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ABSTRACT 

Research on borehole plugging (BHP) is p a r t  of an integrated s t ra tegy to 
develop technology t h a t  can assure successful  nuclear waste isolation.  The 
application of t h i s  s t ra tegy  t o  the Waste I so la t ion  P i l o t  Plant (WIPP) i n  
southeastern New Mexico has included an assessment of the  ro le  BHP plays i n  
the development of a repository a t  tha t  site. This paper presents a descri- - of the WIPP s i t e ,  repository design, and the current  research and 
developnent program. The s t a t u s  of d r i l l  holes--those d r i l l e d  fo r  petroleum 
and potash exploration and those d r i l l e d  f o r  site characterization-within 
the proposed site boundaries is presented. Sixty-six holes a r e  present on 
the  7700 hectare (19,000 acre) site, ye t  only 8 penetrate  a s  deep as the  
proposed repository location.  The assumptions made about sha f t  and borehole 
sealing i n  consequence assessment s tudies  a r e  presented. The r e su l t s  of 
these studies indicate  tha t  borehole s ea l s  with e f fec t ive  permeabili t ies 
greater  than tens of darcies would result i n  doses to maximally exposed 
individuals of less than 0.01% of natural  background. 
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INTRODUCTION 

The U.S. Department of Energy (DOE) proposed t h e  development of a repos- 

i t o r y  f o r  d i s p o s a l  of nuc lear  waste from t h e  defense  programs a t  a s i te  i n  

New Mexico. Th i s  p r o j e c t ,  c a l l e d  t h e  Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP), 

has a twofold mission: a p i l o t  r e p o s i t o r y  f o r  r e t r i e v a b l e  s t o r a g e  of defense  

t ransurani ' c  (TRU) wastes ,  and a f a c i l i t y  f o r  exper imenta t ion  on t h e  i n t e r -  

a c t i o n  of  defense  high-level  wastes and bedded s a l t .  (1) Current  recommenda- 

t i o n s  by t h e  DOE inc lude  t h e  te rmina t ion  of p r o j e c t  a c t i v i t i e s  which suppor t  

t h e  unl icensed  d i s p o s a l  o f  TRU wastes  and research  and developnent on defense  

was te . (2)  The s i t e  i n  sou theas t e rn  N e w  Mexico would cont inue  t o  be eva lua ted  

along wi th  o the r  s i t e s  i n  t h e  United S t a t e s  f o r  p o t e n t i a l  cons ide ra t ion  a s  a 

l i c e n s e d  r e p o s i t o r y  f o r  both defense  and commercial high-level  wastes.  

SITE AND REPOSITORY DESCRIPTION 

S t u d i e s  r e l a t i n g  t o  t h e  design, ope ra t ion ,  and s a f e t y  assessment  of t h e  

proposed WIPP repos i to ry  a r e  based on assumptions about  t h e  c h a r a c t e r i s t i c s  

of t h e  waste t o  be rece ived  there. The long-term (post-operat ion)  assess- 

ments' t h a t  were performed a r e  based on TRU wastes, whose g e n e r a l  cha rac t e r -  

istics were m n s e r v a t i v e l y  presumed to be those  presented  i n  Table  I . ( l)  

These wastes  a r e  p r i m a r i l y  contact-handled and produce i n s i g n i f i c a n t  

q u a n t i t i e s  of h e a t  and pene t r a t ing  r a d i a t i o n .  A d e t a i l e d  s tudy  of t h e  



p o t e n t i a l  i n t e r a c t i o n  between t h e s e  wastes  and t h e  environment imposed by 

t h e  WIPP r e p o s i t o r y  has  been performed f o r  development of waste acceptance 

c r i t e r i a .  (3 )  

TABLE I 

WIPP WASTE FORMS 

(Transuranic  Wastes) 

o  TRU Content > 10 NCi/gm 

CONTACT HANDLED 

o 210- l i te r  drum < 5-10 gm Pu 

o 0.04 Watt/drum 

o Sur face  Dose Rate  (SDR) 200 mrem/hr 

REMOTE HAN'DLED 

o 200 mrem/hr < SDR< 100 rem/hr 

o 4  wat t s / (0 .6  x  4.6 m can) ( 2  x 1 5  f t  can)  

S i t e  C h a r a c t e r i z a t i o n  

Geo1qi.c and hydrologic  i n v e s t i g a t i o n s  have been i n  p rog res s  i n  south- 

e a s t e r n  N e w  Mexico s i n c e  1972. The s i te  p r e s e n t l y  under i n v e s t i g a t i o n  is' 

c a l l e d  t h e  "Los Medanosn s i t e  and is loca t ed  i n  t h e  Delaware Basin, which is  

one of a series of sedimentary b a s i n s  w i t h i n ' t h e  Permian Basin t h a t  ex tends  

i n t o  Texas, Oklahoma, Colorado, and Kansas. The gene ra l  l o c a t i o n  of t h e  

WIPP s i t e  is shown i n  F igu re  1. Extensive geo log ic  and hydro logic  inves-  

t i g a t i o n s  have resulted i n  a d e t a i l e d  c h a r a c t e r i z a t i o n  of t h e  s i te  under 

cons ide ra t ion .  (4)  

