u -  

l a t e d ,  u n d e r  a  v a r i e t y  o f  a s s u m p t i o n s .  C o n c l u s i o n s  a r e  

summar i zed  i n  S e c t i o n  V I I I .  

A1 t h o u g h  t h i s  a n a l y s i s  i n v e s t i g a t e s  o n l y  a  p o r t i o n  o f  t h e  

b r e a c h  consequence  a s s e s s m e n t  w h i c h  has  t o  do w i t h  n u c l i d e  

t r a n s p o r t  i n  ' t h e  a q u i f e r ,  i t  i s  n e c e s s a r y  t o  h a v e  some s o u r c e  

t e r m  t o  u s e  f o r  r a d i o n u c l i d e  c o n c e n t r a t i o n  and  dose c a l c u l a t i o n s .  

T h a t  i s ,  o n e  m u s t  s t a r t  w i t h  a  r a t e  a t  w h i c h  r a d i o n u c l i d e s  a r e  

i n t r o d u c e d  i n t o  t h e  a q u i f e r .  F o r  i l l u s t r a t i v e  p u r p o s e s ,  t h i s  

a n a l y s i s  w i l l  f o c u s  on  a  s i n g l e  r a d i o n u c l i d e ,  P l u t o n i u m - 2 3 9  

( P u - 2 3 9 ) .  T h i s  c h o i c e  i s  made f o r  t h e  f o l l o w i n g  r e a s o n s :  

The w a s t e  p r o p o s e d  f o r  p e r m a n e n t  d i s p o s a l  a t  WIPP i s  t r a n s u r a n i c  

w a s t e ,  p r i m a r i l y  t h a t  c l a s s i f i e d  as c o n t a c t  h a n d l e d . *  The 

r a d i o n u c l i d e  c o n t e n t  i n c l u d e s  p l u t o n i u m  and  a m e r i c i u m  i s o t o p e s .  

Pu-239 i s  t h e  d o m i n a n t  r a d i o n u c l i d e  i n  c o n t a c t  h a n d l e d  t r a n s -  

u r a n i c  w a s t e ,  i n  t h e  s e n s e  t h a t  i t  has a  l o n g  h a l f - l i f e  
-4 ( 2 . 4  x 1 0  y e a r s )  and  a  h i g h e r  i n i t i a l ,  i n v e n t o r y  t h a n  any o f  

- 

* T r a n s u r a n i c  w a s t e  ( i  .e. ,  w a s t e  c o n t a m i n a t e d  w i t h  
p l u t o n i u m ,  a m e r i c i u m  and  o t h e r  r a d i o n u c l i d e s  w i t h  
a t o m i c  number g r e a t e r  t h a n  t h a t  o f  u r a n i u m )  i s  
c l a s s i f i e d  as  c o n t a c t  h a n d l e d  i f  i t s  c o n t a i n e r  
h a s  a  s u r f a c e  d o s e  r a t e  o f  200 m r e m / h r  o r  l e s s .  



- > 
t h e  o t h e r  a l p h a - e m i t t i n g  r a d i o n u c l i d e s  p r e s e n t .  However, under  
t h e  h y d r o l o g i c  model ing  a s sumpt ions  used i n  t h e  WIPP SAR, Pu-239 
t r a v e l s  s o  s l o w l y  i n  t h e  R u s t l e r  a q u i f e r  t h a t  i t  decays  b e f o r e  

i t  r e a c h e s  t h e  Pecos R i v e r .  While i t s  decay p r o d u c t  Uranium- 
235 does  c o n t r i b u t e  s i g n i f i c a n t l y  t o  dose  e s t i m a t e s ,  Pl u t o n i  um-  
239 i t s e l f  does  n o t .  T h i s  a n a l y s i s  w i l l  e x p l o r e  t h e  p o s s i b i l i t y  

t h a t  p l a u s i b l e  changes  i n  t h e  h y d r o l o g i c  model ing a s s u m p t i o n s  
can r e s u l t  i n  a  s u b s t a n t i a l  p o r t i o n  o f  t h e  Pu-239 i n v e n t o r y  
r e a c h i n g  t h e  Pecos R i v e r .  

In t h e  WIPP SAR, t h e  h y d r o l o g i c  b reach  e v e n t  which would 

r e s u l t  i n  t h e  l a r g e s t  amount o f  was te  e n t e r i n g  t h e  R u s t l e r  
a q u i f e r  i s  Communication Event  1 ,  i n  which w a t e r  f lows  from 

t h e  B e l l  Canyon a q u i f e r  below t h e  r e p o s i t o r y ,  t h rough  t h e  
r e p o s i t o r y  and u p  i n t o  t h e  R u s t l e r  a q u i f e r  ( s e e  F i g u r e  1 ) .  
Thus,  peak r a d i o n u c l i d e  c o n c e n t r a t i o n s  and dose  commitments 
w i l l  be c a l c u l a t e d  based  on t h e  r a t e  a t  which P lu ton ium-239  - 
would be r e l e a s e d  i n t o  t h e  R u s t l e r  a q u i f e r  under  t h e  SAR 
a s s u m p t i o n s  f o r  Communication Event 1 .  



% j l I I .  N u c l i d e  T r a n s p o r t  Model 
, 

The S a n d i a  Waste I s o l a t i o n  F low  and T r a n s p o r t  model  (SWIFT) ,  

d e v e l o p e d  b y  I n t e r a  E n v i r o n m e n t a l  C o n s u l t a n t s ,  I n c . ,  has been 

u s e d  b y  t h e  D e p a r t m e n t  o f  E n e r g y  f o r  c a l c u l a t i o n s  i n v o l v i n g  

n u c l i d e  t r a n s p o r t  i n  t h e  R u s t l e r  a q u i f e r  ( R e f .  4 ) .  F o r  t h e  

p u r p o s e s  o f  c a l c u l a t i n g  t h e  n u c l i d e  c o n c e n t r a t i o n s  i n  R u s t l e r  

b r i n e  e n t e r i n g  t h e  Pecos R i v e r ,  a  s i m p l i f i e d  v e r s i o n  o f  t h e  

model  i s  u s e d  b y  D O E  ( R e f .  1, S e c t i o n  8 . 2 . 1 . 3 . 3 ) .  The b a s i c  

a s s u m p t i o n s  made f o r  t h i s  a p p l i c a t i o n  c a n  be o u t l i n e d  as f o l l o w s :  

A s s u m p t i o n  1 .  W a t e r  F low  i n  t h e  R u s t l e r  A q u i f e r  

W a t e r  moves a l o n g  a  o n e - d i m e n s i o n a l  f l o w  p a t h  w i t h  a v e r a g e  

v e l o c i t y -  i g i v e n  b y  D a r c y ' s  Law: 

w h e r e :  
6 = a q u i f e r  p o r o s i t y  

K = h y d r a u l i c  c o n d u c t i v i t y  o r  p e r m e a b i l i t y  ( f t l y r )  

A h  h y d r a u l i c  g r a d i e n t  ( c h a n g e  i n  h y d r a u l i c  h e a d  
p e r  u n i t  d i s t a n c e ) .  

To a c c o u n t  f o r  t h e  f a c t  t h a t  a t  any  t i m e  and p o s i t i o n ,  some 

w a t e r  p a r b i c l e s  a r e  m o v i n g  more  r a p i d l y  t h a n  t h e  a v e r a g e  w h i l e  

some a r e  m o v i n g  more  s l o w l y ,  t h e  d i f f e r e n t i a l  e q u a t i o n  d e s c r i b i n g  

f l o w  i n c l u d e s  a  t e r m  w h i c h  r e f l e c t s  t h i s  " l o n g i t u d i n a l  

d i s p e r s i v i t y . "  -- 

A s s u m p t i o n  2.  E q u i l i b r i u m  A d s o r p t i o n  o f  N u c l i d e s  

A t  any  p o i n t  i n  t h e  a q u i f e r  a n d  a t  any  t i m e ,  t h e  a c t i v i t y  

c o n c e n t r a t i o n  o f  a  g i v e n  r a d i o n u c l i d e  i s  d i s t r i b u t e d  b e t w e e n  

t h e  a q u i f e r  r o c k  and  t h e  a q u i f e r  w a t e r  as  f o l l o w s :  

C s  = Kd C L  ( 2 )  



where :  - ,' 
C s  = a c t i v i t y  c o n c e n t r a t i o n  i n / o n  r o c k  ( p C i / g )  

C L  = a c t i v i t y  c o n c e n t r a t i o n  i n  w a t e r  ( p C i / m E )  

K d  = d i s t r i b u t i o n  c o e f f i c i e n t  f o r  t h e  n u c l i d e  
i n  q u e s t i o n  (m!L/g).  

