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FOREWORD 

The purpose o f  t h e  Environmental  E v a l u a t i o n  Group (EEG)  i s  t o  conduct an 

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

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

Carlsbad, i n  o r d e r  t o  p r o t e c t  t h e  p u b l i c  h e a l t h  and s a f e t y  and ensure t h a t  

t h e r e  i s  min imal  env i ronmenta l  degradat ion.  The EEG i s  p a r t  o f  t h e  

Environmental  Improvement D i v i s i o n ,  a component o f  t h e  New Mexico Hea l t h  and 

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

f o r  p r o t e c t i n g  t h e  h e a l t h  o f  t h e  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 a re  conducted o f  a v a i l a b l e  data concern ing t h e  proposed s i t e ,  t h e  

des ign  o f  t h e  r e p o s i t o r y ,  i t s  p lanned opera t ion ,  and i t s  long- te rm s t a b i l i t y .  

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

Energy (DOE) and i t s  con t rac to r s ,  o t h e r  Federal  agencies and o rgan i za t i ons ,  as 

they  r e l a t e  t o  t h e  p o t e n t i a l  hea l t h ,  s a f e t y  and env i ronmenta l  impacts f rom 

WIPP. 

The p r o j e c t  i s  funded e n t i r e l y  by t h e  I1.S. Department o f  Energy th rough  

Cont rac t  DE-AC04-79AL10752 w i t h  t h e  New Mexico H e a l t h  and Environment 

Department . 

Robert  H. N e i l  1 

D i r e c t o r  



EXECUTIVE SUMMARY 

The de te rm ina t i on  o f  t h e  s u i t a b i l i t y  o f  t h e  s i t e  f o r  WIPP i s  o n l y  t h e  f i r s t  

ma jo r  phase i n  t h e  e v a l u a t i o n  o f  t h e  r a d i o l o g i c a l  impact o f  t h e  r e p o s i t o r y  on 

t h e  p u b l i c  h e a l t h  and sa fe t y .  The Environmental  E v a l u a t i o n  Group (EEG) w i l l  

con t i nue  t o  independent ly  rev iew t h e  des ign o f  t h e  f a c i  1  i ty, t h e  o p e r a t i o n a l  

procedures ( i n c l u d i n g  s a f e t y  c r i t e r i a  and qua1 i t y  assurance),  t h e  c r i t e r i a  f o r  

packaging and shipment o f  t h e  waste, t h e  plans, procedures and r e s u l t s  of t h e  

WIPP exper iments,  emergency preparedness, adherence t o  EPA and p e r t i n e n t  NRC 

r e g u l a t i o n s ,  and o t h e r  impor tan t  f ea tu res  o f  t h e  p r o j e c t .  

EEG has concluded from e x i s t i n g  evidence t h a t  t h e  Los Medanos s i t e  f o r  t h e  WIPP 

p r o j e c t  has been cha rac te r i zed  i n  s u f f i c i e n t  d e t a i l  t o  war ran t  con f idence  i n  

t h e  v a l i d a t i o n  o f  t h e  s i t e  f o r  t h e  permanent emplacement o f  approx imate ly  6  

m i l l i o n  cub i c  f e e t  o f  defense t r a s u r a n i c  waste. T h i s  conc lus i on  i s  based on 

t h e  assumption t h a t  t h e  maximum su r f ace  dose r a t e  f o r  t h e  unsh ie lded  

remote-handled t r a n s u r a n i c  waste (RH-TRU) c a n i s t e r s  w i l l  be  100 rem per  hour  

w i t h  a  maximum r a d i o n u c l i d e  concen t ra t i on  o f  23 c u r i e s  per  l i t e r  as i n d i c a t e d  

i n  Table  E-3 o f  t h e  F i n a l  Environmental  Impact Statement f o r  WIPP. The S i t e  

and P r e l i m i n a r y  Design V a l i d a t i o n  (SPDV) program, th rough  t h e  d r i l l i n g  o f  two 

s h a f t s  t o  t h e  se lec ted  r e p o s i t o r y  l e v e l  a t  2160 f e e t  below t h e  su r f ace  and 

excava t i on  o f  about 9000 f e e t  o f  tunne ls ,  has con f i rmed t h e  i n t e r p r e t a t i o n s  

made about t h e  subsur face geo log i ca l  c o n d i t i o n s  a t  t h e  s i t e .  

For an assessment o f  t h e  p o t e n t i a l  r a d i a t i o n  e f f e c t s  o f  t h e  nuc lea r  waste 

r e p o s i t o r y  on t h e  p u b l i c  h e a l t h  and sa fe ty ,  i t  i s  necessary t o  understand t h e  

reg iona l  geo log i ca l  and h y d r o l o g i c a l  s e t t i n g .  A l a r g e  amount o f  work has been 

done t o  understand these c o n d i t i o n s  and t o  address severa l  s p e c i f i c  i ssues  

which have a r i s e n  as a  r e s u l t  o f  such s tud ies .  However, i n  an assessment 

e f f o r t  o f  t h i s  magnitude, i t  i s  almost i n e v i t a b l e  t h a t  some ques t ions  remain 

unanswered a t  a  g i ven  t i m e  i n  t h e  dec is ion-making process. EEG has i d e n t i f i e d  

work which s t i l l  needs t o  be done a t  t h e  Los Medanos s i t e  i n  o rde r  t o  improve 

conf idence i n  t h e  worst  case scenar io  models o f  p o s s i b l e  breaches o f  t h e  

r e p o s i t o r y .  Also,  i t  i s  a n t i c i p a t e d  t h a t  some o f  t h e  a d d i t i o n a l  i n f o r m a t i o n  

w i l l  be necessary t o  assure compl iance w i t h  t h e  EPA standard when i t  i s  

promul gated. 



EEG s t r o n g l y  recommends t h a t  t h e  f o l l o w i n g  impo r tan t  commitments be ob ta ined  

f rom DOE p r i o r  t o  beg inn ing  t h e  f u l l  f a c i l i t y  c o n s t r u c t i o n .  

Recommended Commitments f rom DOE P r i o r  t o  Beginn ing t h e  C o n s t r u c t i o n  

1. The WIPP w i l l  comply f u l l y  w i t h  t h e  U.S. Env i  ronmental P r o t e c t i o n  Agency 

s tandard f o r  t h e  d isposa l  o f  t r a n s u r a n i c  wastes, when i t  i s  promulgated. 

WIPP does no t  appear t o  meet some p a r t s  o f  t h e  proposed standard. 

2. The maximum surface-dose r a t e  f o r  t h e  unsh ie lded  Remote Handled 

Transuran ic  Waste (RH-TRU) c a n i s t e r s  w i l l  be 100 rem per  hour w i t h  a  

maximum rad ionuc l  i d e  concen t ra t i on  o f  23 c u r i e s  per  1  i t e r  as i n d i c a t e d  i n  

Table  E-3 o f  t h e  F i n a l  Environmental  Impact Statement f o r  WIPP. 

3. No potash m in i ng  w i l l  be a l lowed i n  Zones I, I 1  and I 1 1  o f  t h e  WIPP s i t e .  

Dev ia ted  d r i l l i n g  f o r  o i l  and gas from o u t s i d e  t h e  WIPP s i t e  t o  reach 

under t h e  WIPP s i t e  a t  depths g r e a t e r  than  6000 f e e t  may be al lowed. The 

f e d e r a l  government s h a l l  exe rc i se  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  a t  t h e  s i t e  

f o r  t h i s  purpose f o r  a t  l e a s t  100 years  a f t e r  r e p o s i t o r y  decommissioning. 

4. DOE s h a l l  p rov i de  t o  t h e  S t a t e  c e r t i f i e d  data and f i n a l  r e p o r t s  a s  

a p p r o p r i a t e  f o r  t h e  s t u d i e s  and i n v e s t i g a t i o n s  l i s t e d  h e r e i n  by J u l y  1, 

1985, and a l l o w  f o r  a  60 day rev iew and comment p e r i o d  by t h e  S t a t e  and 

genera l  p u b l i c .  DOE s h a l l  cons ider  and respond t o  such comment w i t h i n  30 

days. 

The f o l l o w i n g  l i s t s  c e r t a i n  i n v e s t i g a t i o n s  c u r r e n t l y  i n  process o r  planned by 

DOE and a d d i t i o n a l  work which EEG recommends t h a t  t h e  S t a t e  should demand i f  

t h e  c o n s t r u c t i o n  i s  a1 lowed t o  proceed. 

S tud ies  Recommended bv EEG 

1. I n v e s t i g a t e  t h e  depress ion o f  t h e  marker beds i n  t h e  lower  p a r t  o f  t h e  

Salado fo rmat ion ,  cen te red  two m i l e s  n o r t h  o f  t h e  WIPP sha f ts .  

2. Perform computer model ing o f  groundwater f l o w  i n  t h e  R u s t l e r  aqu i f e r s .  



3. Conduct t h e  f o l l  owi ng hydro1 ogy t e s t s :  

a)  A l ong  d u r a t i o n  pumping t e s t  a t  t h e  we l l  H-3. 

b)  Measure t h e  an i so t r opy  o f  t h e  h y d r a u l i c  c o n d u c t i v i t y  a t  t e s t  pads H-1, 

H-2, and H-3. 

c )  Perform convergence t r a c e r  t e s t s  a t  w e l l s  H-1, H-3 and H-4. 

d)  Perform convergence t r a c e r  t e s t s  a t  we l l  H-6 us i ng  sorb ing  t r a c e r s .  

Con t inu ina  o r  Planned DOE S tud ies  

1. Eva lua te  and f i e l d  t e s t  non- invas ive  geophys ica l  methods t o  i d e n t i f y  

p o s s i b l e  occurrence o f  b r i n e  under t h e  r e p o s i t o r y .  

2. Analyze t h e  drawdown da ta  i n  t e s t  ho les  H-1, H-2 and H-3 caused by t h e  

excava t ion  o f  WIPP sha f t s .  

3. Pub l i sh  t h e  r e s u l t s  o f  s o l u t e  t r a n s p o r t  model ing i n  t h e  R u s t l e r  a q u i f e r s .  

4. Analyze t h e  R u s t l e r  a q u i f e r  waters f o r  env i ronmenta l  i so topes  (Carbon-14, 

Chlor ine-36,  Uranium-234, Uranium-238) t o  a i d  i n  unders tanding t h e  

groundwater f l o w  d i r e c t i o n  and r e l a t i v e  v e l o c i t y .  

5. D r i l l  t h e  planned a d d i t i o n a l  w e l l s  f o r  h y d r o l o g i c  t e s t i n g ,  v i z .  H-11 and 

H-12. Obta in  t h e  cores w h i l e  d r i l l i n g  these we1 1s t o  determine t h e  e x t e n t  

o f  f r a c t u r i n g  and s o l u t i o n  res idues  throughout  t h e  R u s t l e r  fo rmat ion .  

6. Conduct a  water balance s tudy f o r  t h e  WIPP s i t e .  

7. Study t h e  mechanics o f  removal o f  s a l t  f rom t h e  R u s t l e r  f o rma t i on  a t  and 

near  t h e  s i t e .  

8. D r i l l  a  sha l low auger-ho le  i n  t h e  depress ion i n  t h e  SW corner  o f  Sec. 30, 

T225, R 31E i n  Zone I11 t o  address t h e  susp i c i on  o f  t h i s  depress ion be ing  a  

do1 i ne. 

9. F u r t h e r  s tudy marker bed 139 (MB139) u n d e r l y i n g  t h e  r e p o s i t o r y  ho r i zon  t o  

determine i t s  o r i g i n  and i t s  e f f e c t  on t h e  r e p o s i t o r y .  
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INTRODUCT ION 

On March 31, 1983, t h e  Department o f  Energy i ssued  t h e  "Summary o f  t h e  R e s u l t s  

o f  t h e  E v a l u a t i o n  o f  t h e  WIPP S i t e  and P r e l i m i n a r y  Design V a l i d a t i o n  Program" 

(WIPP-DOE-161). T h i s  p u b l i c a t i o n  con ta i ns  a  "Summary o f  t h e  E v a l u a t i o n  o f  t h e  

WIPP S i t e  S u i t a b i l i t y "  by W. D. Weart o f  Sandia Na t i ona l  L a b o r a t o r i e s  and an 

Execu t i ve  Summary o f  t h e  P r e l  im ina ry  Design Val i d a t i o n  Report  by Bechte l  

Na t i ona l ,  Inc.  The r e p o r t  concludes t h a t  t h e  Los Medanos s i t e  f u l f i l l s  t h e  

i n t e n t  o f  a l l  t h e  s i t e  q u a l i f i c a t i o n  f a c t o r s  and should,  t h e r e f o r e ,  be used f o r  

t h e  Waste I s o l a t i o n  P i l o t  P l a n t  p r o j e c t .  It a l s o  concludes t h a t  " t h e  ma jo r  

WIPP des ign  elements and des ign  bases have been v a l i d a t e d  by obse rva t i on  o r  

measurement." 

The Envi ronmental E v a l u a t i o n  Group (EEG) i s  charged w i t h  t h e  respons i  b i  1  i ty  o f  

e v a l u a t i n g  t h e  s u i t a b i l i t y  o f  t h e  s i t e  f o r  c a r r y i n g  out t h e  m i ss i on  o f  WIPP by 

ana l yz i ng  a l l  t h e  r e p o r t s  and o t h e r  i n f o r m a t i o n  which form t h e  background t o  

t h e  DOE e v a l u a t i o n  o f  t h e  s i t e .  The r e s u l t s  o f  t h i s  e v a l u a t i o n  a re  be ing 

conveyed t o  t h e  a p p r o p r i a t e  S t a t e  a u t h o r i t i e s  t o  he lp  them f o r m u l a t e  t h e  

S t a t e ' s  p o s i t i o n  on whether t o  oppose t h e  beg inn ing  o f  c o n s t r u c t i o n  o f  t h e  

Waste I s o l a t i o n  P i  l o t  P l a n t  p r o j e c t .  

A summary o f  EEG's invo lvement  s i nce  November 1978 i s  p rov i ded  i n  t h e  Appendix 

t o  i n d i c a t e  t h e  ex ten t  o f  e v a l u a t i o n  process f o r  t h e  p a s t  4  1/2 years.  Du r i ng  

t h e  pas t  y e a r  alone, EEG has rece i ved  approx imate ly  40 ma jo r  and numerous 

suppor t ing  r e p o r t s  f rom DOE concern ing  va r i ous  aspects  o f  t h e  e v a l u a t i o n  o f  t h e  

s i t e .  

The "Summary o f  t h e  e v a l u a t i o n  o f  t h e  WIPP S i t e  S u i t a b i l i t y "  by W. D. Weart o f  

Sandia Na t i ona l  Labo ra to r i es ,  conta ined i n  t h e  U. S. Department o f  Energy 

document (WIPP-DOE-161, March, 1983) i s  based on t h e  21 s i t e  q u a l i f i c a t i o n  

f a c t o r s  formul  ated i n  t h e  S i t e  Val i d a t i o n  Program (WIPP-DOE-116, October 

1982). The s p e c i f i c  i ssues  on which EEG has expressed i t s  concerns i n  t h e  pas t  

(EEG-3, EEG-6, EEG-7, EEG-10, DOE/State S t i p u l a t e d  Agreement, 1981) a r e  

i nc l uded  i n  t h e  21 s i t e  q u a l i f i c a t i o n  f ac to r s .  Rather  t han  comment on t h e  

adequacy o f  t h e  WIPP s i t e  w i t h  respec t  t o  each o f  t h e  21 f a c t o r s ,  t h e  

d i s c u s s i o n  i n  t h i s  r e p o r t  i s  arranged accord ing  t o  i ssues  which EEG cons iders  



impo r t an t  i n  e v a l u a t i n g  bo th  t h e  ope ra t i ona l  and t h e  long- te rm i n t e g r i t y  o f  t h e  

s i t e .  The s e c t i o n  on Conclus ions and Recommendations p rov i des  a summary o f  EEG 

analyses o f  t h e  i ssues  o f  s i t e  s u i t a b i l i t y .  

The Environmental  E v a l u a t i o n  Group organized a meet ing on "Eva lua t i on  o f  WIPP 

S i t e  S u i t a b i l i t y "  a t  Car l  sbad on May 12 and 13, 1983. The purpose o f  t h e  

meet ing was t o  p resen t  EEG1s t e n t a t i v e  conc lus ions  on t h e  i ssues  o f  WIPP s i t e  

s u i t a b i l i t y  t o  a  group o f  40 i n v i t e d  s c i e n t i s t s  and engineers  which i n c l u d e d  

s c i e n t i s t s  f rom S t a t e  agencies, members o f  t h e  Na t iona l  Academy o f  Sciences 

Panel on WIPP; severa l  U n i v e r s i t y  p ro fesso rs  f rom New Mexico and from Stan fo rd ,  

U n i v e r s i t y  o f  A r i zona  and Pennsy lvan ia  S ta te ;  U. S. Geo log ica l  Survey 

s c i e n t i s t s ;  s c i e n t i f i c  personnel  f rom DOE and i t s  c o n t r a c t o r s  e.g. Sandia, 

and DIAppolonia. Whi le  t h e  d iscuss ions ,  comments and recommendations made a t  

t h i s  meet ing were cons idered i n  t h e  p repa ra t i on  o f  t h i s  r e p o r t ,  t h e  conc lus i ons  

r e f l e c t  t h e  views o f  t h e  Environmental  Eva lua t i on  Group and do no t  n e c e s s a r i l y  

r e f l e c t  t h e  views o f  o thers .  

As t h e  t i t l e  o f  t h i s  r e p o r t  suggests, on l y  t h e  i ssues  d i r e c t l y  r e l a t e d  t o  t h e  

s u i t a b i l i t y  o f  t h e  s i t e  a r e  addressed here. Other i ssues  i n c l u d i n g  

t r a n s p o r t a t i o n ,  waste acceptance c r i t e r i a ,  t h e  absence o f  eng ineered b a r r i e r s ,  

and adherance t o  EPA and NRC r e g u l a t i o n s  w i l l  be d e a l t  w i t h  separa te ly .  



RESOLUTION OF SPECIF IC  ISSUES 



DISSOLUTION 

1.0 B lanke t  D i s s o l u t i o n  

Geologi s t s  who have s tud ied  t h e  Delaware Bas in  genera l  l y  agree t h a t  t h e  Ochoan 

e v a p o r i t e  depos i t s  o f  upper Permian age have undergone e r o s i o n  and sha l l ow  

d i s s o l u t i o n  i n  t h e  Basin. T h i s  r eg iona l  d i s s o l u t i o n  must have been i n i t i a t e d  

w i t h  t h e  t i l t i n g  o f  t h e  bas in  and i n j e c t i o n  o f  water from t h e  Capi tan a q u i f e r  

downdip t o  t h e  eas t  i n t o  t h e  e v a p o r i t e  depos i t s .  S ince h a l i t e  i s  t h e  most 

s o l u b l e  o f  t h e  ochoan evapor i tes ,  i t  has been d i s s o l v e d  where t h e  unsa tu ra ted  

waters  have managed t o  a t t ack  it. The sequence from t h e  o l d e s t  t o  t h e  

youngest o f  t h e  Delaware Basin evapo r i t es  i s  C a s t i l e ,  Sal ado and R u s t l e r  

fo rmat ions ,  r e s p e c t i v e l y .  F i gu re  1 shows t h e  western edges o f  t h e  C a s t i l e  and 

Salado h a l i t e .  The edge o f  t h e  s a l t  i n  t h e  youngest, i .e., t h e  R u s t l e r  

fo rmat ion ,  i s  f a r t h e r  east  and i t  c r i s s - c rosses  t h e  WIPP s i t e  i n  a  genera l  

no r t h - sou th  d i r e c t i o n  (F ig .  2). 

The e f f e c t s  o f  t h e  r eg iona l  d i s s o l u t i o n  neares t  t h e  WIPP s i t e  can be observed 

i n  Nash Draw, a  dog bone shaped depress ion immediate ly  west o f  t h e  WIPP s i t e .  

Nash Draw i s  approx imate ly  15 m i l e s  long  i n  t h e  no r t h - sou th  d i r e c t i o n  and i t s  

w i d t h  ranges from approx imate ly  5  m i l e s  t o  as much as 12 mi les .  Bachman 

(1980, 1981) s t u d i e d  and mapped t h i s  depress ion i n  d e t a i l  and concluded t h a t  

i t  has been formed by a  process o f  " s o l u t i o n  and f i l l  ," which i s  a c t i v e  

today. Based upon t h e  d a t i n g  o f  a  vo l can i c  ash l a y e r  assoc ia ted  w i t h  t h e  

Gatuna f o rma t i on  which i s  exposed a t  t h e  r i d g e  on t h e  eas te rn  marg in  o f  Nash 

Draw and us i ng  t h e  marker beds i n  Salado, Bachman (1980) concluded t h a t  about  

200 f e e t  o f  subsidence has occur red  i n  t h i s  depress ion  d u r i n g  t h e  pas t  600,000 

years.  Using t h i s  observa t ion ,  Bachman (1974) c a l c u l a t e d  an average r a t e  of 

330 f e e t  pe r  m i l l i o n  years  f o r  t h e  v e r t i c a l  d i s s o l u t i o n .  Assuming t h a t  t h e  

edge o f  t h e  Salado s a l t  has moved from t h e  Capi tan Reef f r o n t  t o  i t s  p resen t  

l o c a t i o n  d u r i n g  t h e  pas t  7  t o  8  m i l l i o n  yea rs  ( s i n c e  t h e  O g a l l a l a  t ime ) ,  

Bachman and Johnson (1973) concluded t h a t  t h e  h o r i z o n t a l  r a t e  o f  movement o f  

t h e  b l a n k e t  d i s s o l u t i o n  f r o n t  i s  about 6  t o  8 m i l e s  per  m i l l i o n  years. It 

should, o f  course, be recognized t h a t  these a r e  very rough average r a t e s  o f  

movement o f  t h e  d i s s o l u t i o n  f r o n t .  The f r o n t  i t s e l f  may be expected t o  move 

f a s t e r  under l e s s  a r i d  c l i m a t i c  cond i t i ons .  A lso,  an advancing "tongue" of 

t h e  f r o n t  may reach a  p o i n t  f a s t e r  than t h e  f r o n t  i t s e l f .  



Figure I.  Map of Delaware Basin showing location of Capi tan  reef, 
major dissolution depressions, and western dissolution of 
evaporites and of major sal t  units (from Anderson, 1981) 



Figure 2. Extent of removal of sa l t  from the Rustler formation 
a t  the WIPP s i t e  (Modified from Snyder, 1983) 



Using t h e  above r a t e s  f o r  h o r i z o n t a l  and v e r t i c a l  d i s s o l u t i o n ,  i t  can be shown 

t h a t  i t  would t a k e  approx imate ly  225,000 years  f o r  t h e  f r o n t  t o  t r a v e l  

approx imate ly  two m i l e s  t o  reach t h e  western edge o f  t h e  WIPP r e p o s i t o r y  and 

would s t a r t  d i s s o l v i n g  s a l t  f rom upper Salado, about 1500 f e e t  above t h e  

r e p o s i t o r y  hor izon.  It would then  r e q u i r e  a t  l e a s t  2  t o  3  m i l l i o n  years  f o r  

t h e  removal o f  1500 f e e t  o f  s a l t  by d i s s o l u t i o n ,  a t  t h e  r a t e  o f  330 t o  500 

f e e t  pe r  m i l l i o n  years. I n  s p i t e  o f  t h e  very approx imate n a t u r e  o f  t h e  

es t imated  r a t e s  o f  advance o f  t h e  d i s s o l u t i o n  f r o n t ,  and t h e  p o s s i b i l i t y  o f  a  

more r a p i d  advance o f  a  segment o f  t h e  f r o n t ,  these  c a l c u l a t e d  r a t e s  p rov i de  

s u f f i c i e n t  s a f e t y  from an advancing f r o n t  o f  b l a n k e t  sha l l ow  d i s s o l u t i o n  o f  

s a l t  towards t h e  WIPP s i t e .  

2.0 Deep D i s s o l u t i o n  

The hypo thes is  o f  p r e f e r e n t i a l  removal o f  s a l t  f rom t h e  lower  Salado and 

C a s t i l e  f o rma t i ons  has been c a l l e d  "Deep" d i s s o l u t i o n .  I n  a t t emp t i ng  t o  

c o r r e l a t e  t h e  varved e v a p o r i t e  sequence o f  t h e  C a s t i l e  f o rma t i on  and t h e  

o v e r l y i n g  Salado, Anderson e t  a1. (1 972) concluded t h a t  l a r g e  q u a n t i t i e s  o f  

bedded s a l t  were m i ss i ng  from t h e  midd le  o f  t h e  e v a p o r i t e  sequence near t h e  

cen te r  o f  t h e  basin.  Using t h e  c o r r e l a t i o n  o f  acous t i c  l o g s  across severa l  

l i n e s  i n  t h e  Delaware Basin, Anderson e t  a l .  (1978) concluded t h a t  ( a )  t h e  

p r e f e r r e d  d i s s o l u t i o n  hor i zons  from which s a l t  has been removed by d i s s o l u t i o n  

occur  between t h e  H a l i t e  I 1 1  s a l t  o f  t h e  C a s t i l e  fo rmat ion  and t h e  136 marker 

bed o f  t h e  Salado fo rmat ion ,  and (b )  t h e  l a r g e  depress ions i n  t h e  basin,  f i r s t  

i d e n t i f i e d  by Ma1 l e y  and H u f f i n g t o n  (1953), were t h e  r e s u l t  o f  s e l e c t i v e  

d i s s o l u t i o n  o f  lower  Salado s a l t  beds. Anderson (1981) f u r t h e r  developed t h e  

i d e a  o f  deep-seated d i s s o l u t i o n  and concluded t h a t  deep-seated d i s s o l u t i o n  has 

occurred around t h e  margin o f  t h e  bas in  where t h e  Cap i tan  a q u i f e r  i s  i n  

con tac t  w i t h  t h e  Permian e v a p o r i t e s  and w i t h i n  t h e  bas in  where s e l e c t i v e  

d i s s o l u t i o n  i n  t h e  lower  Salado has undercut t h e  o v e r l y i n g  s a l t  beds. He 

c a l c u l a t e d  t h a t  more than  70% o f  t h e  o r i g i n a l  s a l t  has a1 ready been removed 

from t h e  lower  Salado ho r i zon  i n  t he  basin.  

For t h e  mechanics s a l t  removal s a l t  th rough  t h e  process of deep d i s s o l u t i o n ,  

Anderson (1981) invoked t h e  " b r i n e  d e n s i t y  f l o w "  which had been proposed 

e a r l i e r  (Anderson and K i r k l a n d ,  1980) f o r  t h e  f o rma t i on  of b r e c c i a  p ipes.  

T h i s  mechanism r e q u i r e s  a  connec t ion  between t h e  lower  Salado and t h e  



u n d e r l y i n g  Delaware Mountain Group aqu i f e r .  It was hypothes ized t h a t  t h i s  

a q u i f e r  s u p p l i e s  unsa tu ra ted  water t o  t h e  o v e r l y i n g  e v a p o r i t e s  through a  

f r a c t u r e  system and t h e  b r i n e  produced a f t e r  d i s s o l u t i o n  o f  t h e  s a l t  i s  a l s o  

removed th rough  t h i s  a q u i f e r .  Using t h e  repo r t ed  (H iss ,  1975) values o f  

h y d r a u l i c  c o n d u c t i v i t y  o f  0.0049 m/day and a  c h l o r i n i t y  o f  150 g/R f o r  t h e  DMG 

a q u i f e r ,  Anderson (1981) c a l c u l a t e d  t h a t  t h i s  a q u i f e r ,  where i t  i s  i n  c o n t a c t  

w i t h  t h e  r ee f ,  can remove t h e  volume o f  s a l t  m i ss i ng  from t h e  Salado i n  1.5 

m i l  1  i o n  years.* 

--- - - ~ - - 

*There appears t o  be a  d iscrepency i n  Anderson's c a l c u l a t i o n  here.  

Accord ing t o  Anderson (1981),  F i g u r e  3, [ ( l o  - 49) + (13.9 - 3.8) ]  x  10" m 3  = 
7.11 x  1012 m 3  of s a l t  has been removed f rom lower  Salado. 

Fo r  h y d r a u l i c  c o n d u c t i v i t y ,  K = 0.173 m/day (maximum measured va lue )  
h y d r a u l i c  g rad ien t ,  i = 0.0025 m/m 

C1 = 150 gms/ l i  t e r  = 247 g /a  o f  NaCl 
= 247 kg/m3 o f  NaCl 

NaCl d e n s i t y  = 2.2 g/ml 
= 2200 kg/m3 

247 kg /m3 S a l t  removal i s  - -? = 0.112 m 3  s a l t / m 3  water  
2200 kg /m 

I f  t h e  t h i c k n e s s  o f  t h e  DMG a q u i f e r  i s  100 m y  t h e  v o l u m e t r i c  f l u x  o f  water  pe r  
one meter w i d t h  o f  a q u i f e r  i s  

I n  1.5 x  l o 6  years,  t h e  f l o w  i s  
15.8 x  1.5 x  l o 6  = 2.37 x  107'm3/m-width 

And t h e  amount of s a l t  removed i s  
0.112 x  2.37 x  l o 7  = 2.65 x  l o 6  m 3  sa l t /m - w i d t h  

I n  1.5 x  l o 6  y e a r s  

Width o f  Flow 
50 km 

100 km 
150 km 

Volume o f  Salt-Removed 
1.33 x  10" m "  

Even w i t h  conse rva t i ve  assumptions, t h e  volume o f  s a l t  removed as c a l c u l a t e d  
by EEG i s  20 t o  50 t imes  l e s s  than t h a t  c a l c u l a t e d  by Anderson. 



Wood e t  a1 (1982) conducted a  d e t a i l e d  s tudy o f  t h e  p o t e n t i a l  o f  t h e  DMG 

a q u i f e r  t o  remove t h e  d i s s o l v e d  s a l t  as hypothes ized by Anderson (1981). They 

s t u d i e d  t h e  p o t e n t i a l  d i s s o l u t i o n  mechanisms o f  d i f f u s i o n  and convec t ion  f rom 

t h e  ha1 i t e  zones o f  C a s t i l e  and Salado t o  t h e  B e l l  Canyon (DMG) and t h e  

Cap i tan  Reef a q u i f e r s ,  and reached t h e  f o l  l ow ing  conc lus ions.  

The d i f f u s i o n  and p o s s i b l y  very weak convec t ion  r e s u l t  i n  removal o f  h a l i t e  

f rom t h e  C a s t i l e .  Convect ion may be s i g n i f i c a n t  a t  l o c a t i o n s  ad jacen t  t o  

t h e  Cap i tan  Reef a q u i f e r .  

S a l t  removal by t h e  d i f f u s i o n  process would produce an advancement o f  t h e  

d i s s o l u t i o n  f r o n t  o f  o n l y  0.3 cen t imete r  i n  10,000 years .  

EEG (1983, pp. 75-93) has quest ioned severa l  assumptions and analyses 

con ta ined  i n  t h i s  s tudy bu t  has accepted t h e  conc lus i on  t h a t  t h e  known 

p r o p e r t i e s  o f  t h e  DMG a q u i f e r  make i t  an u n l i k e l y  pathway f o r  supply  and 

removal o f  wa te r  needed t o  c a r r y  ou t  t h e  d i s s o l u t i o n  a t  a  massive sca le  as 

asser ted  by Anderson (1981). 

Anderson (1982) countered t h a t  t h e  i n t e r p r e t a t i o n  o f  geophys ica l  l o g s  f rom 

hundreds o f  w e l l s  i n  t h e  bas in  c l e a r l y  shows t h a t  t h e  upper C a s t i l e  and l owe r  

Salado s a l t  i s  m i ss i ng  under a  l a r g e  p a r t  o f  t h e  bas in  and t h a t  i t  has been 

removed by d i s s o l u t i o n  d u r i n g  t h e  P le i s t ocene  t ime. I f  t h e  DMG a q u i f e r  was 

no t  t h e  pathway f o r  t h e  b r i n e  movement, then an a l t e r n a t e  pathway must account  

f o r  t h e  m i ss i ng  s a l t .  Anderson (1982) developed a  case f o r  t h e  upper 

Anhyd r i t e  l a y e r  i n  t h e  C a s t i l e  fo rmat ion  as t h e  condu i t  f o r  t h e  movement o f  

unsa tu ra ted  waters  f rom west t o  east. The b r i n e  produced by such d i s s o l u t i o n  

would escape th rough  t h e  Capi tan Reef t o  t h e  east. T h i s  mechanism i s  

i l l u s t r a t e d  i n  F i g u r e  3. 

There a r e  severa l  un reso l  ved ques t ions  i n  t h i  s  pos tu l  a t ed  mechani sm. Besides 

a  very  few i s o l a t e d  r e p o r t s  o f  minor q u a n t i t i e s  o f  water i n  t h e  upper C a s t i l e ,  

ma in ly  near  t h e  Pecos r i v e r  southwest o f  t h e  WIPP s i t e ,  t h e  o n l y  l i q u i d  found 

i n '  t h e  C a s t i l e  a n h y d r i t e  i s  i n  t h e  p ressur i zed  b r i n e  r e s e r v o i r s .  I n  s p i t e  o f  

a  l a r g e  number o f  boreholes which have been d r i l l e d  th rough  t h e  C a s t i l e ,  t h e r e  

i s  no i n d i c a t i o n  o f  t h e  ex i s t ence  o f  unsa tu ra ted  water f l o w i n g  th rough  t h i s  

zone. Therefore,  t h e  upper C a s t i l e  i s  no t  an a q u i f e r .  Also, t h e  two 
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p ressu r i zed  b r i n e  encounters which have been t es ted ,  d i s p l a y  v a r i e d  chemis t ry  

and pressures which suggests t h a t  t h e  two encounters  a r e  n o t  connected. 

F i n a l l y ,  t h e  s a l i n i t y  o f  t h e  Capi tan Reef t o  t h e  eas t  i s  low i n d i c a t i n g  t h a t  

i f  b r i n e s  a re  be ing  d ischarged i n t o  t h e  Reef a q u i f e r ,  t h e  volume must be ve ry  

smal l  i n  comparison t o  t h e  t o t a l  volume o f  f l o w i n g  water  i n  t h e  Reef. 

I t appeared i n  1982 t h a t  t h e  on l y  way t o  address t h e  ques t i on  o f  deep 

d i s s o l u t i o n  was t o  reexamine t h e  geophysical  l o g s  i n  t h e  b a s i n  and p r o v i d e  

a l t e r n a t e  exp lana t ions ,  i f  any, f o r  t h e  m i ss i ng  s a l t .  A t  EEG's suggest ion,  

t h i s  work was done by Sandia Na t i ona l  Labo ra to r i es .  Lambert (1983) has drawn 

two isopach maps, one f o r  t h e  composi te t h i c kness  o f  Anhyd r i t e  I, H a l i t e  I, 

Anhyd r i t e  I 1  and H a l i t e  I 1  o f  t h e  C a s t i l e  f o rma t i on  and ano ther  f o r  t h e  

composi te t h i c k n e s s  o f  t h e  C a s t i l e  f o rma t i on  and t h e  Salado f o rma t i on  beneath 

marker bed 136. These isopach maps a re  i nc l uded  here  as F i gu res  4 and 5. 

Lambert (1983) has used these  maps t o  argue t h a t  t h e  t o t a l  t h i c k n e s s  o f  

C a s t i l e  a n h y d r i t e / h a l i t e  p a i r e d  u n i t s  tend  t o  remain t h e  same th roughou t  much 

o f  t h e  Delaware Bas in  r ega rd l ess  o f  v a r i a t i o n s  i n  t h i c knesses  o f  i n d i v i d u a l  

h a l i t e  o r  a n h y d r i t e  beds; t h e  observed v a r i a t i o n s  i n  t h e  i n d i v i d u a l  beds a r e  

t h u s  syndeposi t i o n a l  o r  de fo rma t i  ona l  , not  d i  s s o l u t i  ona l  . Lambert (1983) 

f i n a l l y  concludes t h a t  t h e r e  i s  no p r e f e r e n t i a l  removal o f  any s a l t  ho r i zon  i n  

t h e  post-Permian t ime,  as ide  from t h e  d i s s o l u t i o n  i n  t h e  R u s t l e r  and upper 

Sal ado. 

EEG requested Anderson t o  comment on t h e  Lambert (1983) work and i t s  

conc lus ions.  I n  a  r e p o r t  submi t ted  t o  EEG i n  A p r i l  1983, Anderson (1983, a)  

c l a ims  t h a t  " (Lambert ' s )  conc lus ions  re1 ated t o  1  ower Sal ado d i s s o l u t i o n  a r e  

a lmost  comp le te ly  wrong." The main reason f o r  t h e  con fus ion ,  accord ing  t o  

Anderson, i s  t h e  l ack  o f  unders tanding o f  t h e  n a t u r e  o f  t h e  boundary between 

t h e  C a s t i l e  and Salado format ions.  I f  one does no t  recogn ize  t h e  uncon fo rmi ty  

between t h e  C a s t i l e  and t h e  Salado fo rmat ions  and t hus  i gno res  t h e  episode o f  

d i s s o l u t i o n  d u r i n g  t h e  pos t -Cas t i l e /p re -Sa lado  t ime,  one i s  assuming t h e  l owe r  

Salado and upper C a s t i l e  t o  be a  s i n g l e  u n i t .  When t h i s  i s  done, t h e  l a t e r a l  

t h i c k n e s s  changes a re  compensated and evidence f o r  l a t e r  s a l t  removal th rough  

d i s s o l u t i o n  disappears.  Fu r t he r ,  accord ing  t o  Anderson (1983, a) ,  if t h e  

t r u n c a t e d  re1 a t i o n s h i  ps a t  t h e  unconformi ty a re  recognized and used t o  

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

l a t e r  d i s s o l u t i o n .  



Figure 4. Isopach map o f  Anhydrite I ,  Halite I ,  ~ n h ~ d r i t e  11, and  Halite I1 
in the Castile Formation in the northern Delaware Basin (from 
Lambert, 1983) 



Figure  5. Isopach map o f  t h e  C a s t i l e  and lower Salado format ion  i n  
t h e  no r the rn  Del aware Basin (from Lambert, 1983) 



I n  another  r e p o r t ,  Anderson (1983, b)  has used a  no r t h - sou th  c ross - sec t i on  i n  

t h e  eas te rn  p a r t  of t h e  bas in  t o  i l l u s t r a t e  a  one by one t r u n c a t i o n  o f  t h e  

s a l t  beds i n  t h e  upper C a s t i l e  as one moves t o  t h e  nor th .  T h i s  l i n e  o f  

t r u n c a t i o n  i s  t h e  uncon fo rmi ty  between t h e  C a s t i l e  and t h e  Salado. Anderson 

(1983, b)  has used t h i s  unconformi ty  as an ev idence f o r  e ros i on  and 

d i s s o l u t i o n  d u r i n g  t h e  pos t -Cas t i  l e /p re -Sa l  ado t ime. By us i ng  two o t h e r  

c ross -sec t ions ,  Anderson shows h i s  evidence t h a t  t h e  m i ss i ng  s a l t  i s  i n  lower  

Salado and t h a t  t h e  e f f e c t s  o f  f a c i e s  change a re  separab le  f rom t h e  e f f e c t s  o f  

p r e f e r e n t i a l  removal o f  s a l t .  By c o r r e l a t i n g  t h e  area o f  t h e  bu l k  o f  t h e  

m iss ing  s a l t  w i t h  t h e  Ma1 l e y  and H u f f i n g t o n  (1953) depress ions,  Anderson 

concludes t h a t  t h e  d i  s s o l u t i o n  occurred d u r i n g  t h e  Pl  e i  stocene t ime  s i nce  t h e  

f i l l  i n  t he  upper p a r t  o f  t h e  depress ions i s  Gatuna, i.e. P l e i s t ocene  i n  age. 

3.0 Conc lus ions 

Roger Anderson has s tud ied  t h e  Ochoan e v a p o r i t e  sequence i n  t h e  Delaware Basi n  

i n  g r e a t  d e t a i l  over  a  p e r i o d  o f  a lmost 20 years. He has advanced some very  

compe l l i ng  evidence t h a t  a  l a r g e  amount o f  s a l t  from t h e  upper C a s t i l e  and 

l owe r  Salado u n i t s  i s  m iss ing ,  t h a t  t h e  absence o f  s a l t  f o l l o w s  a  p a t t e r n  

which d i s t i n g u i s h e s  i t  from f a c i e s  changes w i t h i n  i n d i v i d u a l  u n i t s  and t h a t  

t h e  removal of s a l t  i s  p r e f e r e n t i a l ,  s t r a taw i se .  The weakest argument i n  t h e  

Anderson hypo thes is  i s  t h e  t i m i n g  o f  deep d i s s o l u t i o n .  S ince t h e  assumption 

o f  t i m i n g  o f  predominant d i s s o l u t i o n  as l a t e  Cenozoic i s  based on an assumed 

age of t h e  Ma1 l e y  and H u f f i n g t o n  (1953) depress ions and t h e  age o f  t h e  bas in  

u p l i f t  and t i l t i n g ,  t h e r e  i s  room f o r  d i f f e r e n t  i n t e r p r e t a t i o n s  o f  t h e  t i m i n g  

o f  deep d i s s o l u t i o n .  

On t h e  o t h e r  hand, t h e  argument aga ins t  t h e  removal o f  s a l t ,  by assuming t h a t  

any absence o f  s a l t  i s  due t o  f ac i es  change, i s  no t  conv inc ing .  It i s  t r u e  

t h a t  t h e r e  does no t  seem t o  be a  v i a b l e  mechanism f o r  p r e f e r e n t i a l  removal o f  

s a l t  a t  dep th  d u r i n g  g e o l o g i c a l l y  recen t  t ime  o r  f o r  t h i s  t o  be an a c t i v e  

process. However, t h e  l ack  o f  unders tanding of a  mechani sm should  no t  be a  

reason t o  i g n o r e  t h e  evidence f o r  a  phenomenon. EEG, t h e r e f o r e ,  accepts t h e  

ex i s t ence  o f  deep-seated d i s s o l u t i o n  as a  s t rong  hypo thes is  t o  e x p l a i n  t h e  

m i  s s i  ng s a l t  a t  depth. 



F igu re  1 shows t h e  deep d i s s o l u t i o n  edges f o r  t h e  s a l t  u n i t s ,  as i n t e r p r e t e d  

by Anderson (1981). It should be noted t h a t  t h e  WIPP s i t e  i s  s i t u a t e d  i n  t h e  

n o r t h e r n  p a r t  o f  t h e  basin,  away from t h e  d i s s o l u t i o n  f r o n t s ,  i n  a r eg ion  

where deep d i s s o l u t i o n  has no t  y e t  reached. The neares t  p o i n t  o f  t h e  

d i s s o l u t i o n  edge from t h e  WIPP s i t e  i s  about 15 m i l e s  away. It would seem 

i r o n i c  t o  worry  about t h e  "deep d i s s o l u t i o n "  f r o n t  when t h e  f r o n t  o f  s h a l l o w  

"b l anke t  d i s s o l u t i o n "  l i e s  on l y  2-3 m i l e s  west o f  t h e  s i t e  and i s  known t o  be 

moving towards t h e  WIPP s i t e .  The reason f o r  t h i s  i r o n i c  concern i s ,  o f  

course, t h e  l ack  o f  unders tandi  ng o f  t h e  deep d i  sso l  u t i  on process. Accord ing 

t o  Anderson, t h e  bas in  has reached an advanced s tage o f  d i s s o l u t i o n  and 

should, t h e r e f o r e ,  be r e j e c t e d  f o r  nuc lea r  waste d i sposa l  , as a whole. The 

EEG does no t  subscr ibe  t o  t h i s  p o i n t  o f  view. 