The s t r a t i g r a p h y  a t  t h e  s i t e  is i l l u s t r a t e d  by t h e  c ross -sec t ion  shown 

i n  F igu re  2. The i n t e r v a l s  of p a r t i c u l a r  i n t e r e s t  i n  t h e  eva lua t ion  of t h e  

consequences of  r ad ionuc l ide  r e l e a s e  and consequent ly t h e  i n t e g r i t y  of  



Figure 1. .GENERAL LOCATION OF WIPP SITE 

-2- 



ALTITUDE 

7 GROUND SURFACE 

/ 

---- ---- 
REPOSITORY 

SALAD0 FORMATION 

CASTILE FORMATION 

BELL CANYON FORMATION 

Figure 2. STRATIGRAPHY AT WIPP SITE 



p e n e t r a t i o n s  a r e :  (a) R u s t l e r  Format ion,  which, a t  t h e  c e n t e r  o f  t h e  s i te ,  

e x t e n d s  from 168 m (550 f t )  to 247 m (810 f t )  below t h e  s u r f a c e ;  (b )  t h e  

Sa lado ,  which e x t e n d s  from t h e  R u s t l e r  to a b o u t  850 m (2800 f t )  below t h e  

s u r f a c e  and (c) t h e  Delaware Mountain Group, which is a b o u t  1220 m (4000 f t )  

t h i c k  w i t h  its t o p  a t  a b o u t  1220 m (4000 f t )  below t h e  s u r f a c e .  

The R u s t l e r  is p r i m a r i l y  a n h y d r i t e  and s i l t s t o n e ,  b u t  does  c o n t a i n  t w o  

dolcanite beds--the Culebra  and Magenta, t h e  most s i g n i f i c a n t  a q u i f e r s  i n  t h e  

area--each o f  which a r e  a b o u t  7.6 m, (25 f t )  t h i c k  a t  d e p t h s  o f  a b o u t  220 m 

and 186 m (720 and 610 f t ) ,  r e s p e c t i v e l y .  The Culebra  and Magenta are con- 

s i d e r e d  c o n f i n e d  a q u i f e r s  w i t h  an average  p o r o s i t y  o f  a b o u t  10% and a cal- 
-10 -4 2 c u l a t e d  t r a n s r n i s s i v i t y  r a n g i n g  from 1 0  to 1 . 5  x 1 0  m /s t o  

2 140 f t / d a y ) ,  depending on t h e  l o c a l i t y  and degree  o f  f r a c t u r i n g .  The 

t o t a l  d i s s o l v e d  s o l i d s  range from 3000 t o  60,000 ppm. (4 )  The S a l a d o  Forma- 

t i o n  c o n t a i n s  t h e  l o c a t i o n  o f  t h e  proposed r e p o s i t o r y  h o r i z o n  (660 m, 2160 

f t )  w i t h i n  i ts lower member. A t  t h e  r e p o s i t o r y  l o c a t i o n ,  t h e  S a l a d o  is prim- 

a r i l y  h a l i t e  b u t  a l s o  has  t h i n  beds o f  a n h y d r i t e  and p o l y h a l i t e .  Thin  c l a y  

zones  a r e  also p r e s e n t .  The S a l a d o  does  n o t  c o n t a i n  c i r c u l a t i n g  groundwater .  

The Delaware Mountain Group c o n s i s t s  p r i m a r i l y  o f  s a n d s t o n e ,  l i m e s t o n e ,  

and s h a l e  and has  been c h a r a c t e r i z e d  a s  having an  average  p o r o s i t y  o f  10% and 
-8 an  average  c o n d u c t i v i t y  o f  7 x 10 m / s  (0.02 f t / d a y ) .  The upper fo rmat ion  

i n  t h i s  g r o u p  is t h e  B e l l  Canyon Formation.  Groundwater y i e l d s  from w e l l s  i n  
-5 -5 3 

B e l l  Canyon Formation are approx imate ly  3.8 x 1 0  to 9.5 x 1 0  m /s 

(0.6 t o  1 .5  g a l / m i n u t e ) . ( 4 )  

R e p o s i t o r y  Design 

The proposed r e p o s i t o r y  f o r  d e f e n s e  wastes a t  t h e  WIPP s i t e  is d e p i c t e d  

i n  F i g u r e  3. I t  c o n s i s t s  o f  a s i n g l e - l e v e l  e x c a v a t i o n  u s i n g  c o n v e n t i o n a l  

room and p i l l a r  mining t echn iques .  S u r f a c e  f a c i l i t i e s  used d u r i n g  o p e r a t i o n  

i n c l u d e  a waste  h a n d l i n g  b u i l d i n g ,  an  underground p e r s o n n e l  b u i l d i n g  f o r  sup- 

p o r t  o f  underground o p e r a t i o n s ,  a s t o r a g e - e x h a u s t - f i l t r a t i o n  b u i l d i n g ,  an 

a d m i n i s t r a t i o n  b u i l d i n g ,  and v a r i o u s  s u p p o r t  b u i l d i n g s .  The s u b s u r f a c e  

development i n c l u d e s  f o u r  s h a f t s  to t h e  underground, s t o r a g e  rooms f o r  TRU 

wastes, and a r e a s  f o r  exper iments .  (5) 





EXPERIMENTAL PROGRAM 

The development of the WIPP has been supported by an experimental pr* 

gram that addresses the technical concerns identified in the design and 

safety assessment of the facility. This program includes eight program areas 

that are oriented towards specific issues. (6) A brief description of these 

areas follows: 

Tru Waste Characterization Studies--Studies of the interaction of trans- 
uranic wastes with the salt environment, including assessment of poten- 
tial degradation mechanisms and the impact on the repository and radie 
nuclide isolation. 