A s s u m p t i o n  3. R a d i o a c t i v e  Decay and  I n g r o w t h  

N u c l i d e  c o n c e n t r a t i o n s  change  w i t h  t i m e  b e c a u s e  o f  r a d i o a c t i v e  

d e c a y .  These changes a r e  b u i l t  i n t o  t h e  SWIFT m o d e l .  

I n  o r d e r  t o  s t u d y  t h e  e f f e c t s  o f  p a r a m e t e r  changes  on n u c l i d e  

c o n c e n t r a t i o n  and  dose  e s t i m a t e s ,  i t  i s  u s e f u l  t o  s i m p l i f y  

A s s u m p t i o n  1  s t i l l  f u r t h e r  and  n e g l e c t  l o n g i t u d i n a l  d i s p e r -  

s i v i t y .  T h i s  c a n  b e  j u s t i f i e d  o n l y  i f  t h e  s i m p l i f i c a t i o n  does  

n o t  change  t h e  mode l  p r e d i c t i o n s  s i g n i f i c a n t l y ,  f o r  t h e  n u c l i d e s  

u n d e r  c o n s i d e r a t i o n .  I n  A p p e n d i x  V I  o f  R e f .  5 ,  G r e e n f i e l d  has  

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

t h i s  i s  i n d e e d  t h e  c a s e ;  t h a t  i s ,  t h e  peak c o n c e n t r a t i o n  a n d  

dose e s t i m a t e s  o b t a i n e d  u s i n g  t h e  SWIFT m o d e l ,  - i n c l u d i n g  

l o n g i t u d i n a l  d i s p e r s i v i t y ,  a r e  c l o s e  t o t h o s e  o b t a i n e d  u s i n g  t h e  

a n a l o g o u s  mode l  w i t h  z e r o  d i s p e r s i v i t y .  R e s u l t s  o f  t h e  t w o  

m o d e l s  d i f f e r  b y  l e s s  t h a n  a  f a c t o r  o f  2 i n  t h e  c a s e  o f  l o n g -  

l i v e d  i n i t i a l  i n v e n t o r y  r a d i o n u c l i d e s .  When a d d i t i o n a l  

a p p r o x i m a t i o n s  a r e  made i n  c o n n e c t i o n  w i t h  t h e  s i m p l e  mode l  t o  

accommodate a  d e c a y  c h a i n  i n  w h i c h  d i f f e r e n t  members move w i t h  

d i f f e r e n t  v e L o c i t i e s ,  t h e  c o n c e n t r a t i o n  a n d  dose  e s t i m a t e s  

o b t a i n e d  f r o m  t h e  t w o  m o d e l s  s t i l l  d i f f e r  b y  l e s s  t h a n  a  f a c t o r  

o f  5 .  Peak c c n c e n t r a t i o n  a n d  d o s e  e s t i m a t e s  o b t a i n e d  u s i n g  t h e  

s i m p l e r  mode l  t e n d  t o  be  l a r g e r  t h a n  t h o s e  o b t a i n e d  t a k i n g  

d i s p e r s i v i  t y  i n t o  a c c o u n t .  

Thus, f o r  t h e  r e m a i n d e r  o f  t h i s  a n a l y s i s ,  t h e  f o l l o w i n g  

a s s u m p t i o n  w i l l  be  made. 



~ s s u m p t i o n ;  4 .  z e r o  D i s p e r s i v i  t y  

L o n g i t u d i n a l  d i s p e r s i v i  t y  i s  z e r o .  A1 1  w a t e r  p a r t i c l e s  move 

w i t h  t h e  a v e r a g e  v e l o c i t y  g i v e n  b y  e q u a t i o n  ( 1 ) .  

Under  t h e s e  a s s u m p t i o n s ,  i t  c a n  be  shown ( R e f .  5 ,  A p p e n d i x  V I )  

t h a t  a  n u c l i d e  w i t h  a  d i s t r i b u t i o n  c o e f f i c i e n t  K d  (me /q )  w i l l  

move i n  t h e  a q u i f e r  w i t h  v e l o c i t y :  

where  B ,  t h e  r e t a r d a t i o n  f a c t o r ,  i s  g i v e n  b y :  

P = a q u i f e r  d e n s i t y  (g/m9.). 



-., 

I I I .  Hydro loq ic - -Pa rame te r s  and Nuc l ide  Trave l  Times 

Suppose t h e  a q u i f e r  p a r a m e t e r s  d e f i n e d  i n  S e c t i o n  I 1  a r e  c o n s t a n t  
o v e r  a p o r t i o n  of  t h e  f low pa th  which i s  d f e e t  long .  Then t h e  
t ime  T t h a t  i t  t a k e s  f o r  a  n u c l i d e  t o  t r a v e l  th rough t h a t  p a r t  

of t h e  f low pa th  i s  g iven  by: 

where r i s  t h e  n u c l i d e  v e l o c i t y ,  g iven  i n  f t / y r .  

Combining e q u a t i o n s  ( I ) ,  ( 3 ) ,  ( 4 )  and ( 5 )  g i v e s :  

f o r  t h e  t i m e  T t h a t  i t  t a k e s  f o r  a  r a d i o n u c l i d e  wi th  d i s t r i b u -  
t i o n  c o e f f i c i e n t  K d  t o  t r a v e r s e  a  segment of t h e  a q u i f e r  hav ing  

l e n g t h  d ,  p o r o s i t y  8 ,  d e n s i t y  p ,  h y d r a u l i c  c o n d u c t i v i t y  K and 
h y d r a u l i c  g r a d i  a n t  A h / A L .  

To i l l u s t r a t e  t h e  e f f e c t s  o f  t h e  v a r i o u s  pa rame te r s  on T ,  

c o n s i d e r  Plutonium-239 t r a v e r s i n g  t h e  f i r s t  5 m i l e s  o f  t h e  
f low p a t h  from t h e  r e p o s i - t o r y  t o  t h e  Pecos R ive r .  The p a r a -  

m e t e r  v a l u e s  f o r  t h i s  i n t e r v a l ,  ba sed  on i n f o r m a t i o n  i n  t h e  
SAR*, a r e :  

. 
4  

d = ( 5  mi)  (5280  f t / m i )  = 2.6 x 10 f t  

3  
d  = 2 . 4  x 10 m!L/g 

K = 1  f t l d a y  o r  365 f t / y r  

A h  - 100 f t  - - 
1 5  mi)  (5280  f t / m i  

= 3 .8  x 
A2 

3  - 
* Table 3.3-1 gives 8 =  0.1; Table 2.5-12 gives 2.4 x 10 m!Z/g as the 
lowest Kd value measured w i t h  plutonium, groundwater and Rustler formation 
ruck; Figure 8A-4 gives K=l ft /day a t  the  WIPP s i t e  (Ref. 1 ) .  



The hydrau-1i; g r a d i e n t  Ah/Ae i s  compu ted  o n  t h e  b a s i s  o f  t h e  

p o t e n t i a l  l i n e s  shown i n  F i g u r e  2.  Over t h e  f i r s t  5  m i l e s  o f  

t h e  f l o w  p a t h  f r o m  t h e  r e p o s i t o r y ,  t h e  c a l c u l a t e d  h y d r a u l i c  

p o t e n t i a l s  i n  t h e  R u s t l e r  a q u i f e r  d r o p  100 f e e t ,  f r o m  a b o u t  

3150 t o  3050 f e e t .  

S u b s t i t u t i n g  t h e s e  p a r a m e t e r  v a l u e s  i n t o  e q u a t i o n  ( 6 )  one  f i n d s  

t h a t  t h e  t i m e  T  t h a t  i t  w o u l d  t a k e  f o r  Pu-239 t o  m i g r a t e  o v e r  

t h i s  5  m i l e  s t r e t c h  i s :  
7 T  = 9.0 x 1 0  y r .  

The q u e s t i o n  i s :  What c h a n g e s  i n  p a r a m e t e r  v a l u e s  c o u l d  r e d u c e  

t h e  t r a v e l  t i m e  T  s i g n i f i c a n t l y ?  To make t h e  e x a m p l e  m o r e  

s p e c i f i c ,  w h a t  changes i n  p a r a m e t e r  v a l u e s  c o u l d  r e s u l t  i n  a n  

o r d e r  o f  m a g n i t u d e  d e c r e a s e  i n  T?  

I f  t h e  d i s t r i b u t i o n  c o e f f i c i e n t  Kd d e c r e a s e s  b y  a n  o r d e r  o f  

m a g n i t u d e ,  t h e  t r a v e l  t i m e  T  d e c r e a s e s  b y  an  o r d e r  o f  m a g n i t u d e .  