There a re  f i v e  boreho les  a t  t h e  WIPP s i t e  (WIPP-9, 11, 12, 13 and DOE-1) which 

have pene t ra ted  t h e  lowermost a n h y d r i t e  bed ( A n h y d r i t e - I )  i n  t h e  C a s t i l e  

format ion.  These ho les  have been cored a t  se l ec ted  i n t e r v a l s  and geophys ica l  

l ogs  f o r  t h e  e n t i r e  depths have been obta ined.  I n  a d d i t i o n  t h r e e  ho les  

o u t s i d e  t h e  WIPP boundary, AEC-7 and 8 t o  t h e  no r t heas t  and ERDA-10 t o  t h e  

southwest were d r i l  l ed ,  cored and logged th rough  t h e  C a s t i l e  format ion.  None 

o f  these seven boreholes (F ig .  6 ) ,  not  t o  ment ion severa l  i n d u s t r y  boreholes 

around t h e  WIPP s i t e ,  show any evidence o f  ex tens i ve  d i s s o l u t i o n .  Th i s  p o i n t s  

t o  t h e  f a c t  t h a t  a t  l e a s t  t h e  immediate area sur round ing  t h e  WIPP s i t e  has n o t  

been a f f e c t e d  by deep d i s s o l u t i o n  and i s  no t  expected t o  be a f f e c t e d  i n  t h e  

immediate geo log i c  f u t u r e .  

Anderson (1983) has po in ted  out two f ea tu res ,  one on and t h e  o the r  near t h e  

WIPP s i t e ,  which may i n d i c a t e  t h e  p o s s i b i l i t y  o f  p o i n t  source d i s s o l u t i o n .  

One o f  these i s  t h e  encounter o f  t he  lower  Salado marker beds e.g. MB 

124, 75 f e e t  below t h e i r  expected l e v e l  i n  an i n d u s t r y  potash ho le  (F-92) 2 

m i l e s  n o r t h  of t h e  cen te r  o f  t h e  s i t e .  Accord ing t o  Davies (1983), t h i s  

anomaly extends t o  t h e  w e l l  WIPP-34. WIPP-14 was d r i l l e d  t o  e x p l o r e  t h i s  area 

bu t  was l o c a t e d  0.6 m i l e  t o  t h e  east o f  F-92 on t h e  bas i s  o f  a marked low i n  

t h e  g r a v i t y  da ta  which co inc i ded  w i t h  a se ismic  anomaly as we1 1 as a 

topograph ic  low. WIPP-14 found t h e  beds i n  R u s t l e r  and upper Salado 

e s s e n t i a l l y  a t  t h e  expected depths and d i d  no t  f i n d  any evidence o f  

b r e c c i a t i o n  o r  d i s s o l u t i o n .  However, i t  was d r i l l e d  o n l y  50 f e e t  i n t o  t h e  

Salado and d i d  no t  encounter  any marker beds i n  t h e  Salado. The o t h e r  f e a t u r e  

i s  f i v e  m i l e s  southeast o f  t h e  cen te r  o f  t h e  WIPP s i t e .  The acous t i c  l o g  of 



t h e  Perry  Federa l  # 1-31 w e l l  i n  t h a t  area (Sec. 31, T225, R32E) shows, 

accord ing  t o  Anderson, t h a t  200 f e e t  o f  in f racowden s a l t  i s  miss ing.  

I n  EEG's view, a  s i n g l e  h o l e  anomaly out o f  hundreds o f  w e l l s  d r i l l e d  t h rough  

t h e  Salado h o r i z o n  i n  t h e  n o r t h e r n  Delaware Basin, e s p e c i a l l y  when i t  i s  

o u t s i d e  t h e  WIPP r e p o s i t o r y  area, may no t  be very  s i g n i f i c a n t .  The s a f e t y  o f  

t h e  WIPP s i t e  f rom deep d i s s o l u t i o n  can be assured on t h e  b a s i s  o f  t h e  deep 

d i s s o l u t i o n  f r o n t s  (F ig .  1)  be ing  a  safe  d i s t a n c e  away from WIPP and on t h e  

r e s u l t s  o f  excava t ions  a t  t h e  r e p o s i t o r y  ho r i zon  a l ready  completed under t h e  

SPDV program. The 9000 ft. o f  d r i f t s  a1 ready completed i n c l u d e  a  one-mi le 

no r t h - sou th  d r i f t  (1 2  f e e t  h i gh  and 25 ft. wide) ,  another  nor th -sou th  d r i f t  

(1840 ft. long,  8 ft. h i g h  and 25 ft. wide) ,  s i x  east-west d r i f t s  (each 140 

ft. long,  8 ft. h i gh  and 25 ft. wide)  and f o u r  rooms (each 13 ft. high, 33 

ft. wide and 300 ft. long) .  The t h i ckness  and c o n t i n u i t y  o f  s t r a t a  d i s p l a y e d  

i n  a l l  t h i s  excava t ion  i s  d r a m a t i c a l l y  un i fo rm,  and t h e r e  i s  no evidence f o r  

d i s s o l u t i o n  a t  t h e  r e p o s i t o r y  ho r i zon  as seen i n  SPDV excavat ions.  

The o n l y  remain ing anomaly w i t h i n  t h e  WIPP s i t e  i s  t h e  depress ion  o f  l owe r  

Salado marker beds i n  t h e  w e l l  F-92. Anderson (1983) and Davies (1983) 

propose t h a t  t h i s  f e a t u r e  may have r e s u l t e d  from p o i n t  source d i s s o l u t i o n  a t  

depth. 

Recommendhtiohs 

The Department o f  Energy should eva lua te  t h e  depress ion  e x h i b i t e d  by t h e  

s t u c t u r e  con tours  on lower  Salado marker beds, cen te red  two m i l e s  n o r t h  o f  t h e  

c e n t e r  o f  t h e  s i t e  and should f i r s t  a t tempt  t o  p r o v i d e  a  reasonable  

exp lana t i on  f o r  t h i s  feature.  I f  t h e  p o s s i b i l i t y  o f  l ower  Salado d i s s o l u t i o n  

caus ing t h i s  f e a t u r e  cannot be e l im ina ted ,  then  a  d r i l l  ho l e  should  be d r i l l e d  

through t h e  e n t i r e  Salado and se lec ted  hor i zons  cored t o  i n v e s t i g a t e  t h e  cause 

f o r  t h i s  anomaly. The f e a t u r e  appears t o  be con f i ned  t o  F-92 and WIPP-34 area 

and WIPP-14 i s  o u t s i d e  o f  it. Therefore,  a  deepening o f  WIPP-14 w i l l  n o t  

answer t h e  quest ion.  

R. Y. Anderson made four  o t h e r  recommendations a t  t h e  May 12 and 13 meet ing i n  

Carlsbad, viz., co re  S l i c k  Sink, co re  one o f  t h e  Maley and H u f f i n g t o n  

depress ion,  c o r e  a  deep d i s s o l u t i o n  margi n  and i n v e s t i g a t e  t h e  r eg iona l  

hydrology of deep d i  s s o l u t i o n .  EEG has examined these  suggest ions c a r e f u l l y  



and has determined t h a t  i n  view o f  our acceptance o f  t h e  p o s s i b i l i t y  o f  deep 

d i s s o l u t i o n  i n  t h e  Basin, away from t h e  WIPP s i t e ,  i t  i s  n o t  necessary t o  

f u r t h e r  prove o r  d i sp rove  t h e  hypothesis.  Only t h e  f ea tu re ,  c l o s e  t o  t h e  

r e p o s i t o r y ,  which may i n d i c a t e  a p o i n t  source deep d i s s o l u t i o n ,  should  be  

i n v e s t i g a t e d .  
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BRECCIA PIPES 

1.0 D e f i n i t i o n  

B recc i a  p i pes  a re  v e r t i c a l  chimneys o f  b r e c c i a t e d  rock which extend 

th rough  severa l  l a y e r s  o f  i n t a c t  rock s t r a t a  t o  r o o t  i n  a  c o l l a p s e d  

c a v i t y .  These f e a t u r e s  a r e  found i n  many e v a p o r i t e  bas ins  o f  t h e  wor ld.  

The d iameter  o f  a  b r e c c i a  p i p e  i s  g e n e r a l l y  l e s s  t han  1000 f e e t .  

2.0 Confirmed Brecc ia  P ipes 

Vine (1960) i d e n t i f i e d  severa l  domal s t r u c t u r e s  i n  t h e  Delaware Bas in  

which have been exp lo red  d u r i n g  t h e  i n v e s t i g a t i o n s  f o r  WIPP, as p o s s i b l e  

b recc i a  pipes. A f t e r  ex tens i ve  i n v e s t i g a t i o n ,  t h e  ex i s t ence  of o n l y  two 

p i pes  ( H i l l s  A and C) has been conf i rmed. Geophysical and geo log i ca l  

s t ud ies  show t h a t  two o the rs  ( H i l l s  B  and Wil ls-Weaver)  a r e  a l s o  most 

l i k e l y  b r e c c i a  p ipes,  a l though  they have no t  been cored. A l l  f o u r  o f  

these  f e a t u r e s  appear t o  be s i t u a t e d  over  t h e  Capi tan Reef l imestone,  

which i s  a  p r o l i f i c  a q u i f e r  i n  t h e  area. These four  f e a t u r e s  as w e l l  as 

o t h e r  f ea tu res ,  p r e v i o u s l y  suspected t o  be b recc i a  p ipes  i n  t h e  Basin, a r e  

shown i n  F ig .  6. Davies (1983) has po in ted  ou t  t h a t  t h e  H i l l  ' C 1  b r e c c i a  

p i p e  i s  l o c a t e d  a t  t h e  southern edge o f  t h e  b u r i e d  Cap i tan  Reef and s i n c e  

t h e  boreho le  (WIPP-16), d r i l l e d  t o  exp lo re  t h i s  p ipe,  was d r i l l e d  on l y  t o  

t h e  l e v e l  o f  t h e  McNutt Potash Zone o f  t h e  Salado fo rmat ion ,  i t  i s  no t  

c l e a r  whether t h e  H i l l  ' C '  b r e c c i a  p i p e  r o o t s  i n  t h e  Capi tan aqu i f e r .  

T h i s  i s  a  v a l i d  argument, but  a l though  i t  i s  t r u e  t h a t  t h e  boreho le  

WIPP-16 was no t  d r i l l e d  deep enough t o  answer t h i s  ques t i on  unequ i voca l l y ,  

t h e  f e a t u r e  be ing  a t  t h e  edge o f  t h e  r e e f  i s  s u f f i c i e n t  cause t o  b e l i e v e  

t h a t  t h e  Cap i tan  Reef a q u i f e r  i s  r espons ib l e  i n  t h e  c r e a t i o n  o f  t h i s  

f ea tu re .  

Suspected Brecc ia  P ipes 

Besides boreholes WIPP-31 and WIPP-16 which were d r i l l e d  a t  h i l l s  A and C 

r e s p e c t i v e l y  t o  i n v e s t i g a t e  t h e  b r e c c i a  p ipes,  t h r e e  o t h e r  boreholes were 

d r i l l e d  a t  suspected b r e c c i a  p i p e  l o c a t i o n s  i n  t h e  Basin. Borehole  



WIPP-32, 12 m i l e s  west o f  t h e  cen te r  o f  t h e  WIPP s i t e ,  was d r i l l e d  i n  a  

smal l  topograph ic  h i g h  which had been descr ibed  by Vine (1963) as a  domal 

k a r s t  fea tu re .  These f e a t u r e s  (domal k a r s t )  have been e x t e n s i v e l y  s t u d i e d  

by Bachman (1982). The boreholes WIPP-13 and WIPP-33 were a l s o  d r i l l e d  

t o  exp lo re  t h e  presence o f  p o s s i b l e  b r e c c i a  pipes. There was a marked 

e l e c t r i c a l  r e s i s t i v i t y  anomaly a t  WIPP-13 and a prominent topograph ic  

depress ion  e x i s t s  a t  t h e  l o c a t i o n  where WIPP-33 was d r i l l e d .  Col lapsed 

b r e c c i a  was no t  found a t  e i t h e r  o f  t h e  we1 1s. 

Anderson and K i  r k l  and (1980) have descr ibed  t h e  occurrence o f  c o l  1  apse 

b r e c c i a  i n  a  boreho le  i n  Cul berson County, Texas, about 55 m i l e s  south o f  

t h e  WIPP s i t e  (see Fig.  6). Anderson ( i n  Chaturvedi ,  1980) has desc r i bed  

occurrences o f  " C a s t i l e s "  which a r e  mounds o f  b r e c c i a t e d  rock t h a t  ou tc rop  

a few m i l e s  south o f  t h e  New Mexico-Texas border ,  south o f  t h e  WIPP s i t e .  

Both these  occurrences a re  i n  t h e  exhumed western p a r t  o f  t h e  Delaware 

Basin which has a1 ready undergone ex tens i ve  d i s s o l u t i o n .  These a re  n o t  

" a c t i v e "  fea tu res .  

Mechanics and Time o f  Format ion 

Snyder and Gard (1982) have s tud ied  t h e  known occurrences o f  b r e c c i a  

pipes. The one s tud ied  i n  most d e t a i l  i s  t h e  H i l l  ' C '  b r e c c i a  p i p e  which 

i s  a l s o  encountered a t  t h e  McNutt Potash Zone o f  t h e  Salado f o rma t i on  i n  

t h e  M i s s i s s i p p i  Chemical Company potash mine, 1200 f e e t  below t h e  

sur face.  From t h e  s tudy o f  t h i s  exposure, t h e  co re  o f  WIPP-16 d r i l l e d  i n  

t h i s  p i p e  and t h e  core  o f  WIPP-31 d r i l l e d  i n  t h e  H i l l  ' A '  b r e c c i a  p ipe,  

Snyder and Gard (1982) have concluded t h a t  t h e  b r e c c i a  p ipes  a re  formed 

due t o  t h e  c o l l a p s e  o f  o v e r l y i n g  rocks i n  s o l u t i o n  c a v i t i e s  i n  t h e  Cap i tan  

Reef a q u i f e r .  T h i s  appears t o  be a reasonable exp lana t ion .  Bachman 

(1980) has hypothes ized t h a t  t h e  l o c a t i o n  o f  a l l  t h e  known b r e c c i a  p i p e s  

i n  a  smal l  area over  t h e  r e e f  i s  due t o  t h e  presence o f  an o l d  submarine 

canyon i n  t h e  r e e f  i n  t h i s  area. On t h e  bas i s  o f  t h e  presence o f  

Mescalero C a l i  che over  t h e  b r e c c i a  p ipes,  Bachman (1980) a1 so concluded 

t h a t  t h e  c o l l a p s e  occur red  p r i o r  t o  t h e  d e p o s i t i o n  o f  t h i s  c a l i c h e  l a y e r ,  

i.e., more than  500,000 years  ago. 
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EEG Concl us i ons  

A f t e r  cons ide r i ng  a l l  t h e  a v a i l a b l e  evidence on t h i s  quest ion,  EEG has 

concluded t h a t  t h e  b r e c c i a  p ipes ,  by themselves, do no t  pose a  t h r e a t  t o  

t h e  WIPP r e p o s i t o r y .  T h i s  conc lus i on  i s  based on t h e  f o l l o w i n g  

obse rva t i  ons. 

A f t e r  ex tens i ve  i n v e s t i g a t i o n  i n  t h e  Delaware Basin area, t h e  

ex i s t ence  o f  on l y  two p i pes  (Hi1  1s A and C) has been conf i rmed. 

Geophysical and g e o l o g i c a l  s t ud ies  show t h a t  two o the rs  ( H i l l  B and 

Wil ls-Weaver)  a re  a l s o  most l i k e l y  b r e c c i a  pipes, a l though  they  have 

no t  been cored. A l l  these p ipes  a re  l o c a t e d  over  t h e  Capi tan Reef 

l imestone,  which i s  a  p r o l i f i c  a q u i f e r  i n  t h e  area. The exhumed 

b r e c c i a  p i pes  i n  t h e  bas in ,  e.g. t h e  C a s t i l e s ,  a re  no t  a c t i v e l y  

develop ing.  

Ex tens ive  potash m in i ng  ope ra t i ons  i n  t h e  Delaware Basin have 

encountered o n l y  one b r e c c i a  p i p e  ( H i l l  C) i n  t h e  subsurface, and i t  

a l s o  i s  most l i k e l y  l o c a t e d  over  t h e  Reef; a l though  due t o  t h e  l ack  o f  

s u f f i c i e n t  bo reho le  c o n t r o l  around H i l l  C, i t s  l o c a t i o n  over  t h e  r e e f  

i s  no t  conf  i rmed. 

Several f e a t u r e s  i n  t h e  Delaware Bas in  ( V i n e ' s  Domes--Vine, 1960) a r e  

c l e a r l y  t h e  r e s u l t  o f  e i t h e r  near -su r face  d i s s o l u t i o n  o r  s u r f i c i a l  

e r o s i o n  (Ka rs t  domes o r  mounds--Bachman, 1980). 

Three ho les  (WIPP-13 and 32 and 33) were s p e c i f i c a l l y  d r i l l e d  t o  

exp lo re  suspected b r e c c i a  p i pes  i n  t h e  bas in  bu t  d i d  no t  encounter  

b r e c c i a t e d  s t r a t a  i n  t h e  subsurface. 

The e x p l a n a t i o n  (Bachman, 1980) t h a t  t h e  known b r e c c i a  p ipes  were 

formed i n  t h e  area near an o l d  submarine canyon i n  t h e  Cap i tan  Reef, 

about 500,000 years  ago, seems t o  be a  reasonable exp lana t i on  f o r  t h e  

f o rma t i on  o f  b recc i a  p ipes.  



EEG has c a l c u l a t e d  t h e  e f f e c t  o f  a  h y p o t h e t i c a l  b r e c c i a  p i p e  

deve lop ing  under t h e  r e p o s i t o r y  and has concluded t h a t  t h e  

r a d i o l o g i c a l  impact o f  such a  f e a t u r e  r e t u r n i n g  r a d i o a c t i v e  m a t e r i a l s  

t o  t h e  b iosphere  would be i n s i g n i f i c a n t  (Sp ieg le r ,  1982). 

The ques t i on  o f  b r e c c i a  p i p e  f o rma t i on  r ep resen t i ng  deep d i s s o l u t i o n  

th rough  b r i n e  d e n s i t y  f l o w  (Anderson and K i  r k l  and, 1980) i s  d iscussed i n  

t h e  sec t i on  on Deep D i s s o l u t i o n .  
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BRINE RESERVOIRS 

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

W i t h i n  a  few m i l e s  o f  t h e  WIPP s i t e  t h e r e  have been t h i r t e e n  repo r t ed  b r i n e  

encounters d u r i n g  d r i l l i n g  i n  t h e  upper a n h y d r i t e  l a y e r  o f  t h e  C a s t i l e  

Format ion w i t h  s u f f i c i e n t  p ressure  t o  produce s i g n i f i c a n t  f l o w  a t  t h e  l and  

sur face  (F i gu res  7 and 8). A d d i t i o n a l  ly,  Snyder (1983) documents b r i n e  

occurrences i n  t h e  upper a n h y d r i t e  l a y e r  o f  t h e  C a s t i l e  f o rma t i on  w i t hou t  

s u f f i c i e n t  p ressure  t o  produce a  s i g n i f i c a n t  su r f ace  b r i n e  f low.  These 

non f l ow ing  a r t e s i a n  b r i n e s  (1 abeled as sub-a r tes ian  on F igu re  7) a re  g e n e r a l l y  

concen t ra ted  a long  and west o f  t h e  Pecos R i ve r ;  however, a  few s c a t t e r e d  

occurrences a r e  r epo r t ed  eas t  o f  t h e  Pecos River .  The f l o w i n g  a r t e s i a n  b r i n e s  

a re  o f  most concern and w i l l  be d iscussed i n  d e t a i l .  

Dur ing  t h e  c h a r a c t e r i z a t i o n  o f  t h e  WIPP s i t e ,  two w e l l s  encountered p r e s s u r i z e d  

a r t e s i a n  b r i n e  which f lowed t o  t h e  su r f ace  a t  t e s t  ho les  ERDA-6 and WIPP-12 

(F i gu re  8). A t  EEG1s i n s i s t e n c e ,  DOE has t e s t e d  bo th  encounters  t o  o b t a i n  

h y d r o l o g i c a l  and geochemical da ta  (DIAppolonia,  1982). Both DOE and EEG have 

independent l y  analyzed these data. DOE has repo r t ed  i t s  f i n d i n g s  i n  Pop ie l  ak, 

e t  a l .  (1983) w h i l e  EEG has repo r t ed  i t s  f i n d i n g s  i n  S p i e g l e r  (1982), S p i e g l e r  

(1983) and F a i t h  e t  a l .  (1983). Al though t h e  s tud ies  o f  these  two encounters  

undoubtedly have improved t h e  s c i  en t  i f i c  unders tandi  nq o f  such phenomenon, 

conc lus ions  drawn from t h e  ERDA-6 and WIPP-12 t e s t i n g  a re  a p p l i c a b l e  t o  o n l y  

t h o s e  two encounters. 

2.0 Occurrence 

From F i g u r e  7, i t  appears t h a t  t h e  b r i n e  encounters i n  boreho les  do no t  occur  

randomly. Two l a r g e  groups o f  encounters a re  observed no r t heas t  and east  o f  

t h e  WIPP s i t e .  The l o c a t i o n  o f  these two groups appears t o  i n d i c a t e  a  

r e l a t i o n s h i p  between t h e  p ressu r i zed  b r i n e s  and t h e  Capi tan Reef. The WIPP-12, 

Belco, and Danford encounters a r e  i s o l a t e d  and away f rom t h e  Reef. Al though 

non-random, t h e  occurrences do no t  f o l l o w  a  c o n s i s t e n t  p a t t e r n .  

I n  each boreho le  t h a t  encountered p ressu r i zed  b r i n e ,  t h e  b r i n e  was l o c a t e d  i n  

t h e  upper a n h y d r i t e  o f  t h e  C a s t i l e  Formation, g e n e r a l l y  a n h y d r i t e  111. The 
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from reference 1. 



occurrence appears t o  be assoc ia ted  w i t h  s t r u c t u r a l  f e a t u r e s  i n  t h e  C a s t i l e .  

However, every  d r i l l  h o l e  i n t o  a  s t r u c t u r e  has no t  encountered b r i ne .  The 

genera l  consensus i s  t h a t  t h e  b r i n e s  occur w i t h i n  t h e  f r a c t u r e d  upper C a s t i l e  

a n h y d r i t e  i n  areas o f  s t r u c t u r a l  deformat ion.  

3.0 H y d r a u l i c s  

Ex tens ive  d r i l l  stem and f l o w  t e s t i n g  o f  bo th  ERDA-6 and WIPP-12 have y i e l d e d  

da ta  on t h e  p e r m e a b i l i t y  o f  t h e  two rese rvo i r s .  I n  bo th  we1 1s he te rogene i t y  o f  

p e r m e a b i l i t y  was observed. Shor t  t e s t s  produced h i g h  f l ows  o f  b r i n e  and 

assoc ia ted  h i gh  permeabi 1  i t i e s .  The l onge r  f l o w  t e s t s  were c h a r a c t e r i z e d  by 

sma l l e r  f l ows  and sma l l e r  p e r m e a b i l i t i e s .  

The r e p r e s e n t a t i v e  c a l c u l a t e d  perrneabil  i t i e s  (Pop ie lak  e t  a1 , 1983; Sp ieg le r ,  

1982) f o r  t h e  s h o r t  and l o n g  t e s t s  i n  ERDA-6 and WIPP-12 a re  l i s t e d  below. 

Long t e s t s  Shor t  t e s t s  

ERDA-6 1 - 3  md 10 - 13 md 

WIPP-12 6  - 17 md 2000 - 5000 md 

I n  each we1 1, t h e  b r i n e  was produced from f r ac tu res .  There fo re ,  t h e  c a l c u l a t e d  

p e r m e a b i l i t i e s  based on porous media r a d i a l  f l o w  t heo ry  a re  rough 

approx imat ions.  I n  a d d i t i o n ,  t h e  permeabi l  i t i e s  were c a l c u l a t e d  from t h e  

p e r m e a b i l i t y  - t h i c k n e s s  product ,  where t h e  t h i ckness  was no t  t h e  l e n g t h  o f  a  

f r a c t u r e  encountered, but  r a t h e r  t h e  i n t e r v a l  i s o l a t e d  by t h e  packers. 

A1 though approximate, t h e  da ta  c l e a r l y  i n d i c a t e  t h e  g r e a t e r  perrneabi 1  i ty  

assoc ia ted  w i t h  t h e  WIPP-12 encounter.  

The h y d r a u l i c  t e s t i n g  showed t h a t  t h e  h i gh  i n i t i a l  f lows from t h e  two t e s t e d  

r e s e r v o i r s  a r e  sus ta ined  f o r  o n l y  a  sho r t  t ime. 

The wel lhead pressures on March 19, 1983, a t  ERDA-6 and WIPP-12 were 552 and 

162 ps ig ,  r e s p e c t i v e l y .  These pressures correspond t o  a  column o f  b r i n e  

ex tend ing  above t h e  we1 lhead  f o r  1047 ft. and 307 ft., f o r  ERDA-6 and WIPP-12, 

r e s p e c t i v e l y .  



4.0 S ize  - 

DOE (Popie lak,  e t  al., 1983) est imates t h e  r e p r e s e n t a t i v e  volumes of t h e  ERDA-6 

and WIPP-12 b r i n e s  as 630,000 bb l  and 17 x l o 6  b b l ,  r e s p e c t i v e l y .  Based on 

p r e l i m i n a r y  da ta  EEG es t imated  t h e  volumes t o  be between 60,000 b b l  and 120,000 

bb l  f o r  ERDA-6 and between 5 x l o 6  bb l  and 10 x l o 6  bb l  f o r  WIPP-12 (Sp ieg le r ,  

1982). Using t h e  most recen t  da ta  p rov ided  by DOE, EEG c a l c u l a t e s  t h e  ERDA-6 

b r i n e  volume t o  be between 170,000 bb l  and 340,000 bb l .  The WIPP-12 volume 

remains unchanged. 

The volume i s  c a l c u l a t e d  by 

where AV = volume o f  f l u i d  d ischarged 

AP = r e s e r v o i r  pressure d e p l e t i o n  

C t  = t o t a l  system c o m p r e s s i b i l i t y  which i n  most s i t u a t i o n s  can be 

approximated by t h e  pore-volume compressi b i  1  i ty  

( $ K ) - l  = i nve rse  po ros i t y - rock  bu lk  modulus product ;  used by DOE t o  

c a l c u l a t e  t h e  pore-volume c o m p r e s s i b i l i t y  

The sma l le r  EEG es t ima te  f o r  t h e  ERDA-6 volume i s  due t o  t h e  assumption of a 

l a r g e r  compress ib i l  i t y .  C o m p r e s s i b i l i t y  w i l l  be discussed l a t e r .  The s m a l l e r  

EEG es t ima te  o f  t h e  WIPP-12 volume i s  due t o  EEG's u t i l i z a t i o n  o f  a  subset o f  

t h e  WIPP-12 da ta  and a  l a r g e r  c o m p r e s s i b i l i t y .  The volume d ischarged and 

p ressure  d e p l e t i o n  used by EEG were those as o f  January, 1982 whereas DOE uses 

t h e  data th rough March, 1983. Since t h e  WIPP-12 b r i n e  encounter  i s  c l o s e r  t o  

t h e  s i t e ,  l a r g e r  i n  volume, and has a  l a r g e r  p e r m e a b i l i t y  than t h e  ERDA-6 

encounter, subsequent d i scuss ion  w i  11 concent ra te  on WIPP-12. 

The c o m p r e s s i b i l i t i e s  used by bo th  EEG and DOE a r e  l a r g e l y  crude est imates.  

F i gu re  9  d e p i c t s  t h e  v a r i a t i o n  i n  DOE'S c a l c u l a t e d  r e s e r v o i r  volume as a  

f u n c t i o n  o f  p o r o s i t y  ( $ )  and rock bu lk  modulus ( K ) ,  where C t  = ( 4 ~ ) ' ~ .  The 

r e p r e s e n t a t i v e  volume presented by DOE f a l l s  near t h e  cen te r  o f  t h e  regions. 
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EEG has adopted t h e  l a r g e r  DOE es t imates  as reasonable,  r ecogn i z i ng  t h e  

approximate n a t u r e  o f  t h e  volume est imates.  

Given an es t ima te  o f  t h e  b r i n e  volume, a l b e i t  a  rough one, t h e  nex t  l o g i c a l  

s t ep  i s  t o  e s t i m a t e  an area over  which t h e  b r i n e  i s  conta ined.  The area i s  

ob ta ined  f rom Popie lak,  e t  a l .  (1983), as, 

where A = a rea  

V = volume o f  b r i n e  

H = t h i c kness  o f  a n h y d r i t e  t h a t  con ta i ns  b r i n e  

$ = p o r o s i t y  

It i s  i n t e r e s t i n g  t o  no te  t h a t  because t h e  t o t a l  c o m p r e s s i b i l i t y  ( C t )  i s  

c a l c u l a t e d  as t h e  p o r o s i t y  - rock bu lk  modulus product ,  t h e  c a l c u l a t e d  area i s  

independent o f  p o r o s i t y .  The on l y  v a r i a b l e  i n  t h e  area c a l c u l a t i o n  i s  t h e  

t h i c k n e s s  o f  a n h y d r i t e  t h a t  con ta i ns  b r i ne .  The area o f  t h e  WIPP-12 b r i n e  as a  

f u n c t i o n  o f  t h i c kness  and rock bu lk  modulus i s  presented i n  F igures  10. 

F i g u r e  11 i s  a  map o f  t h e  WIPP s i t e  showing t h e  area o f  t h e  WIPP-12 b r i n e  

assuming t h e  bu lk  modulus K = 2  x  l o 6  p s i  f o r  v a r i o u s  r e s e r v o i r  th icknesses.  

A lso  i nc l uded  on F i g u r e  11 i s  t h e  se ismic  t i m e  s t r u c t u r e  on t h e  m idd le  of t h e  

C a s t i l e .  The c a l c u l a t e d  areas f o r  WIPP-12 a l l  ex tend w e l l  beyond t h e  l i m i t s  o f  

t h e  apparent domal s t r u c t u r e .  

I n  summary i t i s  apparent t h a t  any volume o r  a rea l  ex ten t  e s t i m a t e  f o r  t h e  

b r i n e  encounters  i s  o f  1 i m i  t e d  accuracy. However, these  es t imates  i n d i c a t e  

t h a t  t h e  WIPP-12 b r i n e  cou ld  extend beneath t h e  r e p o s i t o r y .  

5.0 Geochemical Data 

Ex tens ive  chemical ana lyses (D l  Appoloni  a, 1982) have produced a  wea l th  o f  

data.  I n  a d d i t i o n  t o  major  and minor  element chemical  de te rmina t ions ,  t r a c e  

and i s o t o p i c  chemical ana lyses were performed. 
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I n t e r p r e t a t i o n  o f  t h e  major  and minor  element chemical da ta  by EEG (Fa i t h ,  e t  

al., 1983) has l e d  t o  t h e  f o l l o w i n g  conc lus ions.  

Small, y e t  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  chemis t ry  o f  t h e  

ERDA-6 and WIPP-12 b r i n e s  a r e  ev ident .  

W i th i n  t h e  accuracy o f  thermodynamic e q u i l i b r i u m  model ing, t h e  ERDA-6 and 

WIPP-12 b r i n e s  a re  sa tu ra ted  w i t h  c a l c i t e ,  anhydr i te ,  g l  auber i  t e  and 

dolomite.  The ERDA-6 b r i n e  i s  s l i g h t l y  undersa tu ra ted  w i t h  h a l i t e  and t h e  

WIPP-12 b r i n e  i s  n e a r l y  sa tu ra ted  w i t h  h a l i t e .  The p o t e n t i a l  f o r  

d i  sso l  v i  ng a d d i t i o n a l  ha1 i t e  o r  anhydr i  t e  i s  cons idered t o  be minimal . 
The r e l a t i o n s h i p  between t h e  bromide con ten t  and t h e  t o t a l  d i sso l ved  s o l i d s  

i n  t h e  b r i n e s  i n d i c a t e s  t h e  b r i n e s  a re  a t t r i b u t a b l e  t o  seawater evapora t ion  

and a d d i t i o n a l  h a l i t e  d i s s o l u t i o n .  The source of water  f o r  t h e  h a l i t e  

d i s s o l u t i o n  i s  unc lear .  

The ERDA-6 and WIPP-12 b r i n e s  appear t o  be n e a r l y  sa tu ra ted  w i t h  h a l i t e ,  

t he re fo re ,  t h e  need t o  determine t h e  o r i g i n a l  mechanism o f  h a l i t e  d i s s o l u t i o n  

may be o f  academic i n t e r e s t  only.  Suggested mechani sms f o r  a d d i t i o n a l  ha1 i t e  

d i s s o l u t i o n  i nc l ude :  (1)  dehydra t ion  of gypsum a t  depth, ( 2 )  i n t r o d u c t i o n  o f  

m e t e o r i c a l l y  de r i ved  water d u r i n g  Permian exposure, ( 3 )  m i x i ng  o f  groundwater 

f rom t h e  u n d e r l y i n g  Be1 1  Canyon a q u i f e r  w i t h  subsequent i s o l a t i o n  by 

r e c r y s t a l  1  i z a t i o n  o r  h e a l i n g  o f  f r a c t u r e  pathways, and ( 4 )  combinat ions o f  t h e  

above . 
I n t e r p r e t a t i o n  o f  t h e  i s o t o p i c  da ta  by EEG (Sp ieg le r  and Updegraff, 1983; 

Fa i t h ,  e t  al., 1983) suggests t h e  f o l l o w i n g  conc lus ions :  

Many o f  t h e  s t a b l e  i so tope  f r a c t i o n a t i o n s  i n d i c a t e  e q u i l i b r i u m .  However, 

t h e  c a l c i t e  water  f r a c t i o n a t i o n ,  which does no t  i n d i c a t e  e q u i l i b r i u m ,  

suggests t h a t  t h e  water was no t  enr iched i n  18-oxygen by exchange w i t h  

carbonates o f  t h e  C a s t i l e  format ion.  The f r a c t i o n a t i o n  o f  carbon between 

do lom i te  and c a l c i t e  f o r  WIPP-12 suggests t h a t  t h e  do lom i te  and c a l c i t e  a r e  

no t  cogenet i c  i n  t h e  sense o f  having been p r e c i p i t a t e d  from t h e  same 

s o l u t i o n  under t h e  same cond i t i ons .  
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The oxygen-18 and deuter ium concen t ra t i on  o f  t h e  b r i n e s  i s  unique compared 

t o  water i n  o t h e r  nearby a q u i f e r s  ( F i g u r e  12). A v a r i e t y  o f  source waters  

and i s o t o p e  a l t e r a t i o n  pathways were considered. The hypotheses t h a t  t h e  

b r i n e s  cou ld  have o r i g i n a t e d  from waters o f  t h e  B e l l  Canyon Format ion o r  

Cap i tan  Reef i n  recen t  geo log i c  t ime  d i d  no t  seem p l a u s i b l e .  The ERDA-6 

and WIPP-12 b r i n e s  were p robab ly  de r i ved  f rom anc ien t  ocean waters t h a t  

have been i s o t o p i c a l l y  enr i ched  i n  oxygen-18 by exchange i n t e r a c t i o n  w i t h  

rock. The dehyd ra t i on  o f  gypsum as a process o f  b r i n e  o r i g i n  cannot be 

r u l e d  out. 

Analyses o f  uranium d i s e q u i l i b r i u m  da ta  y i e l d  o n l y  genera l  conc lus ions.  

The 2 3 4 ~  i n  t he  ERDA-6 and WIPP-12 b r i n e s  i s  no t  i n  secu la r  e q u i l i b r i u m  

w i t h  2 3 8 ~ .  The d i s e q u i l i b r i u m  probably  r e s u l t s  f rom t h e  p r e f e r e n t i a l  

l each ing  o f  2 3 4 ~  f rom f r a c t u r e s  i n  anhydr i te .  T h i s  l e a c h i n g  may be an  

ongoing process. N e i t h e r  t h e  t r u e  age o f  t h e  b r i ne ,  no r  t h e  age of 

f r a c t u r i n g  i s  de te rmi  nab1 e w i t h  any degree o f  conf idence.  

6.0 I n t e r c o n n e c t i o n  o f  B r i n e  Occurrences 

Based on t h e  f o l l o w i n g  evidence, t h e  WIPP-12 and ERDA-6 b r i n e  occurrences a r e  

n o t  l i k e l y  t o  be connected t o  each other .  

The p ressure  p o t e n t i a l s  o f  t h e  two encounters a re  s i g n i f i c a n t l y  d i f f e r e n t .  

However, t h i s  i n  i t s e l f  does no t  c o n s t i t u t e  p roo f  o f  sepa ra t i on  as p ressure  

p o t e n t i a l  d i f f e r e n c e s  w i t h i n  r e s e r v o i r s  i s  an i n d i c a t i o n  o f  f l u i d  movement. 

The c a l c u l a t e d  areas, a l b e i t  approximate, f o r  WIPP-12 and ERDA-6 do no t  

over lap.  

The geochemical data  suggest a l a c k  o f  communication between t h e  ERDA-6 and 

WIPP-12 r e s e r v o i  rs .  

The l ack  o f  communication between t h e  ERDA-6 and WIPP-12 b r i n e s  does no t  imp ly  

t h a t  a1 1 b r i n e  encounters  represen t  i sol  a ted b r i n e  pockets.  



7.0 O r i g i n  o f  B r i n e  

The t e s t s  performed on t h e  b r i n e s  o f  ERDA-6 and WIPP-12, which i n c l u d e  

h y d r o l o g i c a l  t e s t s ,  major  and minor  element chemis t ry  analyses,  i s o t o p e  

geochemical analyses, uranium d i s e q u i l i b r i u m  measurements, and he1 ium 

c o n c e n t r a t i o n  i n  gases o f  b r i nes ,  have y i e l d e d  da ta  which a l l o w  a  d i scuss ion  of  

t h e  f o l l o w i n g  p o s s i b i l i t i e s  o f  t h e  o r i g i n .  

Anc ien t  seawater. Major  and m i  no r  element geochemical da ta  and s t a b l e  

i s o t o p e  data f a v o r  t h i s  hypothes i  s. 

Delaware Mountain Group a q u i f e r  water. Not 1  i k e l y  because o f  geochemical 

and s t a b l e  i s o t o p e  data. 

Capi tan Reef water. S t i l l  i m p l i c a t e d  when e s t i m a t i n g  t h e  age o f  b r i n e s  

us ing  uranium d i s e q u i l i b r i u m  data. A lso  i m p l i c a t e d  by p r o x i m i t y  t o  a  

m a j o r i t y  o f  b r i n e  encounters. Less l i k e l y  based on geochemical and s t a b l e  

i so tope  data.  

Water f rom dehyd ra t i on  o f  gypsum t o  anhyd r i t e .  S tab le  i s o t o p e  compos i t i on  

o f  water  i n  b r i n e s  f avo rs  t h i s  hypothesis.  

Meteor i c  water. Not l i k e l y  because o f  geochemical and s t a b l e  i s o t o p e  data. 

7.1 Aqe o f  B r i n e  

There i s  no consensus on es t imates  o f  t h e  age of t h e  b r i ne .  The major  and 

minor element chemis t ry  da ta  and t h e  s t a b l e  i s o t o p e  da ta  i n d i c a t e  a n c i e n t  

seawater. T h i s  hypo thes is  i n d i c a t e s  t h a t  t h e  water  has been separated from t h e  

b iosphere f o r  tens  o f  m i l l i o n s  o f  years. The uranium d i s e q u i l i b r i u m  age d a t i n g  

i s  very specu la t i ve  s i nce  i t  r e q u i r e s  numerous assumptions. Wi th  a  range o f  

parameters and i n i t i a l  cond i t i ons ,  The c a l c u l a t e d  b r i n e  "age" range f rom a  

nega t i ve  age t o  2 m i l l i o n  years  (Fa i t h ,  e t  a l ,  1983). 



8.0 B r i n e  Rese rvo i r s  as a  Threa t  t o  t h e  P r o ~ o s e d  R e ~ o s i t o r v  

The southern p a r t  o f  Zone I 1  o f  t h e  WIPP s i t e  appears t o  be more g e o l o g i c a l l y  

p r e d i c t a b l e  based on se ismic  and core  h o l e  da ta  than  t h e  d i s t u r b e d  zone t o  t h e  

nor th .  As no s t r u c t u r e  o t h e r  than  t h e  WIPP-12 a n t i c l i n e  i s  seen i n  t h e  se ismic  

p r o f i l e s  i n  zone 11, t h e  p r o b a b i l i t y  o f  t h e  presence o f  b r i n e  i n  t h e  southern 

p a r t  o f  Zone I 1  appears t o  be low. Es t imates  o f  t h e  area o f  b r i n e  i n c l u d e  t h e  

zone beneath t h e  proposed r e p o s i t o r y .  Because t h e r e  i s  no c u r r e n t l y  

a v a i l a b l e  method t o  prove a b r i n e  r e s e r v o i r  does no t  e x i s t  beneath t h e  

r e p o s i t o r y ,  o t h e r  than by d r i l l  i n g  boreholes i n t o  t h e  C a s t i l e  fo rmat ion ,  EEG 

has taken  t h e  p o s i t i o n  o f  assuming a b r i n e  r e s e r v o i r  does e x i s t  beneath t h e  

r e p o s i t o r y  and q u a n t i f y i n g  t h e  consequences (Bard, 1982; Channel 1, 1982). 

Human i n t r u s i o n  scenar ios  a re  be l i eved  t o  be t he  l i m i t i n g  cases because no 

p l a u s i b l e  n a t u r a l  causes t h a t  w i l l  a1 low b r i n e  t o  b r i n g  wastes t o  t h e  b iosphere  

a re  env is ioned.  From i t s  scenar io  analyses, EEG concludes t h a t  p l a u s i b l e  

r a d i a t i o n  doses t o  t h e  p u b l i c  (Bard, 1982; Channel 1, 1982) a re  below t h e  l i m i t s  

t h a t  P r o t e c t i v e  A c t i o n  Guides recommends f o r  low p r o b a b i l i t y  acc iden ts .  DOE 

(Wool f o l k ,  1982) has reached s i m i l a r  conc lus ions.  