High-level Waste Interaction--Studies of the interaction of thermal and 
radiation fields from heat-producing wastes with the salt environment 
and the impact on the waste form encapsulating materials. 

Thermal-Structural Interaction--Developent and verification of methods 
to evaluate the response of the host rock to both the ambient conditions 
upon excavation and the enhanced deformation anticipated with heat- 
producing waste forms. 

Permeability--The characterization of the properties of the host rock 
for permeation of gases or liquids. 

Brine Migration--Assessment of the potential for mobilization of 
natural fluids in the salt and the subsequent interaction with waste 
containers. 

Borehole Plugging--Quantification of the technology for sealing man-made 
penetrations into or near the storage horizons. 

Nuclide Migration--Characterization of the potential for radionuclide 
migration in the WIPP environment. 

Operation and Design--The demonstration and certification of safe 
operational techniques and appropriate design assumptions. 

Each of these areas is being methodically evaluated to accumulate addi- 

tional data and to correlate all available knowledge into an assessmkt of 

the potential consequences to the integrity of the waste isolation mechanism. 

Each area may consist of several developnent phases: 

Model inq: Analytical formulations that can represent or predict 
phenomena of interest 

Laboratory Specific laboratory investigations to develop import- 
Analyses: ant parameters and accumulate relevant data 



Bench S c a l e  In te rmedia te -sca le  i n v e s t i g a t i o n s  employing l a r g e r  
samples than t y p i c a l l y  encountered i n  a l a b o r a t o r y  
s c a i e  

I n  S i t u  Tes t ing  Non-radioactive experiments  and demonstrat ions per- 
formed i n  undergound salt environments t h a t  can incor-  
p o r a t e  i n  s i t u  parameters  

WIPP - The c o l l e c t i o n  of requirements  from each program a r e a  
i n t o  a d e s c r i p t i o n  of and comprehensive p l an  f o r  
experiments t o  be performed i n  t h e  p o r t i o n  of t h e  WIPP 
f a c i l i t y  devoted t o  t h a t  purpose 

Borehole Plugging (BHP) is only  one component i n  t h e  developnent pro- 

gram. The o v e r a l l  assessment of t h e  i n t e g r i t y  of  t h e  waste  i s o l a t i o n  system 

r e q u i r e s  t h e  i n t e g r a t i o n  of each of t h e s e  components. The a p p r o p r i a t e  r o l e  

of BHP is b e s t  eva lua ted  by cons ider ing  t h e  r e l a t i v e  in f luence  of it and 

o t h e r  f a c t o r s ,  e.g., c h a r a c t e r i z a t i o n  of t h e  waste s t o r e d ,  i n t e r a c t i o n s  wi th  

t h e  hos t  rock, response  of rocks t o  r e p o s i t o r y  development and post-opera- 

t i o n a l  e f f e c t s ,  migra t ion  of r ad ionuc l ides  i n  t h e  l o c a l  and r e g i o n a l  

geosphere,  i n  providing accep tab le  containment and i s o l a t i o n  of wastes.  

The g e n e r i c  n a t u r e  of t h e  BHP program has  r e s u l t e d  i n  a coope ra t ive  

e f f o r t  between t h e  WIPP program and t h e  O f f i c e  of Nuclear Waste I s o a t i o n  

(ONWI). Th i s  coope ra t ive  e f f o r t  w i l l  a l low t r a n s f e r  of technology t o  repos i -  

t o r y  development a t  o the r  s i t e s .  

Subsequent s e c t i o n s  w i l l  d i s c u s s  t h e  s t a t u s  of p e n e t r a t i o n s  a t  and near 

t h e  WIPP s i t e  and t h e  assumptions t h a t  have been made i n  t h e  s a f e t y  a s se s s -  

ments about  plugging of t h e s e  pene t r a t ions .  

PENETRATIONS ASSOCIATED WITH WIPP 

S i t i n g  s t u d i e s  f o r  a nuc lear  waste r e p o s i t o r y  must cons ider  t h e  l o c a t i o n  

of e x i s t i n g  d r i l l  ho les  w i t h i n  r eg ions  under eva lua t ion .  S i t e s  f o r  s a l t  

r e p o s i t o r i e s  such a s  WIPP a r e  very  l i k e l y  t o  be l o c a t e d  i n  r eg ions  t h a t  have 

been s u b j e c t  to exp lo ra to ry  d r i l l i n g  f o r  hydrocarbons o r  mine ra l s  such a s  

p o t a s h  ore.  The i d e n t i f i c a t i o n  of t hose  e x i s t i n g  ho le s  is  e s s e n t i a l  i n  t h e  

c h a r a c t e r i z a t i o n  of a r e p o s i t o r y  site. 