The same d e c r e a s e  i n  T  w o u l d  r e s u l t  f r o m  a n  o r d e r  o f  m a g n i t u d e  

i n c r e a s e  i n  h y d r a u l i c  c o n d u c t i v i t y  K o r  h y d r a u l i c  g r a d i e n t  

Ah/Ae . Changes i n  t h e  a q u i f e r  p o r o s i t y  0 h a v e  v i r t u a l l y  no  

e f f e c t  on t h e  t r a v e l  t i m e  T, p r o v i d e d  t h a t  t h e  d i s t r i b u t i o n  

c o e f f i c i e n t  K d  r e m a i n s  h i g h  ( s a y ,  above  1 0 ) .  



I V .  ~ l u t o n i u m - 2 3 9  T r a v e l  T ime  and I t s  Peak C o n c e n t r a t i o n  i n  t h e  

Pecos R i v e r  

I f  Pu-239 e n t e r s  t h e  R u s t l e r  a q u i f e r  a t  a  r a t e  o f  q p C i / s e c  

a t  t h e  WIPP s i t e ,  moves i n  t h e  R u s t l e r  a c c o r d i n g  t o  t h e  

a s s u m p t i o n s  i n  S e c t i o n  11, and  b e g i n s  t o  e n t e r  t h e  Pecos 

R i v e r  a t  an a r r i v a l  t i m e  TA y e a r s  a f t e r  w a s t e  emp lacemen t ,  

t h e n  t h e  peak c o n c e n t r a t i o n  C o f  Pu-239 i n  Pecos R i v e r  w a t e r  

i s  g i v e n  b y :  

- ( e n  2 ) ( T A ) / ( 2 . 4  x l o 4 )  

C = q e  
1 p C i / e  ( 7 )  

4  w h e r e  2 .4  x 1 0  y e a r s  i s  t h e  h a l f - l i f e  o f  Pu-239 a n d  F L / s e c  

i s  t h e  Pecos R i v e r  f l o w  a t  M a l a g a  Bend. The min imum v a l u e  f o r  
3  F i s  g i v e n  i n  t h e  SAR as 1 8  f t  / s e c  ( R e f .  1  8 . 9 ) .  T h a t  i s :  

2  F = 5 .1  x 1 0  e / s e c .  

As d i s c u s s e d  i n  S e c t i o n  I, t h e  b r e a c h  e v e n t  u n d e r  c o n s i d e r a t i o n  

i n  t h i s  a n a l y s i s  i n v o l v e d  a  h y d r o l o g i c  c o n n e c t i o n  be tween  a q u i -  

f e r s  above  and  b e l o w  t h e  r e p o s i t o r y .  The SAR d e s c r i b e s  s u c h  a  

b r e a c h  e v e n t :  C o m m u n i c a t i o n  E v e n t  1. U n d e r  t h e  S A R  a s s u m p t i o n s *  

f o r  C o m m u n i c a t i o n  E v e n t  1 ,  t h e  r a t e  q  a t  w h i c h  Pu-239 i n  c o n t a c t  

h a n d l e d  t r a n s u r a n i c  w a s t e  e n t e r s  t h e  R u s t l e r  i s :  

q = 2 .1  x l o 4  p C i / s e c .  

Thus,  f r o m - e q u a t i o n  ( 7 1 ,  t h e  p e a k  c o n c e n t r a t i o n  C o f  Pu-239 i n  

Pecos R i v e r  w a t e r  i s :  

- 3  
The s t e a d  s t a t e  r e p o s i t o r y  d i s s o l u t i o n  r a t e  i s  g i v e n  as 0 .25  f t  / d a y  
( p .  8 .3 -53 ;  t h e  f r a c t i o n  o f  t h e  r e p o s i t o r y  vo lume w h i c h  i s  w a s t e  
i s  0 .115  [p. 8 . 3 - 3 1 3  a n d  t h e  s p e c i f i c  a c t i v i t y  o f  Pu-239 i n 3 t h e  
w a s t e  i s  2 .21  x 10- C 1 4 E  (-Table 3.1-2).) Then q = i 9 . 2 5  f t  l d a y )  
x ( 3 . 1 1 5 )  4 ( 2 8 . 3 2  L / f t  ) x (2 .21  x 13- C i / e )  x 1 0  p ~ i / ~ i )  + 
( 8 . 6 4  x 1 0  s e c / d a y ) ,  ( 2 e f . l ) .  - -. - 



.- 
h e r e  t h e  a r r i v a l  t i m e  TA  i s  t h e  sum o f  t h e  b r e a c h  t i m e  

i .e .  t h e  'number o f  y e a r s  b e t w e e n  w a s t e  emp lacemen t  and t h e  

r e p o s i t o r y  b r e a c h  e v e n t )  and t h e  Pu-239 t r a v e l  t i m e  ( i . e .  t h e  

t i m e  i t  t a k e s  f o r  Pu-239 t o  t r a v e l  i n  t h e  R u s t l e r  a q u i f e r  f r o m  

t h e  WIPP s i t e  t o  t h e  Pecos R i v e r ) .  

U s i n g  t h e  i n f o r m a t i o n  i n  t h e  S A R  c o n c e r n i n g  R u s t l e r  a q u i f e r  

h y d r o l o g y  and d i s t r i b u t i o n  c o e f f i c i e n t s * ,  t h e  t i m e  be tween  

a  b r e a c h  e v e n t  and t h e  a r r i v a l  t i m e  o f  Pu-239 a t  t h e  Pecos 
8  R i v e r  w o u l d  b e  a b o u t  1 . 4  x 1 0  y e a r s . * *  

The Pu-239 i n  t h e  r e p o s i t o r y  i n v e n t o r y  w o u l d  decay  i n  t h i s  
4 t i m e ,  s i n c e  Pu-239 has  a  h a l f - l i f e  o f  2 . 4  x 1 0  y e a r s .  

However ,  t h i s  a n a l y s i s  c o n s i d e r s  w h e t h e r  p l a u s i b l e  changes 

i n  p a r a m e t e r s  r a n  l e a d  t o  s i g n i f i c a n t l y  s h o r t e r  t r a v e l  t i m e s  

and s i g n i f i c a n t l y  h i g h e r  r a d i a t i o n  d o s e s  t h a n  t h o s e  d e r i v e d  

f r o m  t h e  p a r a m e t e r s  u s e d  i n  t h e  S A R  a n a l y s i s .  F o r  t h e  moment, 

e q u a t i o n  ( 8 )  w i l l  b e  u s e d  t o  s t u d y  t h e  dependence  o f  t h e  peak 

Pu-239 c o n c e n t r a t i o n  C on t h e  a r r i v a l  t i m e  TA ,  w i t h o u t  r e g a r d  

t o  t h e  p l a u s i b i l i t y  o f  d i f f e r e n t  TA va!ues. The p l a u s i b i l i t y  

o f  d i f f e r e n t  a r r i v a l  t i m e  v a l u e s  w i l l  b e  d i s c u s s e d  i n  S e c t i o n  

v .  

F i g u r e  3  i l l u s t r a t e s  t h e  r e l a t i o n  b e t w e e n  t h e  peak Pu-239 

c o n c e n t r a t i o n  C i n  Pecos R i v e r  w a t e r  and  t h e  Pu-239 a r r i v a l  

t i m e  TA. l l s i n g  e q u a t i o n  ( 8 ) ,  C i s  p l o t t e d  a g a i n s t  t h e  l o g a r i t h m  

o f  TA. T h i s  s e m i - l o g  p l o t  makes i t  e a s y  t o  s e e  how o r d e r - o f -  

m a g n i t u d e  changes  i n  TA a f f e c t  C .  T a b l e  1  summar i zed  k e y  v a l u e s  

o f  C. .- 

* T a b l e  2 .5-12,  T a b l e  8 .3-1 ,  F i g u r e  8A-2  and  F i g u r e  8A-4, ( R e f .  1 ) .  

** The sum o f  t h e  t r a v e l  t i m e s  f o r  t h e  f i r s t  5 m i l e s ,  where  
K = l  f t l d a y  a n d  t h e  l a s t  10 m i l e s ,  w h e r e  K=4 f t l d a y  ( R e f .  1,  
F i g u r e  8A-4) .  The o t h e r  p a r a m e t e r s  a r e  as  g i v e n  i n  S e c t i o n  
111. 



I t  can be s e e n  from F i g u r e  3  and Tab le  1 ,  t h a t  a r r i v a l  t i m e s  

between 0  and 10 ,000  y e a r s  a l l  r e s u l t  i n  rough ly  the  same 

peak Pu-239 c o n c e n t r a t i o n s  i n  t h e  Pecos R ive r .  I f  t h e  Pu-239 

s t a r t s  t o  e n t e r  t h e  Pecos River 100,000 y e a r s  a f t e r  w a s t e  

emplacement ,  t hen  t h e  peak c o n c e n t r a t i o n  i s  l e s s  t h a n  a  t e n t h  

of  what i t  would be i f  t h e  a r r i v a l  t ime were 10,OOQ y e a r s .  