9.0 Recommendations 

I n  o rde r  t o  ach ieve more con f idence  and unders tanding o f  t h e  subsur face below 

t h e  r e p o s i t o r y ,  a t  l e a s t  f rom an ope ra t i ona l  v iewpo in t ,  EEG recommends f u r t h e r  

e v a l u a t i o n  and t e s t i n g  o f  t h e  geophys ica l  methods such as c o n t r o l l e d  source 

audio  Magneto -Te l lu r i c  (CSAMT) f o r  t h e  d e t e c t i o n  o f  b r i n e  i n  Zone 11. 
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REGIONAL HYDROLOGY 

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

Knowledge o f  t h e  r eg iona l  hydro1 ogy near t h e  WIPP i s  c r u c i  a1 because groundwater  

i s  t h e  most l i k e l y  pa th  f o r  r a d i o n u c l i d e  m i g r a t i o n  t o  t h e  biosphere.  I n  

p a r t i c u l a r ,  model ing t h e  s o l u t e  t r a n s p o r t  c h a r a c t e r i s t i c s  o f  t h e  wa te r -bear ing  

f o rma t i ons  r e q u i r e s  accu ra te  determi n a t i o n  o f  t h e  d i  r e c t i o n  and v e l o c i t y  o f  t h e  

groundwater f low.  

The neares t  pe renn ia l  water course i s  t h e  Pecos R iver ,  which a t  i t s  neares t  p o i n t  

i s  about 14 m i l e s  f rom t h e  proposed repos i t o r y .  The on l y  w e l l  developed 

ephemeral d ra inage  i s  l o c a t e d  about 4 m i l e s  west o f  t h e  s i t e  a t  Nash Draw. The 

neares t  su r f ace  water  body, Laguna Grande de l a  Sal, i s  l o c a t e d  w i t h i n  Nash Draw, 

about 10 m i l e s  southwest o f  t h e  cen te r  o f  t he  s i t e .  The l a k e  i s  f ed  by 

groundwater d i c h a r g i n g  through spr ings,  by l o c a l  su r f ace  r u n o f f  f o l  l ow ing  i n t e n s e  

r a i n f a l l ,  and by d ischarge  water from nearby min ing  ope ra t i ons  (Geohydrology 

Associates,  1978). 

S i x  wa te r -bear ing  u n i t s  have been i d e n t i f i e d  near  t h e  proposed r e p o s i t o r y  

(F i gu res  13 and 14). A1 though de f i ned  as a q u i f e r s  i n  t h i s  r e p o r t ,  t h e  u n i t s  do 

n o t  q u a l i f y  as a q u i f e r s  by s t r i c t  d e f i n i t i o n .  The t h r e e  a q u i f e r s  above t h e  

proposed r e p o s i t o r y  ( F i g u r e  14) a re  conta ined i n  t h e  Rus t l e r -Sa l  ado con tac t ,  t h e  

R u s t l e r  Culebra Dolomite,  and t h e  R u s t l e r  Magenta Dolomite.  Water i s  observed i n  

two u n i t s  u n d e r l y i n g  t h e  l e v e l  o f  t h e  proposed r e p o s i t o r y ;  ( F i g u r e  13) as 

i s o l a t e d  b r i n e  occurrences i n  t h e  upper a n h y d r i t e  o f  t h e  C a s t i l e  Formation, 

p robab ly  a n h y d r i t e  111, and i n  t h e  B e l l  Canyon fo rmat ion  o f  t h e  Delaware Mountain 

Group. The Cap i tan  Reef a q u i f e r  which surrounds n e a r l y  t h e  e n t i r e  Delaware 

Basin, l i e s  about 10 m i l e s  no r t heas t  o f  t h e  s i t e  a t  i t s  c l o s e s t  p o i n t .  

2.0 Sur face Water Hydro1 ogy 

The nearest  su r f ace  water body, Laguna Grande de l a  Sal ,  i s  l o c a t e d  about 1 0  

m i l e s  southwest o f  t h e  cen te r  o f  t h e  s i t e  ( F i g u r e  15) .  The l a k e  i s  pe renn ia l  and 

rece ives  i t s  water f rom p r e c i p i t a t i o n ,  l o c a l  su r f ace  r u n o f f  and from t h e  
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u n d e r l y i n g  R u s t l e r  format ion,  which may i n c l u d e  d ischarge  water f rom min ing  

operat ions.  The groundwater source i s  e i t h e r  t h e  Culebra Dolomite,  o r  an 

o v e r l y i n g  a n h y d r i t e  u n i t .  The source i s  i nde te rm ina te  a t  t h i s  t ime  based on t h e  

l i m i t e d  chemical da ta  ava i l ab le .  However, on a  p i p e r  diagram ( F i g u r e  16) two 

separate chemical analyses o f  water  a t t r i b u t e d  t o  Su rp r i se  Spr ing  a re  compared t o  

Cul ebra water from se lec ted  surrounding we1 1  s  (Mercer, 1983). One a n a l y s i s  

(Geohydrology Associates,  1978) i s  s i m i l a r  t o  Cul ebra we1 1s WIPP-27, WIPP 28, 

WIPP-29, WIPP-30, and P-17 w h i l e  t h e  second a n a l y s i s  (Lambert, 1983) i s  s i m i l a r  

t o  w e l l s  P-14, WIPP-25, and WIPP-26. 

The f i r s t  chemical  a n a l y s i s  o f  Su rp r i se  Spr ing (Geohydrology Associates,  1978) 

had a  t o t a l  d i sso l ved  s o l i d s  con ten t  h i ghe r  than  any Culebra water sample. T h i s  

may i n d i c a t e  t h a t  t h e  sample was r e a l l y  f rom t h e  l a k e  and was no t  a  

r e p r e s e n t a t i v e  sample o f  Su rp r i se  Spring. The second chemical a n a l y s i s  (Lambert, 

1983), a l though s i m i l a r  t o  t h e  Culebra waters, i s  d i s s i m i l a r  enough t o  make a  

p o s t u l  a ted connect ion between t h e  Cul ebra and Su rp r i  se Sp r i  ng tenuous wi t h o u t  

f u r t h e r  study. Su rp r i se  Spr ing i s  obv ious ly  no t  t h e  on l y  source o f  water t o  

Laguna Grande de l a  Sal, bu t  o t h e r  s p e c i f i c  l o c a t i o n s  o f  i n f l o w  t o  t he  l a k e  a r e  

n o t  i d e n t i f i e d .  

Mercer (1983) s t a t e s  t h a t  a t  a  d r i l l  ho le  i n  Laguna Grande de l a  Sal, t h e  

h y d r a u l i c  head i n  t h e  Culebra was 21 f e e t  above t h e  l a k e  l e v e l .  The Culebra was 

o v e r l a i n  by 40 f e e t  o f  gypsum mud a t  t h a t  l o c a t i o n .  These da ta  a r e  an i n d i c a t i o n  

t h a t  some leakage o f  Culebra water i n t o  t h e  Laguna Grande de l a  Sal i s  occu r r i ng ,  

b u t  t h e  leakage r a t e s  a r e  unknown. I n  any event, t h e  l a k e  i s  a  p o t e n t i a l  

d ischarge p o i n t  o f  t h e  Cul ebra Do1 omi te .  

The o ther  c u r r e n t l y  recognized sur face  d ischarge  p o i n t  f o r  t h e  Cul ebra, o r  

R u s t l e r  water  i n  genera l ,  i s  t h e  Pecos River .  The l a r g e  b r i n e  spr ings  

near Malaga Bend a r e  t h e  l i k e l y  Pecos d ischarge  l o c a t i o n s  neares t  t h e  WIPP s i t e .  

Groundwater F l  ow i n  t h e  Be1 I Canyon A q u i f e r  

The B e l l  Canyon Format ion i s  o f  i n t e r e s t  i n  r e l a t i o n  t o  deep d i s s o l u t i o n  and as a  

t r a n s p o r t  mode f o r  b r i n g i n g  r a d i o a c t i v e  waste t o  t h e  biosphere. 





The ques t i on  o f  d i s s o l u t i o n  has been addressed elsewhere i n  t h i s  repor t .  Stud ies 

by EEG and Wood e t  a l .  (1982) i n d i c a t e  t h a t  groundwater f l o w  i n  t h e  B e l l  -Canyon 

i s  i n s u f f i c i e n t  t o  remove enough s a l t  t o  pose a  t h r e a t  t o  t h e  repos i t o r y .  I n  t h e  

u n l i k e l y  event t h a t  a  l o c a l  d i s s o l u t i o n  f e a t u r e  (such as a  b r e c c i a  p i p e )  r oo ted  

i n  t h e  B e l l  Canyon below t h e  s i t e  were t o  form, Sp ieg le r  (1982) has shown t h e  

r a d i o l o g i c a l  consequences t o  no t  be s i g n i f i c a n t .  A d d i t i o n a l  analyses by EEG 

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

Canyon are such t h a t  water t r a n s p o r t  t imes t o  t h e  access ib l e  environment, assumed 

t o  be t h e  Cap i tan  Reef, a r e  i n  excess o f  165,000 years. I f  t h e  most conse rva t i ve  

parameters (Wi l l iamson,  1979) are used, then  t r a v e l  t i m e  cou ld  be as low as 9000 

years. So lu te  t r a n s p o r t  t imes would l i k e l y  be much l onge r  due t o  s o l u t e  

r e t a r d a t i o n .  

A  s i g n i f i c a n t  p o i n t  i s  t h e  h y d r a u l i c  head (uncor rec ted  f o r  s a l i n i t y )  o f  t h e  Be1 1  

Canyon. Mercer (1983) and Gonzal ez (1983) p resen t  ex t  rap01 a ted  s t a t i c  bottom 

ho le  pressures and f l u i d  d e n s i t i e s  f o r  pet ro leum d r i l l  t e s t s  conducted over 

va r i ous  i n t e r v a l s  i n  t h r e e  t e s t  ho les (Table 1) .  Mercer (1983) and Weart (1983) 

s t a t e  t h a t  t h e  head o f  t h e  B e l l  Canyon i s  i n s u f f i c i e n t  t o  cause an upward f l o w  o f  

wa te r  i n t o  t h e  o v e r l y i n g  Culebra Dolomi te  a q u i f e r ,  should such a  connec t ion  

occured, based p r i m a r i l y  on t he  data o f  t h e  t h r e e  deep t e s t  ho les (AEC-7, AEC-8, 

ERDA-10). EEG ques t ions  t h e  con ten t i on  o f  i n s u f f i c i e n t  head i n  t h e  B e l l  Canyon 

based on t h e  1  i m i t e d  boreho le  t e s t  data f o r  t h e  f o l l o w i n g  s i x  reasons. 

1. Measured h y d r a u l i c  head i s  on l y  a v a i l a b l e  f o r  t e s t  h o l e  AEC-8. For t e s t  

ho les  AEC-7 and ERDA-10 o n l y  downhole p ressure  and f l u i d  d e n s i t y  a r e  

a v a i l a b l e  f rom which h y d r a u l i c  head can be ca l cu la ted .  

2. When c a l c u l a t i n g  t he  h y d r a u l i c  head based on bottom ho le  pressure and f l u i d  

dens i t y ,  t h e  r e s u l t i n g  heads a r e  very s e n s i t i v e  t o  changes i n  dens i t y  o r  

pressure. A t  t e s t  ho le  ERDA-10, t e s t  number 10, a  change i n  f l u i d  s p e c i f i c  

g r a v i t y  f rom 1.165 t o  1.164 r e s u l t s  i n  a  3  f o o t  c a l c u l a t e d  head increase. A 

change i n  s t a t i c  downhole pressure from 1820 p s i g  t o  1821 p s i g  y i e l d s  an 

i nc rease  i n  c a l c u l a t e d  head o f  two fee t .  Therefore,  i f  t h e  measured f l u i d  

d e n s i t i e s  and pressures a re  no t  an accura te  rep resen ta t i on  o f  t h e  i n - s i t u  

cond i t i ons ,  s u b s t a n t i a l  e r r o r s  i n  c a l c u l a t e d  hydraul  i c  head may r e s u l t .  



Table 1. Summary o f  drill-stem t e s t s  a t  t e s t  holes AEC-7, AEC-8, and ERDA-10, 
upper Bell Canyon Formation, in the vicini ty  of the WIPP s i t e  (from 
Mercer, 1983). 

bttan hole 
liydrostaic flowing Battau hole 
pressure, i n  pressure, Shut- shut-in pres- Calculated Static botm Fluid 

Tested FoMds Fer f l a ~  in pounds in sure, in p a d s  hydraulic b l e  p r e s s r e  density, 
Date interval, square inch period per square priod, per square krh conductivity, (extrapolated), in  in grams 

Test of in feet of (gage) in inch (gage) In &age) in feet pxadspcrsquafi PcraJbk 
nrmbcr test belog test Initial MndL . rrFnutes Znitial Final minutes Initial FiFdl per day b x e )  ce~.timter 

rCestBoLeABF7 
1 4-23-79 4520- Stanlard 2,841 2,462 30 30 23 GO 23 23 Insufficient - 

4583 120 23 23 350 23 25 lkta to r 

3 4-2&79 4493- Standara 2,479 2,466 10 120 314 60 314 1,764 4 x 1r2 
4714 60 352 717 120 717 1,737 
(Upper Bell 120 no 1,188 3 ~ )  1,188 1,768 
hyod 

'ZPrrtEhlrAxs 
1 8-15-77 4844- lbdified - - - g - - o - 2 x 1r2 

4800 
(P= -Y 
lower sand) 

bot Btate *lo 
9 4.19-7738601 Standard 2,083 2,054 30 51 58 120 58 1,708 4 x 1 ~  1,783 

3927 120 75 106 360 106 1,684 
( b r )  480 112 215 240 w 1 , s ~  



3. Large v a r i a t i o n s  i n  r epo r ted  f l u i d  d e n s i t i e s  a r e  observed. For t e s t  ho le  

AEC-8, t e s t  number 1, two d i f f e r e n t  f l u i d  d e n s i t i e s  a r e  repor ted ;  1.147 

g/cm3 (Mercer, 1983) and 1.11 g/cm3 (Mercer and Orr, 1979). For t e s t  number 

2, t h e  d e n s i t i e s  a r e  1.060 g/cm3 (Mercer, 1983) and 1.12 g / c m 3 ( ~ e r c e r  and 

Orr, 1979). The measured h y d r a u l i c  head f o r  t e s t  number 1 i s  2979 f e e t  

(Mercer, 1983); t he  c a l c u l a t e d  heads a r e  2807 f e e t  and 2944 feet., f o r  

d e n s i t i e s  1.147 g/cm3 and 1.11 g/cm3, r e s p e c t i v e l y .  For t e s t  number 2  t h e  

measured head i s  2964 f e e t  (Mercer, 1983). The c a l c u l a t e d  heads a r e  3186 

f e e t  and 2948 f e e t  f o r  d e n s i t i e s  1.060 g/cm3 and 1.12 g/cm3, r espec t i ve l y .  

4. There a r e  l a r g e  v a r i a t i o n s  repor ted  f o r  s t a t i c  bottom ho le  pressure. For 

t e s t  ho le  AEC-8, t e s t  number 7, ex t rapo la ted  s t a t i c  bottom h o l e  pressures o f  

1813 p s i g  and 1962 p s i g  a r e  presented i n  t h e  Basic  Data Report  f o r  AEC-8 

(SAND 79-0269). For t e s t  ho le  ERDA-10, t e s t  number 9  ex t rapo la ted  s t a t i c  

bottom ho le  pressures o f  1783 ps ig  and 1816 p s i g  a re  recorded i n  t h e  Basic  

Data Report  f o r  ERDA-10 (SAND 79-0271). For bo th  t e s t  holes,  o n l y  t h e  l owe r  

p ressure  i s  presented by Mercer (1983) and Gonzalez (1983). F l u i d  d e n s i t i e s  

a re  no t  a v a i l a b l e ,  so h y d r a u l i c  heads cannot be ca l cu la ted .  

5. The c a l c u l a t e d  f reshwater  head i n  ERDA-10 i s  no t  c o n s i s t e n t  w i t h  p rev ious  

s tud ies  (Hiss, 1976; McNeal, 1965). The f reshwater  head r e l a t i v e  t o  mean sea 

l e v e l  i s  de f i ned  by 

where hf = f r eshwa te r  head ( f e e t  above sea l e v e l  datum) 

es = e l e v a t i o n  o f  t h e  pressure measurement ( f e e t )  

sg = f l u i d  s p e c i f i c  g r a v i t y ;  assumed numer i ca l l y  equal t o  f l u i d  d e n s i t y  

P = measured pressure ( l b / i n 2 )  

yw = t h e  weight dens i t y  o f  t h e  water ( l b / f t 3 )  

yf  = 62.4 1  b / f t 3  f o r  f r e s h  water 

The c a l c u l a t e d  f r e s h  water h y d r a u l i c  head, pressure measurement e l e v a t i o n ,  

pressure, and s p e c i f i c  g r a v i t y  f o r  we l l  t e s t s  i n  t h e  B e l l  Canyon sandstones i n  

t h e  t h r e e  t e s t  ho les  a re  presented i n  Tab le  2. 



Table 2. Ca lcu la ted  Fresh Water Hyd rau l i c  Head i n  t h e  B e l l  Canyon Sandstones 
a t  Tes t  We1 1s AEC-7, AEC-8 and ERDA-10 Using Publ ished S t a t i c  Bottom 
Ho le  Pressures and Dens i t ies .  

Pressure S t a t i c  Fresh water head 
Measurement bottom F l u i d  ( f e e t  above msl ) 

Tes t  Tes t  E l e v a t i o n  h o l e  spec i  f i c  
Hole Number (msl datum) pressure g r a v i t y  Ca l cu la ted  Ref. 11 

( f e e t  ) ( ps i  g  ) 

AEC-7 2  -941.6* 1883 1.130 3281 3280 

- - - -- -- -- 

*Pressure measurement e l e v a t i o n  i s  assumed t o  be t h e  top  o f  t h e  t e s t e d  i n t e r v a l  

g iven i n  Tab le  1. 

'from Mercer and Orr (1979) 

2from Tab le  1 

3 i n t e r p o l a t e d  from F igu re  22 o f  H i ss  (1976) 

The c a l c u l a t e d  f r e s h  water  heads f o r  AEC-7 and AEC-8 a r e  g e n e r a l l y  c o n s i s t e n t  

w i t h  t h e  work o f  H iss  (1976). The c a l c u l a t e d  f r e s h  water head f o r  t e s t  ho le  

ERDA-10 appears t o  be t o o  low compared t o  H i ss  (1976). E r r o r s  i n  f l u i d  d e n s i t y  

o r  bottom ho le  pressure o f  t he  magnitude observed i n  reasons 3  and 4  cou ld  e a s i l y  

account f o r  t h e  unusua l l y  low f reshwater  head i n  t e s t  ho le  ERDA-10. 

6. The i n t e r v a l s  t e s t e d  i n  t e s t  ho le  AEC-8 appear t o  comple te ly  bypass t h e  

Ramsey sandstone member. Geophysical l ogs  o f  t h e  upper B e l l  Canyon i n c l u d i n g  

t h e  2  t e s t e d  i n t e r v a l s  a r e  presented i n  F i g u r e  17. The two sand u n i t s  were 

chosen f o r  t e s t i n g  because "The na tu ra l  gamma l o g  i n d i c a t e d  t h a t  t h e  two 

u n i t s  were predominant ly  sandstone and t h e  p o r o s i t y  l o g  i n d i c a t e d  t h a t  they 



Figure 17a. Geophysical logs of borehole AEC-8 and i n t e rva l s  t h a t  EEG 
contends should have been t e s t ed  ( logs  adapted from SAND79-0269, 1983) 
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F i g u r e  17b. Geophysical  l o g s  o f  b o r e h o l e  AEC-8 and i n t e r v a l s  t h a t  EEG c o n t e n d s  
shou ld  have been t e s t e d  ( l o g s  a d a p t e d  from SAND79-0269, 1983) 

i n t e r v a l  s t e s t e d  i n t e r v a l s  EEG c o n t e n d s  '7 by DOE ----I s h o u l d  have been 
---- t e s t e d  
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had g r e a t e r  p o r o s i t i e s  than  o t h e r  B e l l  Canyon sand un i ts . "  (Mercer and Orr, 

1979, p. 127). Four o the r  sand u n i t s ,  no t  tes ted ,  which possess very  s i m i l a r  

geophys ica l  l o g  s i gna tu res  as t h e  i n t e r v a l s  t e s t e d  a re  i n d i c a t e d  on F igu re  

17. These o the r  un tes ted  sand u n i t s  w i t h  a  combined t h i ckness  o f  150 f e e t ,  

a r e  s t r a t i g r a p h i c a l l y  c l o s e r  t o  t h e  r e p o s i t o r y  and would have been l o g i c a l  

i n t e r v a l s  t o  t e s t .  

The c a l c u l a t e d  h y d r a u l i c  head data f o r  AEC-7 and ERDA-10 appear u n r e l i a b l e .  From 

reason 2, a  5 f o o t  e r r o r  i n  h y d r a u l i c  head r e s u l t s  f rom a  1 p s i g  e r r o r  i n  

pressure and a  0.001 g/cm3 e r r o r  i n  f l u i d  dens i ty .  From reasons 3 and 4, 

i n c o n s i s t e n c i e s  i n  bo th  f l u i d  dens i t y  and p ressure  can be q u i t e  large.  I n  

add i t i on ,  t h e  i n t e r v a l s  t e s t e d  i n  AEC-8 do no t  appear t o  be r e p r e s e n t a t i v e  o f  t h e  

upper Be1 1  Canyon because from reason 5  i t  appears t h a t  150 ft. o f  

s t  r a t i g r a p h i  c a l  l y  h i ghe r  sands should have been tes ted .  

I n  summary a l though EEG d isagrees w i t h  some d e t a i l s  presented by DOE concern ing  

t h e  s a l t  removal and t r a n s p o r t  c h a r a c t e r i s t i c s  o f  t h e  B e l l  Canyon, i t  does not  

appear t o  pose a  t h r e a t  t o  t h e  r e p o s i t o r y  e i t h e r  th rough  t h e  d i s s o l u t i o n  o f  s a l t  

o r  as a  medium o f  r a d i o n u c l i d e  t r a n s p o r t  t o  t h e  access ib l e  env i  ronment. 

Knowledge o f  t h e  t r u e  h y d r a u l i c  head i n  t h e  B e l l  Canyon i s  e s s e n t i a l  t o  

de te rmin ing  t h e  d i r e c t i o n  o f  groundwater f l o w  between t h e  Culebra Do1 omi te  and 

t h e  B e l l  Canyon should such a  connect ion occur i n  t h e  f u tu re .  I f  t h e  f l o w  i s  

downward i n t o  t h e  Be1 1  Canyon, t h e  rad io1  og i  ca l  consequences o f  a  r e p o s i t o r y  

breach would p robab ly  be much l e s s  than i f  t h e  f l o w  i s  upward i n t o  t h e  Culebra. 

The most conse rva t i ve  scenar io  model ing o f  a  connec t ion  between t h e  Be1 1  Canyon 

and Culebra a q u i f e r s  assumes t h e  f l o w  t o  be from t h e  B e l l  Canyon t o  t h e  Culebra. 

I f  DOE i n s i s t s  on e s t a b l i s h i n g  a  downward f l o w  from t h e  Culebra t o  t h e  B e l l  

Canyon, t h e  water l e v e l  i n  a t  l e a s t  one o the r  we l l  i n  a d d i t i o n  t o  AEC-8 should be  

monitored. The w e l l  cou ld  be any borehole o f  o p p o r t u n i t y  l o c a t e d  southwest, 

south, o r  southeast o f  t h e  proposed repos i t o r y .  I n  a d d i t i o n ,  AEC-8 should be 

pe r fo ra ted  i n  sandstones above t h e  c u r r e n t l y  mon i to red  i n t e r v a l s .  



4.0 C a s t i l e  Format ion 

Sca t te red  occurrences o f  a r t e s i a n  and f l o w i n g  a r t e s i a n  b r i n e s  i n  t h e  upper 

anhydr i  t e  l a y e r  o f  t h e  C a s t i l e  fo rmat ion  a re  recorded i n  t h e  Nor thern Delaware 

Basin (see t h e  s e c t i o n  on B r i n e  Reservo i rs  f o r  more d e t a i l ) .  To date, t h e r e  i s  

no evidence t o  suggest t h a t  a  b r i n e  a q u i f e r  e x i s t s  i n  t h e  C a s t i l e  Format ion eas t  

o f  t h e  Pecos River.  I n  f a c t ,  t h e  ex i  s tence o f  h i g h l y  p ressu r i zed  b r i n e s  p rov ides  

evidence t h a t  an a q u i f e r  does no t  e x i s t  because t h e  h y d r a u l i c  head assoc ia ted  

w i t h  such an a q u i f e r  should be c o n s i s t e n t  w i t h  t h e  h y d r a u l i c  head i n  t h e  o t h e r  

aqu i f e r s ,  namely t h e  B e l l  Canyon and t h e  Capi tan Reef. The observed h y d r a u l i c  

heads o f  t h e  h i g h l y  p ressu r i zed  b r i n e s  a r e  much above t h e  h y d r a u l i c  heads i n  

e i t h e r  t h e  Capi tan Reef o r  t h e  B e l l  Canyon. Also, t h e  geochemical data o f  t h e  

ERDA-6 and WIPP-12 b r i n e s  i n d i c a t e  t h a t  t h e  b r i n e s  a r e  immobi le and no t  p a r t  of 

an a q u i f e r  system. 

I n  the  outcrop area west o f  t h e  Pecos River ,  l o c a l i z e d  f l ow  systems c o n t a i n i n g  

r e l a t i v e l y  f r e s h  water  a re  observed i n  t h e  C a s t i l e  Formation. The eas te rn  

ex tens ion  o f  these f r e s h  water systems i s  unknown, bu t  i t  i s  assumed t o  be 

l i m i t e d  t o  t h e  area west o f  t h e  Pecos River.  

A q u i f e r s  have not  been observed near t h e  WIPP s i t e  i n  t h e  C a s t i l e  Format ion and 

consequent ly i t  i s  no t  cons idered a  v i a b l e  mode o f  r a d i o n u c l i d e  t r a n s p o r t .  The 

obse rva t i on  of on l y  b r i n e s  i n  t h e  C a s t i l e  near t h e  W I P P  would i n d i c a t e  t h a t  s a l t  

d i s s o l u t i o n  by t h e  water i n  t h e  C a s t i l e  i s  no t  l i k e l y .  

5.0 Groundwater Flow i n  t h e  R u s t l e r  Format ion 

Groundwater i n  t h e  R u s t l e r  Format ion i s  observed i n  3 d i s t i n c t  u n i t s :  t h e  R u s t l e r  

Salado con tac t ,  t h e  Culebra Dolomite, and t h e  Magenta Do lomi te  (F igu re  14). At 

t h e  s i t e  t h e  t h r e e  a q u i f e r s  a re  d i s t i n c t  and separate, bu t  i n  Nash Draw, t he  

d i s t i n c t i o n  i s  l e s s  apparent t o  t h e  southwest toward t h e  Pecos River.  Tab le  3 

con ta ins  measured t r a n s m i s s i v i t i e s  f o r  t h e  R u s t l e r  aqu i f e r s .  

5.1 Rust ler -Salado Contact 

The Rust ler -Salado con tac t  a q u i f e r  e x i s t s  i n  s o l u t i o n  residuum a t  t h e  t o p  o f  t h e  

Salado format ion.  From t h e  s i t e ,  t h e  groundwater i n  t h e  Rust ler -Salado residuum 



Table 3.  Values of transmissivity and storage coeff ic ient  f o r  water- 
bearing zones in the Rustler Formation penetrated by selected 
t e s t  holes a t  and near the WIPP s i t e  (from Mercer, 1983) 

(Tansmissivity i s  expressed in f e e t  squared per day) 

Test 
hole T r d s s i v i t y  Storage Transmfssivfty Storage T r d s a i v i t y  Storage 

375 - 
Dry - 
53 - 

Dry - 
Not present 

0.004 - 



f l ows  g e n e r a l l y  southwest w i t h  a  p o s s i b l e  d ischarge  a t  Laguna Grande de l a  Sal, 

but t he  major d ischarge  p o i n t  nearest  t h e  WIPP s i t e  i s  t h e  Pecos R i ve r  near  

Malaga Bend. I n  Nash Draw, t h e  Rust ler -Salado con tac t  i s  an a q u i f e r  w i t h  a  

t r a n s m i s s i v i t y  as h i gh  as 8000 f t2 /day.  The t r a n s m i s s i v i t y  o f  t h e  a q u i f e r  i s  

very smal l  ( l e s s  than  3  x 1 0 - ~ f t ~ / d a ~ )  w i t h i n  2 m i l e s  o f  t h e  cen te r  o f  t h e  s i t e .  

The water i n  t h e  a q u i f e r  i s  cha rac te r i zed  by extremely h igh  t o t a l  d i sso l ved  

so l  ids ,  t he  lowest be ing around 70,000 mg/l. In ,  and near Nash Draw t h e  TDS i s  

dominated by NaCl i n d i c a t i n g  f l o w i n g  groundwater and a c t i v e  d i s s o l u t i o n .  W i th i n  

zone I 1  and most o f  zone 111, t h e  Rust ler -Salado a q u i f e r  i s  very t h i n ,  has an 

ext remely  h i gh  TDS concen t ra t i on  and a  d i s p r o p o r t i o n a t e l y  h i gh  potassium and 

magnesium concen t ra t i on  (Mercer, 1983). The ext remely  smal l  t r a n s m i s s i v i  ty  eas t  

o f  t h e  western edge o f  zone 11, i n  con junc t i on  w i t h  t h e  h i gh  magnesium and 

potassium concen t ra t i on  i n d i c a t e s  a  very r e s t r i c t e d  f l o w  system a t  t h e  

Rust ler -Salado con tac t  a t  t h e  s i t e .  Therefore,  t h e  Rust ler -Salado con tac t  

residuum aqu i f e r  does no t  appear t o  be an impor tan t  c o n s i d e r a t i o n  f o r  waste 

t r a n s p o r t  f o l  1  owi ng a  r e p o s i t o r y  breach. 

5.2 Cul ebra Dolomi te  A q u i f e r  

The Culebra Dolomi te  a q u i f e r  i s  t h e  most h y d r a u l i c a l l y  conduc t i ve  o f  t h e  

Rus t le r -wate r  bear ing  un i t s .  As such, t h e  Culebra may represen t  t h e  bounding 

t r a n s p o r t  mode f o r  contaminated water f o l l o w i n g  a  r e p o s i t o r y  breach and 

subsequent water movement upward i n t o  t h e  Rus t le r .  I n  t h i s  sec t i on ,  t h e  genera l  

hydrogeolog i  c a l  c h a r a c t e r i s t i c s  o f  t he  Cul ebra a r e  presented. Maps o f  t h e  

Culebra p o t e n t i o m e t r i c  su r face  and major chemical c o n s t i t u e n t s  a r e  presented i n  

F igures  18 and 19. The i n f e r r e d  d i r e c t i o n  o f  f l o w  f rom t h e  cen te r  o f  t h e  s i t e  i s  

f rom n o r t h  t o  south and then west t o  Malaga Bend pass ing somewhere near t o  t h e  

P r o j e c t  Gnome s i t e .  Determi na t i ons  o f  an i so t ropy  o f  h y d r a u l i c  c o n d u c t i v i t y  a t  

H-4, H-5, and H-6 by Gonzalez (1983), when i nco rpo ra ted  i n t o  t h e  f l o w  ana l ys i s ,  

i n d i c a t e  an i n i t i a l  sou theas te r l y  d i r e c t i o n  o f  f l o w  from t h e  WIPP s i t e  c e n t e r  

be fo re  t u r n i n g  west t o  Malaga Bend. No data on an i so t ropy  a r e  a v a i l a b l e  a t  t h e  

c e n t e r  o f  t h e  s i t e  o r  t o  t h e  southeast. I n  any event, t h e  d ischarge  p o i n t  of 

Culebra water a t  t h e  s i t e  would appear t o  be Malaga Bend. 

The above p i c t u r e  o f  f l o w  from t h e  s i t e  pass ing i n  t h e  v i c i n i t y  o f  t h e  P r o j e c t  

Gnome s i t e  and d i scha rg ing  i n t o  t h e  Pecos R i v e r  i s  i n c o n s i s t e n t  w i t h  t h e  observed 



gure 18. Adjusted potentiometric surface of the Culebra Dolomite 
Member of the Rustler Formation (1982) a t  and near the 
proposed WIPP s i t e  (from Mercer, 1983) 





water  chemis t ry  i n  t h e  Culebra. F igure  20 i s  a  m o d i f i e d  P i p e r  T r i l i n e a r  p l o t  o f  

a l l  t h e  Culebra water chemist ry  data. From t h e  p l o t ,  t h e  chemical c o n s t i t u e n t s  

of we1 1s a t  t h e  c e n t e r  o f  t h e  s i t e  H-1, H-2, H-3 a r e  predominant ly  Na and C1 and 

have t o t a l  d i sso l ved  s o l  i d s  concen t ra t ions  (TDS) o f  30,100 mg/l, 9700 mg/l and 

62,000 mg/l r espec t i ve l y .  The chemical c o n s t i t u e n t s  o f  we1 1s down f low,  H-7, 

H-8, H-9 a re  predominant ly  Ca, Mg and SO and have t o t a l  d i sso l ved  s o l i d s  

concen t ra t i ons  o f  3610 mg/l , 3200 mg/l and 3590 mg/l r e s p e c t i v e l y .  There i s  no 

c r e d i b l e  mechanism, o the r  than mix ing,  t o  account f o r  a  decrease i n  TDS and a  

change i n  chemical c o n s t i t u e n t s  f rom Na and C1 t o  Mg, Ca and SO i n  t h e  d i r e c t i o n  

o f  apparent f low. M ix ing  w i t h  the  o v e r l y i n g  Magenta a q u i f e r  appears un l  i k e l y  

because t h e  TDS i n  t h e  Magenta i s  everywhere g r e a t e r  than  t h e  TDS i n  H-7, H-8 and 

H-9 o f  t h e  Culebra. Continued i n v e s t i g a t i o n  i n t o  t h e  hydro logy o f  t h e  Culebra 

Dolomi te  by Sandia Nat iona l  Labo ra to r i es  wi 11 hopefu l  l y  c l a r i f y  t h e  c u r r e n t  

i ncons i s tency  between t h e  apparent water f l o w  d i r e c t i o n  and water chemist ry .  

EEG's t e n t a t i v e  conc lus ion  i s  t h a t  t h e r e  i s  i n s u f f i c i e n t  we l l  data south and 

southeast  o f  t h e  s i t e  t o  accu ra te l y  es t ima te  t h e  d i r e c t i o n  o f  groundwater f l o w  

from t h e  s i t e .  As a d d i t i o n a l  i n f o r m a t i o n  i s  made a v a i l a b l e ,  EEG w i l l  mod i fy  i t s  

conc lus ions  accord ing ly .  

5.3 Magenta Do1 omi t e  A q u i f e r  

The Magenta Do lomi te  a q u i f e r  l i e s  s t r a t i g r a p h i c a l l y  above t h e  Culebra Dolomite. 

F igures  21 and 22 show t h e  po ten t i ome t r i c  su r face  and major  chemical c o n s t i t u e n t s  

f o r  t h e  Magenta. I n  genera l ,  water  i n  t h e  Magenta a t  t h e  cen te r  o f  t h e  WIPP s i t e  

w i l l  f l o w  westward t o  Nash Draw where i t  1  i k e l y  d ischarges i n t o  u n d e r l y i n g  

u n i t s .  The Magenta has been l a r g e l y  ignored  by DOE f o r  s o l u t e  t r a n s p o r t  

scenar ios because o f  t h e  small t ransmi  s s i  v i  t i e s  assoc ia ted  w i t h  t h a t  a q u i f e r .  

However, due t o  t h e  u n c e r t a i n t y  assoc ia ted w i t h  t h e  d i r e c t i o n  o f  f l o w  i n  t h e  

Culebra, t h e  p o s s i b l e  t r a n s p o r t  o f  contaminants i n  t h e  Magenta should be g i ven  

cons idera t ion .  Th i s  w i l l  be discussed i n  d e t a i l  i n  t h e  s e c t i o n  on "Hydro log ic  

T ranspor t  C h a r a c t e r i s t i c s  i n  t h e  R u s t l e r  Formation." 

6.0 Capitan Reef A q u i f e r  

The Capitan r e e f  a q u i f e r ,  one o f  t h e  most p roduc t i ve  f reshwater  a q u i f e r s  i n  

southeastern SE New Mexico, extends i n  an a rcua te  band around most o f  t h e  





Figure 21. Adjusted potentionmetric surface of the Magenta Dolomite 
Member of the Rustler Formation (1982), a t  and near the 
proposed Naste Isolation Pi lo t  Plant (WIPP) s i t e  (from . 

Mercer; 1983) 
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Delaware Basin and l i e s  a t  i t s  c l o s e s t  p o i n t  about 10 m i l e s  n o r t h  o f  t h e  WIPP. 

The h y d r a u l i c  head i n  t h e  Capi tan Reef a q u i f e r  i s  l e s s  than  t h a t  i n  t h e  B e l l  

Canyon (Hiss,  1976) i n d i c a t i n g  a  f l o w  i n t o  t h e  r e e f  i f  t h e  two a q u i f e r s  a r e  

connected. The r e l a t i v e l y  impermeable anhyd r i t es  o f  t h e  C a s t i l e  Format ion 

r e s t r i c t  t h e  l a t e r a l  movement o f  f reshwater  away from t h e  r e e f  (Mercer, 1983). 

Numerous c o l  lapse phenomena are  assoc ia ted w i t h  t h e  Capi tan Reef and some near  

r e e f  s a l t  d i s s o l u t i o n  i s  probably  a t t r i b u t a b l e  t o  t h e  Capi tan Reef a q u i f e r  (see 

t h e  sec t i on  on D i s s o l u t i o n ) .  However, s a l t  d i  s s o l u t i o n  assoc ia ted  w i t h  t h e  r e e f  

does no t  appear t o  pose a  t h r e a t  t o  t h e  repos i t o r y .  The s o l u t e  t r a n s p o r t  

c h a r a c t e r i s t i c s  o f  t h e  Be1 1  Canyon a re  such t h a t  a  minimal r a d i o l o g i c a l  hazard 

would r e s u l t  f rom a  r e p o s i t o r y  breach and subsequent t r a n s p o r t  o f  r a d i  onucl  i d e s  

t o  t he  Capi tan Reef by t h e  B e l l  Canyon aqu i f e r .  

7.0 Summary o f  Conclus ions 

The degree o f  understanding of t h e  reg iona l  hydro logy,  a l though f a r  f r om 

complete, i s  s u f f i c i e n t  t o  reach some general  conc lus ions.  

7.1 Waters i n  t h e  Be1 1  Canyon format ion and t h e  C a s t i l e  fo rmat ion  do no t  pose a  

s i g n i f i c a n t  t h r e a t  t o  t h e  repos i t o r y .  The s a l t  removal p o t e n t i a l  i s  t o o  low 

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

However, bo th  fo rmat ions  may be a  source o f  water f o r  some breach scenar ios  

t h a t  r e s u l t  i n  t h e  i n j e c t i o n  o f  r ad ionuc l i des  i n t o  t h e  Rus t le r .  

7.2 The Cap i tan  Reef A q u i f e r  i s  a t  i t s  neares t  p o i n t  about 10 m i l e s  from t h e  

s i t e .  Water i n  t h e  a q u i f e r  i s  l a r g e l y  prevented from moving l a t e r a l l y  i n t o  

t h e  basin. Al though t h e r e  i s  some l o c a l i z e d  d i s s o l u t i o n  assoc ia ted  w i t h  t h e  

ree f ,  t h e  basinward d i s s o l u t i o n  n o r t h  o f  t h e  s i t e  appears small.  Therefore,  

t h e  Capi tan Reef A q u i f e r  poses a  minimal t h r e a t  t o  t h e  repos i t o r y .  

7.3 The groundwater i n  t h e  R u s t l e r  Format ion i s  t h e  l i k e l y  bounding condu i t  

f o l l  owing a  r e p o s i t o r y  breach f o r  r ad ionuc l  ides  t o  reach t h e  access i  b l  e  

env i  ronment. W i th i n  t h e  Rus t le r ,  t h e  Cul ebra a q u i f e r  i s  o f  most concern, 

because o f  h i ghe r  t r a n s m i s s i v i t i e s .  However, t h e r e  a r e  i n s u f f i c i e n t  da ta  t o  

c h a r a c t e r i z e  t h e  f l o w  system i n  t h e  Culebra south o f  t h e  s i t e  and hence 



a d d i t i o n a l  exper iments a r e  needed. EEG hopes t h e  s o l u t i o n  w i l l  come from 

ongoing hyd ro log i c  s tud ies  concentrated i n  t h e  Culebra. 

7.4 The var ious  nuc lear  waste r e p o s i t o r y  c r i t e r i a  t h a t  r e l a t e  t o  groundwater 

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

aqu i fe rs .  How we l l  WIPP meets these c r i t e r i a  i s  d iscussed i n  t h e  s e c t i o n  on 

h y d r o l o g i c  t r a n s p o r t  i n  t h e  Rus t le r .  
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THE DISTURBED ZONE 

1.0 D e f i n i t i o n  

The no r the rn  p a r t  o f  t h e  WIPP s i t e  i s  an area o f  poor se ismic r e f l e c t i o n s .  The 

f i r s t  d i r e c t  evidence o f  t h e  s t r u c t u r a l  complex i t y  o f  t h i s  area was ob ta ined  i n  

1975 when ERDA-6 encountered very  h igh d i p s  o f  t he  upper C a s t i l e  a n h y d r i t e  beds 

and p ressu r i zed  b r ine .  On t h e  bas i s  o f  se ismic r e f l e c t i o n  data then a v a i l a b l e ,  

Long and Assoc ia tes (1977), showed a  " h i g h l y  d i s t u r b e d  area ( C a s t i l e ) "  i n  t h e  

n o r t h e r n  p a r t  o f  t h e  WIPP s i t e  (Fig. 23). Several  more se ismic r e f l e c t i o n  

surveys were conducted i n  1978 and 1979 and t he  boundary o f  t h e  d i s t u r b e d  zone 

was broadened t o  i n c l u d e  t h e  no r the rn  p a r t  o f  Zone I 1 1  i n  a  "zone o f  Anomalous 

Seismic R e f l e c t i o n  Data" (SAR, 1980, Fig. 2.7-23). The same f i g u r e  (F ig .  23) 

a l s o  shows a  " L i n e  i n d i c a t i n g  steepening o f  d i p  o f  C a s t i l e  s t r a t a  t o  t h e  no r th "  

More r e c e n t l y ,  Borns e t  a l ,  (1983) have d e l i n e a t e d  t h e  "D is tu rbed  Zone" (DZ) on 

t h e  "combined bas i s  o f  s t r u c t u r e  e x h i b i t e d  i n  boreholes and by t h e  c h a o t i c  

seismic r e f l e c t i o n  data i n  t he  nor thern  p a r t  o f  t he  s i t e "  (p. 10). Th i s  

f i gu re ,  reproduced here as Fig.  24, shows a  band o f  DZ bo rde r i ng  t h e  Capi tan 

Reef and pass ing through t h e  nor thern  p a r t  o f  t h e  WIPP s i t e .  Since t h e  zone o f  

W I P P  i s  no t  i d e n t i f i e d  i n  t h i s  f i g u r e  and t h e r e  i s  no scale,  i t  i s  d i f f i c u l t  t o  

es t imate  t h e  p a r t  o f  WIPP covered by t h i s  band o f  DZ. The t e x t  o f  Borns e t  

a l . ,  (1983, p. 11) however, exp la i ns  t h a t  t h e  southern boundary o f  DZ 

approx imate ly  co inc ides  w i t h  t h e  " l i n e  i n d i c a t i n g  s teepening o f  d i p  o f  C a s t i l e  

s t r a t a  t o  t h e  nor th , "  which i s  about 2/3 m i l e  n o r t h  o f  ERDA-9. O f  more 

i n t e r e s t  a re  t he  two o the r  areas i d e n t i f i e d  as DZ i n  t h i s  f i g u r e .  The c i r c u l a r  

area t o  t h e  southwest appears t o  be based on t h e  s t r u c t u r e  observed i n  t h e  

Belco-Hudson Well. The o the r  oblong area, south o f  t h e  highway, appears t o  

i n c l u d e  t h e  Poker Lake a n t i c l i n e .  The r e p o r t  (Borns e t  a1 1983) does no t  

con ta in  an exp lana t i on  f o r  t h e  i n c l u s i o n  o f  these two areas i n  t h e  "D i s tu rbed  

Zone." 