In  a d d i t i o n ,  si te i n v e s t i g a t i o n  w i l l  r e q u i r e  t h e  d r i l l i n g  of numerous 

h o l e s  t o  e v a l u a t e  geologic  and hydro logic  c h a r a c t e r i s t i c s  o r  t o  f u r t h e r  

a s s e s s  t h e  p o t e n t i a l  f o r  va luab le  minera ls .  

The WIPP si te  has been d iv ided  i n t o  four  zones t h a t  w i l l  be  c o n t r o l l e d  

by t h e  Department of  Energy. Zone I c o n s i s t s  of  about  40 h e c t a r e s  (100 

a c r e s )  and w i l l  con ta in  most of t h e  s u r f a c e  f a c i l i t i e s .  Zone 11, a n  a r e a  of 

about  730 h e c t a r e s  (1800 a c r e s ) ,  o v e r l i e s  t h e  maximum e x t e n t  of t h e  under- 

ground development. Zone 111, wi th  a diameter of approximately 6.4 lan ( 4  

mi l e s )  and an a rea  of  2500 h e c t a r e s  (6200 a c r e s ) ,  is the  a r e a  i n  which d r i l l -  

i n g  and mining w i l l  be  precSuded un le s s  f u r t h e r  eva lua t ion  i n d i c a t e s  i t  is 

acceptab le .  zone I V ,  wi th  a diameter of  10  km (6 mi l e s )  and an a r e a  o f  4400 

h e c t a r e s  (11,000 a c r e s ) ,  would a l low cont inuous o r  d r i l l - a n d - b l a s t  mining 

under DOE r e s t r i c t i o n s ,  bu t  no s o l u t i o n  mining. Ex i s t i ng  w e l l s  i n  Zone I V  

would a l s o  r e q u i r e  s e a l i n g  by DOE-prescribed methods, and new w e l l s  would be 

d r i l l e d  and s e a l e d  i n  conformance wi th  DOE s t anda rds .  

- Boreholes  

The most c r e d i b l e  t h r e a t  t o  t h e  WIPP r e p o s i t o r y  imposed by boreholes  is 

communication wi th  deep a q u i f e r s .  The c r i t e r i a  used i n  t h e  i d e n t i f i c a t i o n  of 

t h e  c u r r e n t  s i t e  included t h e  avoidance of l and  wi th in  one m i l e  of any boring 

i n t o  t h e  Delaware Mountain Group o r  deeper format ions . (4)  Consequently,  t h e  

c u r r e n t  s i t e  does not  inc lude  any deep holes  w i th in  one mi le  of Zones I o r  

11. 

S i t e  c h a r a c t e r i z a t i o n  a c t i v i t i e s  f o r  WIPP i n  sou theas t e rn  New Mexico 

have inc luded  t h e  d r i l l i n g  of 7 1  ho le s  i n  t h e  g e n e r a l  v i c i n i t y  of t h e  site. 

F igu re  4 shows the l o c a t i o n  of t hose  exp lo ra to ry  d r i l l  h o l e s  and t h e  exist- 

ing  i n d u s t r y  ho le s  t h a t  a r e  w i th in  a 260 km2 (100 m i 2 )  r eg ion  surrounding 

t h e  4 zones t h a t  comprise t h e  site. 

The d r i l l  ho l e s  w i th in  t h e  s i t e ,  both e x i s t i n g  i n d u s t r y  and DOE explora- 

t i o n ,  can be g e n e r a l l y  ca t egor i zed  by such f u n c t i o n s  as:  (1) s t r a t i g r a p h i c ,  

(2)  hydro logic ,  (3)  po ta sh  exp lo ra t ion ,  and (4)  hydrocarbon exp lo ra t ion .  A 

total of 66 holes  a r e  p r e s e n t  w i t h i n  Zones I,  11, 111, and IV .  For ty- f ive  

were d r i l l e d  by DOE, wh i l e  21 were p r e s e n t  when s i te  i n v e s t i g a t i o n  a c t i v i t i e s  

began. These d r i l l  ho les  a r e  ca t egor i zed  by func t ion  and zone i n  Table  11. 
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TABLE I1 

CATEGORIZATION OF DRILL HOLES WITHIN THE WIPP SITE 

STRATIGRAPHIC HYDROLOGIC POTASH HYDROCARBON 

ZONE I 

ZONE I1 

ZONE 111 

ZONE I V  

4 (DOE) 5 (DOE) 2 (DOE) 

5 (DOE) 
7 ( I N D )  

3 (DOE) 9 (DOE) 14 (DOE) 4 ( I N D )  
10 ( I N D )  

None of t h e  ho le s  i n  Zones I o r  11, shown i n  Table 11, extend t o  t h e  

Delaware Mountain Group (DMG). The deepes t  (ERDA-9) is 880 m (2886 f t )  deep, 

which j u s t  p e n e t r a t e s  i n t o  t h e  C a s t i l e  Formation (861 m, 2825 f t ) ,  and s t o p s  