An a r r i v a l  t i m e  o f  500,000 y e a r s  r e s u l t s  i n  a  f u r t h e r  r e d u c -  

t i o n  of t h e  peak Pu-239 c o n c e n t r a t i o n  by a  f a c t o r  o f  l o ?  

T h i s  s u g g e s t s  a  way o f  making t h e  b a s i c  q u e s t i o n  more p r e c i s e :  

1 .  Can p l a u s i b l e  changes  i n  t h e  model ing a s sumpt ions  o r  

h y d r o l o g i c  p a r a m e t e r s  used  i n  the WIPP SAR a n a l y s i s  

r e s u l t  i n  a  Pu-239 Pecos R i v e r  a r r i v a l  t ime  o f  l e s s  

t h a n  100 ,000  y e a r s ?  

2 .  Can t h e  Pu-239 a r r i v a l  time be l e s s  t h a n  10 ,000  y e a r s ?  -~ 



As d i s c u s s e d  i n  S e c t i o n  111 ,  an o r d e r  o f  m a g n i t u d e  d e c r e a s e  

i n  d i s t r i b u t i o n  c o e f f i c i e n t  ( K d )  o r  i n c r e a s e  i n  h y d r a u l i c  

c o n d u c t i v i t y  (K) o r  h y d r a u l i c  g r a d i e n t  (A~/AP.) w o u l d  r e s u l t  i n  

an o r d e r  o f  m a g n i t u d e  d e c r e a s e  i n  t h e  t r a v e l  t i m e  ( T ) .  Pa ra -  

m e t e r  changes a m o u n t i n g  t o  more t h a n  t h r e e  o r  f o u r  o r d e r s  o f  

m a g n i t u d e  w o u l d  be  n e c e s s a r y  t o  r e d u c e  t h e  t r a v e l  t i m e  f r o m  

14,000,000 y e a r s  t o  100,000 o r  10,000 y e a r s .  The n e x t  s t e p ,  

t h e n ,  i n  t h i s  a n a l y s i s ,  i s  t o  e v a l u a t e  t h e  p o t e n t i a l  f o r  l a r g e  

changes i n  t h e  t h r e e  k e y  p a r a m e t e r s .  

The h y d r a u l i c  g r a d i e n t  Ah/AE a p p e a r s  t o  be  t h e  l e a s t  v a r i a b l e  

of  t h e s e  p a r a m e t e r s .  I n  o r d e r  f o r  t h e  a v e r a g e  h y d r a u l i c  

g r a d i e n t  t o  i n c r e a s e  b y  a  f a c t o r  o f  10 ,  t h e  d i f f e r e n c e  between 

p o t e n t i o m e t r i c  l e v e l s  o f  t h e  R u s t l e r  a t  t h e  WIPP s i t e  and a t  

t h e  Pecos R i v e r  w o u l d  h a v e  t o  go  f r o m  300 t o  3000 f e e t .  Such 

a  change does n o t  a p p e a r  c r e d i b l e .  

The h y d r a u l i c  c o n d u c t i v i t i e s  K  f o r  d i f f e r e n t  p o r t i o n s  o f  

t h e  f l o w  p a t h  a r e  more  l i k e l y  t o  d e v i a t e  f r o m  t h e  assumed 

v a l u e s ,  e i t h e r  b e c a u s e  o f  d i f f i c u l t i e s  i n  measuremen t ,  non-  

u n i f o r m i t y  o f  t h e  a q u i f e r  o r  f u t u r e  changes  (e .g .  f r a c t u r i n g  

o f  t h e  a q u i f e r  r o c k  o r  d i s s o l u t i o n  o f  s a l t  i n  t h e  R u s t l e r  a t  

t h e  WIPP s j t e ) .  The SAR c a l c u l a t i o n s  o f  h y d r a u l i c  conduc -  

t i v i t i e s  i n  t h e  R u s t l e r  show an i n c r e a s e  f r o m  1  f t l d a y  n e a r  

t h e  WIPP s i t e  t o  6 4  f t l d a y  a t  t h e  Pecos R i v e r .  I t  does n o t  - 
a p p e a r  l i k e l y  t h a t  h y d r o l o g i c  c o n d i t i o n s  i n  t h e  v i c i n i t y  o f  

t h e  s i t e  w o u r d  change  s o  d r a s t i c a l l y  i n  10,000 o r  e v e n  100,000 

y e a r s  t h a t  t h e y  w o u l d  m a t c h  p r e s e n t  c o n d i t i o n s  i n  t h e  R u s t l e r  

n e a r  t h e  Pecos R i v e r .  P e r h a p s  an i n c r e a s e  b y  one  o r d e r  o f  

m a g n i t u d e  i n  h y d r a u l i c  c o n d u c t i v i t y  v a l u e s  c a n  be  t a k e n  as a  

w o r s t  p l a u s i b l e  c a s e .  



-_ 
The m o s t  q d r e d i c t a b l e  o f  t h e  p a r a m e t e r s  i s  t h e  d i s t r i b u t i o n  

c o e f f i c i e n t  ( K d ) .  L a b o r a t o r y  Kd measurements  u s i n g  a p p a r e n t l y  

i d e n t i c a l  r o c k s ,  s o l u t i o n s  a n d  p r e c e d u r e s  c a n  d i f f e r  b y  an 

o r d e r  o f  m a g n i t u d e .  C h a n g i n g  t h e  r o c k  o r  s o l u t i o n  s l i g h t l y  

can r e s u l t  i n  g r e a t e r  d i s c r e p a n c i e s .  D i f f e r e n t  l a b o r a t o r i e s  

r e p o r t  w i d e l y  d i f f e r e n t  r e s u l t s  ( e . g .  p l u t o n i u m  K d  v a l u e s  

b e t w e e n  1 6  and  20 me/g  f o r  C u l e b r a  d o l o m i t e  and " p r e p a r e d  

w a t e r "  i n  R e f .  6  and  v a l u e s  o f  2,100 m t / g  f o r  C u l e b r a  d o l o m i t e  

and - r i n e  a n d  7,300 ma/g f o r  C u l e b r a  d o l o m i t e  and g r o u n d w a t e r  

i n  R e f .  7 ) .  I n  a d d i t i o n  t o  t h e  p r o b l e m s  j u s t  d i s c u s s e d  i n v o l v i n g  

r e p r o d u c i b i l i t y  o f  l a b o r a t o r y  measuremen ts ,  t h e r e  a r e  p r o b l e m s  

i n v o l v e d  w i t h  p r e d i c t i n g  and s t u d y i n g  i n - s i t u  c o n d i t i o n s .  

Many f a c t o r s  i n f l u e n c e  t h e  r e l a t i v e  amounts o f  a n u c l i d e  i n  

t h e  s o l i d  and  l i q u i d  phases  o f  an a q u i f e r .  F o r  e x a m p l e ,  t h e  

c o n c e n t r a t i o n  o f  t h e  n u c l i d e  i n  q u e s t i o n  o r  o f  o t h e r  e l e m e n t s ,  

can a f f e c t  t h e  c a p a c i t y  o f  t h e  r o c k  t o  a b s o r b  more o f  t h e  

r a d i o n u c l i d e ;  t h u s  a  " l o a d i n g  e f f e c t "  can r e d u c e  K v a l u e s .  

C h e l a t i n g  a g e n t s  l i k e  EDTA c a n  a l s o  r e d u c e  Kd v a l u e s ,  as c a n  - 
t e m p e r a t u r e ,  pH and  o t h e r  p h y s i c a l  and c h e m i c a l  p r o p e r t i e s  o f  

t h e  r o c k ,  t h e  w a t e r  and  t h e  n u c l i d e .  T a b l e  21 i n  R e f .  7 shows 

a  r e d u c t i o n  o f  one  t o  t w o  o r d e r s  o f  m a g n i t u d e  i n  Kd ( f o r  

Gd-153, Eu -152  and  Ce-144) when a  p l y w o o d  e x t r a c t  i s  added 

t o  t h e  s o l u t i o n .  