Other than be ing  an area o f  poor  se ismic r e f l e c t i o n s ,  t h e  D i s tu rbed  Zone has 

never been p r o p e r l y  def ined.  Borns e t  a1 (1983) have v a r i o u s l y  de f i ned  i t  
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Figure 23. WIPP S i t e  and the  southern l i m i t s  o f  t h e  "Highly 
Disturbed Area" (GCR), the "Zone o f  Anomalous 
Seismic Re f lec t ion  Data" and the "Steepening of 
Dip o f  C a s t i l e  St ra ta"  (SAR). 



Figure 24. Aereal extent of the disturbed zone, northern 
Delaware Basin (from Borns e t  a1 . , 1983) 



as, " t h e  area where t h e  Cas t i  l e / l  ower Salado depar ts  from gene ra l l y  para1 1  e l  

beds w i t h  s l i g h t  d i p "  (p. 11) and "The ou te r  edge o f  t h e  mapped f l o w  s t r u c t u r e s  

i s  here taken as t h e  l i m i t  o f  t h e  DZ. T h i s  d e f i n i t i o n  i s  necessa r i l y  

ambiguous. It inc l udes  t h e  a n t i c l i n e  a t  WIPP-12, and may o r  may no t  i n c l u d e  

t h e  a n t i c l i n e  i n  Sec. 19" (p. 69). 

2.0 Areal  Ex ten t  

I n  e a r l i e r  DOE p u b l i c a t i o n s ,  e.g. Powers e t  a1 (1978) and Reg i s te r  (1981)*, t h e  

d i s t u r b e d  zone was presented as a  zone bo rde r i ng  t h e  Capi tan Reef. Borns e t  

a1 (1983) have widened t h i s  zone t o  i n c l u d e  t h e  WIPP-12 s t r u c t u r e  where b r i n e  

was encountered. I n  a d d i t i o n ,  they have shown two more areas, t o  t h e  southwest 

and south o f  t h e  WIPP s i t e  (F ig .  23), as p a r t  o f  DZ. No r a t i o n a l  exp lana t i on  

has been p rov ided  f o r  separa t ing  these two areas from t h e  band bo rde r i ng  t h e  

ree f .  The se ismic p r o f  i 1  es do show s t r u c t u r e s  between WIPP-12 and Belco-Hudson 

we l l ,  bu t  t h e r e  a re  no w e l l s  pene t ra t i ng  t h e  C a s t i l e  f o rma t i on  between these 

two and, t he re fo re ,  t h e  boundary o f  t h e  c i r c u l a r  DZ shown southwest o f  t h e  s i t e  

i n  F i g u r e  23 i s  a r b i t r a r y .  

Concerning t h e  exp lana t i on  f o r  t he  l i m i t e d  a rea l  d i s t r i b u t i o n  o f  t h e  d i s t u r b e d  

zone, Borns e t  a1 (1983) s ta te ,  "no hypo thes is  adequately answers why t h e  

deformat ion has a  l i m i t e d  a rea l  d i s t r i b u t i o n "  (p. 4). However, a  hypo thes is  

has been o f f e r e d  by them (on p. 87-88) t o  e x p l a i n  t h i s  phenomenon. It concerns 

t h e  d i f f e r e n c e  i n  t h e  y i e l d  s t r e n g t h  o f  t h e  rock due t o  anomalously h i g h  water 

con ten t  which would f a c i  1  i t a t e  g r a i n  boundary p ressure  so lu t i on .  

*Reg is te r  (1981) showed t h e  DZ as a 6  m i l e  wide "Deformat ion Front"  bo rde r i ng  

t h e  ree f .  Popie lak e t  a1 (1983) s imply  r e f e r  t o  i t  as, " t h i s  band o r  b e l t  

extends underneath t h e  WIPP s i t e "  (p. 6-38) and avo id  ass ign ing  a  southern 

l i m i t  t o  it. 



Because o f  t h e  absence o f  i d e n t i f i a b l e  boundaries o f  DZ and t h e  l ack  o f  an 

adequate exp lana t i on  f o r  a  l i m i t e d  a rea l  ex ten t ,  i t  seems l o g i c a l  t o  conc lude 

t h a t  some s t r u c t u r a l  complex i t y  i n  t h e  C a s t i l e  f o rma t i on  may e x i s t  t o  va ry i ng  

degrees anywhere i n  t h e  no r the rn  Delaware Basin i n c l u d i n g  t h e  WIPP s i t e .  

3.0 G e o ~ h v s i c a l  Data 

3.1 Seismic R e f l e c t i o n  

The d i s t u r b e d  zone has been de l  inea ted  p r i m a r i l y  on t h e  bas i s  o f  se ismic  

r e f l e c t i o n  data. The se ismic data i n d i c a t e  a  "b l ocky  s t r u c t u r e  w i t h  abrup t  d i p  

changes and o f f s e t s  ( f a u l t s )  between u n i t s "  and " t he  se ismic cha rac te r  (w igg le  

shape) changes, which i n d i c a t e s  v a r i a t i o n s  i n  th icknesses  and/or acous t i c  

p roper t ies . "  (Borns, e t  a l ,  1983, p. 69). The se ismic data a t  t h e  d i s t u r b e d  

zone shows t h a t  t h e  geo log i c  s t r u c t u r e s  w i t h i n  t h e  C a s t i l e  f o rma t i on  a r e  t o o  

complex t o  map w i t h  t h e  se ismic technique. It i s  t h i s  complex i t y  o f  geo log i c  

s t r u c t u r e s  w i t h i n  t h e  C a s t i l e  t h a t  i d e n t i f i e s  t h e  DZ f rom t h e  "und is tu rbed"  

s t r a t a .  The i n t e r p r e t a t i o n s  from t h e  se ismic p r o f i l e  a re  supported by " t h e  

steep l a m i n a t i o n  d ips,  v a r i a b l e  s t r a t i g r a p h i c  th icknesses  and pe t rog raph i c  

f ea tu res  (e.g. recumbent f o l d s ,  shear zones) e x h i b i t e d  by core"  (Borns, e t  a1 

1983). 

3.2 G rav i t y  Survey 

Since most o f  t h e  de fo rmat ion  i n  t h e  d i s t u r b e d  zone i s  r e s t r i c t e d  t o  t h e  

C a s t i l e  f o rma t i on  and i n v o l v e s  a  r e d i s t r i b u t i o n  o f  t h e  massive a n h y d r i t e  and 

h a l i t e  beds w i t h i n  t h i s  format ion,  i t  was thought  t h a t  t h e  g r a v i t y  survey 

should p i c k  out  t h e  l a t e r a l  d e n s i t y  v a r i a t i o n s  r e s u l t i n g  from t h e  deformat ion.  

The i n t e r p r e t a t i o n  o f  t h e  g r a v i t y  survey i s  descr ibed  i n  Chapter 3 o f  Borns, e t  

a1 (1983). According t o  t h i s  i n t e r p r e t a t i o n ,  " t h e  ( g r a v i t y )  anomalies a re  much 

t o o  sharp ( s h o r t e r  double h a l f - w i d t h )  t o  o r i g i n a t e  w i t h i n  t h e  C a s t i l e  

format ion.  They extend i n t o  areas t h a t  a re  i n d i c a t e d  by t h e  se ismic p r o f i l e s  

as undeformed. The negat i ve  g r a v i t y  anomalies were e s t a b l i s h e d  by d r i l l i n g  t o  

o r i g i n a t e  from 1  a t e r a l  d e n s i t y  v a r i a t i o n s  w i t h i n  r e l a t i v e l y  f l a t  s t r a ta . "  

(P .  73) 



The on l y  exp lana t i on  o f  l a t e r a l  dens i t y  v a r i a t i o n s  w i t h i n  a  shal low zone as 

i n t e r p r e t e d  from t h e  g r a v i t y  survey, p rov ided  by Borns e t  a1 (1983) i s  t h a t  t h e  

nega t i ve  anomal i es represent ,  "decreased rock d e n s i t i e s  near k a r s t  channel s, 

p r i m a r i l y  i n  t h e  R u s t l e r  fo rmat ion"  (p. 73). The ques t i on  o f  k a r s t  hydro logy  

i n  t h e  R u s t l e r  f o rma t i on  i s  discussed i n  t h e  s e c t i o n  on " R u s t l e r  Hydrology".  

4.0 The O r i g i n  o f  t h e  D is tu rbed  Zone 

Borns e t  a1 (1983) d iscusses t h e  f o l l o w i n g  hypotheses o f  o r i g i n  f o r  t h e  

d i s t u r b e d  zone: 

G r a v i t y  Foundering 

D i s s o l u t i o n  

G r a v i t y  S l  i d e s  

Gypsum Dehydra t ion  

Depos i t i ona l  Processes 

Out o f  these, they  appear t o  f a v o r  t h e  g r a v i t y  founder ing  and, t o  a  l e s s e r  

ex ten t ,  g r a v i t y  s l i d i n g ,  as t h e  mechanisms which a re  most c o n s i s t e n t  w i t h  t h e  

a v a i l a b l e  observat ions.  As f a r  as t h e  movement o f  s a l t  w i t h i n  t h e  C a s t i l e  

f o rma t i on  i s  concerned, q r a v i t y  founder ing  appears t o  be a  reasonable 

hypothes is  t o  e x p l a i n  t h e  phenomenon. The d i f f i c u l t y  w i t h  t h i s  hypothes is  i s ,  

o f  course, i n  e x p l a i n i n g  t h e  areas which remained undeformed, ad jacen t  t o  t h e  

deformed o r  "d i s t u rbed "  areas. 

5.0 The Aae o f  Deformat ion 

The geo log i ca l  t ime  du r i ng  which t he  de fo rmat ion  i n  t h e  DZ occurred has been a  

ques t i on  o f  debate i n  t h e  l i t e r a t u r e .  The f o l l o w i n g  account p rov ides  a  summary 

o f  va r ious  approaches t o  answer t h i s  quest ion.  

K i r k l a n d  and Anderson (1970) s tud ied  t h e  m i c r o f o l d i n g  i n  t h e  C a s t i l e  s t r a t a  

exposed i n  t h e  western p a r t  o f  t h e  basin. By n o t i c i n g  t h e  r e l a t i o n s h i p  between 

t he  o r i e n t a t i o n  o f  m i c r o f o l d s  and t h e  l a r g e r  f o l d s ,  which i n  t u r n  correspond 

w i t h  t h e  bas i c  Cenozoic s t r u c t u r a l  g r a i n  o f  t h e  bas in ,  they  concluded t h a t  t h e  

C a s t i l e  m i c r o f o l d s  pos tda te  t h e  1  a t e  Cenozoic r eg iona l  t i  1  t i  ng. Anderson ( i n  



Chaturvedi, 1980) showed t h a t  t h e  ERDA-6 core  has a s i m i l a r  s t r e t c h i n g  o f  

m ic ro fo lds  as seen a t  t h e  s t a t e l i n e  C a s t i l e  outcrop, and i n f e r r e d  from t h i s ,  

t h a t  t h e  deformat ion i n  t h e  DZ would a l so  be post C e n o z o i c - t i l t i n g  o f  t h e  

basin. 

Borns e t  a1 (1983) have examined t h e  p o s s i b i l i t y  o f  d a t i n g  t h e  deformat ion by 

app ly ing  t h e  axiom t h a t  t h e  deformat ion must predate depos i t i on  o f  t he  o l d e s t  

underformed s t ra ta .  However, t h i s  axiom cannot be app l i ed  t o  a s i t u a t i o n  where 

t h e  deformat ion i s  c l e a r l y  stratabound i n  Cas t i  1  e and becomes dampened upward 

and downward i n  t h e  sect ion.  

Considerat ion o f  t h e  mechanism o f  g r a v i t y  foundering, t h e  p re fe r red  hypothesi s  

f o r  t h e  deformat ion i n  t h e  DZ, l e d  Barrows (1983) t o  t h e  conc lus ion  t h a t  t h e  

deformat ion would remain a c t i v e  u n t i l  a l l  t he  anhyd r i t e  has s e t t l e d  beneath t h e  

h a l i t e .  Since t h i s  has not  y e t  happened i n  t h e  DZ, t h e  i m p l i c a t i o n  i s  t h a t  t h e  

deformat ion i n  t h e  DZ i s  an ac t i ve ,  ongoing process. 

6.0 The Rate o f  Deformation 

Barrows (1983) has ca l cu la ted  t h a t  t he  t ime requ i red  f o r  t h e  deformat ion i n  t h e  

C a s t i l e  through t h e  process o f  i s o s t a t i c  movement o f  s a l t  would range from l o 4  
t o  l o 7  years. Borns e t  a1 (1983) have ca l cu la ted  t h a t ,  by t h i s  mechanism, a 

s t r u c t u r e  o f  t h e  s i z e  o f  WIPP-12 a n t i c l i n e  cou ld  develop a t  t h e  WIPP s i t e  i n  a 

t ime frame o f  approximately 10,000 years t o  250,000 years. Such a s t r u c t u r e ,  

developing i n  t h e  C a s t i l e  anhydr i te ,  would produce f r a c t u r e s  and may r e s u l t  i n  

t he  devel opment o f  a  b r i n e  rese rvo i  r. A1 though t h e o r e t i c a l  l y  possib le,  Borns 

e t  a1 (1983 argue t h a t  t h e  development o f  a  s t r u c t u r e  d i r e c t l y  under t h e  s i t e  J 
would be a random event and g iven t h a t  t h e  cond i t i ons  f o r  such an event have 

e x i s t e d  f o r  t h e  past  several  m i l l i o n s  o f  years, i t  would be very u n l i k e l y  f o r  a  

s t r u c t u r e  t o  develop d i r e c t l y  under t he  s i t e  dur ing  t h e  nex t  250,000 years. 

Borns e t  a1 (1983) have ca l cu la ted  the  e f f e c t  o f  t h e  "deformat ion f r o n t "  

progress ing toward t h e  s i t e .  By assuming an average w id th  o f  10 km o f  t h e  DZ 

adjacent t o  t h e  r e e f  and 30 m.y. as t he  t ime s ince  bas in  t i l t e d  and t h e  

deformat ion began, they c a l c u l a t e  t h a t  t h e  b e l t  has grown a t  a  r a t e  o f  0.3 

m m l y r  and " A t  t h i s  r a t e  4.6 m.y. would be requ i red  f o r  t h e  deformat ion f r o n t  t o  

progress over t h e  s i te . "  



The assumptions made i n  t h i s  c a l c u l a t i o n  may no t  be v a l i d .  Fig. 1 o f  Borns e t  

a1 shows t h e  w i d t h  o f  DZ bo rde r i ng  t h e  r e e f ,  near  t h e  WIPP s i t e ,  t o  be about 16 

km ( = l o  m i l es ) .  The main phase o f  t h e  up1 i f t  occurred i n  l a t e  P l i ocene  t o  

e a r l y  P le i s t ocene  t ime  (King, 1948; Hayes, 1964) o r  about 2 t o  6 m.y. ago. 

Therefore,  a more r e a l i s t i c  assumption would be t h a t  t h e  de fo rmat ion  has 

progressed 16 km i n  2 t o  6 m.y., o r  2.7 t o  8 Km per  m i l l i o n  years. The edge of 

t h e  WIPP-12 s t r u c t u r e  i s  about 1 Km n o r t h  o f  t h e  c e n t e r  o f  t h e  s i t e .  Using 

these assumptions, t h e  de fo rmat ion  f r o n t  would reach t h e  c e n t e r  o f  t h e  s i t e  i n  

125,000 years  t o  375,000 years. 

7.0 Conclusions 

It i s  c l e a r  t h a t  t h e  s t r u c t u r a l  de fo rmat ion  i s  most pronounced w i t h i n  t h e  

C a s t i l e  f o rma t i on  and near t h e  Capitan Reef. However, t h e r e  i s  no r a t i o n a l  

b a s i s  t o  assume a 10 km band o f  de fo rmat ion  bo rde r i ng  t h e  Capi tan Reef. 

The WIPP-12 s t r u c t u r e  c l e a r l y  shows t h a t  t h e  " f r o n t "  extends t o  a t  l e a s t  t h e  

n o r t h e r n  p a r t  o f  t h e  WIPP Zone 11. A more conse rva t i ve  approach would be t o  

assume t h a t  t h e  e n t i r e  WIPP s i t e  i s  w i t h i n  t h e  zone where t h e  C a s t i l e  beds have 

been deformed t o  va ry i ng  degrees and i n c l u d e  t h e  Belco-Hudson s t r u c t u r e  w i t h i n  

t h i s  zone. Fur ther ,  t h e  i n t e r p r e t a t i o n  o f  t h e  s t r u c t u r e  a t  WIPP-11 shows t h a t  

t h e  involvement o f  t h e  Delaware Mountain Group f o rma t i on  w i t h  t h e  de fo rmat ion  

i n  C a s t i l e ,  a t  l e a s t  l o c a l l y ,  i s  poss ib le ,  and a t  t h i s  d r i l l  h o l e  t h e  C a s t i l e  

s t r u c t u r a l  deformat ions appear t o  extend i n t o  t h e  lower  Salado as we l l .  

The g r a v i t y  founder ing  hypo thes is  p rov ides  a reasonable exp lana t i on  f o r  t h e  

s t y l e  o f  de fo rmat ion  p resen t  i n  t h e  C a s t i l e  f o rma t i on  i n  t h e  n o r t h e r n  Delaware 

Basin. By us ing  t h i s  hypothesis,  Borns e t  a1 (1983) have c a l c u l a t e d  t h a t  i f  

t h e  de fo rmat ion  i s  p rogress ing  towards t h e  WIPP r e p o s i t o r y  area, i t  would t a k e  

4.6 m.y. f o r  t h e  de fo rmat ion  f r o n t  t o  reach t h e  area d i r e c t l y  under t h e  WIPP 

repos i t o r y .  EEG's c a l c u l a t i o n s  show t h a t  t h i s  may happen i n  125,000 t o  375,000 

years. The p rog ress ion  o f  a s t r u c t u r e  such as t h a t  l o c a t e d  a t  WIPP-12, 

however, r e q u i r e s  c o n d i t i o n s  which f a c i l i t a t e  t h e  g r a v i t y  founder ing  mechanism 

and these c o n d i t i o n s  (e.g. h igh  t rapped f l u i d  i n  rock, low y i e l d  s t reng th ,  

etc.) may n o t  e x i s t  under t h e  southern p a r t  o f  Zone I 1  o f  t h e  WIPP s i t e .  The 

boreho le  DOE-1 d r i l l e d  j u s t  ou t s i de  t h e  Zone 11, t o  t h e  southeast,  c e r t a i n l y  

does no t  e x h i b i t  t h e  C a s t i l e  deformat ion s t r u c t u r e s  except some minor l a t e r a l  



f l o w  t e x t u r e s  i n  t h e  C a s t i l e  h a l i t e s .  Fur ther ,  w i t h  t h e  r e o r i e n t a t i o n  o f  t h e  

WIPP r e p o s i t o r y  t o  t he  south w i t h i n  Zone 11, t h e  r e p o s i t o r y  would now be i n  a 

r e l a t i v e l y  undeformed reg ion  as i n t e r p r e t e d  from t h e  se ismic re f1  e c t i o n  data. 

EEG, t he re fo re ,  concludes t h a t  t h e  proposed WIPP r e p o s i t o r y  i n  t h e  southern 

p a r t  o f  Zone I 1  i s  l o c a t e d  i n  a r e l a t i v e l y  undeformed area. 
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HYDROLOGIC TRANSPORT CHARACTERISTICS OF THE RUSTLER AQUIFERS 

The s i t e  v a l i d a t i o n  r e p o r t  (DOE, 1983) concluded t h a t  t h e  Culebra and Magenta 

Do lomi te  a q u i f e r s  o f  t h e  R u s t l e r  Format ion a re  t h e  on l y  a q u i f e r s  o f  s i g n i f i c a n c e  

a t  t h e  WIPP s i t e .  O f  t he  two, t h e  Culebra i s  cons idered t h e  most impor tan t  and 

i s  t h e  t a r g e t  o f  DOE'S d e t a i l e d  hyd ro log i c  t r a n s p o r t  s tud ies .  Recent model i  ng 

s tud ies  (Ba r r  e t  a1 . , 1983), c i t e d  by Weart (1983) i n d i c a t e  t h a t  water w i l l  move 

l e s s  than  2 m i l e s  i n  1000 years  i n  t h e  reg ion  near t h e  s i t e  bu t  t h e  document 

(Bar r  e t  a1 , 1983) was unava i l ab le  f o r  rev iew by EEG on May 25, 1983. 

While t h e  general  hydrogeology o f  the R u s t l e r  a q u i f e r s  has been presented i n  t h e  

s e c t i o n  on Regional Hydro1 ogy , s p e c i f i c  aspects r e l a t i n g  t o  a  r e p o s i t o r y  breach 

and t he  t r a n s p o r t  o f  r ad ionuc l  ides  t o  t h e  b iosphere a r e  d iscussed i n  t h i s  

sec t ion .  Ne i t he r  t h e  breach mechanism nor  t h e  mechanism t o  move r a d i o a c t i v e  

m a t e r i a l  1400 f e e t  from t h e  r e p o s i t o r y  t o  t h e  R u s t l e r  a r e  addressed i n  t h e  

f o l  l ow ing  d iscuss ion.  

F i g u r e  25 shows t h e  WIPP s i t e ,  t h e  p e r t i n e n t  t e s t  holes,  t h e  l o c a t i o n  o f  Laguna 

Grande de l a  Sal ,  t h e  Pecos R i ve r  a t  Malaga Bend, and t h e  approximate boundar ies 

o f  Nash Draw. The t h r e e  R u s t l e r  a q u i f e r s  i n  ascending o rde r  a r e  t h e  

Rus t le r -Sa l  ado i n t e r f a c e  residuum, t h e  Culebra Do1 omite,  and t h e  Magenta 

Do1 omi te.  

1.0 Rust1 er-Sal  ado Residuum 

Groundwater i n  t h e  Rust ler -Salado residuum f l ows  southwest f rom t h e  s i t e  w i t h  a  

poss ib l e  d ischarge  a t  Laguna Grande de 1  a  Sal , but  t h e  major  d ischarge p o i n t  i s  

t h e  Pecos R i ve r  near Malaga Bend. I n  Nash Draw t h e  t r a n s m i s s i v i t y  i s  as h i gh  as 

8000 f t  /day (Hale e t  a l ,  1958), but i t  i s  l e s s  than  3  x 10- f t  /day w i t h i n  2 

m i l e s  o f  t h e  c e n t e r  o f  t h e  s i t e .  I n  add i t i on ,  t h e  h i gh  magnesium and potassium 

concen t ra t i on  o f  t he  water (Mercer, 1983) i n  zone I 1  would i n d i c a t e  a  very  

r e s t r i c t e d  f l o w  system. Therefore,  t h e  Rust ler -Salado con tac t  residuum i s  no t  

cons idered t o  be a  major avenue f o r  t h e  t r a n s p o r t  o f  r a d i o n u c l i d e s  t o  t h e  

access ib l e  envi  ronment. 



2.0 Cul ebra Do1 omi t e  

Where h y d r a u l i c  c o n d u c t i v i t y  has been measured i n  t h e  Rus t l e r ,  t h e  Culebra has 

been t h e  most conduc t i ve  l aye r .  Hence DOE has concluded t h a t  t h e  Culebra i s  t h e  

l i m i t i n g  a q u i f e r  f o r  model ing s tud ies.  

The p o t e n t i o m e t r i c  su r face  map of t h e  Culebra i s  presented i n  F igure  18. From 

these data one might  conc lude t h a t  t he  d i r e c t i o n  o f  f l o w  from t h e  s i t e  i s  due 

south t o  about t h e  cen te r  o f  T  23S, R. 31E, and then  southwest t o  a  d ischarge  

p o i n t  a t  Malaga Bend. Recent work by Gonzalez (1983) t o  d e f i n e  t h e  an i so t ropy  o f  

h y d r a u l i c  c o n d u c t i v i t y  (F i gu re  25) has l e d  t o  t h e  conc lus ion  by DOE t h a t  t h e  f l o w  

from t h e  s i t e  w i l l  be southeast and then wes te r l y  t o  Malaga Bend. The decrease 

i n  TDS and t h e  change i n  water  chemist ry  f rom sodium and c h l o r i d e  t o  ca lc ium,  

magnesium and s u l f a t e  south o f  t h e  s i t e  has been discussed i n  t h e  Regional 

Hydro1 ogy sec t ion .  Un t i  1 t h e  chemical i n c o n s i s t e n c i e s  a re  expla ined,  t h e  

h y d r a u l i c  head d i s t r i b u t i o n  shown i n  F igu re  18 does no t  d e f i n i t i v e l y  show t h a t  

t h e  d i r e c t i o n  o f  groundwater f l o w  i s  o t h e r  than  a long a  s t r a i g h t  l i n e  t o  Malaga 

Bend. To date,  t h e  an i so t ropy  o f  c o n d u c t i v i t y  has been determined a t  o n l y  t h r e e  

l o c a t i o n s ;  H-4, H-5, and H-6. The d i r e c t i o n  o f  t h e  p r i n c i p a l  component o f  t h e  

t r a n s m i s s i v i t y  t enso r  i s  n e a r l y  i d e n t i c a l  a t  t e s t  pads H-5 and H-6. A t  H-4, t h e  

d i r e c t i o n  o f  t h e  p r i n c i p a l  component o f  t h e  t ransmi  s s i v i  ty  t enso r  i s  r o t a t e d  

about 50° coun te rc lockwise  i n  r e l a t i o n  t o  H-5 and H-6. No data on an i so t ropy  a r e  

a v a i l a b l e  a t  t h e  cen te r  o f  t h e  s i t e  o r  t o  t h e  southeast.  A d d i t i o n a l  an i so t ropy  

t e s t s  a re  needed t o  accu ra te l y  p r e d i c t  t h e  d i r e c t i o n  o f  groundwater f l o w  i n  t h e  

f r a c t u r e d  Cul ebra Do1 omi te .  

When t h e  d i r e c t i o n  o f  groundwater f l ow  and s p e c i f i c  d ischarge  a re  f i r m l y  

es tab l i shed ,  t h e  speed a t  which t h e  so lu tes  w i l l  t r a v e l  i s  dependent on t h e  

e f f e c t i v e  p o r o s i t y  and 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 .  Gonzal ez (1983) has 

performed a  number o f  t r a c e r  t e s t s  t o  es t ima te  e f f e c t i v e  po ros i t y .  The r e s u l t s  

of two t r a c e r  t e s t s ,  a t  t e s t  pads H-2 and H-6 y i e l d  d i f f e r e n t  r e s u l t s .  

The r e c i  r c u l a t i n g  t r a c e r  t e s t  a t  t e s t  pad H-2 y i e l d e d  an e f f e c t i v e  p o r o s i t y  o f  18 

percent.  The convergent t r a c e r  t e s t  a t  t e s t  pad H-6 y i e l d s  e f f e c t i v e  p o r o s i t i e s  

o f  0.7 and 11 percent.  These r e s u l t s  p o i n t  ou t  some very i n t e r e s t i n g  aspects of 

s o l u t e  t r a n s p o r t  i n  t h e  Cul ebra. 
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Figure 25. Particle flow path estimates 1983 in the vicinity of the 
WIPP s i t e .  Major chemical constituents of the Culebra 
water are indicated (based on Gonzalez, 1983) 



Groundwater f l o w  i n  t h e  Cul ebra through f r a c t u r e s  (Gonzalez, 1983; Weart, 1983; 

Mercer, 1983) i s  d r a m a t i c a l l y  d isp layed  by t h e  H-6 t r a c e r  t e s t .  The t h r e e  w e l l  

c o n f i g u r a t i o n  ( l a b e l e d  a, b  and c )  was an e q u i l a t e r a l  t r i a n g l e ,  100 f e e t  on each 

side, w i t h  pumping from we l l  " c "  and t r a c e r  i n j e c t i o n  i n t o  t h e  o t h e r  two. The 

peak concen t ra t i on  i n  t h e  b-c d i r e c t i o n  was 10 t imes  g r e a t e r  and a r r i v e d  30 t imes  

f a s t e r  than t h e  peak concen t ra t i on  i n  t h e  a-c d i r e c t i o n .  As 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 n  t h e  b-c d i r e c t i o n  i s  a t  most 2.1 t imes  g r e a t e r  than 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 n  t h e  a-c d i r e c t i o n ,  t he  t r a v e l  t ime  d i f f e r e n c e s  were a t t r i b u t e d  t o  

d i f f e r e n c e s  i n  e f f e c t i v e  po ros i t y .  T h i s  assumption imp1 i e s  an equal f l o w  pa th  

leng th ,  but  t h i s  may be a  poor assumption i n  f r a c t u r e d  media. 

While t h e  b-c w e l l  p a i r  may have i n t e r s e c t e d  t h e  same f r a c t u r e ,  t h e  a-c we l l  pa i  r 

may not. The b-c f l o w  pa th  would have been nea r l y  a  s t r a i g h t  l i n e  whereas t h e  

a-c path cou ld  have been ext remely  t o r t uous  thereby  caus ing a  l ong  f l o w  path.  

T h i s  i n t e r p r e t a t i o n  would no t  be i n c o n s i s t e n t  w i t h  t h e  h y d r a u l i c  c o n d u c t i v i t y  

data. The water l e v e l  response i n  we l l  "a" due t o  pumping i n  " c "  i s  a  p ressure  

response i n  t h e  con f i ned  Culebra a q u i f e r  and does no t  s i g n i f y  t h e  movement o f  

l a r g e  amounts o f  water. 

Because t he  t r a c e r  t e s t s  f o r c e  t h e  groundwater and t r a c e r  t o  f l o w  i n  a  s p e c i f i c  

d i r e c t i o n ,  t h e  f l o w  may o r  may no t  co inc ide  w i t h  t h e  p r e f e r r e d  n a t u r a l  f l o w  

d i r e c t i o n .  Parameters de r i ved  from an a r t i f i c i a l  f l o w  t e s t  may no t  be t h e  

a p p r o p r i a t e  parameters t o  use i n  a  n a t u r a l  f l o w  s i t u a t i o n .  The apparent 

v a r i a b i l i t y  o f  e f f e c t i v e  p o r o s i t y  i n  t h e  H-6 t r a c e r  exper iments i s  s i g n i f i c a n t  

because e f f e c t i v e  p o r o s i t y  e x h i b i t s  such a  s t r ong  i n f l u e n c e  on c a l c u l a t e d  water  

v e l o c i t i e s .  

Al though water t r a n s i t  t imes i n  Nash Draw are  rap id ,  t h e  c o n t r o l l i n g  t imes  a r e  

assoc ia ted  w i t h  t h e  r e l a t i v e l y  small p e r m e a b i l i t i e s  observed near t h e  cen te r  o f  

t h e  s i t e .  I f  t h e  h y d r a u l i c  c o n d u c t i v i t y  a t  H - 1  (0.003 f t / d )  and an e f f e c t i v e  

p o r o s i t y  o f  0.18 ( f rom t h e  H-2 t r a c e r  t e s t )  a r e  r e p r e s e n t a t i v e  o f  t h e  s i t e ,  then 

t r a n s i t  t imes  a re  long. I f  t he  h y d r a u l i c  c o n d u c t i v i t y  a t  H-3 (0.86 f t / d )  and an 

e f f e c t i v e  p o r o s i t y  o f  0.007 ( f rom t h e  H-6 t r a c e r  t e s t )  a r e  rep resen ta t i ve ,  

t r a n s i t  t imes  are shor t .  



The lack  o f  an i so t ropy  da ta  a t  t h e  s i t e  severe ly  l i m i  t s  t h e  con f idence  one can 

p lace  i n  any model r e s u l t s .  I n  f r a c t u r e d  media, such as t h e  Culebra, t h e  

h y d r a u l i c  g r a d i e n t  does no t  necessa r i l y  i n d i c a t e  t h e  d i  r e c t i o n  o f  groundwater 

f low.  I n  f a c t ,  t h e  f l o w  d i r e c t i o n  could be n e a r l y  para1 l e l  t o  t h e  h y d r a u l i c  head 

contours.  The unexpla ined decrease i n  TDS and a  change i n  t h e  general  chemical 

na tu re  o f  t h e  Culebra water from sodium and c h l o r i d e  a t  t h e  s i t e  t o  magnesium, 

ca lc ium,  and s u l f a t e  south o f  t h e  s i t e  i n d i c a t e s  t h a t  i n s u f f i c i e n t  da ta  a r e  

p r e s e n t l y  ava i  1  ab le  t o  adequately c h a r a c t e r i z e  t h e  f l o w  system south o f  t h e  

s i t e .  The an i so t ropy  o f  h y d r a u l i c  c o n d u c t i v i t y  a t  t h e  s i t e  must be determined 

be fo re  t he  f l o w  d i r e c t i o n  can be postu la ted.  The t r a c e r  t e s t s  p rov ide  

i n f o r m a t i o n  on t h e  t r a n s p o r t  o f  conserva t i ve  so lu tes ,  bu t  these  t e s t s  generate 

a r t i f i c i a l  f l o w  systems. I n  f r a c t u r e d  media, these t r a c e r  t e s t s  may no t  p r o v i d e  

t h e  proper  da ta  t o  use i n  model ing t he  t r a n s p o r t  o f  water and so lu tes  i n  a  

n a t u r a l  f l o w  system. However, t h e  t r a c e r  t e s t s  a re  t h e  o n l y  means c u r r e n t l y  

a v a i l a b l e  t o  es t ima te  t h e  s o l u t e  t r a n s p o r t  parameters i n  a  reasonable amount o f  

t ime.  

The hydol og ic  t e s t i n g  program conducted by Sandia Na t i ona l  Labo ra to r i es  i s  

ongoing. Fu tu re  t e s t i n g  i s  planned a t  t h e  s i t e  and t o  t h e  south and southeast. 

These a d d i t i o n a l  t e s t s  w i  11 hope fu l  l y  p rov ide  adequate data t o  c o n f i d e n t l y  model 

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

U n t i l  t h e  Cul ebra groundwater f l o w  system i s  adequately understood, consequence 

a n a l y s i s  scenar ios t h a t  assume essen t i  a1 l y  a  s t r a i g h t  1  i n e  connec t ion  between t h e  

s i t e  and t h e  neares t  probable d ischarge p o i n t ,  Malaga Bend a r e  v a l i d .  EEG has 

modeled t h e  consequences o f  3 scenarios i n  which a  r e p o s i t o r y  breach i n j e c t s  

r a d i o a c t i v i t y  i n t o  t h e  Cul ebra a q u i f e r  (Green f ie ld ,  1979; Wof sy, 1980; Sp ieg le r ,  

1981). I n  two scenar ios  t r a n s p o r t  i s  assumed t o  be s t r a i g h t  f rom t h e  s i t e  t o  

Malaga Bend w i t h  d ischarge  i n t o  t h e  Pecos River.  Both analyses a re  conserva t i ve ,  

bu t  may no t  be bounding. The 1  argest  c a l  c u l  ated one year  exposure f o r  an a d u l t  

d r i n k i n g  Pecos R i ve r  water con ta in i ng  rad ionuc l i des  i s  l e s s  than  10 mrem t o  t h e  

bone (Green f ie ld ,  1979). T h i s  scenar io  i s  conse rva t i ve  i n  t h a t  a  l a r g e  r a t e  o f  

waste d i s s o l u t i o n  was assumed, bu t  i t  i s  no t  conse rva t i ve  i n  terms o f  groundwater 

v e l o c i t y .  The second scenar io  (Wofsy, 1980) i s  a  s e n s i t i v i t y  a n a l y s i s  which 

examined t h e  consequences o f  p lu ton ium t r a n s p o r t  on ly .  The maximum exposure f o r  

t h e  a d u l t  whole body 50-year dose commitment from d r i n k i n g  Pecos R i ve r  water i s  



l e s s  than 1 mrem. Ne i t he r  scenar io  uses concen t ra t i on  (pCi/Q) as an i n p u t  

i n i t i a l  c o n d i t i o n ,  bu t  r a t h e r  uses r a t e s  (pCi /sec). Concent ra t ion  scenar ios may 

be more a p p r o p r i a t e  f o r  some scenar io  analyses. 

The t h i r d  scenar io  examined t h e  consequences o f  us i ng  contaminated water f rom a 

we l l  l o c a t e d  t h r e e  m i  l e s  from t h e  s i t e .  Account ing f o r  desal  i n i  za t ion ,  

r a d i o a c t i v e  decay, secondary water t reatment ,  and s o l u t e  r e t a r d a t i o n  i n  t h e  

aqu i f e r ,  t h e  50-year bone dose commitments from one year  o f  d r i n k i n g  t r e a t e d  

water  contaminated w i t h  U-233 o r  Pu-239 and Pu-240 were found t o  be 132 mrem f o r  

an a d u l t  and 217 mrem f o r  a  c h i l d .  

These doses a re  no t  s i g n i f i c a n t  when one cons iders  t h a t  doses f rom n a t u r a l  

background r a d i a t i o n  a r e  between 60 and 100 mrem per  year. The dose c a l c u l a t e d  

from scenar io  1 (Green f i e l d ,  1979) cou ld  be s l  i g h t l y  h i ghe r  than  10 mrem if 

f a s t e r  t r a v e l  t imes  a r e  used. I n  any event, p r e c i s e  knowledge o f  t h e  groundwater 

f l o w  regime i n  t h e  Culebra Dolomi te  i s  needed t o  i n s u r e  t h a t  t h e  scenar ios a re  

bounding. I f  t h e  f l o w  from t h e  s i t e  i s  t o  t h e  southeast then  t h e  consequences 

a t  a  Pecos R i v e r  d ischarge p o i n t  should be l e s s  than those ob ta ined  from t h e  

above scenarios.  I f ,  however, t h e  f r a c t u r e  network a t  t h e  s i t e  d i r e c t s  f l ow  t o  

the  southwest i n t o  Nash Draw, r a p i d  t r a n s p o r t  t imes cou ld  r e s u l t  i n  l a r g e r  doses 

t han  i n d i c a t e d  by t h e  scenarios. 

3.0 Maaenta Do1 omi te  

The p o t e n t i o m e t r i c  su r face  map f o r  t h e  Magenta i s  presented i n  F igu re  21. T h i s  

a q u i f e r  has not  been cons idered as a major  v e h i c l e  f o r  s o l u t e  t r a n s p o r t  by DOE 

1 a rge l y  because o f  i t s  r e l a t i v e l y  low hydraul  i c  c o n d u c t i v i t y  (Gonzalez, 1983). 

There a re  no da ta  f o r  t h e  Magenta on e f f e c t i v e  p o r o s i t y ,  an i so t ropy  o f  h y d r a u l i c  

c o n d u c t i v i t y ,  o r  d i s p e r s i v i t y  near t he  s i t e .  It appears t h a t  f r a c t u r e  f l o w  i n  

t h e  Magenta i s  l e s s  prominant than  i n  t h e  Culebra (Mercer, 1983). Therefore,  t h e  

Magenta may be best  represented by porous media f l o w  analyses. Magenta water a t  

t h e  s i t e  appears t o  d ischarge  i n t o  unde r l y i ng  u n i t s  near Nash Draw (Mercer, 

1983), however, t h e r e  a re  no d i  r e c t  observa t ions  o f  such d i  scharge. 



The Magenta i s  no t  t h e  major  avenue f o r  r a d i o n u c l i d e  t r a n s p o r t  i n  t he  R u s t l e r  

based on t he  c u r r e n t l y  a v a i l a b l e  data. However, i f  ongoing s tud ies  o f  t he  

Culebra l ead  t o  ext remely  l ong  r a d i o n u c l i d e  t r a v e l  t imes  t o  t h e  access ib l e  

environment then hyd ro log i c  t r a n s p o r t  i n  t h e  Magenta should be considered. 

4.0 So lu te  Re ta rda t i on  

Many rad ionuc l  i des  do n o t  t r a v e l  a t  t h e  same v e l o c i t y  as t h e  water, bu t  move a t  a  

slower, r e ta rded  v e l o c i t y .  The low r a d i a t i o n  doses c a l c u l a t e d  f o r  t h e  hyd ro log i c  

breach scenar ios ( r e f .  Green f ie ld ,  1979; Sp ieg le r ,  1981) r e s u l t  i n  p a r t  from t h e  

f a c t  t h a t  t h e  Kd va lue  g r e a t l y  r e ta rds  t h e  r a t e  a t  which p lu ton ium t r a v e l s .  A 

s e n s i t i v i t y  a n a l y s i s  (Wofsy, 1980) showed t h a t  i f  Kd o f  p lu ton ium were g r e a t e r  

t han  10, t h e  e f f e c t i v e  p o r o s i t y  had l i t t l e  e f f e c t  on t h e  r a d i a t i o n  doses a t  t h e  

Pecos R iver .  