360 m (1200 f t )  from t h e  Castile/DMG con tac t .  The ho le s  l i s t e d  i n  Table I1 

a r e  d i sp l ayed  i n  F igu re  5 a s  a func t ion  of depth and d i s t a n c e  from t h e  c e n t e r  

of t he  s i t e .  The only deep ho le s  i n  Zone I11 a r e  WIPP-12 and WIPP-13, s t r a -  

t i g r a p h i c  ho le s  d r i l l e d  by DOE near  t h e  nor thern  per imeter  of Zone I1 and 

midway between t h e  boundaries  of Zones I1 and 111, r e s p e c t i v e l y .  An o i l  

exp lo ra t ion  h o l e  (BWU-1) t h a t  p e n e t r a t e s  4600 m (15,000 f t )  is t h e  deepes t  

ho le  on t h e  s i t e  and is loca t ed  near t h e  inner  per imeter  of Zone I V  approxi- 

mate ly  1 mi le  from Zone 11. I n  a l l  4 zones, o n l y  8 ho le s  p e n e t r a t e  a s  deep 

a s  t h e  proposed r e p o s i t o r y  horizon and none of t h e  remaining 58 ex tend  c l o s e r  

than  s e v e r a l  hundred f e e t  of t h a t  l e v e l .  The emphasis of t h e  borehole  plug- 

g ing  program a t  t h e  WIPP s i t e  is thus  concent ra ted  on those  ho le s  t h a t  extend 

to o r  through t h e  r e p o s i t o r y  l e v e l ,  s i n c e  no mechanism is envis ioned  by which 

f l u i d s  can reach t h e  r e p o s i t o r y  from ho le s  t h a t  a r e  terminated above t h e  r e  

pos i to ry .  ' Densi ty  s t r a t i f i c a t i o n  i n  a terminated hole  w i l l  no t  a l low con- 

tinued d i s s o l u t i o n  and, moreover, ho le  c l o s u r e  i n  s a l t  w i l l  u l t i m a t e l y  s e a l  

t h e  p e n e t r a t i o n .  

S h a f t s  

The des ign  f o r  t h e  WIPP r e p o s i t o r y  i n c l u d e s  4 s h a f t s .  Each ex tends  t o  

t h e  r e p o s i t o r y  l e v e l  (665-m, 2150 f t )  and is l i n e d  from t h e  s u r f a c e  t o  t h e  

ill- 



. . 

DISTANCE FROM SITE CENTER, MILES 

t I  
REPOSITORY I  
HORIZON 

I  

- . .. 
1 .  r.. . - - I  

C. 0 .  
b e  'r . . 'I . 4.. . b .  

I I  
& U I P P  1 2  I  

ERDA 9 C I  I  I I 

Figure 5. DEPTH OF DRILL HOLES AT WIPP S I T E  

I  I I  
6-1 , COT1 ON BABY 

I 
I  I I 
I  I .&RT-I 
I  I  I 

5000 - I I I  
I I I 

15000 
I - I  I 

I I I  
I  p euu-i I  
I I I  
I 1 I  
I 1 I 

16000 ' 1  

I I I  A 

. , .  



t o p  of t h e  s a l t  (about  260 m, 850 f t )  b u t  un l ined  t h e r e a f t e r .  These s h a f t s  

a r e  descr ibed  as fol lows:  (5)  

Waste S h a f t  - 5.8 m (19 f t )  i n  d iameter ,  f o r  t r a n s p o r t i n g  of  waste 

V e n t i l a t i o n  Supply and Se rv i ce  S h a f t  - 4.9 m (16 f t )  i n  d iameter ,  f o r  
t r a n s p o r t i n g  personnel ,  m a t e r i a l s ,  and equipment, and f o r  primary a i r  
i n t a k e  

Cons t ruc t ion  Exhaust and S a l t  Handling S h a f t  - 4.3 m (14 f t )  i n  
d iameter ,  f o r  s a l t  removal and exhaus t  a i r  duc t  f o r  underground 
c o n s t r u c t i o n  a r e a s  

S to rage  Exhaust S h a f t  - 3m (10 f t )  i n  diameter ,  t h e  exhaust  a i r  duc t  
f o r  underground waste s t o r a g e  a r e a s  

S i t e  v a l i d a t i o n  a c t i v i t i e s  a t  t he  WIPP inc luded  p l a n s  f o r  e a r l y  develop- 

ment of  two s h a f t s  f o r  underground s i te  v a l i d a t i o n  and i n  s i t u  experimenta- 

t i o n . ( 7 )  These two s h a f t s  would u l t i m a t e l y  be converted i n t o  t h e  s t o r a g e  

exhaus t  s h a f t  and t h e  waste s h a f t  upon f u l l  c o n s t r u c t i o n  o f  t h e  r epos i to ry .  

The l a t t e r  s h a f t  would be i n i t i a l l y  bored a t  1.8 m (6 f t )  diameter  and sub- 

s equen t ly  expanded to f u l l  s i z e .  A l l  s h a f t s  would be completely plugged upon 

c e s s a t i o n  of  ope ra t i ons .  One of t h e  s h a f t s  would a l s o  be co inc iden t  wi th  t h e  

d r i l l  ho le  (ERDA-9) t h a t  c u r r e n t l y  p e n e t r a t e s  through t h e  Sa lado  Formation, 

t h u s  e l imina t ing  concern over two p e n e t r a t i o n s  a t  t h a t  l o c a t i o n .  