T h e r e f o r e ,  $ t  i s  c o n c e i v a b l e  t h a t  a v e r a g e  Kd v a l u e s  f o r  

n u c l i d e s  i n  a  w a s t e  and  b r i n e  m i x t u r e ,  m o v i n g  t h r o u g h  f i f t e e n  

m i l e s  o f  t h e  R u s t l e r  a q u i f e r ,  w o u l d  t u r n  o u t  t o  be  t w o  o r  e v e n  - 
t h r e e  o r d e r s  o f  m a g n i t u d e  s m a l l e r  ( o r  l a r g e r )  t h a n  t h e  v a l  

u s e d  i n  t h e  WFQP S A R  n u c l i d e  t r a n s p o r t  m o d e l i n g .  However ,  

s t a t e m e n t s  i n  t h e  SAR i n d i c a t e  t h a t  t h e  Kd v a l u e s  c h o s e n  a  

r e f l e c t  a  w o r s t  c a s e  ( i . e .  l o w e s t  p l a u s i b l e  a v e r a g e  v a l u e s  

1 r e a d y  

1. 



The p l u t o n i u m  K d  v a l u e  u s e d  i n  t h e  S A R  m o d e l i n q  i s  t h e  l o w e r  

o f  t w o  K d  v a l u e s  r e p o r t e d  i n  WIPP s i  t e - s p e c i f i c  t e s t s  u s i n g  

s i m u l a t e d  g r o u n d w a t e r  and  R u s t l e r  f o r m a t i o n  r o c k  f r o m  j u s t  

o u t s i d e  t h e  W I P P  b o u n d a r y  ( R e f .  1 ,  T a b l e  2 .5 -12 ) .  F u r t h e r ,  

t h e  measurements  a r e  made u s i n g  a  h i g h l y  o x i d i z e d  s p e c i e s  o f  

p l u t o n i u m ,  w h i c h  i s  t h o u g h t  t o  be  more m o b i l e  t h a n  s p e c i e s  

w i t h  l o w e r  o x i d a t i o n  s t a t e s  b u t  l e s s  l i k e l y  t o  be  p r e s e n t  

f o l l o w i n g  a r e p o s i t o r y  b r e a c h  ( R e f .  1,  p .2 .5 -43 ) .  



V I .  H e t e r o g e n e i t y  o f  A q u i f e r  and N u c l i d e  P r o p e r t i e s  
', 

The p r e c e d i n g  s e c t i o n  c o n s i d e r e d  t h e  e x t e n t  t o  w h i c h  t h e  a v e r a g e  

v a l u e s  o f  key  p a r a m e t e r s  c o u l d  d i f f e r ,  now o r  i n  t h e  f u t u r e ,  

f r o m  t h o s e  u s e d  i n  t h e  WIPP s a f e t y  a s s e s s m e n t .  T h i s  s e c t i o n  

w i l l  d i s c u s s  t h e  e x t e n t  t o  w h i c h  i t  i s  a p p r o p r i a t e  t o  l o o k  a t  

a v e r a g e  b e h a v i o r .  The answer  p r o p o s e d  i s  i n  two p a r t s .  

1. I n  t h i s  a p p l i c a t i o n ,  i t  i s  a p p r o p r i a t e  t o  u s e  a v e r a g e  

h y d r o l o g i c  p a r a m e t e r s  t o  d e s c r i b e  w a t e r  movement i n  t h e  

a q u i f e r .  

2.  The use o f  a  s i n g l e  a v e r a g e  d i s t r i b u t i o n  c o e f f i c i e n t  f o r  

e a c h  n u c l i d e  may mask s i g n i f i c a n t  e f f e c t s  r e s u l t i n g  f r o m  

t h e  m i g r a t i o n  o f  a  s u b p o p u l a t i o n  o f  t h e  n u c l i d e  p a r t i c l e s .  

P o i n t  1 ,  r e g a r d i n g  w a t e r  movement  i n  t h e  a q u i f e r ,  r e q u i r e s  

some q u a l i f i c a t i o n .  The c l a i m  i s  t h a t  i t  i s  a p p r o p r i a t e  t o  u s e  

a v e r a g e  p a r a m e t e r  v a l u e s  o v e r  i n t e r v a l s  w h e r e  t h e r e  a r e  n o  - 
l a r g e  s c a l e  changes i n  h y d r o l o g i c  c o n d i t i o n s .  F o r  e x a m p l e ,  

o n e  s h o u l d  n o t  lump m i l e - l o n g  s t r e t c h e s  w h e r e  t h e  h y d r a u l i c  

c o n d u c t i v i t y  i s  m e a s u r e d  as 1  f t l y r  w i t h  m i l e - l o n g  s t r e t c h e s  

w h e r e  t h e  h y d r a u l i c  c o n d u c t i v i t y  i s  m e a s u r e d  as 50 f t / y r .  

However ,  s m a l l  s c a l e  v a r i a t i o n s  s h o u l d  n o t  add  up t o  g r o s s  

e f f e c t s  on  w a t e r  movement o v e r  a  15 m i l e  f l o w  p a t h .  I n  i t s  

t r a v e l  f r o m  t h e  WIPP s i t e  t o  t h e  Pecos R i v e r ,  e a c h  w a t e r  d r o p  

w i l l  p a s s  t h r o u g h  1  i n c h  o r  1 0  f o o t  f r a c t u r e s  w h e r e  i t  moves 

r e l a t i v e l y  q u i c k l y  and  t h r o u g h  s m a l l  p o r t i o n s  o f  t h e  a q u i f e r  

w h i c h  a r e  l e ~ s  p e r m e a b l e  t h a n  t h e  a v e r a g e .  The h y d r a u l i c  

g r a d i e n t  may be s t e e p  o v e r  a  s m a l l  i n t e r v a l ,  b u t  w i l l  b e  l e s s  

s t e e p  t h a n  t h c  a v e r a g e  somewhere e l s e .  T h i s  t y p e  o f  v a r i a t i o n  

o v e r  s h o r t  i n t e r v a l s  w o u l d  n o t  r e s u l t  i n  s i g n i f i c a n t  c h a n g e s  

i n  t h e  n u c l i d e  c o n c e n t r a t i o n s  and  d o s e s  c a l c u l a t e d  on t h e  b a s i s  

o f  a v e r a g e  v a l u e s  o f  h y d r o l o g i c  p a r a m e t e r s  o v e r  s e v e r a l  m i l e  

i n t e r v a l s .  
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, , , i ~ h a t  i s  t te d i f f e r e n c e ,  t h e n ,  between t h e  use of a v e r a g e  
; f .  4 ' 

, .,, " ' a q u i f e r  parameters  and t h e  use o f  a v e r a g e  d i s t r i b u t i o n  co-  
..,, ,. 2 e f f i c i e n t s ?  The d i f f e r e n c e ,  a s  s u g g e s t e d  i n  p o i n t  2 ,  i s  t h a t  

t h e r e  may be s u b p o p u l a t i o n s  of  n u c l i d e  p a r t i c l e s  which m i g r a t e  
through t h e  whole 15 m i l e  f low pa th  i n  a  way t h a t  d i f f e r s  

s i g n i f i c a n t l y  from t h e  p r e d i c t e d  norm. 

Cons ider  t h e  ca se  o f  p lu ton ium.  Under t h e  e q u i l i b r i u m  

a d s o r p t i o n  assumption s t a t e d  i n  S e c t i o n  11, u s i n g  a  K d  v a l u e  

of  2400 me/g, each p lu ton ium p a r t i c l e  spends  a l a r g e  amount of  

t ime  a s s o c i a t e d  w i t h  t h e  a q u i f e r  rock and n o t  moving wi th  t h e  

w a t e r .  T h i s  i s  what s lows  t h e  p lu tonium down i n  i t s  m i g r a t i o n  

th rough t h e  a q u i f e r .  S i n c e  t h e r e  i s  a  s i n g l e  K d  v a l u e  govern ing  
t h e  b e h a v i o r  of  a l l  of t h e  p a r t i c l e s ,  a l l  a r e  slowed down 

equa l  l y .  

I t  i s  more l i k e l y ,  e s p e c i a l l y  g iven  the- h e t e r o g e n e i t y  o f  

t h e  c o n t a c t  hand led  t r a n s u r a n i c  was t e  t o  be s t o r e d  i n  t h e  

WIPP r e p o s i t o r y ,  t h a t  p lu ton ium and o t h e r  r a d i o n u c l i d e s  

w i l l  be i n  v a r i o u s  p h y s i c a l  and chemical  s t a t e s  and com- 

p l e x e s  and w i l l  be h e t e r o g e n e o u s  i n  t h e i r  a f f i n i t y  f o r  

a a u i f e r  rock and t he i r  s o l u b i , l i t y  i n  w a t e r .  