The l a b o r a t o r y  measurements a re  gene ra l l y  performed on powdered rock samples 

thereby g r e a t l y  i nceas ing  t h e  rock sur face  area (Dosch and Lynch, 1978; Dosch, 

1980; Lynch and Dosch, 1980)).  Kd i s  gene ra l l y  r epo r ted  as t h e  mass o f  s o l u t e  

on t h e  s o l i d  phase pe r  u n i t  mass o f  s o l i d  phase d i v i d e d  by t h e  concen t ra t i on  o f  

s o l u t e  i n  s o l u t i o n .  I n  f r a c t u r e d  media i t  i s  b e t t e r  t o  r e p o r 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  on a  per-un i  t - s u r f  ace-area bas i s  (Freeze and Cherry, 1979). Porous 

secondary m a t e r i a l  f i l l i n g  some f r a c t u r e s  i n  t h e  Culebra may j u s t i f y  t h e  use o f  

Kd on a  per-uni t -mass-basis.  Laboratory  measurements o f  Kd va lues may no t  

r e f l e c t  f i e l d  cond i t i ons .  For example, smal l  amounts o f  p lu ton ium o r  o t h e r  

elements w i l l  decrease t he  capac i t y  o f  t h e  rocks t o  adsorb more p lu ton ium;  thus  a  

" l oad ing  e f f e c t "  can reduce Kd values. Che la t i ng  agents l i k e  EDTA can a l s o  

reduce Kd values, as can temperature, pH and o t h e r  phys i ca l  and chemical . 

f a c t o r s .  The a p p r o p r i a t e  Kd t o  use f o r  scenar io  analyses i s  no t  es tab l i shed .  

Therefore,  u n t i l  i n - s i t u  Kd da ta  a re  a v a i l a b l e ,  t h e  sma l l es t  repor ted  Kd 

va lue  should be used t o  have t r u l y  conserva t i ve  scenarios.  

5.0 P o s s i b i l i t y  o f  Ka rs t  Hydrology i n  R u s t l e r  

A g r a v i t y  survey was c a r r i e d  ou t  a t  t h e  WIPP s i t e  by Sandia Nat iona l  

Labora to r ies ,  du r i ng  1981-82, w i t h  a  pr imary purpose o f  d e l i n e a t i n g  t h e  

"D is tu rbed  Zone" s t r u c t u r e s  w i t h i n  t h e  C a s t i l e  format ion.  The f i e l d  parameters 



f o r  t h i s  study were se lec ted  t o  r eso l ve  low-amp1 i tude, broad-wavelength anomalies 

o r i g i n a t i n g  from s t r u c t u r e s  w i t h i n  the  C a s t i l e  format ion,  more than  3000 ft. 

below t h e  sur face a t  WIPP (Barrows, 1982). Ins tead  o f  t h e  a n t i c i p a t e d  s igna ls ,  

t h e  survey revealed a  complex p a t t e r n  o f  high-amp1 i tude and short-wave1 ength 

nega t i ve  anomalies. Barrows (1982) i n t e r p r e t e d  these  anomal i es as r e s u l t i n g  from 

d e n s i t y  (and acous t i c  v e l o c i t y )  a1 t e r a t i  ons i n  t h e  v i c i n i t y  o f  k a r s t  channel s. 

Borns e t  a l .  (1983) have presented t h i s  as t h e  on l y  i n t e r p r e t a t i o n  o f  t h e  g r a v i t y  

data w i t h  a  d i s c l a i m e r  t h a t  t h e  o ther  authors  o f  t h a t  r e p o r t  do no t  n e c e s s a r i l y  

agree w i t h  i t  and i t  a l so  does no t  imply  endorsement by Sandia Nat iona l  

Labora to r ies .  The d i scuss ion  presented i n  Borns e t  a l .  (1983, p. 3-9) r u l e s  ou t  

t h e  poss i  b i  1  i ty t h a t  t h e  l a t e r a l  dens i t y  v a r i a t i o n s  i n t e r p r e t e d  from t h e  g r a v i t y  

data a re  caused by f a c i e s  v a r i a t i o n s .  Weart (1983) s t a t e s  t h a t  t h e  nega t i ve  

g r a v i t y  anomalies might  be caused by low-dens i ty  channel f i l l i n g s  i n  t h e  Dewey 

Lake Redbeds. 

5.1 Observat ions Suppor t ing t h e  Presence o f  K a r s t  

Barrows (1983) compi led o the r  observa t ions  bes ides t h e  nega t i ve  g r a v i t y  anomal ies 

t o  support  h i s  conc lus ion  t h a t  k a r s t  channels e x i s t  i n  t h e  R u s t l e r  format ion.  

H i s  observa t ions  a re  summarized be1 ow. 

5.1.1 R u s t l e r  Th inn ing :  The R u s t l e r  f o rma t i on  i s  about 475 f e e t  t h i c k  i n  t h e  

southeast  co rner  and about 300 f e e t  t h i c k  i n  t h e  nor thwest  co rner  o f  t h e  WIPP 

s i t e  (GCR, Fig. 4.3-8 and Snyder 1983, Fig. 2.25). Barrows c i t e s  t h i s  " t h i n n i n g "  

o f  R u s t l e r  as an example o f ,  "a complex i n t e r s t r a t a l  b l anke t  k a r s t  i n v o l v i n g  

h a l i t e ,  anhydrite-gypsum, and, t o  a  l e s s e r  ex ten t ,  dolomite."  According t o  him, 

i f  t h e  t h i n n i n g  were caused by d i s s o l u t i o n  by con f i ned  water, i t  should have 

proceeded i n  t h e  d i r e c t i o n  o f  f l o w  o f  t h e  aqu i f e r s ,  which i s  t o  t h e  southwest. 

Therefore,  he argues, t h a t  "a more l i k e l y  process i n v o l v e s  e a s t e r l y  p rogress ing  

k a r s t  development w i t h  downward i n f i  1  t r a t i o n  o f  f r e s h  water th rough  feeders i n  

t h e  o v e r l y i n g  Dewey Lake f o rma t i on  t o  k a r s t  channels i n  t h e  R u s t l e r  format ion.  

5.1.2 Closed Depressions: There a r e  a  l a r g e  number o f  depress ions a t  t h e  WIPP 

s i t e .  The sma l l e r  ones may be due t o  wind d e f l a t i o n  bu t  t h e  l a r g e r  ones can o n l y  

be reasonably a t t r i b u t e d  t o  a1 l u v i  a1 do1 i nes, which form when loose  s u r f  i c i a l  

m a t e r i a l  i s  washed i n t o  s o l u t i o n  c a v i t i e s  i n  t h e  unde r l y i ng  rocks. The WIPP-33 

depress ion i s  a  good example o f  such a d o l i  ne. 



5.1.3 The WIPP 33 C a v i t i e s :  The borehole WIPP 33, l o c a t e d  i n  Zone I V  i n  t h e  

nor thwest  p a r t  o f  t he  WIPP s i t e ,  encountered f o u r  c a v i t i e s  t o t a l i n g  s l  i g h t l y  

over  20 f e e t  i n  t h e  f o r t y - n i n e r  and Magenta Dolomi te  members o f  t he  R u s t l e r  

format ion.  According t o  Barrows, these c a v i t i e s  a r e  d i r e c t  evidence o f  k a r s t  

and t hey  demonstrate t h e  r e l a t i o n  between a1 l u v i  a1 do1 i nes, nega t i ve  g r a v i t y  

anomalies and k a r s t  channels i n  t he  R u s t l e r  format ion.  

5.1.4 Lack o f  Sur face Runoff  and t h e  Water Balance: Barrows p o i n t s  ou t  t h a t  

t h e r e  a r e  about 12 inches o f  annual r a i n f a l l  a t  t h e  W I P P  s i t e ,  most o f  which 

f a l l s  between May and October. Since t h e  WIPP s i t e  has almost no v i s i b l e  

su r f ace  r u n o f f ,  Barrows c la ims  t h a t  t h e  p r e c i p i t a t i o n  c o l l e c t s  i n  t h e  smal l  

topographic  depress ions and r a p i d l y  soaks i n t o  t h e  ground. 

5.2 Observat ions Doubt ing t h e  Presence o f  K a r s t  

Weart (1983, p.20) g i ves  severa l  reasons t o  doubt t h e  ex i s tence  o f  k a r s t  

c o n d i t i o n s  over  t h e  W I P P  s i t e .  These a r e  b r i e f l y  d iscussed below. 

5.2.1 La te ra l  Movement o f  Water: The a l t e r a t i o n  i n  t h e  R u s t l e r  f o rma t i on  i s  

c a r r i e d  ou t  by l a t e r a l  movement o f  water along beds o f  f r a c t u r e d  (permeable) 

a n h y d r i t e  and should no t  be ascr ibed  t o  v e r t i c a l l y  downward moving waters. 

5.2.2 The WIPP-33 C a v i t i e s :  Features such as WIPP-33 s ink  i s  a m a n i f e s t a t i o n  

o f  t he  eastward growth o f  d i s s o l u t i o n  a long f i n g e r s  ex tend ing  f rom Nash Draw. 

5.2.3 Closed Depressions: The depressions i n t e r p r e t e d  as do1 i nes by Barrows 

(1982) may have resu l  t e d  by wind def 1 a t  ion.  

5.2.4 Hydro log ic  Tes ts :  The da ta  from pump t e s t s  shows no i n d i c a t i o n  o f  k a r s t  

channels u n d e r l y i n g  t h e  s i t e .  

5.2.5 Water Table:  There i s  no f r e e  wa te r - t ab le  a t  WIPP and k a r s t  development 

u s u a l l y  r e q u i r e s  t h i s  cond i t i on .  

5.2.6 G r a v i t y  Anomal i e s :  The negat i ve  g r a v i t y  anomalies migh t  be caused by 

low-dens i ty  channel f i l l  i ngs  i n  t he  Dewey Lake Redbeds. 



5.3 Imp1 i c a t i o n s  o f  Ka rs t  Hydro1 ogy 

C a l c u l a t i o n s  based on t h e  hydro1 og i c  parameters measured i n  boreholes and 

t r a c e r  t e s t s  y i e l d  ext remely  long (5000 years t o  40,000 years )  t r a v e l  t imes  o f  

wa te r  th rough  t h e  R u s t l e r  f o rma t i on  a t  t h e  WIPP s i t e  t o  t h e  Pecos R i v e r  a t  

Malaga Bend (Gonzalez, 1983). I f  k a r s t  channels e x i s t  i n  t h e  R u s t l e r  

format ion,  t h e  t r a v e l  t ime f o r  t h e  t r a n p o r t  o f  r ad ionuc l i des  i n  t h e  R u s t l e r  

fo rmat ion  might  be d r a s t i c a l l y  reduced i f  a  breach occur red  t h a t  would b r i n g  

r a d i o a c t i v e  m a t e r i a l  up i n t o  t h e  Rus t le r .  

5.4 D iscuss ion  

EEG organized a  f i e l d  t r i p  on May 11, 1983 t o  a f f o r d  L a r r y  Barrows an 

o p p o r t u n i t y  t o  p o i n t  ou t  t he  f i e l d  evidence f o r  t h e  presence o f  k a r s t  a t  t h e  

WIPP s i t e .  The f i e l d  t r i p  was at tended by 20 g e o l o g i s t s  and geohyd ro log i s t s  

i n c l u d i n g  some of t h e  we l l  known exper ts  i n  t h i s  area. I n  a d d i t i o n ,  Har ry  

Legrand has w r i t t e n  two b r i e f  r epo r t s  f o r  EEG on t h i s  quest ion.  The f o l l o w i n g  

d i scuss ion  i s  based on t he  views expressed by LeGrand and o the rs  i n  w r i t i n g ,  

d u r i n g  t h e  f i e l d  t r i p  on May 11 and du r i ng  t h e  d i scuss ions  a t  t h e  meet ing i n  

Carlsbad on May 12 and 13, 1983. 

The most d i r e c t  evidence f o r  k a r s t  f ea tu res  near t h e  WIPP s i t e  i s  t h e  s i nk  h o l e  

a t  WIPP-33, approx imate ly  3  m i l e s  nor thwest  o f  t h e  cen te r  o f  t h e  s i t e .  The few 

c losed depress ions near t h e  s i t e  seem t o  be t o o  conspicuous t o  have been caused 

by wind d e f l a t i o n ,  y e t  do no t  show f e a t u r e s  o f  t y p i c a l  s inkholes.  The 

hyd ro log i c  t e s t s  may no t  de tec t  the  presence o f  f i n e  ka rs t .  Even though t h e  

R u s t l e r  a q u i f e r s  a re  under a r t e s i a n  cond i t i ons ,  t h e r e  a r e  exampl es a t  severa l  

l o c a t i o n s  worldwide where k a r s t  can develop under such cond i t i ons .  The g r a v i t y  

anomalies a t  t h e  s i t e  can be i n t e r p r e t e d  i n  more than  one way. There i s  

s u f f i c i e n t  sand and vege ta t i on  a t  t he  s i t e  t h a t  very  l i t t l e ,  i f  any, water  may 

p e r c o l a t e  down i n t o  t h e  f r a c t u r e d  rock, a l though c a r e f u l  water  balance s tud ies  

have no t  y e t  been conducted. The unconsol idated sand depos i t s  a t  t h e  sur face  

o f  t h e  s i t e  would f a c i l i t a t e  r a p i d  i n f i l t r a t i o n  o f  p r e c i p i t a t i o n .  The depth o f  

i n f i l t r a t i o n  w i l l  determine whether t h e  water r e t u r n s  t o  t h e  atmosphere by 

evapora t ion  o r  recharges t h e  groundwater. Most o f  t h e  hyd ro log i c  t e s t i n g  i n  

Zones 111 and I V  o f  t h e  WIPP s i t e  shows t h e  R u s t l e r  a q u i f e r s  t o  be ext remely  



t i g h t  w i t h  very low h y d r a u l i c  c o n d u c t i v i t i e s ,  bu t  t h e  Well H-3, i n  Zone I 1  

shows an anomalously h i gh  h y d r a u l i c  c o n d u c t i v i t y  compared t o  H - 1  and H-2. 

However, p r e l i m i n a r y  f l o w  n e t  analyses by EEG i n d i c a t e  t h a t  t h e  H-3 h y d r a u l i c  

c o n d u c t i v i t y  i s  c o n s i s t e n t  w i t h  t he  p o t e n t i o m e t r i c  su r f ace  and t h a t  t h e  H - 1  and 

H-2 d a t a  a r e  anomalous. F i n a l l y ,  t h e  mechanics o f  removal o f  ha1 i t e  f rom t h e  

R u s t l e r  format ion,  w i t hou t  i nvok ing  v e r t i c a l  i n f i l t r a t i o n  o f  water a t  t h e  WIPP 

s i t e ,  should be understood. 

EEG concludes t h a t  a l though t h e r e  i s  very l i t t l e  evidence f o r  t h e  presence of 

k a r s t  c o n d i t i o n s  east  o f  t he  western margin o f  Zone I 1 1  o f  t h e  WIPP s i t e ,  some 

a d d i t i o n a l  work should be done t o  complete ly  s e t t l e  t h i s  issue. 

Recommendati ons f o r  t he  a d d i t i o n a l  work i n c l u d e  t h e  water balance study, t h e  

understanding o f  t h e  mechanics o f  s a l t  removal from t h e  R u s t l e r  format ion,  

e x p l o r a t i o n  o f  a t  l e a s t  one depression e.g. i n  Sec. 30, about two m i l e s  SW o f  

t h e  cen te r  o f  t h e  s i t e  and cont inued e v a l u a t i o n  o f  t h e  R u s t l e r  a q u i f e r  

hydrology. These recommendations are o u t l i n e d  i n  more d e t a i l  a t  t h e  end of 

t h i s  chapter.  

6.0 D i spe rs i on  

D i spe rs i on  i n  groundwater f l o w  i s  a  spreading phenomenon t h a t  leads t o  a  

d i l u t i o n  o f  t h e  so lu te .  T h i s  gene ra l l y  leads  t o  r educ t i on  o f  t h e  peak 

c o n c e n t r a t i o n  i n  compari son t o  models where d i  spers ion  i s  ignored. An 

a d d i t i o n a l  phenomenon o f  d i spe rs i on  i s  t h a t  a  p o r t i o n  o f  t h e  s o l u t e  t r a v e l s  

f a s t e r  than  t h e  mean v e l o c i t y .  Th i s  may be impor tan t  i n  s i t u a t i o n s  where f i r s t  

a r r i v a l s ,  r a t h e r  than peak concent ra t ions ,  a re  o f  paramount concern. 

D i spe rs i on  i s  g e n e r a l l y  ignored i n  scenar io  analyses as a  means o f  making t h e  

analyses more conservat ive.  I f  more r e a l  i s t i  c  r e s u l t s  a re  des i  red, t h e  

d i  s p e r s i v i t y  i s  r equ i  red. I t  i s  no t  c l e a r ,  however, t h a t  d i  s p e r s i v i  t i e s  

ob ta ined  from t r a c e r  t e s t s  which c r e a t e  an a r t i f i c i a l  f l o w  system a r e  accura te  

es t imates  o f  t h e  parameters a p p l i c a b l e  t o  n a t u r a l  f l o w  systems. 



7.0 S i t e  Q u a l i f i c a t i o n  C r i t e r i a  

It i s  impor tan t  f o r  EEG t o  eva lua te  how we1 1 t h e  WIPP s a t i s f i e s  proposed 

c r i t e r i a  f o r  nuc lear  waste r e p o s i t o r i e s .  O f  concern i n  t h i s  d i scuss ion  a re  t h e  

c r i t e r i a  t h a t  speci f i c a l  l y  r e l a t e  t o  groundwater. 

7.1 DOE W I P P  S i t e  Q u a l i f i c a t i o n  Fac to rs  ( C r i t e r i a )  

Weart (1982) l i s t s  f o u r  S i t e  Qua1 i f i c t i o n  C r i t e r i a  p e r t a i n i n g  t o  groundwater. 

The c r i t e r i a  and EEG's de te rm ina t i on  o f  how we l l  t h e  WIPP s a t i s f i e d  t h e  

c r i t e r i a  a r e  presented be1 ow. 

C r i t e r i o n  11.1: 

" F a c i l i t y  and r e l a t e d  s h a f t s  must n o t  adverse ly  a f f e c t  e x i s t i n g  a q u i f e r s  

which are, o r  cou ld  be, sources o f  water supply f o r  humans o r  animals." 

Only two a q u i f e r s  cou ld  be a f f e c t e d  by t h e  sha f t s ;  t h e  Culebra and t h e  

Magenta. Perched groundwater, a l though present  i n  sca t t e red  l o c a t i o n s  near t h e  

s i t e ,  was no t  encountered du r i ng  t h e  s i n k i n g  o f  e i t h e r  sha f t .  At t h e  s i t e ,  

n e i t h e r  t h e  Culebra nor  t h e  Magenta a r e  l i k e l y  t o  be sources o f  water t o  humans 

o r  animals. I r r e s p e c t i v e  o f  t h a t ,  t h e  s e a l i n g  o f  t h e  R u s t l e r  i n  t h e  12 f o o t  

e x p l o r a t o r y  s h a f t  suggests t h a t  i n  t h e  sho r t  term t h e  a q u i f e r s  w i l l  be 

una f fec ted .  The WIPP appears t o  s a t i s f y  c r i t e r i o n  11.1. 

C r i t e r i o n  11.2: 

"The underground f a c i l i t y  must be ab le  t o  be i s01  ated from waterbear ing 

s t r a t a  and must not,  i t s e l f ,  be l o c a t e d  i n  a  wate r -bear ing  s t ra tum (s t ra tum 

which w i l l  y i e l d  water t o  a  d r i l l h o l e  under t h e  i n f l u e n c e  o f  g r a v i t y  

a1 one)." 

The r e p o s i t o r y  l e v e l  i s  separated by about 1300 ft. o f  bedded h a l i t e  f rom t h e  

o v e r l y i n g  R u s t l e r  Formation. There i s  about 1900 f e e t  o f  in terbedded h a l i t e  

and a n h y d r i t e  between t h e  r e p o s i t o r y  ho r i zon  and t h e  top  of t h e  B e l l  Canyon 

Formation. I f  t he  boreho le  and s h a f t  p lugg ing  programs a re  successfu l ,  t h e  

respos i  t o r y  w i l l  be i s o l a t e d  from t h e  water-bear ing s t r a t a .  



Potash min ing  ope ra t i ons  have encountered r e l a t i v e l y  small pockets  o f  b r i n e  i n  

t h e  Salado f o rma t i on  approx imate ly  400 ft. above t h e  l e v e l  o f  t h e  r e p o s i t o r y .  

These pockets  would y i e l d  water  t o  a  d r i l l  ho le  under t h e  i n f l u e n c e  o f  g r a v i t y ,  

bu t  t o  da te  no b r i n e  pockets a re  observed a t  t he  r e p o s i t o r y  l e v e l .  I n  any 

event,  a  small b r i n e  pocket o r  two would no t  d e f i n e  t h e  r e p o s i t o r y  ho r i zon  as 

water-bear ing. The WIPP appears t o  s a t i s f y  c r i t e r i o n  11.2. 

C r i t e r i o n  11.3: 

"The h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  f a c i  1  i ty  s t ra tum must be s u f f i c i e n t l y  

low cm/sec o r  l e s s )  t o  prevent  t h e  f l o w  o f  water through t h a t  s t ra tum 

from any source which cou ld  develop a f t e r  f a c i l i t y  cons t ruc t ion . "  

Some o f  t h e  l a y e r s  i n  t h e  r e p o s i t o r y  ho r i zon  exhi  b i t  hydraul  i c  c o n d u c t i v i t i e s  

o f  near cm/sec under 1  i g h t  l oad ing  (Black e t  al., 1983). Under l oad ings  

c o n s i s t e n t  w i t h  i n  s i t u  cond i t i ons ,  t h e  hydraul  i c  c o n d u c t i v i t i e s  were much l e s s  

than cm/sec. The WIPP appears t o  s a t i s f y  C r i t e r i o n  11.3. 

C r i t e r i o n  11.4: 

"Ca l cu la ted  h y d r o l o g i c  t r a n s p o r t  o f  r ad ionuc l i des  through t h e  waste 

d isposa l  f a c i l i t y  and o v e r l y i n g  s t r a t a  must be slow enough t h a t  a  

s i g n i f i c a n t  hazard t o  humans would no t  e x i s t  even i f  t h e  d isposa l  s t ra tum 

were breached. " 

Under some repos i to ry -b reach  scenarios,  t h e  t r a n s p o r t  o f  waste from t h e  

r e p o s i t o r y  t o  t h e  R u s t l e r  i s  rap id .  Therefore,  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  a q u i f e r s  i s  t h e  c r i t i c a l  f a c t o r  t o  cons ider  i n  de te rmin ing  whether a  

s i g n i f i c a n t  hazard t o  humans would e x i s t  i f  t h e  d isposa l  s t ra tum were breached. 

To adequately p red i  c t  t h e  r a d i  01 ogi  c a l  hazard t o  humans f o l  1  owing a  breach and 

t r a n s p o r t  o f  r ad ionuc l i des  i n  t h e  Rus t le r ,  knowledge o f  t h e  groundwater f l ow 

d i  r e c t i o n ,  an i  so t ropy  o f  hydraul  i c  c o n d u c t i v i t y  , e f f e c t i v e  p o r o s i t y ,  and s o l u t e  

d i s t r i b u t i o n  c o e f f i c i e n t s  a re  requi red.  

There a re  no data on t h e  an i so t ropy  o f  h y d r a u l i c  c o n d u c t i v i t y  w i t h i n  2 m i l e s  o f  

t h e  c e n t e r  o f  t h e  s i t e .  These da ta  a re  c r i t i c a l  t o  de te rm in ing  t h e  d i r e c t i o n  

o f  groundwater f l o w  i n  t h e  f r a c t u r e d  Culebra Dolomite. A t  present ,  t h e  neares t  



observa t ion  we1 1  southeast o f  t h e  s i t e  (H-10) i s  8  m i l e s  away. Add i t i ona l  

observa t ion  w e l l s  a re  planned. The proposed f l o w  pa th  i n  t h e  Culebra southeast  

o f  t h e  s i t e  and then west t o  Malaga Bend (Gonzalez, 1983) i s  based on 

i n s u f f i c i e n t  data. Therefore,  t h e  WIPP has no t  y e t  been shown t o  s a t i s f y  

c r i t e r i o n  11.4. 

7.2 NRC C r i t e r i o n  on Trave l  Time t o  t h e  Access ib le  Environment 

The NRC i s  propos ing c r i t e r i a  f o r  t h e  Disposal  o f  High-Level  Rad ioac t i ve  Wastes 

i n  Geolog ica l  Repos i t o r i es  (10 CFR Pa r t  60). One of t h e i r  requi rements 

concerns water  t r a v e l  t ime  from a  r e p o s i t o r y  t o  t h e  access ib l e  environment. 

The proposed wording i n  a  l a t e  d r a f t  (December 1982) of t h i s  r e g u l a t i o n  i s :  

"The geo log ic  r e p o s i t o r y  s h a l l  be 1  ocated so t h a t  pre-waste emplacement 

groundwater t r a v e l  t ime  a1 ong t h e  f a s t e s t  pa th  o f  1  i k e l y  rad ionuc l  i d e  

t r a v e l  from t h e  d i s t u r b e d  zone t o  the  access ib l e  environment s h a l l  be a t  

l e a s t  1,000 years  o r  such t r a v e l  t ime as may be approved o r  s p e c i f i e d  by 

t h e  Commission." 

D e f i n i t i o n s  p e r t i n e n t  t o  an understanding o f  t h e  above requi rement  a re :  

1) The " d i s t u r b e d  zone means t h a t  p o r t i o n  o f  t h e  c o n t r o l  l e d  area whose 

phys i ca l  o r  chemical p r o p e r t i e s  have changed as a  r e s u l t  o f  underground 

f a c i l  i t y  c o n s t r u c t i o n  o r  heat generated by t h e  emplaced r a d i o a c t i v e  

wastes.. . .I1 

2 )  "Access ib le  environment means (1 )  t h e  atmosphere, ( 2 )  t h e  l a n d  surface, ( 3 )  

sur face water,  ( 4 )  oceans, and ( 5 )  t h e  p o r t i o n  o f  t h e  l i t h o s p h e r e  t h a t  i s  

o u t s i d e  t h e  c o n t r o l  l e d  area." 

3)  " C o n t r o l l e d  area means a  sur face  l o c a t i o n ,  t o  be marked by s u i t a b l e  

monuments, extending h o r i z o n t a l l y  no more than  10 k i l ome te rs  i n  any 

d i  r e c t i o n  from t h e  underground f a c i  1  i ty, and t h e  u n d e r l y i n g  subsurface, 

which area has been committed t o  use as a  geo log ic  r e p o s i t o r y  and from 

which i ncompa t i b l e  a c t i v i t i e s  would be r e s t r i c t e d  f o l  l ow ing  permanent 

c losure. "  



The i n t e n t  o f  t h i s  requirement i s  t o  have groundwater f l o w  t ime  as one o f  t h e  

m u l t i p l e  b a r r i e r s  t o  "ac t  independent o f  o v e r a l l  r e p o s i t o r y  performance t o  

p rov ide  con f idence  t h a t  t h e  wastes w i l l  be i s o l a t e d  a t  l e a s t  f o r  as l ong  as 

they a re  most hazardous" (preamble t o  proposed r u l e ,  J u l y  8, 1981). It i s  

recognzied t h e r e  a re  u n c e r t a i n t i e s  concern ing t h i s  proposed NRC requirement.  

For example: (1 )  i t  may be changed be fo re  promulgat ion o f  10CFR60; (2 )  t he  

manner i n  which d i s p e r s i o n  should be i nc l uded  i n  t h e  t r a v e l  t ime;  (3)  t h e  

i n t e r p r e t a t i o n  o f  the  requirement t h a t  should be a p p l i e d  t o  a bedded s a l t  

r e p o s i t o r y  where c i  r c u l  a t i  ng groundwater i s  no t  expected i n  t h e  hos t  rock ; and 

(4 )  t o  what ex ten t  i t  should be a p p l i c a b l e  t o  a t r a n s u r a n i c  waste repos i t o r y .  

However, i t  i s  wo r thwh i l e  cons ide r i ng  whether a q u i f e r s  a t  t h e  WIPP s i t e  would 

meet t h i s  c r i  t e r i  a. 

F i r s t  i t  i s  apparent frw t h e  d e f i n i t i o n  t h a t  t r a v e l  t ime  f rom t h e  r e p o s i t o r y  

t o  t h e  R u s t l e r  a q u i f e r  would be i nc l uded  i n  t h e  1,000 yea r  t r a n s p o r t  t ime 

unless i t  i s  i n t e r p r e t e d  t h a t  t he  d i s t u r b e d  zone i nc l udes  s h a f t s  t h a t  pene t ra te  

t h e  aqu i f e r .  The t r a v e l  t ime  from breach t o  a r r i v a l  a t  t h e  R u s t l e r  a q u i f e r  

would be g r e a t e r  t han  1,000 years  i t s e l f  i n  severa l  o f  t h e  scenar ios t h a t  have 

been considered. However, w i t h  a d i  r e c t  hydraul  i c connec t ion  such as Scenario 

#2 i n  t he  FEIS, t h e  t r a v e l  t ime  t o  t h e  R u s t l e r  a q u i f e r  would be minimal.  

Weart (1983) s t a t e s  t h a t  recen t  modeling r e s u l t s  i n d i c a t e  t h a t  water w i l l  move 

l e s s  than  2 m i l e s  i n  1000 years. The minimal d i s t a n c e  f rom waste emplacement 

t o  t he  edge o f  Zone I 1 1  i s  now est imated t o  be about 6900 f e e t  due south o r  

9700 f e e t  i n  a sou theas te r l y  d i r e c t i o n .  WIPP may no t  meet t h e  proposed NRC 

c r i t e r i a .  

8.0 Conclus ions 

The reg iona l  hydro logy appears t o  be adequately understood except f o r  t h e  

R u s t l e r  Format ion aqu i f e r s .  O f  t h e  t h r e e  a q u i f e r s  recognized i n  t h e  R u s t l e r  

fo rmat ion ,  t h e  Culebra represen ts  t h e  bounding t r a n s p o r t  mode t o  t h e  

access ib l e  env i  ronment shoul d t h e  r e p o s i t o r y  be breached and r a d i  oact  i v e  

m a t e r i a l  brought  i n t o  t h e  R u s t l e r  aqu i f e r s .  

The work done so f a r  i n d i c a t e s  a l ack  o f  a c l e a r  understanding concern ing t h e  

d i r e c t i o n  o f  f l o w  and t h e  v e l o c i t y  o f  groundwater i n  t h e  Culebra a q u i f e r  a t  



t h e  s i t e .  A d d i t i o n a l  work i s  recommended t o  b e t t e r  d e f i n e  groundwater f low i n  

t h e  Culebra Dolomi te  aqu i f e r .  The ques t ion  o f  k a r s t  i s  embodied i n  t h e  need 

t o  b e t t e r  d e f i n e  t h e  groundwater system. The k a r s t  phenomenon o f  concern i s  

t h e  development o f  open channels i n  t he  Culebra a q u i f e r .  The channels would 

g r e a t l y  i nc rease  t h e  groundwater ve l  o c i  ty and hence reduce t h e  groundwater 

t r a v e l  t ime. Groundwater t r a v e l  t ime r e f e r s  t o  t he  t ime r e q u i r e d  f o r  water t o  

f l o w  from t h e  s i t e  t o  a  d ischarge  p o i n t  a t  Malaga Bend. The t i m e  f o l l o w i n g  

emplacement t h a t  waste en te r s  t he  groundwater system i s  t h e  breach t ime. 

The ques t ion  o f  breach and r a d i o n u c l i d e  t r a v e l  t ime  i s  impor tan t  because o f  

t h e  presence o f  shor t -1  i v e d  r a d i  onucl i d e s  i n  t h e  W I P P  r epos i t o r y .  The 

re1  a t i v e  rad io1  o g i c a l  i n g e s t i o n  t o x i c i t y  hazard o f  t h e  i n v e n t o r y  decreases 

f rom approx imate ly  1.00 a t  100 years  t o  0.023 a t  1000 years,  and t o  0.014 a t  

10,000 years. There fo re  i f  breach and t r a v e l  t imes t o  t h e  access ib l e  

env i  ronment were on ly  a  few hundred years  t h e r e  would be a  need t o  c a l c u l a t e  

t h e  e f f e c t  of t he  s h o r t - l i v e d  rad ionuc l i des  on t h e  dose rece ived  i n  t h e  water  

t r a n s p o r t  scenar i  0s. 

The p r o b a b i l i t y  o f  human i n t r u s i o n  w i t h i n  250 years  a f t e r  c l o s u r e  i s  low. I n  

add i t i on ,  groundwater t r a v e l  t imes  a re  c u r r e n t l y  es t imated  t o  be g rea te r  t han  

5000 years. However, t h e  ex i s tence  o f  k a r s t  channels cou ld  reduce groundwater 

t r a v e l  t imes t o  l e s s  than  500 years. The p r o b a b i l i t y  o f  channel ing a t  t h e  

W I P P  s i t e  i s  a l s o  low, b u t  t h e r e  i s  s t i l l  enough doubt t o  warrant  a d d i t i o n a l  

t e s t i n g  as o u t l i n e d  below. The expected r e s u l t  o f  t h i s  t e s t i n g  w i l l  be t o  

p rov ide  g r e a t e r  assurance t h a t  channel ing does no t  e x i s t  i n  Zone I 1  and, 

thereby, improve t h e  conf idence t h a t  t h e  present  scenar ios a r e  conserva t i ve .  

RECOMMENDAT IONS 

9.1 Ana l ys i s  o f  drawdown data i n  t e s t  ho les  H-1, H-2, H-3 caused by t h e  open 

ven t  sha f t .  These da ta  can be i n t e r p r e t e d  as a  l a r g e  sca le  pumping t e s t  

and may y i e l d  es t imates  o f  average a q u i f e r  parameters. I n  a d d i t i o n ,  t h e  

presence o f  l a r g e  k a r s t  channels should be d e t e c t a b l e  f rom t h e  data. 

Small channels, however, w i l l  l i k e l y  no t  be detected.  

9.2 Computer model ing o f  groundwater f l o w  i n  t h e  R u s t l e r  Aqui fers .  T h i s  w i l l  

he l p  determine i f  t h e  measured a q u i f e r  parameters through w e l l  t e s t i n g  



represen t  t h e  l a r g e r  area. I n  a d d i t i o n ,  t h e  model w i l l  he l p  i d e n t i f y  

recharge t o  and d ischarge  from aqu i f e r s ,  and leakage between aqu i f e r s .  

9.3 Pub l i sh  the  r e s u l t s  o f  t r a n s p o r t  modeling us ing  concen t ra t i on  as an i n p u t .  

9.4 Long d u r a t i o n  pumping a t  t e s t  we l l  H-3, i n  c o n j u n c t i o n  w i t h  ca re fu l  

m o n i t o r i n g  o f  groundwater l e v e l s  i n  H-3 and surrounding we l l s .  T h i s  w i l l  

i n d i c a t e  whether t h e  r e l a t i v e l y  h i g h  h y d r a u l i c  c o n d u c t i v i t y  a t  H-3 i s  o f  

l i m i t e d  a rea l  e x t e n t  o r  whether i t  represen ts  a  zone o f  h i gh  h y d r a u l i c  

c o n d u c t i v i t y  extending over  a  l a r g e  area. 

9.5 Measure t he  an i so t ropy  o f  t he  h y d r a u l i c  c o n d u c t i v i t y  a t  t e s t  pads H-1, H-2 

and H-3. 

9.6 Perform convergence t r a c e r  t e s t s  a t  H-1, H-3 and H-4. Items 9.4 and 9.5 

w i l l  y i e l d  va luab le  da ta  f o r  the  r a d i o n u c l i d e  t r a n s p o r t  modeling. I n  t h e  

March, 1983, P r o j e c t  progress Report (WIPP-DOE-156), DOE s t a t e s  t h a t  a  

t r a c e r  t e s t  a t  H-4 i s  i n  progress, bu t  no data a re  y e t  a v a i l a b l e .  

9.7 Perform t r a c e r  t e s t  (convergence) a t  H-6 us ing  sorb ing  t r ace rs .  The Kd 

o f  such t r a c e r s  from t h e  H-6 f i e l d  t e s t  w i l l  then  be compared t o  l a b o r a t o r  

d e r i v e d  Kd us ing  t h e  same t r a c e r  and Culebra rock t o  determine i f  

1  abora to ry  de r i ved  va lues a r e  a p p l i c a b l e  t o  t h e  f i e l d  s i t u a t i o n .  

9.8 Analyze f o r  env i ronmenta l  i so topes  (Carbon-14, Chlor ine-36,  Uranium-234, 

and Uranium-238) t o  a i d  i n  understanding t h e  groundwater f l o w  d i r e c t i o n  an 

r e l a t i v e  v e l o c i t y .  

9.9 D r i l l  t h e  planned a d d i t i o n a l  hyd ro log i c  t e s t i n g  we l l s ,  v i z .  H-11 and H-12. 

Obta in  t h e  cores w h i l e  d r i l l i n g  these  w e l l s  and examine t h e  cores t o  

determine t h e  ex ten t  o f  f r a c t u r i n g  and s o l u t i o n  res idues,  which may 

i n d i c a t e  p o s s i b l e  movement o f  water through zones o t h e r  than  t h e  two 

do lom i te  aqu i f e r s .  

9.10 Conduct a  water  ba lance study f o r  t h e  WIPP s i t e .  



9.11 Study t h e  mechanics o f  removal o f  s a l t  f rom t h e  R u s t l e r  fo rmat ion  a t  and 

near t h e  s i t e .  

9.12 D r i l l  a  shal low ho le  i n  t h e  depression i n  Sec. 30 (SW 114) us ing  an auger 

t o  determine t h e  depth o f  s o i l  and t h e  presence o f  t h e  c a l i c h e  l aye r .  T h i s  

would he lp  answer whether i t  i s  a  s ink  ho le  o r  a  wind d e f l a t i o n  feature.  
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NATURAL RESOURCES AT WIPP 

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

T h i s  rev iew d iscusses t h e  ex ten t  o f  n a t u r a l  resources a t  t h e  WIPP s i t e ,  and t h e  

r e s u l t s  o f  EEG's a n a l y s i s  o f  t h e  p o t e n t i a l  e f f e c t  o f  removal o f  c e r t a i n  o f  

these resources on t h e  i n t e g r i t y  o f  t he  repos i t o r y .  To ensure c o n s i d e r a t i o n  o f  

a l l  impo r tan t  aspects o f  t h e  ques t ion  o f  resources, t h e  sub jec t  w i l l  be d i v i d e d  

as f o l l o w s :  

. The na tu re  and ex ten t  o f  resources a t  WIPP; 

P rov i s i ons  o f  impor tan t  c r i t e r i a  and standards which r e l a t e  t o  

resources ; 

The U.S. Department o f  Energy 's  (DOE) I n t e r i m  P o l i c y  on Resource 

Recovery a t  WIPP; 

. The p o t e n t i a l  e f f e c t  o f  e x p l o r a t i o n  f o r  o r  removal o f  resources on 

t h e  i n t e g r i t y  o f  t h e  r e p o s i t o r y ;  

Summary and conclusions. 

The presence of scarce o r  e a s i l y  access ib l e  resources a t  a  s i t e  under 

cons ide ra t i on  f o r  a  nuc lear  waste r e p o s i t o r y  i s  undes i rab le  f o r  two reasons: 

a )  e f f o r t s  a t  e x p l o r a t i o n  o r  removal o f  t h e  resources cou ld  l ead  t o  s t r u c t u r a l  

a l t e r a t i o n s  o f  t h e  s i t e  which over  t h e  long  term would i nc rease  t h e  p o t e n t i a l  

f o r  breach and re l ease  o f  t h e  r a d i o a c t i v e  n u c l i d e s  t o  t h e  b iosphere;  o r  b)  

t h e r e  i s  a  p o s s i b i l i t y  t h a t  i t  would be necessary t o  permanent ly p r o h i b i t  

access through i n s t i t u t i o n a l  c o n t r o l s  and t h e r e f o r e  they represen t  an 

a d d i t i o n a l  cos t  cons idera t ion .  The ques t i on  o f  resources i s  f r a u g h t  w i t h  

u n c e r t a i n t y  because o f  t h e  d i f f i c u l t y  o f  ass ign ing  va lues t o  t h e  resources and 

degree of t e c h n i c a l  s o p h i s t i c a t i o n  t o  popu la t i ons  thousands o f  years i n t o  t h e  

f u tu re .  Indeed, i t  may w e l l  be t h a t  t h e  waste i t s e l f  w i l l  prove t o  be a  

resource o f  t h e  f u t u r e .  For t h i s  reason, i t  i s  no t  reasonable t o  conclude t h a t  

any s i t e  i s  w i t h o u t  resources o r  i s  f r e e  from t h e  p o t e n t i a l  f o r  human i n t r u s i o n  

o r  damage. 



2.0 Nature and Ex ten t  o f  Resources a t  WIPP 

The known resources a t  WIPP i n c l u d e  ca l i che ,  gypsum, h a l i t e ,  potash, p o s s i b l y  

l i t h i u m ,  and hydrocarbons. (Most o f  t h e  hydrocarbons a r e  n a t u r a l  gas and 

d i s t i l  l a t e ) .  Several  con t rac to r s ,  bo th  p r i v a t e  and government, were i n v o l v e d  

i n  t h e  e v a l u a t i o n  o f  resources a t  t he  s i t e .  These a r e  l i s t e d  i n  Tab le  4, and 

t h e  r e p o r t s  a r e  f u r t h e r  descr ibed  i n  t h e  references. Tab le  5 p rov ides  a  

summary o f  t h e  known resources and t he  e s t  imated quant i t i  es. 

2.1 C a l i c h e  

Large q u a n t i t i e s  o f  c a l i c h e  are used i n  New Mexico f o r  road su r f ac i ng ,  

however, because o f  ex tens ive  depos i t s  i n  t h e  reg ion,  and s i nce  i t  i s  near 

t h e  su r f ace  and about 2000 f e e t  f rom t h e  r e p o s i t o r y  hor izon,  i t  i s  no t  

cons idered  t o  be o f  p o t e n t i a l  consequence t o  t h e  repos i t o r y .  

2.2 Gypsum 

Gypsum i s  found mos t l y  i n  t h e  R u s t l e r  format ion,  b u t  t h e  q u a l i t y  and bed 

t h i ckness  i s  i n f e r i o r  t o  those depos i t s  found west o f  t h e  s i t e ,  where i t  

i s  r e a d i l y  mined by open p i t  methods. Very l a r g e  depos i t s  o f  gypsum a r e  

a l s o  found i n  C a l i f o r n i a ,  Michigan, Iowa, and Oklahoma. These sources 

account f o r  62% o f  t h e  U.S. product ion.  Most of New Mexico 's  gypsum 

p roduc t i on  i s  from mines l oca ted  i n  Sandoval and Santa Fe coun t i es  (about 

250,000 t o n s l y r . ) .  Therefore,  i t  i s  no t  l i k e l y  t h a t  gypsum from t h e  WIPP 

area w i l l  ever be o f  commercial i n t e r e s t ,  and because o f  i t s  l o c a t i o n  i n  

t h e  Rus t l e r ,  i t  cou ld  be removed w i t hou t  imposing a  t h r e a t  t o  t h e  

r e p o s i t o r y  hor izon.  