CONSEQUENCE ASSESSMENTS 

Determinat ion of t h e  p o t e n t i a l  hazard from d i s p o s a l  of nuc lear  waste is 

addressed by cons ide r ing  va r ious  s c e n a r i o s  i n  which t h e  pr imary i s o l a t i o n  

mechanism- t h e  m e d  i.a immediately surrounding t h e  r epos l  tory-- is  assumed to 

be breached. A s e r i e s  o f  t h e s e  s c e n a r i o s  have been i d e n t i f i e d  f o r  WIPP.(8) 

Consequences of  t h e  r ad ionuc l i  de r e l e a s e  i n  t h e s e  s c e n a r i o s  have been 

determined and pub l i shed . ( l , 5 ,9 )  Four o f  t h e s e  s c e n a r i o s  a r e :  

1. An open borehole  t h a t  pene t r a t ed  t h e  r e p o s i t o r y  al lowing f l u i d  
t ransmiss ion  between lower and upper aquifers. 

2. Two in te rconnec ted  p e n e t r a t i o n s  of  ove r ly ing  format ions  t h a t  a l low 
f l u i d s  to e n t e r  t h e  r e p o s i t o r y  a t  one l o c a t i o n  and escape  i n t o  t h e  
upper a q u i f e r  a t  another .  

3. D i f fu s ion  of  r ad ionuc l ides  from a f looded r e p o s i t o r y  into overly.i.ng 
a q u i f e f a .  



4. A d i r e c t  access  s c e n a r i o  i n  which a d r i l l i n g  o p e r a t i o n  i n t e r c e p t s  
a high concen t r a t ion  of r ad ionuc l ides ,  thereby  exposing t h e  d r i l l  
crew. 

The f i r s t  t h r e e  of t h e s e  s c e n a r i o s  a r e  r e f e r r e d  t o  a s  l i q u i d  breach and 

t r a n s p o r t  s c e n a r i o s  and can be examined to determine t h e  r o l e  played by bore- 

ho le  plugging. 

Consequence assessments  a r e  made i n  terms of t h e  p o t e n t i a l  dose t o  an 

exposed i n d i v i d u a l  i n  t h e  nearby biosphere.  Scenar ios  a r e  analyzed by f i r s t  

spec i fy ing  (a)  t h e  breaching event ,  (b) mechanisms for t r a n s p o r t  o u t  of t h e  

r e p o s i t o r y ,  (c) t h e  time of  breach,  and (d)  t h e  response of t h e  bu r i ed  medium 

t o  the  r e l e a s i n g  event .  Secondly, t h e  sou rce  term i n  terms of r ad ionuc l ide  

inventory  and phys i ca l  and chemical c o n d i t i o n  of t h e  waste a t  t h e  t ime of 

breach must be determined. Th i rd ly ,  geosphere t r a n s p o r t  c a l c u l a t i o n s  a r e  

performed t o  determine t h e  r a t e  of r ad ionuc l ide  t r a n s p o r t  to  t h e  biosphere.  

I n  t he  WIPP ana lyses ,  t h e  R u s t l e r  a q u i f e r s  a r e  assumed t o  be t h e  l i n k  t o  t h e  

biosphere.  Radionucl ides  a r e  assumed t o  move from t h e  r e p o s i t o r y  through t h e  

Magenta and Culebra a q u i f e r s  and to d ischarge  i n t o  t h e  Pecos River  a t  Malaga 

Bend, a p o i n t  22 k i lometers  from t h e  site. F i n a l l y ,  ana lyses  a r e  performed 

t o  determine t h e  dose t o  i n v i d i d u a l s  who l i v e  near  t h e  assumed d i scha rge  

po in t .  These c a l c u l a t i o n s  t r a n s l a t e  t h e  mass f r a c t i o n  of r ad ionuc l ides  i n  

t h e  aqu i f e r  water i n t o  whole body or s p e c i f i c  organ doses cons ider ing  inges-  

t i o n ,  swimming, boa t ing ,  food consumption, occupancy, and o t h e r  pathways. 
\ The t h r e e  l i q u i d  breach and t r a n s p o r t  s c e n a r i o s  a r e  dep ic t ed  i n  F i g u r e s  

6,  7 ,  and 8. A b r i e f  d e s c r i p t i o n  fol lows:  

Scena r io  1: A 9-inch uncased borehole allows up t o  2.3 m3/day (600 
f t3/day) of  unsa tu ra t ed  b r i n e  (230,000 ppm) t o  e n t e r  t h e  r e p o s i t o r y  
from t h e  B e l l  Canyon, d i s s o l v e  t h e  salt and waste  i n  t h e  r e p o s i t o r y ,  and 
e n t e r  t h e  over ly ing  R u s t l e r  a q u i f e r  a s  a s a t u r a t e d  b r i n e  (410,000 ppn).  
Under t h e s e  assumptions,  t h e  hydrau l i c  r e s i s t a n c e  of t h e  wel lbore  a s  
c a l c u l a t e d  using t h e  Hagen-Poisevi l le  law f o r  laminar f low is n e g l i g i b l e  
compared to t h e  r e s i s t a n c e  of t h e  a q u i f e r s .  A p r e s s u r e  d i f f e r e n c e  of 
5.2 x 104 Pa (7.5 p s i a )  between t h e  R u s t l e r  and t h e  B e l l  Canyon was 
assumed i n  t h e  a n a l y s i s . ( l )  The r e s u l t i n g  i n i t i a l  v e l o c i t y  i n  t h e  w e l l -  
bo re  would correspond t o  t h a t  of a porous media w i th  a pe rmeab i l i t y  of 
105 da rc i e s .  