Two l i n e s  o f  e x p e r i m e n t a l  e v i d e n c e  s u g g e s t  t h a t  i f  a  

r e p o s i t o r y  breach  o c c u r r e d ,  a  f r a c t i o n  o f  t h e  p lu ton ium . 
p a r t i c l e s  e n t e r i n g  t h e  R u s t l e r  would move w i t h  an e f f e c t i v e  

d i s t r i b u t i o n  c o e f f i c i e n t  o f  z e r o .  In t h e  plywood e x t r a c t  - 
expe r imen t  d i s c u s s e d  i n  S e c t i o n  V ,  t h e r e  i s  an a p p a r e n t l y  

l ower ing  of  Ed when t h e  o r g a n i c  m a t e r i a l  i s  added t o  t h e  

b r i n e - r o c k - n u c l i d e  m i x t u r e  used t o  measure  K d .  One i n t e r p r e -  

t a t i o n  s u g g e s t e d  i n  Ref. 7 i s  t h a t  some o f  t h e  n u c l i d e  p a r t i -  

c l e s  a r e  i n  o r g a n i c  complexes .  The r e a s o n  t h i s  would lower  

t h e  a p p a r e n t  K d  i s  t h a t  t h e  p a r t i c l e s  i n  o r g a n i c  complexes 

would remain i n  s o l u t i o n  ( i . e .  behave a s  i f  t h e i r  K d  were  

z e r o )  w h i l e  t h e  o t h e r  p a r t i c l e s  would n o t  change t h e i r  b e h a v i o r .  



-. 
I n  t h e s e  b a t c h  e x p e r i m e n t s ,  movement  i s  n o t  o b s e r v e d  and t h e  

c h e m i c a l  f o r m s  o f  n u c l i d e s  and n u c l i d e  comp lexes  a r e  n o t  d e t e r -  

m i n e d ,  s o  any h e t e r o g e n e i t y  i n  f o r m  o r  b e h a v i o r  o f  t h e  n u c l i d e  

i n  q u e s t i o n  w o u l d  n o t  be  o b s e r v e d  d i r e c t l y .  

Column i n f i l t r a t i o n  e x p e r i m e n t s  r e p o r t e d  i n  R e f .  6 p r o v i d e  

d i r e c t  e v i d e n c e  o f  t r a n s u r a n i c  n u c l i d e  f r a c t i o n s  w h i c h  move 

i n  w a t e r  t h r o u g h  p o r o u s  r o c k  c o l u m n s  a t  t h e  speed  o f  w a t e r  

( i . e .  w i t h  K d  = O.).* A d d i t i o n a l  amounts  o f  t h e  n u c l i d e  a r e  

o b s e r v e d  t o  t r a v e l  more s l o w l y  t h a n  w a t e r  i n  t h e  co lumns b u t  

much more  r a p i d l y  t h a n  w o u l d  be  p r e d i c t e d  on  t h e  b a s i s  o f  

a v e r a g e  Kd v a l u e s  m e a s u r e d  i n  e i t h e r  b a t c h  o r  co lumn e x p e r i m e n t s t *  

I t  i s  n o t  c l e a r . h o w  t o  a p p l y  t h e  r e s u l t s  o f  t h e s e  co lumn 

i n f i  1  t r a t i o n  e x p e r i m e n t s  t o  n u c l i d e  m i g r a t i o n  m o d e l i n g  i n  t h e  

c a s e  o f  a  r e p o s i t o r y  b r e a c h  e v e n t .  The e x p e r i m e n t s  d i s c u s s e d  

i n  R e f .  6 w e r e  n o t  done  w i t h  R u s t l e r  f o r m a t i o n  r o c k s .  I n  .- 

a d d i t i o n ,  t h e  n u c l i d e s  w e r e  n o t  i n  s o l u t i o n  w i t h  o r g a n i c  m a t e r i a l  

o r  m i n e r a l s  w h i c h  w o u l d  be  p r e s e n t  i n  t h e  e v e n t  o f  a  WIPP r e p o s i -  

t o r y  b r e a c h .  F i n a l l y ,  n u c l i d e  m i g r a t i o n  b e h a v i o r  o v e r  a  d i s t a n c e  

o f  s e v e r a l  c e n t i m e t e r s  i n  a  c o l u m n  may n o t  m i m i c  n u c l i d e  b e h a v i o r  

o v e r  a  f i f t e e n  m i l e  p a t h .  However ,  u n t i  1  W I P P - s p e c i f i c  e x p e r i  - 
R e n t s  o r  t h e o r e t i c a l  a n a l y s e s  a r e  p e r f o r m e d .  w h i c h  r u l e  o u t  t h e  

p r e s e n c e  o f  a  m o b i l e  p l u t o n i u m  ( o r  t r a n s u r a n i c )  f r a c t i o n  u n d e r  

WIPP c o n d i t i o n s ,  t h i s  p o s s i b i l i t y  s h o u l d  b e  i n c l u d e d  i n  t h e  

* The f r ~ ~ t i o n s - - l i s t e d  a r e  7 x  f o r  Pu 4+ i l i m e s t o n e ;  3 x  2+ . f o r  Np i n  l i m e s t o n e ;  a n d  1.3 x 1 0 - 2  f o r  Np i n  s a n d s t o n e  
( R e f .  6 ,  p. 1 5 ) .  

** F o r  e x a m p l e ,  i n  one  e x p e r i m e n t ,  1 / 1 0 0 0 t h  o f  t h e  p l u t o n i u m  u s e d  
was o b s e r v e d  t o  p a s s  t h r o u g h  l i m e s t o n e  a t  a  v e l o c i t y  a t  l e a s t  
e q u a l  t o  4 t h e  w a t e r  v e l o c i t y .  A n e p t u n i u m  f r a c t i o n  o f  0 .12  was 
o b s e r v e d  t o  move t h r o u g h  s a n d s t o n e  a t  a  v e l o c i t y  a t  l e a s t  e q u a l  
t o  0 . 1  t i m e s  t h e  w a t e r  v e l o c i t y  ( R e f .  6, p .  1 5 ) .  - 
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a v a i l a b l e  s o  f a r ,  i t  i s  p o s s i b l e  t h a t  a  p o r t i o n  o f  t h e  t r a n s -  

u r a n i c  i n v e n t o r y  i n j e c t e d  i n t o  t h e  R u s t l e r  a q u i f e r  i n  t h e  e v e n t  

of  a  W I P P  r e p o s i t o r y  b r e a c h  w o u l d  be  i n  a  c h e m i c a l  f o r m  w h i c h  

w o u l d  a l l o w  i t  t o  move t h r o u g h  t h e  a q u i f e r  u n r e t a r d e d .  

The f r a c t i o n  chosen  t o  r e p r e s e n t  a  p l a u s i b l e  w o r s t  case  f o r  t h e  

r e m a i n d e r  o f  t h i s  a n a l y s i s  i s  0 .01 .  T h a t  i s ,  t h i s  a n a l y s i s  w i l l  

i n v e s t i g a t e  t h e  c o n s e q u e n c e s  o f  assuming  t h a t  one p e r c e n t  o f  

t h e  Pu-239 e n t e r i n g  t h e  R u s t l e r  a q u i f e r  i n  t h e  c a s e  o f  a  r e p o s i -  

t o r y  b r e a c h  moves t h r o u g h o u t  t h e  f i f t e e n  m i l e  f l o w  p a t h  a t  t h e  

v e l o c i t y  o f  t h e  a q u i f e r  w a t e r .  The one p e r c e n t  v a l u e  i s  much 

h i g h e r  t h a n  t h a t  o b s e r v e d  i n  t h e  R e f .  6 p l u t o n i u m / l i m e s t o n e  

e x p e r i m e n t  and'  s l i g h t l y  l o w e r  t h a n  t h a t  o b s e r v e d  i n  t h e  

n e p t u n i u m / s a n d s t o n e  e x p e r i m e n t .  I t  i s  c o n s i d e r e d -  t o  be  a  

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

o f  t h e  p r e s e n c e  o f  o r g a n i c  m a t e r i a l  ( w h i c h  m i g h t  c r e a t e  a  

m o b i l e  s u b p o p u l a t i o n )  a n d  t h e  l e n g t h  o f  t h e  f l o w  p a t h  ( w h i c h  

a l l o w s  t i m e  f o r  t h e  a l t e r a t i o n  o f  c h e m i c a l  f o r m ,  b r e a k i n ;  down 

s u b p o p u l a t i o n s ) .  
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V I I .  P o t e n t i a l  Doses f r o m  D r i n k i n g  Pecos R i v e r  W a t e r  

The WIPP S A R  i n c l u d e s  c a l c u l a t i o n s  o f  r a d i a t i o n  doses w h i c h  

p e o p l e  c o u l d  r e c e i v e  i f  Pecos R i v e r  w a t e r  w e r e  t o  be c o n t a m i n -  

a t e d  f o l l o w i n g  a  r e p o s i t o r y  b r e a c h  e v e n t .  The doses  c a l c u l a t e d  

a r e  f r o m  t h e  i n g e s t i o n  o f  f i s h  and  w a t e r  and  f r o m  e x t e r n a l  e x -  

p o s u r e  d u r i n g  swimming,  b o a t i n g  and  o t h e r  a c t i v i t i e s  ( R e f .  1 ,  

p. 8 . 2 - 9 ) .  The l a r g e s t  doses  a r e  f r o m  t h e  i n g e s t i o n  o f  w a t e r ,  

e x c e p t  i n  t h e  c a s e  o f  Radium-226 w h e r e  t h e  i n g e s t i o n  o f  f i s h  

l e a d s  t o  s l i g h t l y  g r e a t e r  d o s e s  t h a n  t h e  i n g e s t i o n  o f  w a t e r .  