2.3 H a l i t e  

H a l i t e  i n  t h e  Salado u n d e r l i e s  t h e  e n t i r e  area o f  t h e  WIPP s i t e  f rom about  

170 meters down t o  870 meters below t h e  surface. It i s  from 90 t o  98% 

pure  sodium c h l o r i d e ,  bu t  an even pu re r  grade i s  found i n  p o r t i o n s  o f  t h e  

C a s t i l e  format ion.  The Salado s a l t  i s  in terbedded w i t h  anhydr i te ,  

p o l y h a l i t e ,  sandstone and c lays tone  i n  a  r e g u l a r  succession, and i n  



d i s c r e t e  l a y e r s  t h a t  range from 2 cm. t o  severa l  meters i n  th ickness.  

The Salado a t  t h e  WIPP s i t e  a l so  i nc l udes  a zone o f  potassium m ine ra l s ,  

s y l v i t e  and l a n g b e i n i t e  as d iscussed below. The t o t a l  t h i ckness  o f  t h e  

C a s t i l e  s a l t  i s  about 170 meters a t  t h e  WIPP s i t e .  The l ead ing  producers 

o f  s a l t  a r e  i n  Louis iana,  Texas, New York, Ohio, and Indiana. About 8% 

o f  t h e  annual p roduc t i on  i s  used i n  chemical manufactur ing,  and from 12 

t o  25% f o r  highway de ic ing .  It has been es t imated  t h a t  as much as 61  

t r i l l i o n  tons  (Klingman, 1975) e x i s t  underground i n  t h e  U.S. as rock s a l t  

o r  as b r ine .  Also, sea water  represen ts  an almost i n e x h a u s t i b l e  source 

o f  s a l t .  The U.S., t h e r e f o r e ,  has u n l i m i t e d  s a l t  resources. There i s  

some s a l t  p roduc t i on  i n  southeastern New Mexico, mos t l y  f rom t h e  S a l t  

Lake Mine (about 108,000 tons/yr.) .  S a l t  i s  a l s o  produced from t h e  Zuni 

S a l t  Lake i n  west c e n t r a l  New Mexico. It i s  l i k e l y  t h a t  b r i n e  l akes  and 

potash t a i l  i n g  p i l e s  cou ld  meet New Mexico 's  s a l t  needs i n d e f i n i t e l y ,  and 

t h a t  bedded s a l t  a t  t h e  WIPP s i t e  probably  w i l l  no t  become economica l ly  

a t t r a c t i v e  f o r  severa l  reasons: 

These resources a re  more than 165 meters below t h e  sur face ;  

There a r e  p l e n t i f u l  su r face  supp l i es  o f  s a l t  i n  New Mexico; 

At t h e  reg iona l  and n a t i o n a l  l e v e l  t h e r e  a r e  v i r t u a l l y  u n l i m i t e d  s a l t  

reserves which a r e  more economica l ly  a t t r a c t i v e ;  

Water supp l i es  f o r  process ing t h e  rock s a l t  a r e  n o t  r e a d i l y  a v a i l a b l e  

i n  t h e  area. 

2.4 Potash 

The potash resources w i t h i n  t h e  WIPP s i t e  a r e  summarized i n  Table 6 and 

Fig. 26. Reserves a re  those resources which a r e  economica l ly  r ecove rab le  

a t  c u r r e n t  p r i c e s  and removable w i t h  e x i s t i n g  technology. Most o f  t h e  

potassium o r e  a t  t h e  WIPP s i t e  l i e s  between 420 and 550 meters below t h e  

sur face.  The es t imates  of these resources have been repo r ted  by John, e t  

a l ,  (1978) o f  t h e  U.S. Geolog ica l  Survey (USGS) and a r e  based on a t o t a l  

o f  61  ho les  d r i l l e d  by i n d u s t r y  and 21 by DOE i n  t h e  v i c i n i t y  o f  t h e  

s i t e .  The U.S. Bureau of Mines (1977) eva lua ted  t h e  ex ten t  t o  which t h e  

resources d e f i n e d  by USGS cou ld  be c l a s s i f i e d  as reserves. 



Resources were cons idered t o  be o r e  zones o f  a t  l e a s t  4  f e e t  and w i t h  

s y l v i t e  (KCL) and l a n g b e i n i t e  (K2Mg2(S0,) 3) o f  a t  l e a s t  8% and 3% 

r i chness  r e s p e c t i v e l y  i n  K20 equ iva len t .  Reserves a r e  those depos i t s  

having a t  l e a s t  14 and 8% r i chness  i n  K,O equ iva len t .  On t h i s  bas is ,  t h e  

t o t a l  potash resources w i t h i n  t h e  f o u r  zones o f  WIPP was es t imated  t o  be 

484 m i l l i o n  tons. O f  these resources, 132 m i l l i o n  tons  were cons idered 

reserves. S ix ty-seven percent  o f  t h e  potash resources a re  w i t h i n  Zone 

I V .  S i x t y - e i g h t  percent  o f  t he  l a n g b e i n i t e  and 82% o f  t h e  s y l v i t e  

reserves  a r e  recoverab le  from Zone I V .  Because o f  l i m i t e d  water i n  t h e  

area, and s o l  u b i l  i t y  cons idera t ions ,  t h e  more 1  i k e l y  method o f  removal 

would be by underground (room and p i 1  l a r )  mining. 

I n  summary, t h e  n o n r e t r i e v a b l e  potash resources w i t h i n  Zones I, I 1  and 

I 1 1  i s  es t imated  as 38 m i l l i o n  tons  o f  s y l v i t e  and 122 m i l l i o n  tons  of 

1  angbe in i te .  The n o n - r e t r i e v a b l e  langbe i  n i t e  represen ts  7% o f  t h e  known 

U.S. resources o f  t h i s  minera l .  

2.5. L i t h i u m  

Powers, e t  a1 , (1978), i n  t h e  WIPP Geol og i  ca l  C h a r a c t e r i z a t i o n  Report  

(GCR), recognized t h e  ex i  stence o f  b r i n e  r e s e r v o i r s  c o n t a i n i n g  

p o t e n t i a l  l y  economic concent ra t ions  o f  1  i th ium ( a t  t h a t  t i m e  thought  t o  

be 140 mg/l a t  ERDA-6 we1 1, 6 m i l e s  no r theas t  o f  t h e  cen te r  o f  t h e  

s i t e ) .  B r i n e  r e s e r v o i r s  have been encountered i n  t h e  C a s t i l e  f o rma t i on  

on severa l  occasions around t h e  WIPP s i t e  (DOE, 1983). The DOE i n  t h e  

GCR concluded on t h e  bas i s  o f  se ismic da ta  t h a t  no b r i n e  pockets e x i s t e d  

w i t h i n  t h e  WIPP s i t e ,  and t h e r e f o r e  s t a t e d  t h a t  l i t h i u m  i s  not  a  

p o t e n t i a l  resource a t  WIPP. I n  1981, however, a  b r i n e  r e s e r v o i r  was 

encountered a t  t h e  no r the rn  boundary o f  Zone I 1  and f o l l o w i n g  ex tens ive  

s tud ies  o f  t h e  r e s e r v o i r ,  i t  was es t imated  t o  c o n t a i n  17 m i l l i o n  b a r r e l s  

o f  sa tu ra ted  b r i n e  hav ing a  1 i th ium con ten t  o f  280 mg/l . ERDA-6 b r i n e  

pocket was reassayed and found t o  c o n t a i n  240 mg/l, and t h e  b r i n e  pocke t  

a t  Union We1 1  (about 3/4 m i l e  nor thwest  o f  ERDA-6) con ta ined  360 mg/l 

(DOE, 1983). On t h i s  bas is ,  one might  conclude t h a t  l i t h i u m  i s  a  

p o t e n t i a l  resource and cons ide r i ng  on l y  t h e  WIPP-12 r e s e r v o i r ,  t h e  e x t e n t  

o f  t h e  l i t h i u m  resources may be as h i gh  as 800 tons. It i s  a l s o  o f  



i n t e r e s t  t o  no te  t h a t  t h e  l i t h i u m  con ten ts  o f  t h e  b r i n e  a r e  no t  nea r l y  as 

h i gh  as i n  Sear les Lake and o the r  non-marine e v a p o r i t e  areas. The Un i t ed  

S ta tes  has reserves i n  excess o f  400 t imes  t h e  amount consumed (as o f  

1975), much o f  t h i s  L i  i s  f rom b r i n e s  i n  which t he  average L i  con ten t  i s  

w e l l  over  0.1 percen t  (as compared t o  t h e  0.03% i n  Delaware Basin 

b r i nes ) .  The U.S. a l s o  supp l i es  about 60% o f  t h e  World Common Market 

l i t h i u m  as we l l .  It i s  u n l i k e l y  t h a t  t h e  L i  con ten t  o f  t h e  Delaware 

Basin b r i n e s  w i l l  be ab le  t o  compete w i t h  o t h e r  reserves. It a l s o  i s  

l i k e l y  t h a t  removal o f  t h e  b r i n e  a t  WIPP-12 would no t  l ead  t o  a  breach of 

t h e  WIPP r e p o s i t o r y  w i t h  t r a n s p o r t  o f  t h e  waste t o  t h e  access ib l e  

environment a t  a  s u b s t a n t i a l l y  acce le ra ted  ra te .  Therefore,  t h e  

consequences o f  t h i s  resource recovery a re  bounded by scenar ios a l r eady  

considered. 

2.6 Hydrocarbons 

Because o f  r e s t r i c t i o n s  on deep d r i l l  ho les  w i t h i n  t h e  s i t e  t o  preserve a  

b u f f e r  zone around t h e  repos i t o r y ,  t h e  e v a l u a t i o n  o f  t h e  p o t e n t i a l  

hydrocarbon resources was based on a  s t a t i s t i c a l  area survey around t h e  

s i t e  (Foster ,  1974). The economic e v a l u a t i o n  o f  these  p o t e n t i a l  

resources was then  conducted by Keesy (1976). He concluded t h a t  t h e r e  i s  

a  h i gh  p o t e n t i a l  f o r  n a t u r a l  gas i n  t h e  Morrow u n i t ,  but  t o o  much o f  an 

economic r i s k  f o r  o t h e r  hydrocarbons. These r e s u l t s  a re  summarized i n  

Tab le  7. O f  course, s i nce  F o s t e r ' s  s tudy used a  reg iona l  s t a t i s t i c a l  

approach, t h e r e  may be cons iderab ly  more o r  l e s s  than  t h e  average 

q u a n t i t y  o f  hydrocarbons if t h e  s i t e  were ac tua l  l y  d r i l l  ed. Therefore,  

i t  i s  p o s s i b l e  t h a t  s i g n i f i c a n t  reserves o f  o i l  a l s o  e x i s t  w i t h i n  t h e  

s i t e .  

C r i t e r i a  and Standards 

A1 though t h e r e  a r e  numerous c r i  t e r i  a, regul  a t i  ons and guide1 i n e s  which bear on 

t h e  sub jec t  o f  s i t e  s u i t a b i l i t y ,  t h i s  r e p o r t  w i l l  examine on l y  those  which 

r e l a t e  t o  t h e  ques t i on  o f  n a t u r a l  resources a t  a  s i t e  under c o n s i d e r a t i o n  f o r  

h igh-1 eve1 o r  t r a n s u r a n i c  waste. 



3.1 EPA Proposed Standards 

On December 29, 1982, t h e  Envi ronmental P r o t e c t i o n  Agency (EPA) pub1 i shed 

proposed "Environmental  Standards f o r  t h e  Management and Disposal  of 

Nuclear  Fuel ,  High-Level and Transuran ic  Rad ioac t i ve  Wastes" (47  FR 

58196). These standards apply  " t o  r a d i a t i o n  doses rece i ved  by members of  

t h e  p u b l i c  as a  r e s u l t  o f  t h e  management (except  f o r  t r a n s p o r t a t i o n )  and 

s torage o f  spent nuc lear  f u e l ,  h i gh - l eve l ,  o r  t r a n s u r a n i c  r a d i o a c t i v e  

wastes t o  t h e  e x t e n t  t h a t  these ope ra t i ons  a re  no t  sub jec t  t o  t h e  

p r o v i s i o n  o f  Pa r t  190 o f  T i t l e  40." ( P a r t  190 o f  T i t l e  40 a p p l i e s  t o  

envi  ronmental p r o t e c t i o n  f o r  nuc lea r  power operat ions.  ) Sec t ion  

191.14(f) o f  these standards s ta tes  t h a t :  

"Disposal  systems s h a l l  no t  be l oca ted  where t h e r e  has been m in ing  

f o r  resources o r  where t h e r e  i s  a  reasonable expec ta t i on  o f  

e x p l o r a t i o n  f o r  scarce o r  e a s i l y  access ib l e  resources i n  t h e  

f u t u r e .  Furthermore, d isposa l  systems s h a l l  n o t  be l o c a t e d  where 

t h e r e  i s  a  s i g n i f i c a n t  concen t ra t i on  of any m a t e r i a l  which i s  n o t  

w ide l y  a v a i l a b l e  from o t h e r  sources." 

Furthermore, t h e r e  i s  no p r o v i s i o n  f o r  a  var iance  from t h i s  subpart  o f  

t h e  proposed regu la t i on .  The above p r o v i s i o n  a l s o  i s  n o t  as e x p l i c i t  as  

one migh t  l i k e ,  c e r t a i n  passages from t h e  pub l i shed  preamble add t o  t h e  

u n c e r t a i n t y  o f  t h e  in tended meaning: 

"Th i s  r equ i  rement ( s e c t i o n  191.14(f ) )  would d iscourage t h e  use o f  

geo log i c  fo rmat ions  which a r e  o f t e n  assoc ia ted  w i t h  resources o r  

m in ing  a c t i v i t y .  For example, t h e  f r equen t  m in ing  o f  s a l t  domes 

e i t h e r  f o r  t h e i r  r e l a t i v e l y  pure  s a l t  o r  f o r  use as s torage 

caverns would argue aga ins t  l o c a t i n g  a  r e p o s i t o r y  i n  t h i s  t ype  o f  

s t r u c t u r e .  However, t h i s  same concern would g e n e r a l l y  no t  app ly  

t o  bedded s a l t  depos i t s  because t hey  a r e  much more common." 

( C e r t a i n  words a r e  under1 i n e d  f o r  emphasis.) 



Thus, one would conclude t h a t  EPA d i d  no t  i n t e n d  t o  p r o h i b i t  use o f  

geo log ic  fo rmat ions  which a re  assoc ia ted w i t h  resources, bu t  o n l y  

d iscourage such use. Also, t h e  EPA e i t h e r  was no t  aware o f  t h e  resources 

f r e q u e n t l y  assoc ia ted  w i t h  bedded s a l t  (potash, hydrocarbons, etc.) o r  

d i d  no t  cons ider  these  resources t o  be as t h r e a t e n i n g  t o  a  r e p o s i t o r y  as 

t he  commercial a c t i v i t i e s  assoc ia ted w i t h  s a l t  domes. 

3.2 NRC Proposed HLW Regulat ions.  

The Nuclear Regulatory  Commission (NRC) pub l i shed  on J u l y  8, 1981 i t s  

proposed r e g u l a t i o n s  f o r  "Disposal  o f  High-Level Rad ioac t i ve  Wastes i n  

Geologic Repos i t o r i es "  (48 FR 35280). Subsect ion 60.122 ( c )  (18) of 

S i t i n g  C r i t e r i a  o f  a  d r a f t  o f  t h e  f i n a l  NRC r e g u l a t i o n  d e f i n e s  as one o f  

severa l  " p o t e n t i  a1 l y  adverse c o n d i t i o n s "  : 

" (18)  The presence o f  n a t u r a l l y  o c c u r r i n g  m a t e r i a l  s, whether 

i d e n t i f i e d  o r  undiscovered, w i t h i n  t h e  s i t e ,  i n  such form t h a t :  ( i )  

economic e x t r a c t i o n  i s  c u r r e n t l y  f e a s i b l e  o r  p o t e n t i a l  l y  f e a s i b l e  

d u r i n g  t h e  fo reseeab le  f u t u r e ;  o r  ( i i )  such m a t e r i a l s  have g r e a t e r  

gross value, o r  n e t  value, than t h e  average f o r  o t h e r  areas o f  

s i m i l a r  s i z e  t h a t  a re  rep resen ta t i ve  o f  and l o c a t e d  i n  t h e  geo log i c  

se t t i ng . "  

Al though WIPP i s  exempt f rom NRC l i c e n s u r e  and t he  NRC r egu la t i ons ,  if 

t h e  s i t e  were eva lua ted  aga ins t  these  c r i t e r i a ,  one would conclude t h a t  

t h e  WIPP s i t e  has adverse cond i t i ons  as descr ibed  w i t h  respec t  t o  n a t u r a l  

resources and when adverse c o n d i t i o n s  ex i  s t ,  t h e  NRC regu l  a t  i ons  would 

r e q u i r e  a d d i t i o n a l  ana l ys i s ,  s p e c i f i c  s i t e  c h a r a c t e r i z a t i o n  o r  

i d e n t i f i c a t i o n  o f  compensating o r  m i t i g a t i n g  f a c t o r s  b e f o r e  q u a l i f y i n g  

t h e  s i t e .  

A  comparison o f  t h e  WIPP s i t e  t o  t he  two standards d iscussed above i s  

summarized i n  Tab le  8. I n  conc lus ion,  t h e  WIPP s i t e  appears t o  have adverse 

c o n d i t i o n s  by v i r t u e  o f  t h e  o f  t h e  na tu ra l  resources. It was on t h i s  bas i s  

t h a t  EEG recommended t h a t  DOE i n d i c a t e  i t s  p lans  f o r  c o n t r o l  o f  e x p l o r a t i o n  and 

recovery o f  t h e  resources, and analyze t h e  consequences o f  such e x p l o r a t i o n  and 

recovery.  



DOE I n t e r i m  P o l i c y  on Resource Recovery a t  WIPP 

By l e t t e r  o f  January 6, 1983, f rom t h e  P r o j e c t  Manager, WIPP P r o j e c t  O f f i c e ,  

DOE prov ided  EEG i t s  r ev i sed  I n t e r i m  Pol i c y  Statement. T h i s  po l  i c y  a u t h o r i z e s  

resource recovery f rom Zone I V  (see F igu re  26),  b u t  would p r o h i b i t  m in ing  o r  

d r i l l i n g  w i t h i n  Zones I, 11, o r  111. The p o l i c y  a l s o  a l l ows  hydrocarbon 

recovery f rom Zone I, 11, o r  I 1  I by dev ia ted  d r i l l  i n g  from Zone I V  p rov ided  t h e  

planes formed by t h e  downward v e r t i c a l  p r o j e c t i o n s  o f  t h e  Cont ro l  Zone I 1 1  

boundary a r e  no t  pene t ra ted  above 6000 fee t .  

The p o l i c y  would a l s o  a l l o w  s o l u t i o n  min ing  f o r  potash i n  Zone I V ,  bu t  i s  

s i l e n t  on whether c a s t i l e  b r i n e  r e s e r v o i r s  under Zone I, 11, o r  I 1 1  cou ld  b e  

accessed from o u t s i d e  o f  Zone I 1 1  (eg. t o  o b t a i n  b r i n e  f o r  e x t r a c t i o n  o f  

l i t h i u m ) .  One would i n f e r  t h a t  t h e  6000 f o o t  r e s t r i c t i o n  would p r o h i b i t  

removal o f  b r i n e  from Zones I, I 1  o r  111, bu t  i f  t h e  b r i n e  extends i n t o  Zone 

I V ,  i t  may be access ib l e  w i t hou t  v i o l a t i n g  t h a t  r e s t r i c t i o n .  

The EEG asked DOE t o  n o t i f y  EEG o f  any requests  f o r  m in ing  w i t h i n  one m i l e  o f  

t h e  zone I 1 1  boundary, b u t  DOE r e p l i e d  t h a t  they would n o t i f y  EEG o f  any 

unusual o r  advance techno1 ogy planned resource recovery a c t i v i t i e s  which a r e  

made known t o  them by Bureau o f  Land Management, Department o f  I n t e r i o r  (BLM). 

For  t h i s  reason, t h e  S t a t e  in tends  t o  n e g o t i a t e  w i t h  BLM t o  o b t a i n  n o t i f i c a t i o n  

from BLM o f  any a p p l i c a t i o n s  f o r  min ing a c t i v i t y  w i t h i n  1  m i l e  o f  t h e  Zone I 1 1  

boundary. Upon n o t i f i c a t i o n ,  EEG p lans  t o  eva lua te  such proposals  and p rov ide  

app rop r i a te  comments, i f  any, t o  BLM and DOE, concern ing t h e  p o t e n t i a l  e f f e c t s  

on t h e  r e p o s i t o r y  hor izon.  

5.0 The p o t e n t i a l  e f f e c t s  o f  e x p l o r a t i o n  f o r  o r  removal o f  resources on t h e  

i n t e g r i t y  o f  t h e  repos i t o r y .  

The DOE has cons idered t h e  consequences o f  severa l  breach and re lease  events  

i n c l u d i n g  some which may occur l ong  a f t e r  t h e  r e p o s i t o r y  i s  sealed and c o n t r o l s  

a re  d i scon t i nued  and records l o s t  (DOE, 1980, Wool f o l k ,  1982). Several o f  

these  scenar ios cou ld  occur as a  r e s u l t  o f  d r i l l  i ng a c t i v i t i e s  assoc ia ted  w i t h  

e x p l o r a t i o n  o r  m in ing  o f  resources. I n  a l l  cases, i t  was concluded t h a t  t h e  

r e s u l t a n t  r a d i a t i o n  doses would be on ly  a  small f r a c t i o n  o f  t h a t  from n a t u r a l  
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Figure 26. Potash deposits a t  the WIPP s i t e .  
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background r a d i a t i o n .  The proposed permanent TRU waste i n v e n t o r y  ( w i t h  no h i gh  

l e v e l  waste) was used f o r  a l l  such c a l c u l a t i o n s .  The EEG has eva lua ted  c e r t a i n  

o f  t h e  models used i n  these  scenar ios (EEG-3), and independent ly  cons idered 

severa l  o t h e r  h y p o t h e t i c a l  breach events assoc ia ted  w i t h  human i n t r u s i o n  

(EEG-11, 12, 15, and 16). A l l  o f  these i n v o l v e  low p r o b a b i l i t y  events, each 

assoc ia ted w i t h  cons ide rab le  unce r ta i n t y .  Because o f  t h e  d i f f e r i n g  assumptions 

used, t h e  doses a r e  no t  comparable, bu t  they do suggest t h a t  even w i t h  

conse rva t i ve  assumptions t h e  assoc ia ted long- term r a d i a t i o n  r i s k s  o f  re1 eases 

assoc ia ted  w i t h  n a t u r a l  resource recovery a r e  g e n e r a l l y  on ly  a smal l  f r a c t i o n  

o f  normal background r a d i a t i o n .  

I n  compliance w i t h  one o f  t h e  terms o f  t h e  S t i p u l a t e d  Agreement between t h e  DOE 

and New Mexico ( C i v i l  A c t i o n  o f  t h e  U. S. D i s t r i c t  Cour t  f o r  t h e  D i s t r i c t  o f  

New Mexico, 81 -0363, J u l y  1, 1981 ),  t he  DOE has p rov ided  an a n a l y s i s  o f  t h e  

e f f e c t s  o f  resource recovery i f  c a r r i e d  ou t  i n  accordance w i t h  t h e  DOE I n t e r i m  

P o l i c y  (DOE, 1982). An e a r l i e r  d r a f t  o f  t h i s  r e p o r t  was reviewed by EEG and 

t h e  rev i sed  r e p o r t  (DOE, 1982) was responsive t o  t h e  EEG comments and 

recommended changes. The r e p o r t  d i d  no t  address t h e  e f f e c t s  o f  b r i n e  removal 

from t h e  WIPP-12 r e s e r v o i r  because a t  t h e  t ime  o f  t h i s  r epo r t ,  l i t h i u m  was no t  

recognized as a p o t e n t i a l  resource. It i s  l i k e l y ,  however, t h a t  such resource  

recovery i s  bounded by events a1 ready considered. The r e p o r t  a l s o  f a i l e d  t o  

cons ider  bedded s a l t  as a resource. Al though EEG agrees t h a t  t h e  p r o b a b i l i t y  

o f  s o l u t i o n  m in ing  o f  h a l i t e  from t h e  WIPP s i t e  i s  u n l i k e l y ,  f o r  reasons 

p r e v i o u s l y  discussed, t h e  p o t e n t i a l  consequences o f  such a conse rva t i ve  

scenar io  were cons idered (EEG-12), and i t  was concluded t h a t  t h e  assoc ia ted  

r i s k  i s  q u i t e  smal l .  



Tab le  4* 

Organ iza t ions  Responsible f o r  Resource E v a l u a t i o n  and 

Key Reports Concerning Resources 

Organ i za t i on  Responsi b i  1  i t y  Reports 

U.S. Geol Surv. Potash Resources as r e l a t e d  John e t  a l .  (1 978) 

t o  o r e  grade and volume Jones (1978) 

U.S. Bur. o f  Mines Dete rmina t ion  as t o  what e x t e n t  USBM (1977.) 

t h e  potash resources repo r ted  by 

U.S.G.S. could be economica l ly  

mined and r e f i n e d  under t o d a y ' s  

techno1 ogy and market 

N.M. Bur. o f  M ines '  D e f i n i t i o n  o f  resources and S i  emers e t  a1 . (1 978) 

economics f o r  c a l  i che, s a l t  , 
gypsum, b r ine ,  s u l f u r  and 

uranium 

N.M. Bur. o f  Mines O i l  and gas resources o f  a  f o u r  Fos te r  (1974) 

township area which i nc l udes  

t h e  WIPP s i t e  

S i  pes, W i  11 i ams and Determi n a t i o n  o f  t h e  economi c  Keesey (1 976) 

Aycock, Inc.  v i a b i l i t y  o f  hydrocarbons 

under t h e  WIPP s i t e  

- - - - -- - - - - - -- - -- - - - 

G. J. Long & Assoc. I n t e r p r e t a t i o n  o f  s t r u c t u r e  o f  Long (1 976), 

Inc., Permain Paleozoic  sediments beneath McMi 11 an (1 976) 

E x p l o r a t i o n  Co. Ochoan evapor i tes.  These 

s tud ies  were use fu l  i n  eva lua-  

t i  on o f  hydrocarbons 

*From Powers, D. W., e t  a l ,  1978. 



Tab le  5. To ta l  M inera l  Resources a t  t h e  W I P P  S i t e *  

Resource Q u a n t i t y  Depth ( f t )  Richness 

-- - 

Cal i chea 

Gypsuma 

Sal t a  

S y l v i  t e  oreb 

Langbei n i  t e  oreb 

L i th iume 

Crude o i l c  

Na tu ra l  gasc 

D i s t i l l a t e c  

-- --- - 

185 m i l  1 i o n  tons 

1.3 b i l l i o n  tons  

198 b i l  l i o n  tons 

133.2 m i l l i o n  tons  

351.0 m i l l i o n  tons  

800 t ons  

37.50 m i l l i o n  bbl  

490.12 b i l l i o n  f t 3  

5.72 m i l l i o n  bb l  

- -  - 

A t  s u r f  ace 

300-1 500 

500-4000 

1600 

21-69% i n s o l u b l e  

Pure t o  mixed 

Pure t o  mixed 

8% K20, 4 - f t  

t h i ckness  

3% K20, 4 - f t  

t h i ckness  

240 mg/R b r i n e  

31-46" A P I ~  

1100 ~ t u / f t ~  

530 A P I ~  

aData from S i  erners e t  a1 . (1 978). 

blow-grade resource and b e t t e r .  Data f rom John e t  a l .  (1 978). 

CData f rom Fos te r  (1 974). 

d ~ h e  degrees API u n i t  has been adopted by t h e  American Petroleum I n s t i t u t e  as 

a measure o f  t h e  s p e c i f i c  g r a v i t y  o f  hydrocarbons. 

eTh is  resource i s  based on DOE (1 983). 

Tab le  6. Potash W i th i n  WIPP S i t e *  

% o f  Resources % o f  Reserves 

Resources Reserves recoverab le  i n  recoverab le  

Depos i t  ( m i l l i o n  t ons )  ( m i l l i o n  t o n s )  Zone I V  i n  zone I V  

Syl v i  t e  133 

Langbei n i  t e  351 

*Th is  t a b l e  was prepared from da ta  i n  Johns (1978) 
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Tab le  7.* P o t e n t i a l  Na tu ra l  Gas W i t h i n  WIPP S i t e  

T o t a l  I n  Zones I,II,III I n  Zone I V  

BCF** BCF** BCF** 

Resources 490 (100%) 211 (43%) 

100% 

Reserves 44.6 21 (47%) 

* Based on da ta  from U. S. DOE (1980) 

**BCF = b i l  l i o n  cub i c  f e e t  

At a  va lue  o f  $4.40/1000 cub ic  f ee t ,  t h e  t o t a l  su r f ace  va lue o f  t h e  n a t u r a l  

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



Table 8 

The WIPP S i t e  Natu ra l  Resources and 

Federal  Standards and C r i t e r i a  

S t  anda r d  

D O E  - 
a )  S i t e  c r i t e r i a  

b) - NRC proposed regu la -  

t i o n s  (10CFR60) 

c )  - EPA proposed 

s tandard (40CFR191) 

D O E  Conclusion 

S i t e  meets. 

No op in i on  

expressed. 

No o p i n i o n  

expressed. 

E E G  Conclusion 

Natu ra l  resources a t  

s i t e  c r e a t e  adverse 

cond i t ion .  

Na tu ra l  resources a t  

s i t e  c r e a t e  adverse 

cond i t i on .  

Natura l  resources 

would render s i t e  

u n q u a l i f i e d .  

Remaining Ques t ion  

L i t h i u m  no t  considered. 

L i t h i u m  no t  considered. 

Language o f  s tandard no t  

c o n s i s t e n t  w i t h  preamble. 

C l a r i f i c a t i o n  needed. 
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SPDV RESULTS 

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

The S i t e  and P r e l i m i n a r y  Design V a l i d a t i o n  (SPDV) program c o n s i s t s  of two 

phases: S i t e  V a l i d a t i o n  and p r e l i m i n a r y  des ign v a l i d a t i o n .  

The r e s u l t s  o f  t h e  s i t e  v a l i d a t i o n  phase were re leased  on 3/31/83 i n  TME 3177, 

Resu l ts  o f  S i t e  V a l i d a t i o n  Experiments ( r e f .  1) which has been reviewed by t h e  

Environmental  E v a l u a t i o n  Group (EEG) s i nce  i t  comprises i t e m  7 o f  Appendix B of 

t h e  S t i p u l a t e d  Agreement. The o b j e c t i v e s  and a c t i v i t i e s  o f  t h e  s i t e  v a l i d a t i o n  

phase a r e  summarized i n  Table 9: and were in tended by DOE t o  r a i s e  t h e  l e v e l  o f  

s a t i s f a c t i o n  from " p a r t i a l  l y "  o r  "adequately" t o  "complete" o f  n i n e  WIPP s i t e  

q u a l i f i c a t i o n  c r i t e r i a .  The WIPP s i t e  q u a l i f i c a t i o n  c r i t e r i a  a re  descr ibed  i n  

WIPP-DOE-116 Rev. 1 ( r e f .  2). 

The r e s u l t s  o f  t h e  p r e l i m i n a r y  des ign v a l i d a t i o n  phase were a l s o  re leased  on 

3/31/83 i n  a  r e p o r t  e n t i t l e d  P r e l i m i n a r y  Design V a l i d a t i o n  Report. Waste 

I s o l a t i o n  P i l o t  P l a n t  (WIPP) ( r e f .  3). The document has been reviewed by EEG 

s i n c e  i t  comprises i t e m  9 o f  Appendix B o f  t h e  S t i p u l a t e d  Agreement. The 

o b j e c t i v e s  o f  t h e  p r e l  im ina ry  des ign va l  i d a t i o n  phase a r e  summarized i n  Tab1 e  

10. They a r e  in tended t o  demonstrate t h a t  t h e  WIPP can be operated s a f e l y  over  

i t s  p r o j e c t e d  l i f e t i m e  o f  25 years and t o  i n s u r e  t h a t  t h e  waste can be 

r e t r i e v e d  should such a  s tep be necessary. 

2.0 Backaround o f  SPDV Proaram 

The f i r s t  j u s t i f i c a t i o n  f o r  t h e  SPDV program i s  con ta ined  i n  WIPP-DOE-049 

( re f .  4) as f o l l o w s :  

"Dur ing t h e  T i t l e  I design e f f o r t s  on WIPP (1979), i t  has become i n c r e a s i n g l y  

obv ious t h a t  t h e  e a r l i e r  research and development a c t i v i t i e s  performed 

p r i m a r i  l y  by Sandia Labora to r ies ,  which were 1  im i  t e d  by t h e  p r o h i b i t i o n  o f  

p e n e t r a t i n g  t h e  s a l t  w i t h  d r i l l  holes,  must be extended t o  i n c l u d e  a d d i t i o n a l  

s i t e  v e r i f i c a t i o n  s t u d i e s  and s tud ies  t o  suppor t  c r i t i c a l  des ign  assumptions 



Tab le  g  SPDV S i t e  V a l i d a t i o n  A c t i v i t i e s  

O b j e c t i v e  
(To Determine:) A c t i v i t y  

- -  - -  

Thickness o f  ~ a c i  1  i ty  Map and Log Shaf ts ,  Excavat ions,  H o r i z o n t a l  and 
Hor izon  V e r t i c a l  D r i l l  ho les  

L a t e r a l  Ex ten t ,  Con t i nu i t y ,  992-m Exp lo ra to r y  D r i f t  t o  t h e  South 
I n c l i n a t i o n  o f  F a c i l i t y  V isua l  and Geophysical Logs, Map Excavat ions,  

High-Resolut ion G r a v i t y  Surveys, C o r r e l a t i o n  With 
D r i l l h o l e  Logs 

B r i n e  and Gas Content TGA, Misce l  laneous Ana l ys i s  o f  Samples F l u i d  
Probe 

M i n e r a l o g i c a l  Content X-Ray Fluorescence and D i f f r a c t i o n  and M i  c roprobe 
Ana lys is  o f  Samples 

I n te rbed  C h a r a c t e r i z a t i o n  Cons t i t uen t  Ana lys i  s, Mechanical Tests ,  
Permeabi 1  i ty  

A q u i f e r  C h a r a c t e r i z a t i o n  F l u i d  I n f l o w  t o  Shaf t ,  Piezometers i n  Shaft ,  
Water Sampl es 

F l u i d  P o t e n t i a l  o f  F a c i l i t y  I n f l o w  o f  Excavat ion,  S o l u t i o n  Composit ion 
Leve 1  

Permeabi 1  i ty o f  Fac i  1  i ty  Tes t s  on Laboratory  Samples 
Level  

Tab le  lo. Pre l  im ina ry  Design Val i d a t i o n  O b j e c t i v e s  

To v a l i d a t e  t h e  des ign f o r  t h e  WIPP access s h a f t s  and TRU waste d i sposa l  
demonst r a t i o n  rooms. 

To eva lua te  t h e  amount and r a t e  o f  sha f t  convergence and room creep 
deformat ion and t o  c o r r e l a t e  these data w i t h  model p r e d i c t i o n s .  

To per form a  p r e l i m i n a r y  eva lua t i on  o f  creep i n  s a l t  and o f  t h e  s teady -s ta te  
creep model. 

To eva lua te  i n s t r u m e n t a t i o n  systems f o r  accuracy and t h e  r e l i a b i l i t y  o f  
measurements made w i t h  them i n  rock s a l t  and t o  document t h e  s u i t a b i l i t y  o f  
t h e  system f o r  f u t u r e  measurements. 

To eva lua te  t h e  response o f  i n  s i t u  fo rmat ions  such as c l a y  seams and o t h e r  
m a t e r i a l  l a y e r s  i n  a d d i t i o n  t o  t h e  s a l t .  

To c o l l e c t  l a r g e  numbers o f  samples o f  rock s a l t  and o t h e r  m a t e r i a l s  and t o  
conduct l a b o r a t o r y  and bench-scale t e s t s  t o  determine t h e  mechanical 
p r o p e r t i e s  o f  these  samples. 



assoc ia ted  w i t h  t h e  s t a b i l i t y  o f  t h e  underground openings. The r a t i o n a l e  and 

support  f o r  t h e  proposed DOE a c t i o n s  has come from t h r e e  p r imary  sources: 

The Nuclear  Regu la to ry  Commission, i n  tes t imony  b e f o r e  t h e  Runnels 

Overs igh t  Committee, s t a t e d  t h a t  t h e i r  new proposed l i c e n s i n g  process f o r  

HLW r e p o s i t o r i e s  w i l l  i n c l u d e  t h e  necess i t y  o f  any r e p o s i t o r y  a p p l i c a n t  f o r  

l i c e n s e  t o  have conducted e a r l y ,  d e t a i l e d  s i t e  e x p l o r a t i o n  and e v a l u a t i o n  

a t  depth ( i  .e., e x p l o r a t o r y  s h a f t ) .  

The Panel on t h e  WIPP o f  t h e  Committee on Rad ioac t i ve  Waste Management o f  

t h e  Nat iona l  Academy o f  Science advi  sed t h a t  c o n t i n u i n g  e f f o r t s  t o  acqui  r e  

t h e  necessary a d d i t i o n a l  i n f o r m a t i o n  s o l e l y  by means o f  su r f ace  

exp lo ra t i on ,  i n c l u d i n g  boreholes, have reached t h e  p o i n t  of d i m i n i s h i n g  

r e t u r n s  and recommended t h a t :  

a. An e x p l o r a t o r y  s h a f t  be sunk a t  t h e  s i t e  o f  one o f  t h e  proposed s h a f t s  

as soon as p r a c t i c a b l e ,  t o  t h e  depth o f  t h e  proposed r e p o s i t o r y  

hor i zon ,  

and t h a t  

b. D r i l l i n g  be done, and t unne l s  developed i n  t h e  s a l t  as necessary t o  

conduct t h e  measurements and observa t ions  needed t o  r eso l ve  remaining 

s i  t e - s p e c i f i c  geo techn ica l  u n c e r t a i n t i e s  and t o  a s c e r t a i n  t h e  degree t o  

which t h e  s i t e  i s  s u i t a b l e  f o r  t h e  excava t ion  o f  a  r epos i t o r y .  

The USGS, i n  test imony b e f o r e  t h e  Runnels Overs ight  Committee, s t a t e d  t h a t  

t h e i r  p o s i t i o n  on t h e  s u i t a b i l i t y  o f  t h e  proposed s i t e  f o r  WIPP cou ld  n o t  

be p rov ided  u n t i l  observa t ions  taken d u r i n g  s h a f t  s i nk i ng ,  and t h e  r e s u l t s  

o f  i n  s i t u  t e s t s  a t  t h e  cand ida te  hor izon,  were ava i lab le . "  

The SPDV program was designed by Sandia Na t i ona l  Labo ra to r i es  (SNL) t o  s a t i s f y  

t h e  above demands. It was ca tego r i zed  i n t o  t h r e e  general  areas w i t h  t h e  

f o l l o w i n g  headings: 1) S i t e  A c c e p t a b i l i t y  Program; 2) Measurement f o r  Design 

V e r i f i c a t i o n  and Reposi tory  Boundary D e t e n i  na t i on ;  3) E a r l y  Non-Waste 

Experimental  Program. Al though t h e r e  have been changes i n  t h e  experiments, t h e  



t h r e e  ca tego r i es  have remained and a re  known today as: 1)  S i t e  V a l i d a t i o n  

Program; 2) P re l  im ina ry  Design Val i d a t i o n  Program, and 3) WIPP Research and 

Development Program (R & D). However, on l y  i tems 1 and 2  have been r e t a i n e d  i n  

t h e  c u r r e n t  SPDV program; t h e  WIPP R & D  program has become a  separate program. 

An environmental  assessment ( r e f .  5) and a  t e r s e  d e s c r i p t i o n  o f  t h e  SPDV 

program ( r e f .  6) were pub l i shed  i n  October 1980. The WIPP R & D  program, which 

had a l ready  become a  separate program was no t  i nc l uded  i n  t h e  d e s c r i p t i o n .  

A  d e t a i l e d  d e s c r i p t i o n  o f  t h e  S i t e  V a l i d a t i o n  Program, TME 2975, was pub l i shed  

i n  A p r i l  1981 ( r e f .  7). It l i n k e d  t h e  exper iments o f  t h e  SPDV program w i t h  t h e  

W I P P  s i t e  q u a l i f i c a t i o n  c r i t e r i a  d r a f t e d  by SNL and pub l i shed  i n  t h e  Geolog ica l  

C h a r a c t e r i z a t i o n  Report  (GCR) ( r e f .  8). TME 2975 c ross- re fe renced  t h e  WIPP 

s i t e  q u a l i f i c a t i o n  c r i t e r i a  w i t h  t h e  O f f i c e  o f  Nuclear Waste (0NWI)'s c r i t e r i a  

f o r  h i gh  l e v e l  waste (HLW) r e p o s i t o r i e s  ( r e f .  9). EEG commented on TME 2975, 

and these  comments l e d  t o  t h e  issuance o f  a  r e v i s e d  document ( r e f .  10). 

Another r e v i s i o n  was pub l i shed  i n  October 1982 ( r e f .  2). T h i s  r e v i s i o n  

i nc l uded  t h e  s t u d i e s  r e q u i r e d  under t h e  S t i p u l a t e d  Agreement and t h e  

replacement o f  f i v e  proposed h o r i z o n t a l  co re  ho les  a t  t h e  r e p o s i t o r y  ho r i zon  by 

an e x p l o r a t o r y  d r i f t .  EEG had taken  t h e  p o s i t i o n  t h a t  t h e  h o r i z o n t a l  co re  

ho les should be rep laced by d r i f t s  i n  o rde r  t o  o b t a i n  more i n f o r m a t i o n  t h a n  

cou ld  be ob ta ined  from coreholes. The suggest ion had f i r s t  been made i n  t h e  

Golder Assoc ia tes Report  ( r e f .  l l ) ,  an independent rev iew o f  WIPP-DOE-049 

commi ssioned by t h e  Nuclear  Regulatory  Commi ssion. 

A  d e t a i l e d  d e s c r i p t i o n  o f  t h e  P r e l i m i  nary Design Val i d a t i o n  Program f i r s t  

became a v a i l a b l e  w i t h  t h e  p u b l i s h i n g  o f  t h e  d r a f t  r e p o r t  SAND 81-2628 ( r e f .  

12) i n  March 1982. A r e p o r t  e n t i t l e d  Pt-el fminary Design V a l i d a t i o n  Plan ( re f .  

13) was issued i n  January 1983; i t  was r e q u i r e d  as i t em 8  o f  t h e  S t i p u l a t e d  

Agreement. EEG commented on t h e  d r a f t s  o f  t h i s  repor t .  