Scena r io  2: I n  t h i s  scenar io ,  two 0.6 m (2- f t )  diameter  wel lbores  a r e  
assumed to f a i l  such t h a t  t h e i r  pe rmeab i l i t y  is 50 times t h a t  of t h e  
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Rus t l e r  a q u i f e r ,  t h u s  a l l w i n g  f l u i d  t o  e n t e r  t h e  r e p o s i t o r y  from t h e  
Rus t l e r  through one hole ,  d i s s o l v e  t h e  r e p o s i t o r y ,  and then  r e e n t e r  t h e  
Rus t l e r  through t h e  o the r  hole .  Water e n t e r i n g  t h e  r e p o s i t o r y  is 
assumed t o  con ta in  8000 ppm d i s so lved  s o l i d s .  A f t e r  d i s s o l u t i o n  of t h e  
r e p o s i t o r y  and t h e  wastes, it r e e n t e r s  t h e  R u s t l e r  s a t u r a t e d  a t  410,000 
ppm. The conduc t iv i ty  assumed f o r  t h e  s h a f t s  and t h e  borehole  is 
equ iva l en t  t o  an e f f e c t i v e  pe rmeab i l i t y  of approximately 20 d a r c i e s .  
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Scena r io  3: 

I n  t h i s  s cena r io ,  p e n e t r a t i o n s  i n t o  t h e  r e p o s i t o r y  a r e  s u f f i c i e n t  t o  
a l low t h e  r e p o s i t o r y  t o  f lood ,  a l though no c i r c u i t  is e s t a b l i s h e d  to 
a l low f l u i d  flow. The only mechanism f o r  waste t r a n s p o r t  is molecular 
d i f f u s i o n  i n  t h e  l i q u i d  phase. An a r e a  of 2 x l o 5  m2 (50 a c r e s )  is 
assumed to be  open between t h e  r e p o s i t o r y  and t h e  Rus t l e r .  Th i s  a r e a  
is fa r  l a r g e r  than could c r e d i b l y  be achieved by any number of unplugged 
boreholes  or  s h a f t s  i n t o  t h e  r epos i to ry .  

4 4  
I 

I n  a l l  ana lyses  f o r  WIPP, no c r e d i t  is given t o  t h e  s t a b i l i t y  of t he  

' N o  flow 

waste form beyond an assumed d i s s o l u t i o n  rate 'equivalent  to t h a t  of  t h e  sa l t  

i n  t he  r epos i to ry .  Radionuclide t r a n s p o r t  i n  t h e  a q u i f e r s  is based on retar- 

da t ion  parameters  ( s o r p t i o n ) ,  which a r e  der ived  from l a b o r a t o r y  d a t a  and no 

credit it taken f o r  s o r p t i o n  i n  t h e  s a l t  or a s s o c i a t e d  minera ls .  (10) Trans- 

m i s s i v i t y  of t h e  a q u i f e r s  is var ied ,  and t h e  consequences considered a r e  

based on t h e  maximum va lues  measured f o r  a g iven  region.  Doses are ca l cu l -  

a t e d  f o r  t h e  maximally exposed ind iv idua l .  



R e s u l t s  

Resu l t s  from the  consequence ana lyses  d iscussed  above have been obta ined  

f o r  a r e p o s i t o r y  based on t h e  e a r l i e r  DOE mission f o r  WIPP, which ,conta ined  

both TRU waste and 1000 spen t  f u e l  assemblies  (1) and f o r  t h e  c u r r e n t  design 

with only  TRU wastes. ( 5 , 9 )  Resu l t s  o f  t h e  l a t t e r  c a s e  for t h e  maximum 

s c e n a r i o s  a r e  presented  i n  Table 111. 

TABLE I11 

RESULTS OF CONSEQUENCE ASSESSMENTS FOR A TRU REPOSITORY 

Highest  Annual T o t a l  G r e a t e s t  Organ (Bone) 
Body Dose Rate Dose Rate 

(mrem/year) (mrem/year ) 

Scena r io  1 7.7 x 10-3 1.3 x 10'~ 

Scenar io  2 

Scena r io  3 7.0 x 10'~ 1.2 x 10'~ 

These r e s u l t s  i n d i c a t e  t h a t  s c e n a r i o  1 y ie lded  t h e  h ighes t  dose to i n d i - -  

v i d u a l s  (7.7 x mrem/yr whole body), which is about 0.005% of t h e  dose 

from n a t u r a l  r a d i a t i o n  i n  t h e  United S t a t e s .  