Thus d o s e  p r o j e c t i o n s  b a s e d  o n  d r i n k i n g  Pecos R i v e r  w a t e r  c a n  

g i v e  a  good  i d e a  o f  t h e  o v e r a l l  r a d i a t i o n  d o s e  w h i c h  m i g h t  

b e  r e c e i v e d  f r o m  t h e  v a r i o u s  w a t e r  u s e s .  

The d o s e s  c a l c u l a t e d  i n  t h i s  s e c t i o n  w i l l  b e  w h o l e  b o d y  f i f t y  

y e a r  d o s e  commi tments  r e c e i v e d  b y  m a x i m a l l y  e x p o s e d  a d u l t s  

f r o m  one y e a r ' s  i n g e s t i o n  o f  Pu-239 i n  Pecos R i v e r  w a t e r .  

These  a r e  t h e  doses  m o s t  e a s i l y  compared  w i t h  d o s e s  l i s t e d  i n  

t h e  SAR. The dose  commi tmen t  0 (mrem) r e s u l t i n g  f r o m  one  

y e a r ' s  i n g e s t i o n  o f  w a t e r  w i t h  a  Pu-239 c o n c e n t r a t i o n  o f  C 

( p C i / C )  i s  g i v e n  b y :  

w h e r e  7 3 0  l i t e r s  i s  t h e  v a l u e  recommended i n  NUREG 1 .109  

( R e f .  8, T a b l e  E - 5 )  as t h e  a n n u a l  w a t e r  u p t a k e  v a l u e  t o  assume 

f o r  m a x i m a l l y  e x p o s e d  a d u l t s  a n d  1 .9  x  l o - '  mrem i s  g i v e n  

i n  ?IUREG 0 1 7 F ( R e f .  9, T a b l e  4 )  as t h e  f i f t y  y e a r  t o t a l  b o d y  

d o s e  c o m m i t m e n t  an a d u l t  r e c e i v e s  f r o m  i n g e s t i n g  1  p C i  o f  Pu-239 -- 
i n  t h e  f i r s t  y e a r .  



Table 2 lists peak Pu-239 concentrations C in Pecos River 

water and corresponding fifty y e a r  total body dose commit- 

ments D received by adults drinking 730 liters o f  t h e  w a t e r  
in a year, for a variety o f  modifications o f  t h e  S A R  

hydrologic modeling assumptions. Figure 4 shows how t h e  

dose commitment depends on t h e  average Kd value used, if 

other parameters and assumptions are as in t h e  SAR. T h e  

breach event is assumed to o c c u r  1000 y e a r s  a f t e r  waste 

emol acement. 



Based on t h e  d i s c u s s i o n  o f  a v e r a g e  p a r a m e t e r  v a l u e s  i n  S e c t i o n  
V ,  i t  i s  p o s s i b l e  b u t  u n l i k e l y  t h a t  i n  t h e  e v e n t  of a  hydro-  
l o g i c  b r e a c h  o f  t h e  WIPP r e p o s i t o r y ,  t h e  I e r a g e  v a l u e s  of 

t h e  key h y d r o l o g i c  t r a n s p o r t  p a r a m e t e r s  would d i f f e r  by more 
t han  t h r e e  o r d e r s  o f  magni tude  from t h o s e  used i n  t h e  SAR 

model ing ,  a l l  i n  a  d i r e c t i o n  which would r e d u c e  t h e  Pu-239 
t r a v e l  t i m e  t o  100,000 y e a r s  and r a i s e  t h e  peak Pu-239 con- 
c e n t r a t i o n  i n  Pecos R i v e r  w a t e r  :a 2 . 3  pCi/9.. I t  i s  very  
u n l i k e l y  t h a t  t h e  a v e r a g e  Pu-239 t r a v e l  t i m e  would a c t u a l l y  
be a s  low a s  10 ,000  y e a r s ,  r a i s i n g  t h e  peak Pecos R ive r  
c o n c e n t r a t i o n  t o  31 pCi/L.  

I t  i s  p o s s i b l e ,  a s  d i s c u s s e d  i n  S e c t i o n  VI,  t h a t  a  p o r t i o n  o f  
t h e  t r a n s u r a n i c  n u c l i d e  i n v e n t o r y ,  i n c l u d i n g  Pu-239, w i l l  be 

i n  a  chemica l  form which a l l o w s  i t  t o  s t a y  i n  s o l u t i o n  and 
-. 

move a t  t h e  v e l o c i t y  o f  t h e  a q u i f e r  w a t e r .  I f  one p e r c e n t  o f  

t h e  Pu-239 e n t e r i n g  t h e  R u s t l e r  a q u i f e r  u n d e r  t h e  c o n d i t i o n s  
d i s c u s s e d  i n  t h i s  a n a l y s i s  were  t o  move t h r o u g h o u t  t h e  f i f t e e n  
m i l e  f l o w  p a t h  u n r e t a r d e d ,  t h i s  would r e s u l t  i n  a  peak Pu-239 

c o n c e n t r a t i o n  i n  Pecos R i v e r  w a t e r  o f  0 .37  pCi/.t .  

The f i f t y  y e a r  t o t a l  body d o s e  commitments which a d u l t s  d r i n k i n g  

730 l i t e r s  .of Pecos  R i v e r  w a t e r  i n  a  y e a r  would r e c e i v e  from 
t h e  Pu-239 i n  t h e  w a t e r  a r e :  

1 .  3 .2  x lo'_* mrem, i f  t h e  Pu-239 t r a v e l  t ime  i n  t h e  R u s t l e r  

a q u i f e r  i s  100 ,000  y e a r s ;  - 
2.  5.1 x 10-3  mrem, i f  1 %  o f  t h e  Pu-239 i n  t h e  a q u i f e r  has  a  

d i s t r i b u t i o n  c o e f f i c i e n t  (Kd) o f  z e r o .  

These  d o s e s  a r e  comparab l e  t o  t h e  Radium-226 d r i n k i n g  w a t g r  

dose  o f  3 . 8  x mrem from one  y e a r ' s  i n t a k e ,  r e p o r t e d  i n  



SAR Tab le  8 .3 -2 .  Thus,  s i b l e  v a r i a  t i o n s  t h e  SAR 
as sumpt ions  gove rn ing  n u c l i d e  t r a n s p o r t  i n  t h e  R u s t l e r  
a q u i f e r  do n o t  r e s u l t  i n  Pu-239 doses  which a r e  s i g n i f i c a n t l y  

g r e a t e r  t han  t h e  Ra-226 doses  a l r e a d y  p r o j e c t e d  on t h e  b a s i s  
o f  t h e  SAR a s s u m p t i o n s .  I t  can a l s o  be shown, u s ing  t h e  
methods of G r e e n f i e l d  i n  Appendix V I  of Ref. 5 t h a t  t h e  peak 
Ra-226 c o n c e n t r a t i o n s  and doses  do n o t  change s i g n i f i c a n t l y *  
under  p l a u s i b l e  v a r i a t i o n s  i n  t h e  SAR assumpt ions .  