3.0 SPDV Con f i t j u ra t i on  and I ns t rumen ta t i on  

Two s h a f t s  have been d r i l l e d  and an underground exper imenta l  area has been 

mined. The l a y o u t  o f  t h e  exper imenta l  f a c i l i t y  and t h e  boundar ies o f  zone 2  

a r e  shown i n  F igu re  27. The 3.66-111 i n  d iameter  sha f t ,  t h e  e x p l o r a t o r y  sha f t ,  

which was d r i l l e d  t o  a  depth o f  702-m (2300 f t . ) ,  was o u t f i t t e d  t o  p rov ide  t h e  
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Figure 27. The SPDV layout .  
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main access t o  t h e  underground and t o  b r i n g  t h e  mined s a l t  t o  t h e  sur face  . 
The e x p l o r a t o r y  s h a f t  has t h r e e  t e s t i n g  areas: t h e  upper p a r t ,  which has a  

g rou ted  s t e e l  l i n e r  f rom t h e  su r f ace  down t o  t h e  Salado f o rma t i on  (247-m, 850 

ft.) i s  ins t rumented w i t h  piezometers f o r  ga the r i ng  h y d r o l o g i c a l  da ta  from t h e  

Rus t l e r f o rma t i on ,  and w i t h  s t r a i n  gages f o r  ga the r i ng  da ta  on l i n e r  

deformat ion;  t h e  s h a f t  l i n e r  key, which sea ls  t h e  l i n e r  bottom f rom seapage, i s  

ins t rumented w i t h  piezometers f o r  o b t a i n i n g  h y d r o l o g i c a l  da ta  and w i t h  s t r a i n  

gages f o r  o b t a i n i n g  s t r a i n  data;  t he  un l i ned  p o r t i o n  o f  t h e  s h a f t  i s  

ins t rumented  f o r  o b t a i n i n g  da ta  on s h a f t  c l o s u r e  and s a l t  deformat ion. F i gu re  

28 shows t h e  i n s t r u m e n t a t i o n  l o c a t i o n s  i n  t h e  e x p l o r a t o r y  sha f t .  The 1.83-m 

d iameter  v e n t i l a t i o n  s h a f t  i s  u n l i n e d  except f o r  about 100 ft. o f  su r face  

conductor. It prov ides  an o u t l e t  f o r  t h e  v e n t i l a t i o n  system and an escape 

way. It w i l l  be t ransformed i n t o  t h e  20 f t - d i a m e t e r  waste s h a f t  l a t e r .  The 

two shaf ts  a l s o  p rov ided  mappings o f  t he  s t r a t a  from t h e  sur face  down t o  t h e  

r e p o s i t o r y  hor izon. 

The underground f a c i l i t y  c o n s i s t s  o f  a  995-m (3264 f t . )  d r i f t  t o  t h e  south and 

a  network o f  d r i f t s  t o  a  des ign v a l i d a t i o n  t e s t  panel i n  t h e  nor th .  The d r i f t  

t o  t h e  south was excavated t o  o b t a i n  data on t h e  s a l t  and t o  map t h e  geology i n  

t h e  area o f  t h e  repos i t o r y .  The design v a l i d a t i o n  t e s t  panel c o n s i s t s  o f  f o u r  

10  x  3.96-m rooms separated by 30.48-m p i l l a r s .  The d r i f t s  and t h e  t e s t  panel 

a re  inst rumented t o  o b t a i n  data on room s t a b i l i t y  and room c losure .  F i g u r e  29 

shows t h e  i n s t r u m e n t a t i o n  of t h e  underground f a c i  1  i ty. 

For  completeness, F i gu re  30 shows t h e  e n t i  r e  WIPP underground layou t .  

4.0 Resu l ts  o f  S i t e  Val i d a t i o n  Program 

The r e s u l t s  o f  t h e  S i t e  V a l i d a t i o n  Program a r e  summarized below. 

The host  rock i n t e r v a l  e x h i b i t s  acceptable t h i ckness  and 1  i t h o l o g i c  

c h a r a c t e r i s t i c s  as p r o j e c t e d  from surface-based s tud ies .  A l l  p r i n c i p a l  marker 

beds and i n t e r v e n i n g  s t r a t a  a r e  c o n s i s t e n t  i n  t h i ckness  w i t h i n  t h e  hos t  rock 

i n t e r v a l  throughout  t h e  ex ten t  o f  p o t e n t i a l  underground workings. The average 

apparent d i p  o f  rock s t r a t a  i s  l e s s  than one degree. These statements a r e  

based on geo log i c  p r o f i l e s  f rom deep borehol  es, i n - d r i f t  co reho l  es, geo log i c  
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mapping o f  t h e  s h a f t s  and o f  t h e  d r i f t s .  F igures  31 and 32 summarize t h e  

geo log ic  p r o f i l e  o f  t h e  WIPP s i t e .  

The mean f l u i d  con ten t  o f  t h e  f a c i l i t y  i n t e r v a l  s t r a t a  i s  0.59% by weight. The 

p r i n c i p a l  m ine ra l  o f  t h e  f a c i l i t y  i n t e r v a l  i s  h a l i t e  w i t h  minor  i m p u r i t i e s  

c o n s i s t i n g  o f  p o l y h a l i t e ,  quar tz ,  magnesite, c l ay ,  anhydr i  t e  and gypsum. T h i s  

statement i s  based on t h e  a n a l y s i s  o f  20 grab samples and 6 co re  samples. The 

l o c a t i o n s  from where t h e  samples were obta ined a r e  shown i n  F i g u r e  33. 

The i n te rbeds  o f  t h e  host  rock i n t e r v a l  a re  a n h y d r i t e  and t h i n  c l a y  seams. 

T h e i r  phys i ca l  p r o p e r t i e s  do no t  pose an unmanageable problem on s t a b i l i t y  of 

t h e  excavat ion. Based on l a b o r a t o r y  t e s t i n g ,  p e r m e a b i l i t i e s  o f  t h e  i n t e r b e d s  

measured under approximate l i t h o s t a t i c  p ressure  were l e s s  than  seven 

microdarc ies.  Tes t  i nc l uded  A t t e rbe rg  1  i m i  t s ,  d i r e c t  shear, i n d i r e c t  t ens ion ,  

x- ray d i  f f  r a c t i o n ,  and permeabi 1  i ty. The sampl i ng l o c a t i o n s  o f  in terbedded 

m a t e r i a l s  i s  shown i n  F igu re  34. 

The observed i n f l o w  from t h e  R u s t l e r  was approx imate ly  1.5 gpm i n  t h e  

e x p l o r a t o r y  s h a f t  and approx imate ly  1 gpm i n  t h e  v e n t i l a t i o n  sha f t .  The ac tua l  

i n f l o w  may be l a r g e r ,  s ince  a l l  t h e  water could no t  be c o l l e c t e d  du r i ng  t h e  

i n f l o w  t e s t s  ( r e f .  14, p. 5-3). 

No water i n f l o w s  were encountered du r i ng  excavat ions o f  t h e  f a c i l i t y  i n t e r v a l .  

Pe rmeab i l i t y  o f  f a c i l i t y  i n t e r v a l  samples t e s t e d  under c o n f i n i n g  pressures 

approx imat ing i n  s i t u  c o n d i t i o n s  was l e s s  than  0.01 microdarcy. Th i s  statement 

i s  based on l a b o r a t o r y  t e s t s  o f  6 samples. 

5.0 Resuwt ( o f  Pre l  im ina ry  Design Val i d a t i o n  Program 

5.1 P r e l i m i n a r y  Ana l ys i s  

Sandia Nat iona l  Labora to ry  has performed c a l c u l a t i o n s  t o  p r e d i c t  t h e  mechanical 

response o f  t h e  sha f t s ,  t h e  passageways, and t h e  TRU demonstrat ion rooms. 

F i g u r e  35 shows nominal c a l c u l a t e d  c losures  i n  t h e  u n l i n e d  s h a f t  a t  t h r e e  

dep ths( re f .  15). These c a l c u l a t i o n s  a re  sub jec t  t o  cons ide rab le  u n c e r t a i n t y  

and w i l l  have t o  be r e f i n e d  as more data a r e  accumulated. 
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Figure 35. Calculated shaft  radial closure a t  three extensometer 
locations f o r  the SPDV ( r e f .  15). 

Figure 36. Prel iminary calculations of storage room closure f o r  
design v a l  i d a t i o n  t e s t  panel o f  SPDV. ( re f .  15). 



F igu re  36 shows t y p i c a l  c a l c u l a t i o n  r e s u l t s  f o r  v e r t i c a l  and h o r i z o n t a l  room 

c losures.  F i g u r e  37 shows a  two dimensional  c l o s u r e  pa t t e rn .  The c a l  c u l  a t i  ons 

were made us ing  s o p h i s t i c a t e d  rock mechanics codes, t h e  re fe rence  WIPP 

s t r a t i g r a p h y ,  and c u r r e n t  s teady-s ta te  c o n s t i t u t i v e  models ( r e f .  16, 17). 

Again, t h e  c a l c u l a t i o n s  w i l l  have t o  be r e f i n e d  as da ta  a re  accumulated. 

5.2 E a r l y  Design V a l i d a t i o n  Data 

Most o f  t h e  i ns t rumen ta t i on ,  i n  p a r t i c u l a r  t h a t  i n  t h e  d r i f t  and i n  t h e  t e s t  

panel,  has been o n l y  r e c e n t l y  i n s t a l l e d .  A data ga the r i ng  p e r i o d  o f  one y e a r  

wi  11 probably  be r e q u i r e d  b e f o r e  a t t emp t i ng  any c o r r e l a t i o n  between 

measurements and p r e d i c t i o n .  Th i s  i s  e s p e c i a l l y  t r u e  o f  room and d r i f t  

convergence. Hence on l y  t h e  sampling da ta  i s  presented below and no at tempt  i s  

made t o  c o r r e l a t e  t h e  observa t ions  w i t h  t h e  c a l c u l a t e d  p r e d i c t i o n s .  

F i g u r e  38 shows t h e  s t a b i l i z e d  readings from t h e  piezometers i n s t a l l e d  behind 

t h e  s t e e l  l i n i n g  i n  t h e  exp lo ra to r y  shaf t .  Also shown i s  t h e  des ign 

h y d r o s t a t i c  pressure. There i s  no c o r r e l a t i o n  o f  pressure w i t h  depth; hence, 

more data w i l l  be necessary b e f o r e  drawing any conc lus ions  on these  pressure 

readings. 

The piezometers i n s t a l l e d  i n  t h e  s a l t  fo rmat ion  behind t h e  s h a f t  key so f a r  

have shown a  nominal reading o f  6  ps i .  T h i s  i n d i c a t e s  t h a t  t h e r e  i s  no water 

pressure bu i l dup  behind t h e  key. 

Four e a r t h  p ressure  c e l l s  i n s t a l l e d  behind t h e  s h a f t  key do no t  i n d i c a t e  any 

p ressure  b u i l d u p  between t h e  s a l t  f o rma t i on  and t h e  concre te  key. Th i s  

con f i rms  t h e  p r e d i c t i o n  t h a t  t h e  i n i t i a l  shr inkage r a t e  o f  concre te  i s  g r e a t e r  

t han  t h e  r a d i a l  creep r a t e  o f  t h e  s a l t .  An i n t e r a c t i v e  p ressure  i s  not  

expected f o r  two years. The s t r a i n  gages i n  t h e  concre te  do no t  i n d i c a t e  

s i g n i f i c a n t  s t r a i n s .  

L i m i t e d  water  leakage observed through t e l l t a l e s  i n  t h e  s h a f t  key i n d i c a t e  t h a t  

t he  chemical seal r i n g  placed near t h e  t o p  o f  t h e  s h a f t  key i s  f a i r l y  e f f e c t i v e  

i n  p reven t i ng  t h e  m i g r a t i o n  o f  water  from t h e  upper a q u i f e r s  down t o  t h e  s h a f t  

key and t h e  s a l t  format ion.  



Figure 37 Two dimensional room closure calculations.  Compari son 
of undeformed room and deformed room a f t e r  10 years ( re f .  1 6 ) .  
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F igu re  38. S t a b i l  i z e d  piezometer readings and design pressure  
envelope of 1 i n e r  f o r  exp lo ra to ry  shaf t .  ( r e f .  2). 



Radi a1 convergence o f  t h e  u n l i n e d  s h a f t  has been moni tored s i nce  J u l y  1982. 

For t h e  t h r e e  extensometers a t  t h e  l e v e l  o f  2057 ft., t h e  seven month average 

r a d i a l  convergence i s  0.081 in.  The c a l c u l a t e d  va lue  i s  0.087 i n .  For t h e  

t h r e e  extensometers a t  t h e  1  eve1 o f  1564 ft., t h e  average r a d i a l  convergence i s  

0.030 in .  The c a l c u l a t e d  va lue  i s  0.027 i n .  For t h e  t h r e e  extensometers a t  

t h e  l e v e l  o f  1073 ft., t h e  average reading i s  0.002 i n .  The c a l c u l a t e d  va lue  

i s  0.008 i n .  

The extensometer da ta  thus  i n d i c a t e  s h a f t  c l o s u r e  r a t e s  rang ing  from 0.001 

in. /year a t  t h e  t o p  o f  t h e  Salado fo rmat ion  t o  0.10 in. /year a t  t h e  l e v e l  of 

t h e  r e p o s i t o r y  hor izon.  

S i x  rock b o l t  l oad  c e l l s  were i n s t a l l e d  i n  t h e  e x p l o r a t o r y  s h a f t  s t a t i o n  i n  May 

1982. Some showed a  l a r g e  inc rease  i n  rock b o l t  l oad  i n  t h e  months f o l l o w i n g  

t h e i r  i n s t a l  l a t i o n .  However, two c e l l s  i n d i c a t e  a  s i g n i f i c a n t  decrease i n  rock 

b o l t  l oad  s i nce  January 1983. Based on seven extensometers i n  t h e  e x p l o r a t o r y  

s h a f t  s t a t i o n  t h a t  were i n s t a l l e d  i n  Ju l y ,  September, and October, t h e  t o t a l  

r o o f  movement has been est imated a t  1 112 t o  2 112 i n .  up t o  t h e  end o f  

February. The r o o f  movement appears t o  be decreasing. F igures  39 and 40 a r e  

samples o f  data obta ined by extensometers i n  t h e  e x p l o r a t o r y  s h a f t  s t a t i o n .  

The f i g u r e s  suggest t h a t  t h e  extensometers w i l l  p rov ide  da ta  necessary t o  

v e r i f y  two dimensional  room c l  osure c a l c u l a t i o n s .  

Three extensometers i n s t a l l e d  s ince  mid November i n  t h e  v e n t i l a t i o n  s h a f t  

i n d i c a t e  t h a t  r o o f  and w a l l  movement i s  o c c u r r i n g  a t  a  decreas ing ra te .  

Accumulated r o o f  movement shown by t h e  extensometers i s  l e s s  than  2  in .  

Only minimal measurements a r e  a v a i l a b l e  f o r  t h e  3256 ft. d r i f t  south, t h e  

i ns t rumen ta t i on  hav ing been i n s t a l  l e d  a f t e r  January 1, 1983. However, a1 1  t h e  

room c l o s u r e  r a t e  da ta  show a  gradual decrease. 



6.0 Assessment o f  SPDV Proaram 

General c r i t e r i a  f o r  nuc lea r  waste ernpl acernent i n  geo log i ca l  r e p o s i t o r i e s  a r e  

i n  t h e  process o f  be ing f i n a l  i zed. The Env i  ronmental P r o t e c t i o n  Agency (EPA) 

has pub l i shed  standards f o r  comments under 40 CFR 191 ( r e f .  19) and t h e  DOE has 

pub1 ished general  guide1 i nes  f o r  comments under 10 CFR 960 ( r e f .  20). These 

c r i t e r i a  a re  s i m i l a r  t o  those  pub l i shed  i n  NWTS-33 ( r e f .  9). For WIPP, 

c r i t e r i a  were f i r s t  pub l i shed  i n  t h e  GCR ( r e f .  8)  and l a t e r  i n  documents 

e n t i t l e d  S i t e  V a l i d a t i o n  Program ( re f s .  7, 10, 2). I n  t h e  s i t e  v a l i d a t i o n  

documents, t h e  WIPP s i t e  c r i t e r i a  a re  c ross- re fe renced  w i t h  t h e  NWTS-33 

c r i t e r i a .  EEG a l s o  gave c o n s i d e r a t i o n  t o  s i t e  c r i t e r i a  i n  i t s  f i r s t  r e p o r t  

( r e f .  21). 

EEG conc l  udes t h a t  t h e  d e t a i  1  ed geo log ic  mapping a t  t h e  r e p o s i t o r y  hor i zons  and 

a  l i m i t e d  number o f  rock mechanics exper iments conducted i n  t h e  d r i f t s  and t h e  

s h a f t s  show no adverse c o n d i t i o n s  a t  t h e  proposed r e p o s i t o r y  l e v e l .  However, 

t h e  marker bed 139 (MB 139), which l i e s  l e s s  than 10 f e e t  below t h e  r e p o s i t o r y  

ho r i zon  and c o n s i s t s  o f  "mounds caused by growth o f  gypsum c r y s t a l  c l u s t e r s  

which were l a t e r  s l i g h t l y  crushed by overburden pressure"  (p. 6-4, r e f .  22) may 

no t  s a t i s f y  DOE C r i t e r i o n  13.2 (p. 12, r e f .  22). EEG has recommended a  

d e t a i l e d  study o f  t h i s  l a y e r  t o  DOE. 

No comprehensive s e t  o f  c r i t e r i a  p e r t a i n i n g  t o  t h e  v e r i f i c a t i o n  o f  design 

va l  i d a t i o n  e x i s t s  a t  present  s ince  an NRC 1  icensed mined geo log i ca l  r e p o s i t o r y  

w i l l  no t  be b u i l t  be fo re  1990. 

The excavat ions t o  date, t h e  s h a f t  and t h e  underground f a c i l i t i e s ,  c l e a r l y  

v e r i f y  t h e  f i r s t  o b j e c t i v e  i n  Tab le  10. The piezometer read ings  i n  t h e  R u s t l e r  

f o rma t i on  (F ig .  38) show h igh  h y d r o s t a t i c  pressures away from t h e  Magenta and 

Culebra aqu i f e r s .  Assuming t h a t  t h e  P i  ezometers a r e  f u n c t i o n i n g  p rope r l y ,  t h i  s  

r a i s e s  ques t ions  concern ing t h e  R u s t l e r  hydro logy,  which a re  r a i s e d  i n  t h e  

Regional Hydro1 ogy sec t ion .  Several years o f  data ga the r i ng  w i l l  be necessary 

t o  v e r i f y  t h e  remain ing ob jec t i ves .  EEG w i l l  eva lua te  t h i s  da ta  as i t  becomes 

a v a i l a b l e  and w i l l  make app rop r i a te  recommendations a p p l i c a b l e  t o  t h e  des ign o f  

t h e  f a c i l i t y .  



Figure 39. Closure data from an extensometer in the exploratory shaft station 
( re f .  18 
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Figure 40. Closure da ta  from an extensometer i n  the 0 d r i f t  140 f e e t  

nor th  of explora tory  s h a f t ,  ( r e f .  18 ) . 



A d d i t i o n a l l y ,  EEG must a l s o  keep abreast  o f  t h e  WIPP R and D program because 

many o f  t h e  experiments, no tab l y  t h e  p lugg ing  and s e a l i n g  o f  boreholes and 

sha f t s ,  and demonstrat ion o f  waste ernpl acement, wi 11 p rov ide  impor tan t  da ta  

appl  i c a b l e  t o  design and o p e r a t i  on o f  t h e  f a c i  1 i ty .  
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CONCLUSIONS AND RECOMMENDATIONS 

The Environmental  Eva lua t i on  Group (EEG) has concluded t h a t  t h e  Los Medanos 

s i t e  f o r  t h e  WIPP p r o j e c t  has been cha rac te r i zed  i n  s u f f i c i e n t  d e t a i l  t o  

warrant conf idence i n  t h e  s a f e t y  o f  t h e  s i t e  f o r  t h e  permanent emplacement o f  

approx imate ly  6 m i l  l i o n  cub i c  f e e t  o f  defense t r a n s u r a n i c  waste. Th i s  

conc lus ion  i s  based on t h e  assumption t h a t  t h e  maximum sur face  dose r a t e  f o r  

t h e  unsh ie l  ded remote-handled t r a n s u r a n i c  waste (RH-TRU) c a n i s t e r s  wi 11 be 100 

rem per hour w i t h  a  maximum r a d i o n u c l i d e  concen t ra t i on  o f  23 c u r i e s  per l i t e r  

as i n d i c a t e d  i n  Table E-3 o f  t h e  F ina l  Environmental  Impact Statement f o r  

WIPP. The S i t e  and P r e l i m i n a r y  Design V a l i d a t i o n  (SPDV) program, through t h e  

d r i l l i n g  o f  two s h a f t s  t o  t h e  se lec ted  r e p o s i t o r y  l e v e l  a t  2160 f e e t  below t h e  

sur face  and excava t ion  o f  about 9000 f e e t  o f  tunne ls ,  has conf i rmed t h e  

i n t e r p r e t a t i o n s  made about t h e  subsurface geo log i ca l  c o n d i t i o n s  a t  t h e  c e n t e r  

o f  t h e  s i t e .  

For an assessment o f  t h e  p o t e n t i a l  r a d i a t i o n  e f f e c t s  o f  t h e  nuc lea r  waste 

r e p o s i t o r y  on t h e  p u b l i c  h e a l t h  and sa fe ty ,  i t  i s  necessary t o  understand t h e  

reg iona l  geo log i ca l  and hyd ro log i ca l  s e t t i n g .  A l a r g e  amount o f  work has been 

done t o  understand these  c o n d i t i o n s  and t o  address severa l  s p e c i f i c  i ssues  

which have a r i s e n  as a  r e s u l t  o f  such s tud ies.  However, i n  an assessment 

e f f o r t  o f  t h i s  magnitude, i t  i s  almost i n e v i t a b l e  t h a t  some ques t ions  remain 

unanswered a t  a  g iven  t ime  i n  t h e  decis ion-making process. EEG has i d e n t i f i e d  

work which s t i l l  needs t o  be done a t  t he  Los Medanos s i t e  i n  o rde r  t o  improve 

conf idence i n  t he  worst  case scenar io  models o f  p o s s i b l e  breaches o f  t h e  

repos i t o r y .  Also, i t  i s  a n t i c i p a t e d  t h a t  some o f  t h e  a d d i t i o n a l  i n f o r m a t i o n  

w i l l  be necessary t o  assure compliance w i t h  t he  EPA s tandard when i t  i s  

promulgated. 

The f o l l o w i n g  i s  a  summary o f  EEG conc lus ions  on each o f  t h e  major  i ssues  o f  

s u i t a . b i l i t y  o f  t h e  WIPP s i t e  and a  l i s t  o f  recommendations f o r  a d d i t i o n a l  work 

f o r  f u r t h e r  c h a r a c t e r i z a t i o n  o f  t h e  s i t e .  



CONCLUSIONS 

D i s s o l u t i o n  

There i s  no doubt t h a t  a  l a r g e  amount o f  s a l t  has been removed from t h e  R u s t l e r  

and Salado fo rmat ions  i n  t h e  Delaware Basin th rough t h e  process of sha l low 

b lanke t  d i s s o l u t i o n .  Th i s  process has removed t h e  s a l t  f rom these two 

format ions i n  t h e  western p a r t  o f  t h e  bas in  and o n l y  t h e  co l l apsed  i n s o l u b l e  

res idue  o f  t h e  R u s t l e r  and Salado remain i n  t h a t  area. The two do lom i te  

a q u i f e r s  i n  t h e  R u s t l e r  fo rmat ion  p rov ide  t h e  unsaturated water necessary f o r  

t h i s  shal low d i s s o l u t i o n .  The e x i t  p o i n t  f o r  t h e  b r i n e s  produced by such 

d i s s o l u t i o n  near t h e  WIPP s i t e  a t  the  present  t ime  i s  t h e  Pecos R i v e r  a t  Malaga 

Bend and severa l  p o i n t s  downstream. P iper  (1973) c a l c u l a t e d  t h a t  t h e  s a l t s  

d ischarged i n t o  t h e  Pecos R i ve r  a t  Malaga Bend amount t o  310,000 tons  o f  NaCl 

and 170 t ons  o f  CaSo4 each year. On t h e  bas i s  o f  an es t ima te  o f  955 tons  pe r  

square m i l e  per  year  o f  s a l t  d ischarged by t he  sp r i ngs  and streams i n t o  t h e  

Pecos River ,  Bachman and Johnson (1973) c a l c u l a t e d  a  p resen t  

v e r t i c a l - d i s s o l u t i o n  r a t e  o f  about 500 f e e t  o f  s a l t  per  m i l l i o n  years.  Using 

two d i f f e r e n t  approaches f o r  c a l c u l a t i n g  t h e  r a t e  o f  advance o f  t h e  "sha l low"  

d i s s o l u t i o n  f r o n t  towards t h e  WIPP s i t e ,  i t  has been shown t h a t  i t  would t a k e  

a t  l e a s t  2 t o  3  m i l l i o n  years  f o r  such d i s s o l u t i o n  t o  be a  t h r e a t  t o  t h e  

repos i t o r y .  

The ques t ion  o f  deep-seated d i s s o l u t i o n ,  which has been pos tu l a ted  t o  be  

respons ib l e  f o r  removing up t o  70% o f  t h e  lower  Salado s a l t  (Anderson, 1981) i s  

o f  more concern t o  EEG. Th i s  concern a r i s e s  from t h e  f a c t  t h a t  t h e  

s t r a t i g r a p h i c  l e v e l  f rom which t h e  s a l t  i s  p o s t u l a t e d  t o  have been removed i s  

t h a t  o f  t h e  proposed repos i t o r y .  EEG has examined t h e  evidence f o r  and aga ins t  

"deep d i s s o l u t i o n "  and concludes t h a t  t h e r e  i s  s u f f i c i e n t  evidence t o  accept 

t he  ex is tence  o f  deep-seated d i s s o l u t i o n  as a  s t r ong  hypotheses t o  e x p l a i n  t h e  

m iss ing  s a l t  f rom t h e  lower  Salado and C a s t i l e  format ions.  The mechanism f o r  

such a  d i s s o l u t i o n  process, i.e., the  source and t h e  s i nk  f o r  t h e  unsa tu ra ted  

water  and t h e  sa tu ra ted  b r i n e  r e s p e c t i v e l y ,  s t i l l  remains unexplained. 

Anderson (1983) has argued t h a t  t h e  lack  o f  understanding o f  t h e  mechanics o f  

deep d i s s o l u t i o n  throws susp ic ion  on t h e  i n t e g r i t y  o f  t h e  Delaware Basin as a  



whole. However, a  d e t a i l e d  examinat ion o f  hundreds o f  l ogs  i n  t h e  Basin has 

r e s u l t e d  i n  t he  drawing o f  " d i s s o l u t i o n  edges" by Anderson (1981). These 

d i s s o l u t i o n  edges a re  a t  l e a s t  15 m i l e s  t o  t h e  south and f a r t h e r  t o  t h e  eas t  of 

t h e  WIPP s i t e .  Therefore,  E E G  views t h e  WIPP s i t e  t o  be s i t u a t e d  i n  an area 

which i s  sa fe  from t h e  e f f e c t s  o f  any deep-seated d i s s o l u t i o n  process, now o r  

du r i ng  t he  i s o l a t i o n  t ime  o f  t h e  proposed repos i t o r y .  T h i s  conc lus ion  i s  

s t rengthened by t h e  study o f  cores from deep boreholes a t  and around t h e  WIPP 

s i t e  and t h e  r e s u l t s  o f  t h e  excavat ion a t  t h e  r e p o s i t o r y  l e v e l  under t h e  SPDV 

program. 

There i s  one area, two m i l e s  n o r t h  o f  t h e  c e n t e r  o f  t h e  s i t e ,  where t h e  lower  

Salado marker beds show a  depression. EEG recommends t h a t  t h e  l o g s  o f  

boreholes i n  t h i s  area be reexamined and a  model ing o f  t h e  anomaly be 

conducted. A f t e r  t h i s  work, a  d e c i s i o n  can be made whether t o  d r i l l  a  new 

boreho le  t o  t e s t  t h e  p o s s i b i l i t y  o f  t h i s  anomaly hav ing been caused by t h e  

process o f  p o i n t  source deep d i s s o l u t i o n .  

Brecc ia  P i  pes 

A chimney o f  b recc ia ted  rock represents  c o l l a p s e  o f  t h e  o v e r l y i n g  rock i n t o  a  

c a v i t y  formed a t  some l o c a t i o n  a t  depth. Vine (1960) i d e n t i f i e d  severa l  domal 

s t r u c t u r e s  i n  t he  Delaware Basin which have been exp lo red  d u r i n g  t h e  

i n v e s t i g a t i o n s  f o r  WIPP, as p o s s i b l e  b recc ia  pipes. Anderson and K i r k l a n d  

(1980) proposed t h e  mechanism o f  b r i n e  d e n s i t y  f l o w  f o r  t h e  f o rma t i on  o f  

b r e c c i a  pipes. T h i s  mechanism r e q u i r e s  an a c t i v e  p a r t i c i p a t i o n  o f  t h e  DMG 

aqu i f e r  i n  supp ly ing  t h e  unsaturated water and i n  removing t h e  sa tu ra ted  

b r i ne .  The c h a r a c t e r i s t i c s  o f  t h e  DMG a q u i f e r  (Wood e t  a1 . , 1982) do no t  

appear t o  support  t h i s  r o l e .  

D e t a i l e d  i n v e s t i g a t i o n s  and analyses o f  t h e  b r e c c i a  p ipes  i n  t h e  Delaware Basi n  

have shown t h a t  t h e  b r e c c i a  p ipes  appear t o  form on l y  over t h e  b u r i e d  Capi tan 

Reef which borders t h e  Delaware Basin. The domes i n  t h e  bas in  show 

c h a r a c t e r i s t i c s  which i d e n t i f y  them as hav ing r e s u l t e d  from near sur face  

phenomena. The " C a s t i l e "  domes which a re  commonly found i n  t h e  wes t -cen t ra l  

p a r t  o f  t h e  bas in  may have r e s u l t e d  from an i n t e r c o n n e c t i o n  between t h e  DMG 

a q u i f e r  (which i s  a t  a  sha l low depth i n  t h e  western p a r t  o f  t h e  Basin)  and t h e  



o v e r l y i n g  evapor i tes .  However, these  a r e  no t  " a c t i v e "  fea tu res .  On t h e  b a s i s  

o f  a  d r i l l  ho le  core, Anderson (personal communication) has i d e n t i f i e d  a  

b r e c c i a  p i p e  i n  t h e  Basin, about 60 m i l e s  south o f  t h e  WIPP s i t e .  Several 

m i l e s  o f  m in ing  a c t i v i t y  f o r  potash i n  t he  upper Salado f o rma t i on  has no t  found 

a  b r e c c i a  p i p e  near t h e  WIPP s i t e .  EEG, t he re fo re ,  concludes t h a t  b r e c c i a  

p ipes  are no t  present  a t  t h e  WIPP s i t e ,  and t h e r e f o r e  do no t  pose a  t h r e a t  t o  

t h e  WIPP. 

Sp ieg le r ,  1982 c a l c u l a t e d  t h e  e f f e c t  o f  a  h y p o t h e t i c a l  b r e c c i a  p i p e  develop ing 

under the  r e p o s i t o r y  and concluded t h a t  t he  r a d i o l o g i c a l  impact o f  such a  

f e a t u r e  r e t u r n i n g  r a d i o a c t i v e  m a t e r i a l s  t o  t h e  b iosphere would be 

i n s i g n i f i c a n t .  

B r i n e  Reservo i rs  

Pressur ized b r i ne ,  a t  pressures between h y d r o s t a t i c  and l i t h o s t a t i c ,  have been 

encountered i n  t h e  upper a n h y d r i t e  l a y e r  o f  t h e  C a s t i l e  format ion.  T h i r t e e n  

such encounters have been repor ted  w i t h i n  e i g h t  m i l e s  of t h e  proposed 

r e p o s i t o r y  s i t e .  A l l  except two o f  these were encounters i n  commercial o i l  and 

gas exp lo ra to r y  holes.  ERDA-6 and WIPP-12 were WIPP p r o j e c t  boreholes. 

WIPP-12 i s  s i t u a t e d  a t  t h e  n o r t h e r n  edge o f  Zone I 1  o f  WIPP. I n  a d d i t i o n  t o  

t h e  p ressur ized  encounters, b r i n e s  a t  sub-ar tes ian heads have a l s o  been found 

i n  t h e  C a s t i l e  format ion,  ma in ly  a long t h e  Pecos R i v e r  (Snyder, 1983, Personal 

Communication). 

It should be r e a l i z e d  t h a t  o n l y  t h e  encounters a t  WIPP-12 and ERDA-6 were 

s tud ied  i n  d e t a i l .  Varying degrees o f  d e t a i l  a re  a v a i l a b l e  on t h e  o t h e r  

encounters. 

Based on a  s tudy o f  a l l  t h e  data ava i l ab le ,  EEG has reached t h e  f o l l o w i n g  

t e n t a t i v e  conc lus ions.  

The C a s t i l e  b r i n e  i s  no t  con f ined  t o  a  zone border ing  t h e  Capi tan Reef. I f  

one wishes t o  draw a  zone, i t  would i n c l u d e  t h e  e n t i r e  WIPP s i t e .  

Each encounter o f  b r i n e  may no t  represent  a  d i s t i n c t  b r i n e  r e s e r v o i r .  



Most o f  t h e  b r i n e  encounters appear t o  be r e l a t e d  t o  a  s t r u c t u r e  i n  t h e  

Cast i 1  e. 

Hydro log ic  t e s t i n g  and geochemical analyses o f  WIPP-12 and ERDA-6 b r i n e s  

i n d i c a t e  t h a t  t h e  two a r e  no t  connected. 

Geochemical da ta  i n d i c a t e  t h a t  t h e  b r i n e s  may have been produced from water  

t rapped i n  t h e  rock a t  t h e  t ime  o f  d e p o s i t i o n  and l a t e r  squeezed out  a t  t h e  

t ime  o f  s t r u c t u r a l  deformat ion. However, t h e  Capi t a n  a q u i f e r  cannot be 

r u l e d  out  as a  source. 

The b r i ne ,  a t  l e a s t  i n  WIPP-12 and ERDA-6, i s  no t  connected t o  any a c t i v e  

a q u i f e r  a t  present.  

The presence o f  b r i n e  i n  t h e  C a s t i l e  f o rma t i on  u n d e r l y i n g  t h e  WIPP s i t e  

cannot be r u l e d  out. 

To p rov ide  an es t ima te  o f  r i s k  assoc ia ted w i t h  a  p o s s i b l e  presence of b r i n e  

under t h e  r e p o s i t o r y ,  EEG modeled t h e  case o f  a  man-made f u t u r e  d r i l l i n g  

i n t r u s i o n  125 years  hence. The r e s u l t s  o f  EEG's two analyses (Channel l ,  1982; 

Bard, 1982) produce a  maximum r a d i a t i o n  dose t o  t h e  bone o f  a  nearby r e s i d e n t  

o f  3.4 rem, l e s s  than  t h e  5 rem perm i t t ed  f o r  a  low p r o b a b i l i t y  acc ident .  The 

man-made i n t r u s i o n  has been assumed t o  be a  l i m i t i n g  case s i nce  a  p l a u s i b l e  

scenar io  i n  which n a t u r a l  causes w i l l  a l l o w  b r i n e  t o  be brought  t o  t h e  

b iosphere  more r a p i d l y  has not  been i d e n t i f i e d .  A recen t  EEG c o n s u l t a n t ' s  

r e p o r t  (Logan, 1983) concludes t h a t  an unexpected communication between t h e  

b r i n e  r e s e r v o i r  i n  t h e  C a s t i l e  and t h e  r e p o s i t o r y  l e v e l ,  d u r i n g  excavat ion,  

w i l l  have se r i ous  consequences. DOE takes p recau t ions  f o r  such a  p o s s i b i l i t y  

a l though t h e  chances o f  t h i s  occurrence a re  remote. To p rov ide  a d d i t i o n a l  

assurance and knowledge, EEG recommends f u r t h e r  e v a l u a t i o n  and f i e l d  t e s t i n g  o f  

geophysical  methods such as CSAMT t o  i d e n t i f y  p o s s i b l e  occurrence o f  b r i n e  

under t he  r e p o s i t o r y  1  eve1 . 

Regional Hydro logy 

The o n l y  perenn ia l  su r face  water i n  t h e  v i c i n i t y  o f  t h e  WIPP i s  l oca ted  a t  

l e a s t  10 m i l e s  f rom t h e  cen te r  o f  t h e  s i t e .  The sur face  water  bodies a r e  



d ischarge  p o i n t s  f o r  l o c a l  groundwaters beneath t h e  s i t e .  There i s  no 

d i r e c t  t h r e a t  t o  t h e  r e p o s i t o r y  from these su r f ace  water bodies.  

The groundwater i n  t h e  B e l l  Canyon a q u i f e r  does n o t  appear t o  pose a  

s i g n i f i c a n t  t h r e a t  t o  t h e  r e p o s i t o r y  based on p rev ious  EEG scenar io  

consequence c a l c u l a t i o n s .  Some recent  da ta  i n d i c a t e s  t h a t  some parameters 

i n  t h e  p rev ious  c a l c u l a t i o n s  were not  conservat ive.  Eva lua t i on  o f  t h e  

p rev ious  c a l c u l a t i o n s  i s  under way, but  t he  r e s u l t s  a re  not  expected t o  

y i e l d  s i g n i f i c a n t l y  d i f f e r e n t  consequences than  t h e  p rev ious  c a l c u l a t i o n s .  

The C a s t i l e  f o rma t i on  con ta ins  p ressur ized  b r i n e s  near t h e  WIPP s i t e .  These 

b r i n e s  a re  discussed i n  d e t a i l  i n  t he  s e c t i o n  on B r i n e  Reservo i rs .  

The Capi tan Reef Aqu i f e r  i s  a t  i t s  nearest  p o i n t  about 10 m i l e s  from t h e  

s i t e .  Since t h e  basinward d i s s o l u t i o n  from t h e  n o r t h  has no t  progressed 

towards t h e  s i t e ,  t h e  Capi tan Reef Aqu i f e r  does n o t  pose a  t h r e a t  t o  t h e  

repos i t o r y .  

The c h a r a c t e r i s t i c s  o f  t h e  R u s t l e r  a q u i f e r s  a re  d iscussed i n  a  separate 

sec t ion .  

D is tu rbed  Zone 

The D is tu rbed  Zone was i n i t i a l l y  de f ined  (e.g. i n  Powers, e t  al., 1978) as t h e  

area where se ismic r e f 1  e c t i o n  s i g n a l s  were u n i n t e r p r e t a b l e .  The cause f o r  t h i s  

was l a t e r  determined t o  be t h e  s t r u c t u r a l  complex i t y  w i t h i n  t h e  C a s t i l e  

f o rma t i on  (Borns e t  al., 1983). Since t h e  C a s t i l e  f o rma t i on  shows ex tens ive  

t h i n n i n g  and t h i c k e n i n g  o f  t h e  s a l t  l aye rs ,  even w i t h i n  t h e  WIPP s i t e  boundary, 

a  conserva t i ve  approach would be t o  assume t h a t  t h e  so -ca l l ed  "D is tu rbed  Zone" 

extends underneath t h e  WIPP s i t e .  

The g r a v i t y  founder ing  hypothes is  p rov ides  a  reasonable exp lana t i on  f o r  t h e  

de fo rmat ion  present  i n  t h e  C a s t i l e  f o rma t i on  i n  t h e  no r the rn  Delaware Basin. 

By us ing  t h i s  hypothes is ,  DOE has c a l c u l a t e d  t h a t  i f  t h e  de fo rmat ion  i s  

p rogress ing  towards t h e  WIPP r e p o s i t o r y  area, i t  would t ake  4.6 m.y. f o r  t h e  

de fo rmat ion  f r o n t  t o  reach t h e  area d i r e c t l y  under t h e  WIPP repos i t o r y .  EEG's 

c a l c u l a t i o n s  show t h a t  t h i s  may happen i n  125,000 t o  375,000 years.  The 



progress ion  o f  a  s t r u c t u r e  such as t h a t  l o c a t e d  a t  WIPP-12, however, r e q u i r e s  

c o n d i t i o n s  which f a c i l i t a t e  t h e  g r a v i t y  founder ing  mechanism and these  

c o n d i t i o n s  (e.q., more t rapped f l u i d  i n  rock, low y i e l d  s t reng th ,  e tc . )  may 

no t  e x i s t  under t h e  southern p a r t  o f  Zone I 1  o f  t h e  WIPP s i t e .  The borehol e  

DOE-1 d r i l l e d  j u s t  ou t s i de  t h e  Zone 11, t o  t h e  southeast,  c e r t a i n l y  does no t  

e x h i b i t  t h e  C a s t i l e  de fo rmat ion  s t r u c t u r e s  except some minor  l a t e r a l  f l  ow 

t e x t u r e s  i n  t h e  C a s t i l e  h a l i t e s .  Fur ther ,  w i t h  t h e  r e o r i e n t a t i o n  o f  t h e  WIPP 

r e p o s i t o r y  t o  t he  south w i t h i n  Zone 11, EEG concludes t h a t  t h e  new l o c a t i o n  o f  

t h e  WIPP r e p o s i t o r y  i s  i n  a  r e l a t i v e l y  undeformed area. 

Hydro1 o g i c  T ranspor t  C h a r a c t e r i s t i c s  o f  t h e  Rust1 e r  A q u i f e r s  

There a re  t h r e e  d i s c r e e t  zones i n  t h e  R u s t l e r  f o rma t i on  through which t h e  

water moves. The q u a l i t y  and f l o w  c h a r a c t e r i s t i c s  o f  these a q u i f e r s  vary  

s i g n i f i c a n t l y  bu t  a t  t h e  W I P P  s i t e ,  t h e  waters a r e  o f  poor q u a l i t y  and t h e  

f l o w  r a t e s  a re  low. These a q u i f e r s  are (a )  the  Rust ler -Salado I n t e r f a c e  

Residuum (b )  t h e  Culebra do lomi te ,  and ( c )  t h e  Magenta do lomi te .  The water  

e x i s t s  p r i m a r i l y  i n  in te rconnec ted  f r a c t u r e s  i n  a l l  t h r e e  zones. I n  a d d i t i o n ,  

t h e r e  i s  some evidence t h a t  a  very small q u a n t i t y  o f  water may e x i s t  i n  zones 

o the r  than these t h r e e  d i s t i n c t  aqu i fe rs .  There i s  a  p o s s i b i l i t y  t h a t  

f e a t u r e s  o f  k a r s t  hydro logy may e x i s t  i n  t h e  R u s t l e r  format ion.  However, a l l  

t h e  i n f o r m a t i o n  a v a i l a b l e  a t  t h i s  t ime suggest t h a t ,  i f  present ,  t h e  k a r s t  

s o l u t i o n  channels would be very smal l  i n  aper ture.  