Addi t iona l  s t u d i e s  (3)  have been performed t o  a s s e s s  t h e  s e n s i t i v i t y  of  

t h e  r e s u l t s  i n  Table I11 t o  v a r i a t i o n s  i n  r ad ionuc l ide  s o r p t i o n  i n  t h e  f l u i d  

pathways. These s t u d i e s  concluded t h a t ,  whi le  s o r p t i o n  near t h e  r e p o s i t o r i e s  

p l ays  an important r o l e  i n  reducing consequences, s i t e s  wi th  f avo rab le  geo- 

l o g i c  and hydro logic  s e t t i n g s  such a s  WIPP can t o l e r a t e  e s s e n t i a l l y  no r e l i -  

ance on so rp t ion  and still achieve inconsequen t i a l  p r e d i c t e d  doses from 

r e l e a s e s  from TRU wastes.  Addi t iona l  comparisons of t he  assumptions f o r  

waste form i n t e g r i t y ,  b r i n e  migra t ion ,  and r ad ionuc l ide  so rp t ion ,  and t h e  

consequence assessments  performed here  have a l s o  been deve loped . ( l l )  

SUMMARY I1N1) CONCLUSIONS 

The Waste I s o l a t i o n  P i l o t  P l a n t  has been designed f o r  development a t  a 

siLe i r ~  suu theas t e rn  New Mexico. ?he f a e i l i e y  w u l d  a l low f o r  r e t r i e v a b l e  



d i s p o s a l  o f  TRU waste and experimentat ion wi th  defense  h igh- leve l  wastes.  

The proposed s i t e  has been i d e n t i f i e d  by a p roces s  t h a t  included avoidance 

of any deep d r i l l  ho les  w i th in  one mi le  of t h e  l i m i t  o f  underground workings. 

The 7700 h e c t a r e  (19,000) a c r e  a r ea  proposed f o r  Department of Energy c o n t r o l  

does con ta in  21 ho le s  d r i l l e d  by t h e  potash  and petroleum e x p l o r a t i o n  

indus t ry .  I n  a d d i t i o n ,  45 holes  have been d r i l l e d  by the  DOE f o r  geo log ic  

and hydrologic  c h a r a c t e r i z a t i o n  o f  t h e  site and f o r  f u r t h e r  e s t i m a t e s  of  

p o t e n t i a l  po tash  reserves .  Of these  66 ho le s ,  on ly  8 p e n e t r a t e  below t h e  

proposed r e p o s i t o r y  l e v e l .  Of these ,  t h e  4 t h a t  p e n e t r a t e  i n t o  underlying 

formations conta in ing  a q u i f e r s  a r e  g r e a t e r  than 1 mile  from the  underground 

workings. Development of t h e  f a c i l i t y  would inc lude  4 s h a f t s ,  t h e  l a r g e s t  

of which is 23 f e e t  i n  diameter.  A l l  s h a f t s  and d r i l l  h o l e s  would be plugged 

i n  conformance wi th  DOE s tandards  be fo re  t h e  r e p o s i t o r y  is decommissioned. 

Consequence assessments  have been performed t o  eva lua t e  t h e  p o t e n t i a l  

doses t o  man from hypo the t i ca l  breaches of  r e p o s i t o r y  i n t e g r i t y .  A l l  o f  t h e  

s cena r ios  eva lua ted  have assumed l a r g e  i n f l u x e s  of f l u i d s  from over ly ing  o r  

underlying formations.  These i n f l u x e s  could be achieved only wi th  completely 

unplugged o r  extremely permeable boreholes .  P e r m e a b i l i t i e s  g r e a t e r  than 10 

d a r c i e s  a r e  necessary i n  a l l  c a ses  t o  achieve t h e  c o n d i t i o n s  assumed. Even 

under t hese  assumptions, t h e  dose t o  a maximally exposed i n d i v i d u a l  d i d  no t  

exceed .001% of n a t u r a l  background r a d i a t i o n  dose. 

The p r i n c i p a l  conclusion from these  s t u d i e s  regarding borehole plugging 

is t h a t  c r i t e r i a  f o r  s e a l i n g  p e n e t r a t i o n s  should be s p e c i f i c  t o  a p o t e n t i a l  

r e p o s i t o r y  s i t e  and should be developed from comprehensive s a f e t y  assessment 

s t u d i e s  t h a t  p l ace  requirements f o r  borehole p lugs  i n t o  pe r spec t ive  wi th  

o the r  f a c t o r s  t h a t  comprise t he  i s o l a t i o n  system. 

Although t h e s e  bounding assessments  i n d i c a t e  t h a t  a s i t e  wi th  a favor- 

a b l e  geo log ic  and hydrologic  s e t t i n g  such a s  WIPP can t o l e r a t e  s i g n i f i c a n t  

compromises i n  borehole o r  s h a f t  s e a l  i n t e g r i t y  and i n  o t h e r  p o t e n t i a l  man- 

made and n a t u r a l  b a r r i e r s ,  an experimental  program has been e s t a b l i s h e d  to 

r e so lve  t h e  u n c e r t a i n t y  a s s o c i a t e d  wi th  va r ious  t e c h n i c a l  i s sues .  Spec i f i c -  

a l l y ,  a program has  been i n i t i a t e d  t o  develop and eva lua t e  technology f o r  

s e a l i n g  p e n e t r a t i o n s  a t  t h e  WIPP. (12,13) These s t u d i e s  w i l l  q u a n t i f y  t h e  

i n t e g r i t y  of  v a r i o u s  s e a l i n g  methods and determine t h e  measure of a d d i t i o n a l  

s a f e t y  assurance  provided by competent borehole  s e a l s .  
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