Th i s  a n a l y s i s  a d d r e s s e d  a  l i m i t e d  q u e s t i o n ,  and t h e  c o n c l u s i o n s  
a r e  l i m i t e d  a c c o r d i n g l y .  Only p a r t  o f  t h e  breach  consequence 
a n a l y s i s - w a s  c o n s i d e r e d :  t h e  model ing of n u c l i d e  t r a n s p o r t  
i n  t h e  R u s t l e r  a q u i f e r .  The q u e s t i o n  asked was e s s e n t i a l l y :  

i f  r a d i o n u c l i d e s  were  t o  e n t e r  t h e  R u s t l e r  a q u i f e r  as  d e s c r i b e d  
i n  t h e  SAR b reach  e v e n t  mode l ing ,  c o u l d  p l a u s i b l e  changes i n  

t h e  SAR n u c l i d e  t r a n s p o r t  model ing  l e a d  t o  p r e d i c t i o n s  of 
s h o r t e r  n u c l i d e  t r a v e l  t i m e s  and g r e a t e r  c o n c e n t r a t i o n s  of  

r a d i o n u c l i d e s  i n  Pecos R ive r  w a t e r  t han  would be c a l c u l a t e d  
on t h e  b a s i s  o f  t h e  SAR a s s u m p t i o n s ?  The answer i s  t h a t  
w h i l e  p l a u s i b l e  changes  i n  hydro1 o g i c  c o n d i t i o n s  and was t e -  
rock  i n t e r a c t i o n s  might  r e s u l t  i n  s i g n i f i c a n t 1 . y  s h o r t e n e d  

n u c l i d e  t r a v e l  time i n  the R u s t l e r  a q u i f e r ,  t h e  s h o r t e r  t imes  
do n o t  r e s u l t  i n  s i g n i f i c a n t  i n c r e a s e s  i n  t h e  e s t i m a t e d  con- 
c e n t r a t i o n s  o f  r a d i o n u c l i d e s  i n  t h e  Pecos River  o r  i n  t h e  
r a d i a t i o n  do-ses r e c e i v e d  by peop le  d r i n k i n g  t h e  w a t e r .  

-- 

* Doses based  on f a s t e r  w a t e r  f l o w  i n  t h e  a q u ' i f e r ,  lower  K ' s  o r  
a  p o r t i o n  of  t h e  Ra-226 and i t s  p a r e n t  n u c l i d e s  t r a v e l i n g  w i t h  
a  K d  = 0 ,  w i t h i n  l i m i t s  judged  i n  t h i s  pape r  a s  p l a u s i b l e ,  a r e  
a t  most 20 p e r c e n t  h i g h e r  t h a n  t h o s e  doses  c a l c u l a t e d  based 
on SAR a s s u m p t i o n s .  I f  a l l  o f  t h e  Ra-226 and i t s  p a r e n t  n u c l i d e s  
move w i t h  a  K = 0 ,  a  s i t u a t i o n  c o n s i d e r e d  u n l i k e l y ,  t h e n  t h e  
peak Ra-226 g o n c e n t r a t i o n  i n  Pecos R ive r  w a t e r  would be about  
7 x  10-4 pCi/g, and t h e  r e s u l t i n g  d r i n k i n g  w a t e r  dose would be 
0 .1  mrem ( 5 0  y e a r  whole body commitment t o  a  maximally exposed 
a d u l t )  . 



However ,  a q u i f e r  p a r a m e t e r s  a l s o  a f f e c t  t h e  i n i t i a l  s t a a e  o f  - 
b r e a c h  c o n $ k q u e n c e  a n a l y s i s ,  w h i c h  was n o t  a  p a r t  o f  t h i s  

e v a l u a t i o n .  F o r  t h e  b r e a c h  e v e n t  c o n s i d e r e d ,  i n  w h i c h  w a t e r  

f l o w s  f r o m  t h e  B e l l  Canyon a q u i f e r  b e l o w  t h e  r e p o s i t o r y ,  t h r o u g h  

t h e  r e p o s i t o r y  and  i n t o  t h e  R u s t l e r  a q u i f e r  above  t h e  r e p o s i t o r y  

t h e  a q u i f e r  p a r a m e t e r s  d e t e r m i n e  t h e  amount  o f  d a t e r  f l o w i n g  

t h r o u g h  t h e  r e p o s i t o r y  and  h e n c e  d e t e r m i n e  t h e  amount  o f  w a s t e  

d i s s o l v e d .  I f  t h e  R u s t l e r  f l o w  i n c r e a s e s ,  s o  w i l l  t h e  amount  

o f  w a s t e  e n t e r i n g  t h e  R u s t l e r .  The r e l a t i o n  b e t w e e n  t h e  

h y d r o l o g i c  p a r a m e t e r s  and  t h e  w a s t e  d i s s o l u t i o n  r a t e  i s  a  

s u b j e c t  f o r  f u r t h e r  s t u d y .  

The r a d i a t i o n  d o s e s  c a l c u l a t e d  i n  t h i s  s t u d y  a r e  a  f u n c t i o n ,  o f  

course,  o f  t h e  r e p o s i t o r y  i n v e n t o r y .  They a r e  l o w  i n  p a r t  

b e c a u s e  t h e  w a s t e  p r o p o s e d  f o r  p e r m a n e n t  d i s p o s a l  a t  W I P P  i s  

p r i m a r i l y  c o n t a c t  h a n d l e d  t r a n s u r a n i c  w a s t e .  I f  t h e  r e p o s i -  

t o r y  i n v e n t o r y  i s  changed  t o  i n c l u d e  h i g h - l e v e l  w a s t e ,  new 

dose  c a l c u l a t i o n s  w i l l  o b v i o u s l y  have  t o  b e  p e r f o r m e d .  The 

m e t h o d s  i n  t h i s  p a p e r  c a n  be  u s e d  t o  e s t i m a t e  d o s e s  f r o m  any - 
1  ong-1  i v e d  r a d i o n u c l  i d e  b u t  b e c a u s e  o f  t h e  z e r o  d i s p e r s i  v i  t y  

a s s u m p t i o n ,  t h e s e  me thods  m i g h t  b e  i n a p p r o p r i a t e  f o r  e s t i m a t -  

i n g  d o s e s  f r o m  s h o r t - l i v e d  n u c l i d e s .  

F o r  s h o r t - 1  i v e d  r a d i o n u c l  i d e s ,  doses  w o u l d  b e  r e c e i v e d  p r i m a r i l y  

f r o m  t h e  p o r t i o n  o f  t h e  i n v e n t o r y  m o v i n g  f a s t e r  t h a n  t h e  

a v e r a g e  i n  g r o u n d w a t e r .  
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Figum 1. Schematic Diagram of Two Breach Events, 
Modlfied From WlPP DElS Figures 9-10 
and 91 1 (Ref. 2). 



NOTES: 
1 .  DATUM IS MEAN SEA LEVEL: VALUES GIVEN IN FEET - FRESH WATER (EQUIVALENT). 
2. "RUSTLER AOUIFER" REFERS TO COMBINED CULEBRA AND MAGENTA AQUIFERS 

-- 

Figun 2 Reproduced from Figure 8A-2, SAR: 
Calculated Hydrologic Potentials in the 
Rustler Aquifer (Ref. 1). 



Figurn 3. Peak Concentration of Pu-239 in the 
Pecos River as a Function of Arrival Time TA. 
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Figure 4. Fifty Year Total Body Dose Commitment D 
from Drinking 730 Liters of Pecos River Water in 
First Year, as a Function of Distribution Coefficient - 
Ka. 
(Breach time = 1000 yr.). 
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- . '  , ,5 . Table 1 .  Peak Pu-239 Concentration 

As a Function o f  A r r i v a l  Time 

2 - ' 1  +2 means 10 . 
2 p ~ - 2 3 9  h a l f - 1  i f e .  

-- 
3 ~ u - 2 3 9  mean I ife. 



Table 2. Peak Pu-239 Concentrat ions . and Dose Comnitments 

M o d i f i c a t i o n  o f  Z A R  
Assumptions 

None 

Poros i t y  0= 0.01 

Hydrau l ic  c o n d u c t i v i t y  
K = 10 f t l d a y  throughout 

f l ow  p a t h  

K = 50 f t l d a y  throughout 
f low pa th  (*) 

D i s t r i b u t i o n  c o e f f i c i e n t  
Kd= 100 me/g throughout 

f low pa th  

K = 10 f t l d a y  and Kd =- 100 
mi/p throuohout  f low path  

Kd = 10 m%/g throughout 
f low pa th  

K = 10 f t / d a y  and Kd = 10 
me/g throughout  f low path  

Kd = 1  mt/g throughout 
f l o w  p a t h  (*)  

Kd = O mi /g throughout  
f low p a t h  ( * )  

1'; o f  the  Pu-239 moves 
a t  t h e  v e l o c i t y  of water  

10% of the  Pu-239 moves a t  
0.1 t imes t h e  v e l  o_ci t y  o f  
water  

10% o f  the  Pu-239 moves a t  
t h e  v e l o c i t y  o f  water  (*) 

Peak Pu-239 Concentra- 
t i o n  i p  Pecos R ive r  
Water - CpCi/ 1) 

( 1  A l l  m o d i f i c a t i o n s  l e a d  t o  f a s t e r  n u c l i d e  movement. 

( 2 )  Based on equat ions ( 6 )  and ( 8 ) .  

( 3 )  Based on equat ion  (9).  

( 4 )  0  means < 

(*)  S t a r r e d  m o d i f i c a t i o n s  are  n o t  considered p laus ib le .  

A d u l t  To ta l  Body 50-Year 
Dose Commitment from 
Dr ink ing  Water (rnrem) 

0 

0 
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