The a q u i f e r s  a t  t h e  Rust ler -Salado i n t e r f a c e  and t h e  Magenta appear t o  c a r r y  a  

very l i m i t e d  volume o f  water a t  a  very low v e l o c i t y .  The Culebra i s  t h e  

pr imary a q u i f e r  a t  t h e  s i t e  and i n  case o f  a  breach o f  t h e  W I P P  r e p o s i t o r y ,  i t  

would be t h e  most r a p i d  pathway f o r  r ad ionuc l i des  t o  reach t h e  access ib l e  

env i  ronment. A t  t h e  present  t ime, t h e  Culebra a q u i f e r  i s  no t  s u f f i c i e n t l y  

cha rac te r i zed  t o  model t he  hyd ro log i c  t r a n s p o r t  through i t  w i t h  conf idence. 

A d d i t i o n a l  study o f  t h e  Culebra a q u i f e r  i s  t h e r e f o r e  recommended by EEG. 

These recommendations a re  o u t l i n e d  i n  t he  sec t i on  o f  t h i s  t i t l e  as we l l  as a t  

t h e  end o f  t h i s  chapter.  



Natura l  Resources 

Extens ive potash ( sy l  v i  te ,  KC1 and l a n g b e i n i t e  K2Mg2(S04) 3) min ing  has 

occurred severa l  m i l e s  t o  t h e  n o r t h  ( i n  t h e  McNutt Potash Zone) a t  a  ho r i zon  

500 f e e t  above t h e  r e p o s i t o r y  hor izon. There a r e  38 m i l l i o n  tons  o f  s y l v i t e  

and 122 m i l l  i o n  tons  o f  l a n g b e i n i t e  o f  va ry i ng  economic grades i n  Zones I, I 1  

and I 1 1  and DOE has banned any potash min ing  i n  these  zones d u r i n g  t h e  next  25 

years  - t h e  ope ra t i ona l  1  i f e t i m e  o f  t h e  repos i t o r y .  Seven percent  o f  t h e  

known l a n g b e i n i t e  resources i n  t h e  U. S. a re  i n  these  zones. To min imize 

poss ib l e  f u t u r e  r i s k  t o  t h e  repos i t o r y ,  we b e l i e v e  t h a t  m in ing  o f  these 

potassium s a l t s  should be banned i n d e f i n i t e l y .  

I f  hydrocarbon resources e x i s t  a t  depths g r e a t e r  than  10,000' below t h e  s i t e ,  

i t  i s  not  c l e a r  t h e i r  e x t r a c t i o n  i s  economical l y  f e a s i b l e  v i a  o f f - s e t  s l a n t  

d r i l l  i n g  o u t s i d e  Zone 111. The removal o f  n a t u r a l  gas does not  present  any 

r a d i o l o g i c a l  problems. 

The presence o f  such resources appears t o  v i o l a t e  t h e  p r o v i s i o n s  o f  t he  E P A  

proposed s tandard 40 CFR 191, Sec t ion  191.14(f) .  

SPDV Resu l ts  

DOE has p rov ided  two r e p o r t s  e n t i t l e d  "Resu l ts  o f  SPDV S i t e  V a l i d a t i o n  

Experiments" and "Resu l ts  o f  SPDV Design V a l i d a t i o n  Experiments." Concerning 

s i t e  v a l i d a t i o n  experiments, EEG concludes t h a t  t h e  d e t a i l e d  mapping a t  t h e  

r e p o s i t o r y  hor i zons  and a  l i m i t e d  number o f  rock mechanics exper iments 

conducted t o  da te  i n  t h e  d r i f t s  and t h e  sha f ts ,  show no adverse c o n d i t i o n s  a t  

t h e  proposed r e p o s i t o r y  l e v e l .  However, i n  o rde r  t o  s a t i s f y  Sec t ion  13.2 o f  

t h e  D O E 1 s  S i t e  C r i t e r i a  and Qua1 i f i c a t i o n  Factors ,  EEG recommends f u r t h e r  s tud 

on a  bed (MB 139) unde r l y i ng  t h e  r e p o s i t o r y  l e v e l .  

With respect  t o  t h e  design va l  i d a t i o n  experiments, EEG concludes t h a t  severa l  

years  o f  da ta  ga the r i ng  w i l l  be necessary t o  p r e d i c t  t h e  c l o s u r e  and s t a b i  1  i ty  

o f  t h e  f a c i l i t y  over i t s  p r o j e c t  l i f e t i m e  of 25 years. EEG has not  i d e n t i f i e d  

any a d d i t i o n a l  exper iments f o r  des ign v a l i d a t i o n  t h a t  should be conducted p r i o  

t o  t h e  d e c i s i o n  t o  cons t ruc t .  



RECOMMENDATIONS 

The f o l l o w i n g  i s  a  l i s t  o f  c e r t a i n  i n v e s t i g a t i o n s  c u r r e n t l y  i n  progress o r  

planned by DOE and a d d i t i o n a l  work which EEG recommends t h a t  t h e  S ta te  should 

demand i f  t h e  c o n s t r u c t i o n  i s  a l lowed t o  proceed. 

Cont jnu ina  o r  Planned DOE Stud ies  

1. Eva lua te  and f i e l d  t e s t  non- invas ive geophys ica l  methods t o  i d e n t i f y  

poss ib l e  occurrence o f  b r i n e  under the  repos i t o r y .  

2. Analyze t h e  drawdown data i n  t e s t  ho les  H-1, H-2 and H-3 caused by t h e  

excava t ion  o f  WIPP shaf ts .  

3. Pub l i sh  t h e  r e s u l t s  o f  s o l u t e  t r a n s p o r t  model ing i n  t h e  R u s t l e r  aqu i f e r s .  

4. Analyze t h e  R u s t l e r  a q u i f e r  waters f o r  envi  ronmental i so topes  (Carbon-14, 

Chlor ine-36, Uranium-234, Uranium-238) t o  a i d  i n  understanding t h e  

groundwater f l o w  d i r e c t i o n  and r e l a t i v e  v e l o c i t y .  

5. D r i l l  t h e  planned a d d i t i o n a l  we l l s  f o r  h y d r o l o g i c  t e s t i n g ,  v i z .  H - 1 1  and 

H-12. Obta in  t h e  cores w h i l e  d r i l l i n g  these w e l l s  t o  determine t h e  e x t e n t  

o f  f r a c t u r i n g  and s o l u t i o n  res idues throughout  t h e  R u s t l e r  format ion. 

6. Conduct a  water  ba lance study f o r  t h e  WIPP s i t e .  

7. Study t h e  mechanics o f  removal o f  s a l t  from t h e  R u s t l e r  f o rma t i on  a t  and 

near t h e  s i t e .  

8. D r i l l  a  sha l low auger-hole i n  t he  depress ion i n  t h e  SW corner  o f  Sec. 30, 

T225, R 31E i n  Zone I 1 1  t o  address t h e  susp i c i on  o f  t h i s  depress ion be ing 

a  do1 ine.  

9. Fu r the r  study marker bed 139 (MB139) unde r l y i ng  t h e  r e p o s i t o r y  ho r i zon  t o  

determine i t s  o r i g i n  and i t s  e f f e c t  on t h e  r e p o s i t o r y  and t o  con f i rm  t h a t  

i t  does not  v i o l a t e  Sec t ion  13.2 o f  t h e  DOE'S s i t e  c r i t e r i a  and 

qua1 i f i c a t i o n  f ac to r s .  



Stud ies  Recommended by EEG 

I n v e s t i g a t e  t h e  depress ion o f  t h e  marker beds i n  t h e  lower  p a r t  o f  t h e  

Salado fo rmat ion ,  centered two m i l es  n o r t h  o f  t h e  WIPP sha f t s .  

Perform computer model ing o f  groundwater f l o w  i n  t h e  R u s t l e r  aqu i f e r s .  

Conduct t h e  f o l l  owing hydro1 ogy t e s t s :  

a )  A l ong  d u r a t i o n  pumping t e s t  a t  t h e  w e l l  H-3. 

b )  Measure t h e  an i so t ropy  o f  t h e  h y d r a u l i c  c o n d u c t i v i t y  a t  t e s t  pads H-1,  

H-2 and H-3. 

c )  Perform convergence t r a c e r  t e s t s  a t  w e l l s  H-1, H - 3  and H-4.  

d )  Perform convergence t r a c e r  t e s t s  a t  w e l l  H - 6  us ing  sorb ing  t racers .  
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SUMMARY OF EEG INVOLVEMENT WITH SITE SUITABILITY 

DETERMINATION FOR WIPP 

APPENDIX 

1.0 Review o f  GCR and D E I S  (1979) 

A f t e r  an exhaus t i ve  rev iew o f  a v a i l a b l e  c r i t e r i a  f o r  s i t e  c h a r a c t e r i z a t i o n  

and s e l e c t i o n  (EEG-I), one o f  t h e  f i r s t  documents t h a t  t h e  Environmental  

E v a l u a t i o n  Group reviewed upon i t s  f o rma t i on  i n  1978 was t h e  Geolog ica l  

Cha rac te r i za t i on  Report (GCR) by Powers, e t  a1 (1978). EEG's comments on 

t h i s  d e t a i  1  ed c o m p i l a t i o n  o f  up- to-date know1 edge on t h e  geo log i c  and 

hyd ro log i c  c h a r a c t e r i s t i c s  were pub1 ished i n  a  r e p o r t  (EEG-Z), which was 

i nc l uded  as Appendix I 1 1  i n  EEG-3. The p r i n c i p a l  concerns expressed i n  

t h a t  rev iew were as f o l l  ows: 

What i s  t h e  o r i g i n ,  e v o l u t i o n  and occurrence o f  t h e  h igh-p ressure  

b r i n e - r e s e r v o i r s  which were encountered i n  t h e  upper p a r t  o f  t h e  

C a s t i l e  f o rma t i on  i n  ERDA No. 6 and i n  a t  l e a s t  6 w e l l s  w i t h i n  9  m i l e s  

o f  t h e  s i t e ?  

What i s  t h e  o r i g i n ,  e v o l u t i o n  and occurrence o f  t h e  "b recc ia  p ipes"  

which have been encountered i n  t h e  area? They may be l o c a l i z e d  deep 

d i s s o l u t i o n  f e a t u r e s  which o r i g i n a t e  i n  t h e  lower  p o r t i o n  o f  t h e  

evapo r i t es  and m ig ra te  upward. Such l o c a l i z e d  d i s s o l u t i o n  f e a t u r e s  

 could now e x i s t  o r  develop l a t e r  beneath t h e  proposed s i t e .  

What a r e  t h e  processes and r a t e s  o f  deep d i s s o l u t i o n  o f  s a l t  near t h e  

s i t e ?  There may be a  p r e f e r e n t i a l  removal o f  t h e  s a l t  ho r i zon  which i s  

proposed f o r  t h e  repos i t o r y .  

What a re  t h e  reg iona l  and s i t e  hyd ro log i c  c o n d i t i o n s  f o r  t h e  a q u i f e r s  

above and below t h e  evapor i tes?  The hyd ro log i c  i n f o r m a t i o n  i s  

necessary t o  assess any p o s s i b l e  long- term re l ease  o f  r a d i o a c t i v e  

m a t e r i a l  f rom t h e  repos i t o r y .  



The D r a f t  Envi ronmental Impact Statement (DEIS) on WIPP was i ssued  i n  

Ap r i  1, 1979. T h i s  document conta ined very 1 i t t l e  a d d i t i o n a l  i n fo rma t i on  

i n  t h e  areas o f  geology and hydrology. I n  i t s  rev iew o f  t h e  DEIS, EEG 

repeated t h e  concerns expressed i n  EEG-2 and made a d d i t i o n a l  

recommendations as f o l  lows i n  EEG-3: 

The va lues o f  hyd ro log i c  parameters f o r  WIPP s i t e  a q u i f e r s  vary over  a 

wide range. T h i s  data base should be improved and t h e  subsurface 

hydro1 ogy shoul d be b e t t e r  understood. 

The e f f e c t  o f  i m p u r i t i e s  i n  s a l t  a t  t h e  proposed r e p o s i t o r y  ho r i zon  

should be taken i n t o  account i n  eva lua t i ng  t h e  phys i ca l ,  h y d r o l o g i c a l ,  

thermal and s t r e n g t h  c h a r a c t e r i s t i c s  o f  rock s a l t  f rom t h e  r e p o s i t o r y  

hor izons.  

More i n f o r m a t i o n  i s  needed on t h e  reg iona l  hydro logy o f  t h e  WIPP s i t e .  

I tems such as su r f ace  r u n o f f ,  e x i s t i n g  and planned water  resource 

development i n  t h e  area, water use downstream o f  Malaga Bend and t h e  

p resen t  and p o t e n t i a l  we1 1 water use from a q u i f e r s  i n  t h e  area, need t o  

be b e t t e r  understood. 

The l ong  range model ing f o r  p o t e n t i a l  breach o f  t h e  s i t e  should t a k e  

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

regime. 

The correspondence between DOE and EEG f o l  l ow ing  these comments r e f l e c t s  a 

c o n s i d e r a t i o n  o f  most o f  these concerns and recommendations by DOE. I n  

general ,  DOE conveyed t o  EEG t h a t  t h e  c o n t i n u i n g  s t u d i e s  f o r  s i t e  

c h a r a c t e r i z a t i o n  woul d answer most o f  these concerns. 

2.0 Geotechnical  Meetina - Januarv. 1980 

EEG organized a two-day meet ing o f  exper ts  r ep resen t i ng  a wide spectrum o f  

e a r t h  sciences, on January 17 and 18, 1980, t o  address t h e  geo techn ica l  

ques t ions  concern ing t h e  WIPP s i t e .  The meet ing, t i t l e d  "Geotechnical  

Cons idera t ions  f o r  Rad io l og i ca l  Hazard Assessment o f  WIPP", was a t tended 

by 66 persons, 35 o f  whom were geo log i ca l  s c i e n t i s t s .  The p a r t i c i p a n t s  



i nc luded  members o f  S ta te  and Federal  agencies, t h e  Nat iona l  Academy of 

Sciences WIPP panel ,  t h e  Governor 's Adv isory  Committee on WIPP, severa l  

u n i v e r s i t i e s  i n  t h e  State,  t h e  min ing  i n d u s t r y  and t h e  s t a t e  and n a t i o n a l  

environmental  groups. 

The repo r t  o f  t h i s  meet ing (EEG-6), pub l i shed  i n  A p r i l ,  1980, con ta ined  

t h e  f o l  1  owing recommendations i n  var ious  geo techn ica l  areas: 

2.1 Geohyd r o l  ogy 

B e t t e r  d e f i n e  t h e  reg iona l  geohydrology through more f i e l d  tes ts .  

Prov ide a c l e a r e r  d e f i n i t i o n  o f  recharge areas f o r  t h e  R u s t l e r  and 

DMG aqu i f e r s .  

Fu r the r  r e f i n e  H i s s '  map o f  p o t e n t i o m e t r i c  su r faces  i n  t h e  Be1 1 

Canyon a q u i f e r  and i t s  connect ion w i t h  t h e  Capi tan and/or San 

Andres aqu i f e r s .  

Eva lua te  t h e  hyd ro log i c  t r a n s i t  t imes from t h e  WIPP s i t e  t o  man 

from e x i s t i n g  o r  p o t e n t i a l  water we l l  development i n  a l l  a q u i f e r s  

near  t h e  s i t e .  

2.2 Deep D i s s o l u t i o n  

Prov ide t h e  arguments aga ins t  a c t i v e  deep d i s s o l u t i o n  i n  a  

rev iewable s c i e n t i f i c  paper format. 

Thoroughly i n v e s t i g a t e  severa l  anomal ous f e a t u r e s  near t h e  WIPP 

s i t e ,  which have been po in ted  out  by proponents o f  t h e  deep 

d i s s o l u t i o n  idea. The r e s u l t s  o f  such i n v e s t i g a t i o n  should be 

presented t o  t h e  s c i e n t i f i c  community i n  a  rev iewab le  paper. 

Assess p o t e n t i a l  consequences o f  deep d i s s o l u t i o n  and make t h e  

c a l  c u l  a t i o n s  a v a i l a b l  e. 

2.3 B r i n e  Reservoi  r s  

A t  t he  t ime  o f  t h e  meet ing i n  e a r l y  January, 1980, EEG was per fo rming  t h e  

hazard analyses descr ibed  below and recommended t h a t  DOE do t h e  same. EEG 

f u r t h e r  recommended t h a t  DOE p rov ide  d e t a i  l e d  documentation. 



2.3.1 Salado B r i ne :  The l i k e l i h o o d  and p o t e n t i a l  e x t e n t  o f  water  

movement i n t o  a  w a s t e - f i l l e d  p o r t i o n  o f  t h e  r e p o s i t o r y ,  bo th  d u r i n g  and 

a f t e r  t h e  ope ra t i ng  l i f e t i m e  o f  t he  r e p o s i t o r y  should be evaluated. I f  i t  

i s  determined t h a t  a  sealed r e p o s i t o r y  might  c o n t a i n  l a r g e  amounts o f  

b r i ne ,  then  hydro1 og ic  breach and d r i l l  i n g  scenar ios should be eva lua ted  

under t h e  assumption t h a t  some waste i s  mixed o r  d i sso l ved  i n  b r i n e  a t  t h e  

t ime  o f  t h e  breach. I n  t h e  hyd ro log i c  breach scenar ios,  t h e  w a s t e l s a l t  

d i s s o l u t i o n  r a t e  i s  an impor tan t  determinant  o f  n u c l i d e  concen t ra t i ons  i n  

t h e  R u s t l e r  a q u i f e r  and i n  t h e  Pecos River .  The assumption t h a t  a  p o r t i o n  

o f  t h e  waste i s  a l ready  i n  s o l u t i o n  a t  t h e  t ime o f  t h e  breach migh t  a l t e r  

t he  scenar io  consequences s i g n i f i c a n t l y .  

2.3.2 C a s t i l e  B r i ne :  Poss ib le  consequences o f  a  connec t ion  between a  

b r i n e  r e s e r v o i r ,  t h e  repos i t o r y ,  and t h e  sur face  should be assessed and 

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  sequences o f  events  which migh t  l ead  t o  such 

a  connect ion should be evaluated. Consequences o f  a  connect ion between a  

b r i n e  r e s e r v o i r  and t h e  r e p o s i t o r y  extending on ly  as f a r  as t h e  R u s t l e r  

a q u i f e r s  a re  discussed i n  a  d r a f t  o f  t h e  f i n a l  WIPP Environmental  Impact 

Statement. At t h e  t ime,  EEG was rev iew ing  t h i s  ana lys is .  

2.4 Human I n t r u s i o n  

The DOE should p u b l i s h  d e t a i l e d  p lans  and r e s t r i c t i o n s  on d r i l l i n g  

f o r  hydrocarbon resources a t  t h e  s i t e .  The d e s c r i p t i o n  should 

i nc l ude :  

a )  p l ans  f o r  r e g u l a t i n g  d r i l l i n g  and p roduc t i on  o u t s i d e  o f  Zone I V ;  

b )  p e r m i s s i b l e  d r i l l i n g  and p roduc t ion  p r a c t i c e s  i n  and under Zone 

I V .  

c )  whether secondary and t e r t i a r y  recovery methods a r e  be ing  

cons idered f o r  Zone I V ;  

d )  p o s s i b l e  use o f  s l a n t  d r i l l i n g  t o  recover  n a t u r a l  gas o r  o i l  

f rom beneath Zones I, I 1  and 111; 

e )  t h e  l e n g t h  of t ime  over which d r i l l i n g  c o n t r o l s  would be  

imposed. 



The DOE should p u b l i s h  d e t a i l e d  p lans  and r e s t r i c t i o n s  on min ing  o f  

potash a t  the  s i t e .  Th i s  d e s c r i p t i o n  should i nc l ude :  

a) whether s o l u t i o n  min ing  would ever be p e r m i t t e d  ; 

b)  whether any recovery i n s i d e  o f  Zone I V  would be permi t t e d ;  

c )  whether s h a f t s  w i l l  be sealed when potash mines a r e  

decommissioned; 

d )  t he  l e n g t h  o f  t ime  over which min ing c o n t r o l s  would be imposed; 

e )  whether any c o n t r o l s  a re  t o  be imposed on m in ing  o u t s i d e  o f  Zone 

I v. 

Scenarios need t o  be evaluated f o r  t h e  f o l l o w i n g  s i t u a t i o n s :  

a )  a r e p o s i t o r y  breach i n v o l v i n g  an abandoned potash mine i n  Zone 

I V ,  e i t h e r  as a source o f  water i n t o  t h e  r e p o s i t o r y  o r  as a 

pathway f o r  m i g r a t i o n  away from it; 

b )  d r i l l i n g  i n t o  a r e p o s i t o r y  c o n t a i n i n g  h i g h l y  p ressu r i zed  gas 

t h a t  has developed from decomposit ion o f  o rgan ic  m a t e r i a l  i n  t h e  

wastes ; 

c )  an e x p l o r a t o r y  we l l  s t r i k i n g  a b r i n e  pocket below t h e  

repos i t o r y .  The b r i n e  ascends t o  t h e  su r f ace  (be ing under 

pressure)  and b r i n g s  contaminants w i t h  it. 

d )  a p p r o p r i a t e  breach scenar ios f o r  any a d d i t i o n a l  e x p l o r a t i o n  o r  

m in ing  a c t i v i t y  t h a t  may be proposed (e.g., s o l u t i o n  mining, 

secondary and t e r t i a r y  a i  r recovery methods, and expl  o i  t a t  i o n  o f  

Zones I, I 1  and 111). 

2.5 A d d i t i o n a l  Scenar ios 

The f o l l o w i n g  scenar ios had been proposed by EEG, i t s  consu l t an t s ,  o r  

o t h e r  groups commenting on t h e  WIPP DEIS. EEG suggested t h a t  DOE analyze 

t h e  hydro1 og ic  o r  geo log ic  events descr ibed i n  these scenar ios,  determine 

t h e i r  p l a u s i b i l i t y ,  and whether o t h e r  events should be cons idered i n  

des ign ing  meaningful  r ad io1  o g i c a l  hazard scenarios.  

2.5.1 Event: Breaching o f  t h e  excavat ion workings by p ressu r i zed  b r i n e  

a f t e r  i n s t a l  1 a t i o n  o f  s u b s t a n t i a l  q u a n t i t i e s  o f  waste. 



Note: T h i s  scenar io  i s  a v a r i a t i o n  on DEIS scenar io  1, where water  

f l ows  v e r t i c a l l y  from t h e  Delaware Mountain Group t o  t he  R u s t l e r  ho r i zon  

b e f o r e  moving l a t e r a l l y  t o  Malaga Bend. 

2.5.4 Event:  Communication between t h e  repos i t o r y ,  a source o f  water, and 

reserves  o f  potash, o i l  o r  n a t u r a l  gas. 

Causes: a )  Communications between a q u i f e r s  and repos i t o r y ,  as i n  i t ems  

2, 3. 

b )  Communication between b r i n e  r e s e r v o i r  and r e p o s i t o r y ,  as i n  

i tem 1. 

c )  S o l u t i o n  min ing  f o r  potash a f t e r  s i t e  c o n t r o l  i s  l o s t .  

d )  I n j e c t i o n  o f  water f o r  secondary o i l  recovery.  

Resu l t :  D i s s o l u t i o n  o f  a f r a c t i o n  o f  t h e  waste and con tamina t ion  o f  

r e t r i e v a b l e  resources. 

3.0 Geol-ogical F i e l d  T r i p ,  June, 1980 

A consensus which merged  from t h e  geo techn ica l  meet ing o f  January, 1980 was 

t h a t  a geo log i ca l  f i e l d  t r i p  t o  t he  s i t e  and v i c i n i t y  would f u r t h e r  c l a r i f y  t h e  

d i f f e r e n t  views on t h e  geo log i ca l  processes a c t i v e  a t  t h e  s i t e .  A three-day 

f i e l d  conference t o  t h e  s i t e  was organized by EEG on June 16 t o  18, 1980 f o r  

t h i s  purpose. Twenty-three p a r t i c i p a n t s  i n  t h i s  f i e l d  conference i nc l uded  

seventeen geosc i  e n t i  s t s  from S ta te  and Federal agencies, u n i v e r s i t i e s  and t h e  

p r i v a t e  sector .  There were ex tens ive  d iscuss ions  on many aspects o f  t h e  

geology o f  t h e  s i t e  a t  each f i e l d  stop. I n  a d d i t i o n ,  t h e r e  was a 1-2 hour  

p o s t - f i e l d  t r i p  meet ing each day and a 1 /2  day d i scuss ion  sess ion on t h e  t h i r d  

day. P a r t i c i p a n t s  were a l s o  requested t o  send w r i t t e n  comments on t h e  

geo log i ca l  i ssues  debated d u r i n g  t h i s  f i e l d  conference. 

Based on t h e  d i scuss ions  and t h e  w r i t t e n  comments, EEG fo rmu la ted  and submi t ted  

t o  DOE t h e  f o l l o w i n g  recommendations f o r  f u r t h e r  work by DOE (EEG-7, pp. 

105-106) : 



3.1 Review Papers. Prepare d e t a i l e d  rev iew papers on t h e  f o l l o w i n g  

t o p i c s :  

a )  Deep d i s s o l u t i o n  - S p e c i f i c a l l y  addressing Roger Anderson's 

hypo thes is  about ex tens ive  deep d i s s o l u t i o n  i n  t h e  lower  p a r t  o f  

t h e  Ochoan e v a p o r i t e  depos i t s  i n  t h e  Delaware Basin. 

b )  S t r u c t u r a l  anomalies a t  and near  t h e  WIPP s i t e  - T h i s  should 

i n c l u d e  t h e  anomalies i n t e r p r e t e d  from geophys ica l  da ta  and f rom 

d r i l l  cores. The d i scuss ion  should i n c l u d e  t h e  d e t a i l s  o f  

geo log i ca l  i n t e r p r e t a t i o n  o f  t h e  anomalies and t h e  work be ing  

planned o r  conducted t o  r eso l ve  t h e  se ismic da ta  d iscrepancies,  as 

s t a t e d  i n  t h e  Sa fe ty  Ana lys is  Report, pp. 1.7-65 and 1.7-66. 

c )  Occurrence o f  b r i n e  rese rvo i r s /pocke t s  i n  t h e  e v a p o r i t e  beds o f  

Delaware Basin - T h i s  should i n c l u d e  a v a i l a b l e  i n f o r m a t i o n  on 

l o c a t i o n ,  q u a n t i t y ,  pressures, q u a l i t y ,  i deas  on o r i g i n ,  methods 

o f  hand l i ng  i t  i n  mines, e tc .  

d )  D e t a i l s  o f  DOE p lans  t o  a1 low recovery o f  potash and hydrocarbon 

resources w i t h o u t  d i s t u r b i n g  t h e  sealed repos i t o r y .  

e )  Bas ic  da ta  and i n t e r p r e t a t i o n s  o f  boreholes WIPP-31 and WIPP-16 - 
d r i l l e d  a t  h i l l s  A and C r e s p e c t i v e l y  t o  o b t a i n  more i n f o r m a t i o n  

on t h e  o r i g i n  o f  these  b r e c c i a  pipes. 

E x p l o r a t o r y  Program. DOE should per form and submit d e t a i l e d  r e p o r t s  

on t h e  f o l  l ow ing  e x p l o r a t i o n s :  

a )  Run a  se ismic r e f l e c t i o n  p r o f i l e  across t h e  San Simon Swale t o  

pass over  WIPP-15 ( s i n k )  from t h e  Antelope Ridge t o  San Simon 

Ridge. T h i s  should answer the  ques t ion  regard ing  t h e  p o s t u l a t e d  

f a u l t  between t h e  s ink and t h e  r idge.  

b )  D r i l l  4 o r  5 sha l low holes across B e l l  Lake Sink o r  S l i c k  Sink t o  

reach t h e  Red S o i l  ho r i zon  and d r i l l  one deep e x p l o r a t o r y  ho le  t o  

t h e  evapor i tes ,  i f  Red S o i l  i s  no t  missing. Even though i t  i s  f a r  

f rom t h e  WIPP s i t e ,  t h i s  t e s t i n g  program w i l l  answer an impor tan t  

ques t i on  about t h e  presence o f  deep d i s s o l u t i o n  i n  t h e  Basin 

i t s e l f .  

c )  D r i l l  one core-hole t o  t h e  lower  C a s t i l e  i n  Sec t ion  9, n o r t h e r n  

p a r t  o f  t h e  WIPP s i t e .  



d)  Reopen one o f  t h e  b r i n e  r e s e r v o i r  w e l l s :  AEC-7, Pogo o r  ERDA-6; 

a l l o w  i t  t o  f l o w  f o r  10 days; measure t h e  d e p l e t i o n  o f  p ressure  

and l e v e l s  i n  a l l  t h r e e  and t e s t  t h e  b r i n e  a t  r e g u l a r  i n t e r v a l s .  

Scenario Model i ng by EEG 

I n  1979, EEG pub l i shed  a  "Simple Model f o r  Es t ima t i ng  Maximum Rad ionuc l ide  

Concentrat ions i n  t h e  Pecos River ,  and Assoc ia ted I n g e s t i o n  Doses, due t o  

t h e  Release of R a d i o a c t i v i t y  from the  WIPP Repos i to ry "  by Moses A. 

G r e e n f i e l d  i n  EEG-2. The r e s u l t s  gene ra l l y  agreed w i t h i n  a  f a c t o r  o f  2 

w i t h  t h e  c a l c u l a t e d  doses shown i n  t h e  DEIS. 

Dur ing t h e  l a t t e r  p a r t  o f  1980 and t he  f i r s t  p a r t  o f  1981, EEG pub l i shed  

two r e p o r t s  (EEG-8 & 9) on a  s e n s i t i v i t y  a n a l y s i s  and a  w e l l  scenar io  

and t h e i r  impact on t h e  hazard assessment f o r  WIPP. T h i s  e f f o r t  of 

r a d i o l o g i c a l  hazard assessments i s  c o n t i n u i n g  w i t h  t h e  p u b l i c a t i o n  o f  9  

more r e p o r t s  (EEG-11, 12, 13, 15, 17, 18, 19, 20 and 21) t o  date.  

5.0 S t i ~ u l a t e d  Aqreement 

As a  r e s u l t  o f  a  S t i p u l a t e d  Agreement between DOE and t h e  S ta te  s igned i n  

J u l y  1981 a f t e r  t h e  S ta te  f i l e d  a  l a w s u i t  aga ins t  DOE, t h e  DOE agreed t o  

produce a  number o f  r e p o r t s  addressing s p e c i f i c  geo log ic  i s sues  and a l s o  

agreed t o  per form a d d i t i o n a l  exper iments and f i e l d  work a t  t h e  s i t e .  The 

l i s t  o f  these r e p o r t s  and exper iments i s  con ta ined  i n  Appendices B  and C 

o f  t h e  S t i p u l a t e d  Agreement. These appendices a r e  reproduced below. 

5.1 "Appendix 6: Comprehensive Top ica l  Repor ts  t o  be Made A v a i l a b l e  t o  

Environmental  Eva lua t i on  G r o u ~  Before t h e  Dec i s i on  t o  Const ruct  t h e  

Permanent Repos i to ry  

1. Deep D i s s o l u t i o n :  I n c l u d i n g  a1 1 a v a i l a b l e  p e r t i n e n t  

up- to-date data and arguments f o r  and aga ins t  t h e  hypothes is  o f  

deep d i s s o l u t i o n  i n  t h e  Delaware Basin and i t s  p o t e n t i a l  e f f e c t  

on WIPP. 



2. D is tu rbed  Zone: I n c l u d i n g  a1 1  a v a i l a b l e  p e r t i n e n t  up- to-date 

da ta  and analyses o f  t h e  nature,  ex ten t  and p o t e n t i a l  

s i g n i f i c a n c e  t o  t h e  repos i t o r y .  

B recc ia  Pipes: I n c l u d i n g  a1 1  a v a i l a b l e  p e r t i n e n t  up- to-date da ta  

and analyses concern ing t he  ex i s tence  o f  b r e c c i a  p i pes  i n  t h e  

b a s i n  and t h e  ree f ,  p o t e n t i a l  f o r  f u t u r e  b r e c c i a  p i p e  

development, and t h e i r  s i g n i f i c a n c e  t o  WIPP. 

4. DMG Hydrology: I n c l u d i n g  a l l  a v a i l a b l e  p e r t i n e n t  up- to-date da ta  

and analyses o f  t h e  hyd ro log i c  c h a r a c t e r i s t i c ,  geochemi s t r y  , 
p o t e n t i a l  and r a t e s  f o r  s a l t  removal, and d i r e c t i o n s  o f  f l o w  and 

p o s s i b l e  communication w i t h  o t h e r  a q u i f e r s  e.g., r e e f  aqu i fe r ,  

San Andres Limestone a q u i f e r  and shal low aqu i f e r s .  

5. Regional Hydrology: I n c l u d i n g  a1 1  a v a i l  ab le  p e r t i n e n t  

up- to-date data and analyses o f  t h e  recharge and d ischarge area, 

f l o w  t imes  and i n te r connec t i ons  o f  a q u i f e r s  near t h e  s i t e .  

6. Na tu ra l  Resources: I n c l  uding d e t a i l e d  p lans t o  c o n t r o l  

recovery o f  potash and hydrocarbons w i t h o u t  d i  s t u r b i  ng t h e  

r e p o s i t o r y ,  and t h e  eva lua t i on  o f  p o t e n t i a l  consequences o f  t hese  

plans. 

7. Resu l ts  o f  SPDV S i t e  V a l i d a t i o n  Experiments:  I n c l u d i n g  a l l  

p e r t i n e n t  r e s u l t s  and analyses o f  exper iments as 1  i sted  i n  

WIPP-TME-2975, pp. 15-16. 

8. Plans f o r  SPDV Design V a l i d a t i o n :  Updated, d e t a i l e d  p lans  and 

r a t i o n a l e  f o r  t h e  proposed des ign v a l i d a t i o n  exper iments as 

out1 i ned i n  TME-3058 and TME-3063. 

9. Resu l ts  o f  SPDV Design V a l i d a t i o n  Experiments:  I n c l u d i n g  a l l  

p e r t i n e n t  r e s u l t s  and analyses o f  exper iments as agreed by DOE 

and EEG. (Fu r the r  r e s u l t s  t o  be l a t e r  p rov ided  per  *note below. 

10. Plans f o r  S t imu la ted  Wastes Experiments:  Updated, d e t a i l e d  p lans  

and r a t i o n a l e  f o r  t he  proposed experiments. 



11. Resu l ts  o f  Simul a ted  Waste Experiments: I n c l u d i n g  a1 1  p e r t i n e n t  

r e s u l t s  and analyses o f  exper iments as agreed by DOE and EEG.* 

5.2 A ~ ~ e n d i x  C :  A d d i t i o n a l  I n v e s t i a a t i o n s .  t h e  Resu l ts  o f  Which t o  be 

Made Avai 1  ab l  e  t o  Environmental  Eva1 u a t i o n  Group Befo re  t h e  Dec is ion  

t o  c o n s t r u c t  t h e  Permanent Reposi tory .  

1. Tes t  B r i n e  Reservo i r  i n  Deformat ion Zone: Reopen ERDA-6 and 

a l l o w  i t  t o  f l o w  f o r  a t  l e a s t  10 days t o  measure t h e  d e p l e t i o n  o f  

pressure a t  r e g u l a r  i n t e r v a l s  i n  t h i s  w e l l ,  and i f  access can be 

obta ined,  i n  Pogo #1 f ede ra l  we l l .  Perform o t h e r  necessasry 

t e s t s  t o  determine t h e  s ize,  age, o r i g i n ,  and p o s s f i b l e  

a s s o c i a t i o n  w i t h  a q u i f e r s  o r  o t h e r  b r i n e  pockets. 

2. Report on B r i n e  Reservo i rs :  Prov ide a  comprehensive t o p i c a l  

r e p o r t  on a v a i l a b l e  i n f o r m a t i o n  concern ing b r i n e  r e s e r v o i r s  i n  

e v a p o r i t e  beds. found i n  t h e  Delawre Basin i n c l u d i n g  t h e  r e s u l t s  

o f  t e s t s  on ERDA-6. T h i s  should i n c l u d e  a v a i l a b l e  i n f o r m a t i o n  on 

t h e  l o c a t i o n ,  s izes, q u a n t i t y ,  pressures, qua1 i ty, ideas  on 

o r i g i n  and methods o f  hand l ing  i n  mines. 

3. H o r i z o n t a l  E x p l o r a t i o n  o f  t h e  D i s tu rbed  Zone: A t  t h e  e a r l i e s t  

p o s s i b l e  stage o f  f a c i  1  i ty  c o n s t r u c t  i o n  and b e f o r e  emplacement o f  

any waste a t  t h e  WIPP r e p o s i t o r y ,  p rov ide  f o r  an a d d i t i o n a l  3000 

f e e t  o f  d r i f t  n o r t h  o f  p r e s e n t l y  planned s t a t i o n  #2, which i s  

approx imate ly  2500 f e e t  Nor th  o f  ERDA #9, and d r i l l  3000 f e e t  

h o r i z o n t a l  cores t o  t h e  n o r t h  f rom t h i s  new l o c a t i o n .  

4. F rac tu re  Flow i n  R u s t l e r  Aqu i f e r s :  Eva lua te  t h e  e x t e n t  o f  

f r a c t u r e  f l o w  i n  t h e  Rus t l e r  a q u i f e r s  and p rov ide  a  r e p o r t  on t h e  

e f f e c t  o f  f r a c t u r e  f l  ow on t h e  r e s u l t a n t  re1 ease pathways 

cons idered i n  t h e  FEIS. 

*Note: To be completed p r i o r  t o  t h e  45 day rev iew p e r i o d  and p r i o r  t o  t h e  

d e c i s i o n  t o  proceed as se t  f o r t h  i n  Paragraph 5 o f  t h e  Order. 



5. Study o f  A q u i f e r  C h a r a c t e r i s t i c s :  Using i n - s i t u  methods, assess 

q u a n t i t a t i v e l y  and qua1 i t i a t i v e l y  t he  1  i t h o l o g y ,  p o r o s i t y ,  

p e r m e a b i l i t y ,  bu lk  d e n s i t 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  o f  t h e  R u s t l e r  

aqu i fe rs . "  

Costs and M e r i t s  Eva lua t i on  f o r  S t i p u l a t e d  Agreement A c t i v i t i e s  

As requ i red  i n  t h e  S t i p u l a t e d  Agreement, t he  DOE p rov ided  a  document t i t l e d ,  

"Report  Assessing t h e  M e r i t s  and Costs o f  Experiments and S tud ies  Set F o r t h  i n  

Appendix B and Appendix C o f  t h e  S t i p u l a t e d  Agreement Between t h e  S ta te  of New 

Mexico and t h e  U. S. Department o f  Energy and Others," August 31, 1981. T h i s  

r e p o r t  p rov ided  a  d e t a i l e d  rev iew o f  t h e  i tems t o  be covered i n  t h e  r e p o r t s  and 

exper iments t o  be conducted by DOE. There was f u r t h e r  correspondence between 

t h e  S ta te  and t h e  DOE t o  c l a r i f y  some o f  these i tems. 

A f t e r  a  c a r e f u l  s tudy of a l l  t h e  r e p o r t s  rece ived  under t h e  S t i p u l a t e d  

Agreement, t h e  EEG f i n d s  t h a t  t h e  f o l l o w i n g  i tems which a r e  con ta ined  i n  t h e  

"Costs and M e r i t s  Eva lua t i on "  o r  i n  subsequent c l a r i f y i n g  l e t t e r s ,  a re  n o t  

con ta ined  i n  t h e  r e p o r t s  and have not  been t r a n s m i t t e d  separate ly .  

6.1 F rac tu re  Flow i n  t h e  R u s t l e r  Format ion 

The proposed work f o r  t h i s  r e p o r t  i s  con ta ined  on p. 37 o f  t h e  "Costs and 

Mer i t s "  repor t .  The f o l l o w i n g  i tems have n o t  been completed do date. 

T racer  t e s t s  i n  Well number H-5 has no t  been conducted. The H-4 t e s t  i s  i n  

process, b u t  no use fu l  da ta  has been generated t o  date. 

A model t o  represen t  t h e  f l o w  pa th  and a q u i f e r  c h a r a c t e r i s t i c s  i n  t h e  

R u s t l e r  has no t  been released. 

I t  i s  recommended t h a t  t h i s  work be completed. 

6.2 Study o f  Aqu i fe r  C h a r a c t e r i s t i c s  

The proposed work under t h i s  i t e m  i s  o u t l i n e d  on p. 39 o f  t h e  "Costs and 

M e r i t s "  r epo r t .  The f o l l o w i n g  proposed work has n o t  been completed. 



The water  i n f l o w  t e s t s  i n  t h e  s h a f t s  were no t  conducted f o r  each aqu i fe r .  

The t o t a l  i n f l o w  down t h e  s h a f t  was measured but  n o t  very  accura te ly .  EEG 

concurs w i t h  t h e  e v a l u a t i o n  by D' Appol on ia  Consu l t ing  Engineers t h a t  i t  i s  

ext remely  d i f f i c u l t  t o  do t h i s  work. 

6.3 Marker Bed 124 Depression a t  t h e  Nor thern  Edge o f  Zone I 1  I 

I n  a  l e t t e r  (Go lds te i n  toschue le r ,  10/5/81) f o l l o w i n g  t h e  submission o f  t h e  

"Costs and M e r i t s "  proposal ,  t h e  S ta te  suggested t h a t  t h e  DOE should reexamine 

a l l  a v a i l a b l e  data on t h e  MB 124 depress ion centered a t  we l l  # F-92 and should 

determine i f  t h e  evidence war ran ts  a new boreho le  a t  t h a t  l o c a t i o n .  DOE agreed 

t o  eva lua te  t h i s  f e a t u r e  i n  t h e  D is tu rbed  Zone repo r t .  However, t h i s  r e p o r t  

(SAND 82-1069) does no t  c o n t a i n  such an eva lua t ion .  It i s  recommended t h a t  

t h i s  work be done. 

7.0 Review o f  S t i p u l a t e d  Agreement Repor ts  

Dur ing t h e  p e r i o d  f rom November 1981 t o  A p r i l  1983, EEG rece i ved  t he  Appendix B  

S t i p u l a t e d  Agreement r e p o r t s  as w e l l  as t h e  c e r t i f i e d  da ta  from t h e  Appendix C 

exper iments f rom DOE. General l y ,  t he  r e p o r t s  were f i r s t  sent  t o  EEG i n  d r a f t  

forms, upon which EEG made d e t a i l e d  comments t o  DOE. Meetings o f  EEG and DOE 

t e c h n i c a l  personnel were then he1 d  t o  r e s o l  ve any d i  f f e rences  concern ing t h e  

con ten t  and scope o f  t h e  repor ts .  The DOE subsequent ly i ssued  each r e p o r t  w i t h  

m o d i f i c a t i o n s  t h a t  they  deemed f i t  t o  make. EEG-22 con ta ins  t h e  EEG comments 

and DOE r e p l i e s  f o r  a l l  t h e  r e p o r t s  which had been rece ived  by EEG through 

March 1, 1983. 


